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Abstract
Rural women experience disproportionately higher levels of
obesity in comparison to their non-rural counterparts. The
present exploratory mediation analysis sought to identify
mechanisms that might have contributed to rural women’s
physical activity and diet changes after participating in a
6-month multilevel community-randomized trial: Strong Hearts,
Healthy Communities (SHHC). SHHC was conducted in 16
rural towns in Montana and New York, between 2015 and
2016; 194 overweight, sedentary midlife, and older women
(mean age 59; 26.8% overweight; 73.2% obese) participated.
Participants in eight towns received the SHHC intervention
(n = 101), which focused on healthy behavior change at
the individual level as well as creating supportive social and
built environments for physical activity and healthy eating.
Participants in the other eight towns received an education-only
control intervention (n = 93). We investigated the direct and
indirect effects of the SHHC intervention through changes to
self-efficacy, social support, and built environment perception,
on changes in participants’ physical activity and diet. Compared
to the controls, SHHC intervention participants increased their
social support from friends for physical activity (p = 0.009)
and healthy eating (p = 0.032). Participants’ improved social
support from friends marginally mediated the intervention
effects for walking metabolic equivalent minutes per week,
explaining 40.5% of the total effect (indirect effect = +45.24,
95% CI: –1.51, +91.99; p = 0.059). Increasing social support
from friends appears to be helpful in encouraging rural women
to become more active. Further investigations are needed to
better understand how multilevel interventions work in rural
communities.
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INTRODUCTION

Over recent decades, substantial efforts have encouraged active living and healthy eating; however, over
half of Americans still do not meet current physical
activity and healthy eating recommendations [1,
2]. Rural women in particular are less likely to perform adequate physical activity and meet fruit and
vegetables intake recommendations compared to
their non-rural counterparts [3–6]. Such geographic
disparities could be due to the unique barriers to
TBM

Implications

Practice: Increased social supports were associated with positive change in physical activity, and
modifications of the intervention strategies are
suggested to better influence these mediators of
behavior.
Policy: Policy, system, and environment (PSE)
interventions are being widely implemented to
improve population health but little is known
about those interventions when paired with targeted individual and social level strategies; future
work should include natural experiments and
pragmatic trials that aim to quantify and elucidate
mediators of change.
Research: Additional studies—in a variety of contexts—that are specifically designed and powered
to examine the pathways through which multilevel healthy behavior interventions work, and to
what degree, are needed.

healthy living that rural women face at different
socioecological levels, including high prevalence of
caregiving duties [7, 8], limited social support [7, 8],
and lack of access to active living facilities and healthy
food sources [9, 10]. Therefore, it is imperative to
develop interventions that simultaneously target behavior change at multiple socioecological levels.
Up-to-date, behavior change interventions are uncommon in rural communities and the majority of
them only target behavioral change factors at the individual level. Dixon and colleagues [11] recently reviewed 18 rural-based weight loss interventions in the
USA and found that only two of the studies intervened
both at the individual and interpersonal levels [12, 13],
only two intervened at both the individual and physical
environment levels [14, 15], and only one intervened
at the individual, interpersonal, and physical environment levels simultaneously [16]. The findings of these
multilevel interventions are mixed and did not appear
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Physical activity and healthy eating behavior changes
among rural women: an exploratory mediation analysis of a
randomized multilevel intervention trial

ORIGINAL RESEARCH

1. SHHC participation was associated with improved
self-efficacy for physical activity and healthy eating, improved social support for physical activity and healthy
eating, and changes in perception of the built environment for physical activity and healthy eating;
2. Impacts of SHHC on physical activity and diet were
mediated by changes in participants’ self-efficacy, social support, and built environment perception.

METHODS
Study design and participants

Study rationale, methods for recruitment, enrollment, data collection, and participant characteristics have been described elsewhere [19–21]. Briefly,
the SHHC study was conducted in 16 medically
underserved rural towns in Montana and New York

between 2015 and 2016. Local health educators
recruited 194 participants through posters/flyers,
radio, social media, newspapers, targeted mailings,
recruitment events, and word of mouth. Eligible
participants were female, ≥40 years old, sedentary,
had a BMI ≥ 25, and obtained physician’s approval
to participate. Figure 1 is the CONSORT flow diagram for SHHC.
Randomization was done at the community level.
Participants in eight towns received the SHHC
intervention (n = 101)—a 48-session (twice a week
for 24 weeks) multilevel intervention focusing on
improving physical activity and diet quality. At the
individual level, educational sessions (e.g., health
benefits of physical activity and healthy eating),
experiential activities (e.g., in-class exercise and
recipe tasting), and goal setting and monitoring
sessions were designed to improve rural women’s
self-efficacy in exercising and healthy eating. At the
interpersonal level, group-based activities with peer
participants and out-of-class materials designed to
encourage family and friends’ engagement in physical activity and healthy eating (e.g., group exercises/activities and program discussion/peer support
sessions) were used to improve participants’ social
support for behavior change. At the physical environment level, a civic engagement component, comprised of community audits and asset mapping, was
designed to target participants’ perception of the
built environments related to physical activity and
healthy eating. Supplementary Table S1 outlines
the specific intervention strategies that were designed to target participants’ perceived self-efficacy,
perceived social support, and built environment perceptions for behavior change.
Participants in the other eight towns received a
six-session (once a month for 24 weeks) educationonly control intervention, known as Strong Hearts,
Healthy Women (SHHW), that provided general
education about healthy living including women
and heart disease, healthy eating, physical activity, and stress management (n = 93). All participants gave their informed consent to participate.
The study was reviewed and approved by Cornell
University and Bassett Healthcare Network institutional review boards.

Measures

Participants’ physical activity data were collected
using ActiGraph Model GT3XE accelerometers
(ActiGraph LLC, Pensacola, FL) and self-reported
by participants using the International Physical
Activity Questionnaire—short form [22–24]. Dietary
intake data were collected using automated selfadministered 24-hr dietary recalls (ASA24) [25].
Additional details of physical activity and diet data
collection and analyses were described elsewhere
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to be more effective than individual level only interventions [11]. This could be due to the lack of sufficient and relevant strategies that would be needed at
each level to produce impacts [11].
Since multilevel interventions in rural communities are still in their infancy, further development
and testing are needed to better understand how
multilevel interventions work and what strategies
are needed at different levels in order to produce
greater impacts in comparison to individual level
only interventions. One way to identify potential
mechanisms that produce positive behavior changes
within a multilevel intervention is to utilize mediation analysis to test mediating variables that are
designed to encourage behavioral changes [17, 18].
Strong Hearts, Healthy Communities (SHHC)
was a 6-month, community-based, multilevel cardiovascular disease prevention randomized trial that
was designed based on an ecological perspective
to improve physical activity and diet among rural
women through in-class physical activity sessions
and skill-building activities, field-based learning,
and other activities that were aimed to foster supportive social and built environments for positive
behavioral changes [19]. The SHHC intervention
resulted in improvements in participants’ weight
status, walking habits, and fruit and vegetable intake
[20, 21]. Since there is a scarcity of knowledge on
the mechanisms of how multilevel behavior change
interventions work in rural settings, the present
study aimed to use mediation analysis to explore the
pathways that might have contributed to intervention participants’ physical activity and diet changes.
Because the original study was not powered to
examine mediators, the present mediation analysis
is exploratory in nature. Through this exploratory
analysis, we hope to encourage future studies to develop theory-informed interventions and identify
mediators so that such knowledge can be used to develop more effective interventions to improve rural
health. The hypotheses were as follows:

ORIGINAL RESEARCH

[21]. Data were collected at baseline and at intervention completion (24 weeks).
All of the proposed mediators were measured by a
set of previously tested questionnaires self-administered
at baseline and at the end of the 24-week study period.
A scale score was calculated for each proposed mediator by taking the mean of the survey items, with a high
score indicating greater perceived self-efficacy, greater
perceived social support, and better perception of the
built environment. Supplementary Table S1 shows all
of the survey items. The internal consistency of all the
TBM

proposed mediators was acceptable (all Cronbach alphas ≥ 0.70) [26].
Perceived self-efficacy for physical activity and
healthy eating were measured using the SelfEfficacy for Diet and Physical Activity Behaviors
Questionnaire, which includes 16 items for diet and
13 items for physical activity [27, 28]. The Social
Support for Diet (5 items) and Physical Activity
(10 items) Questionnaire was used to measure participants’ perceived social support received from
family members and friends for physical activity and
page 3 of 10
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Fig 1 | CONSORT flowchart describing participant flow through Strong Hearts, Healthy Communities (SHHC). IPAQ, International Physical
Activity Questionnaire; MT, Montana; NY, New York.
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healthy eating [29]. Perceived built environment for
physical activity was measured using 10 survey items
developed by Boehmer et al. [30]. Perceived food
environment for healthy eating was measured using
six survey items developed by Echeverria et al. [31].
Statistical analyses

Path c
Strong Hearts, Healthy
Communities Intervention

Behavior Change
(Physical Activity & Diet)

Change in Self-efficacy,
Social Support, Built
Environment Perception
Path b

Path a

Strong Hearts, Healthy
Communities Intervention

Path c’

Behavior Change
(Physical Activity & Diet)

Fig 2 | Strong Hearts, Healthy Communities (SHHC) mediation analysis conceptual model.
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Prior to mediation analysis, we examined patterns
of missing values in our data: baseline demographic
differences between participants who had complete
follow-up data on the proposed mediators and those
without, and baseline demographic differences by
treatment group; t tests were used for continuous
variables and chi-square tests were used for categorical variables. Missing data were then handled by
employing the same multiple imputation approach
that was reported in our physical activity and diet
outcomes paper [21] in order to ensure methodological consistency and relevant interpretation of
findings. Briefly, PROC MI in SAS was used to impute 30 datasets and PROC MIANALYZE was then
used to combine model results from each imputed
dataset into one summary output. Figure 2 shows
the conceptual model for the mediation analysis.
Guided by the mediation strategy proposed by
Baron and Kenny [32], the statistical analysis was
conducted in three steps:
Step One (Path a) examined the intervention’s
effects on participants’ perceived self-efficacy, perceived social support from family and friends, and
built environment perceptions for physical activity
and healthy eating. Each of the proposed mediators
were regressed independently, and any statistically
significant changes of the constructs between the
treatment groups would indicate potential mediators

(∆ of proposed mediator = treatment group + control
variables + baseline value of proposed mediator).
Step Two (Path c) tested the intervention’s effects
on participants’ physical activity and diet; results
have been published elsewhere (∆ of behavioral
outcome = treatment group + control variables +
baseline value of behavioral outcome): compared
to controls, intervention participants significantly
improved weekly walking minutes (113.5 metabolic
equivalent [MET] minutes) and combined fruit and
vegetable intake (0.6 cup per day) [21].
Step Three explored the combined effect of the intervention and the potential mediators on participants’
physical activity and diet changes. Step Three examined
(i) if change in the potential mediators had a significant
relationship with the behavioral changes, after controlling for the effect of the intervention (Path b) (∆ of behavioral outcome = ∆ of proposed mediator + baseline
value of proposed mediator + treatment group + control
variables + baseline value of behavioral outcome), and
(ii) if the indirect intervention effect through Path a*b
was statistically significant. PROC CALIS was used to
test the statistical significance of the indirect intervention effect through Path a*b. To minimize the number
of models being tested, we would only proceed to Step
Three (ii) with the potential mediator(s) that exhibited
statistically significant changes in Path a and changes in
these potential mediator(s) had statistically significant
associations with physical activity and diet changes that
were identified in Path b.
Models in all the steps controlled for participants’ age, education, relationship status, and baseline value of outcome of interest as fixed effects.
Models also included study sites as random effects
to control for the clustering effects of study sites.
However, the random effect of the study sites was

ORIGINAL RESEARCH

RESULTS

The percentage of missing follow-up data on the
eight proposed mediators varied between 29.9% and
33.5%. Those with and without follow-up data on
the proposed mediators did not differ in terms of
income, relationship status, education level, employment status, or baseline values of BMI, age, or any of
the proposed mediators (all p > .05).
Details of study participants’ key demographics
are outlined in Table 1; additional details on baseline physical activity and diet have been reported
elsewhere [21]. Overall, there were no major baseline differences between intervention and control
groups’ demographics, physical activity levels, and
diet. A marginally greater proportion of participants
in the control group were employed for wages or
self-employed in comparison to those in the intervention group (76.7% vs. 63.5%, p = .051). Proposed mediators at baseline were similar between intervention
and control groups except that control participants
had a better perception of their built environment for
physical activity than participants in the intervention
group (2.65 vs. 2.51 on a 1–4 point scale, p = .028).
Similar study findings were found in the complete
case analysis; therefore, we only present findings
from the multiple imputation analysis in the following sections.
Intervention effect on proposed mediators (Path a)

The effect of the intervention on the proposed mediators is presented in Supplementary Table S2.
At 6 months, there were intervention effects on
improving participants’ perceived friends’ support
for physical activity (between-group Δ = +0.53 on
a 1–5 point scale; 95% CI: +0.13, +0.92; p = .009)
and healthy eating (between-group Δ = +0.60 on
a 1–5 point scale; 95% CI: +0.05, +1.14; p = .032).
No intervention effects were observed for perceived
TBM

self-efficacy for physical activity/healthy eating, perceived family support for physical activity/healthy
eating, or perceived built environment to facilitate
physical activity/healthy eating.
Relationships between changes in proposed mediators and
physical activity changes (Path b)

Supplementary Table S3 summarizes the associations between changes in the proposed mediators
and changes in physical activity. Improvements in
perceived self-efficacy for physical activity were associated with increases in moderate to vigorous physical activity (MVPA) minutes per day (β = +4.87;
SE = 2.18; p = .029), % MVPA (β = +0.55; SE = 0.24;
p = .024), and walking MET-minutes per week
(β = +79.56; SE = 29.70; p = .008). Improvements
of perceived social support from family and friends
for physical activity were associated with walking
MET-minutes per week (β = +176.45; SE = 57.69;
p = .003; β = +87.06; SE = 41.33; p = .039).
Relationships between changes in proposed mediators and
dietary changes (Path b)

We did not observe any meaningful associations
between changes in the proposed mediators and
changes in diet (Supplementary Table S4).
Indirect effect of intervention on behavioral outcomes (Path
a*b)

Based on our criteria, only the potential indirect effect of the SHHC intervention upon walking METminutes per week, through perceived social support
for physical activity from friends, exhibited statistical significance of both Path a and Path b and thus
was the only mediating effect examined for statistical significance.
Changes in perceived friends’ support for physical
activity only marginally mediated the intervention effects for walking MET-minutes per week, explaining
40.5% of the total effect (a*b = +45.24; 95% CI: –1.51,
+91.99; p = .059) (see Supplementary Table S5). An
intervention effect of 45.24 walking MET-minutes
per week increase co-occurred with each one-point
increase in perceived friends’ support for physical activity (indirect effects); the remaining walking METminutes per week increase occurred independently
(direct effect). Complete case analysis revealed the
same observation that changes in perceived friends’
support for physical activity marginally mediated
the intervention effects for walking MET-minutes
per week, explaining 42.1% of the total effect
(a*b = +51.61; 95% CI: +1.01, +102.00; p = .046).
DISCUSSION

Overall, the present exploratory mediation analysis
found that the multilevel SHHC program had meaningful positive impacts on participants’ perceived social support from friends for physical activity and
healthy eating, although no effects were found for
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not controlled when testing the indirect intervention effect through Path a*b in Step Three (ii) because the PROC CALIS function in SAS 9.4 does
not support controlling for random effects. Instead,
for the indirect intervention effect model that was
tested in Step Three (ii), we examined the intraclass
correlation coefficient (ICC) for the model’s associated Path a and Path c models. We found that the
ICCs were deemed negligible (all <0.01); therefore,
we simplified our indirect intervention effect model
in Step Three (ii) by removing the random effects
of study sites so that we could fit the model using
PROC CALIS.
Sensitivity analysis using a complete case analysis
approach was performed to examine the potential
differences between the multiple imputation and
the complete case analyses.
All analyses were conducted using SAS version
9.4 (SAS Institute Inc., Cary, NC, USA). Type 1
error was set at 0.05.

ORIGINAL RESEARCH

TABLE 1 | Baseline Characteristics of Participants by Treatment Condition

Characteristic

Total

Intervention

Control

p

Age, mean (SD)
(Control n = 93; intervention n = 101)
Income, n (%)
<$25,000

58.89
(9.50)

59.03
(9.37)

58.74
(9.69)

.834

37
(21.3)
53
(30.5)
84
(48.3)

24
(27.3)
23
(26.1)
41
(46.6)

13
(15.1)
30
(34.9)
43
(50.0)

132
(71.4)
53
(28.6)

70
(73.7)
25
(26.3)

62
(68.9)
28
(31.1)

42
(22.8)
55
(29.9)
58
(31.5)
29
(15.8)

22
(23.4)
30
(31.9)
28
(29.8)
14
(14.9)

20
(22.2)
25
(27.8)
30
(33.3)
15
(16.7)

130
(69.9)
56
(30.1)
35.18
(2.96)
2.96

61
(63.5)
35
(36.5)
34.90
(6.12)
2.97

69
(76.7)
21
(23.3)
35.48
(6.84)
2.94

.815

(0.84)
1.53

(0.78)
1.55

(0.90)
1.50

.506

(0.53)
1.48

(0.53)
1.44

(0.52)
1.53

.251

(0.57)
2.58

(0.57)
2.51

(0.57)
2.65

.028*

(0.45)
3.55

(0.37)
3.52

(0.51)
3.58

.624

(0.77)
1.76

(0.83)
1.78

(0.71)
1.74

.795

(0.91)
1.51

(0.88)
1.48

(0.95)
1.55

.506

(0.73)
3.20

(0.67)
3.20

(0.78)
3.20

.991

(1.06)

(1.02)

(1.11)

>$50,000
Relationship status, n (%)
In a relationship (married or member of an unmarried
couple)
Not in a relationship (divorced, widowed, separated, or
never been married)
Educational level, n (%)
High school or less
Technical or vocational school/some college
College graduate
Postgrad/professional
Employment status, n (%)
Employed for wages or self-employed
Not working or retired
BMI, mean (SD)
(Control n = 93; intervention n = 101)
Perceived self-efficacy for physical activity (on a scale between 1 and 5), mean (SD)
(Control n = 91; intervention n = 98)
Perceived family’s support for physical activity (on a scale
between 1 and 5), mean (SD)
(Control n = 91; intervention n = 98)
Perceived friends’ support for physical activity (on a scale
between 1 and 5), mean (SD)
(Control n = 91; intervention n = 97)
Perceived built environment for physical activity (on a
scale between 1 and 4), mean (SD)
(Control n = 91; intervention n = 97)
Perceived self-efficacy for healthy eating (on a scale between 1 and 5), mean (SD)
(Control n = 91; intervention n = 98)
Perceived family’s support for healthy eating (on a scale
between 1 and 5), mean (SD)
(Control n = 90; intervention n = 97)
Perceived friends’ support for healthy eating (on a scale
between 1 and 5), mean (SD)
(Control n = 90; intervention n = 96)
Perceived food environment for healthy eating (on a scale
between 1 and 5), mean (SD)
(Control n = 91; intervention n = 96)

.471

.904

.051

.532

Boldface indicates statistical significance (*p < .05, **p < .01, ***p < .001).
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$25,000–$50,000

.121

ORIGINAL RESEARCH

Perceived self-efficacy

Although SHHC incorporated strategies that were
previously shown to be effective in improving perceived self-efficacy for physical activity and healthy
eating [33, 34], there are several potential reasons
why we did not observe changes in participants’ perceived self-efficacy. First, because our sample had
moderate levels of perceived self-efficacy to engage
in physical activity (2.96 on a 1–5 scale, SD = 0.84)
and healthy eating (3.55 on a 1–5 scale, SD = 0.77)
at baseline, there might have been a ceiling effect
for some participants to further increase their selfefficacy. In fact, sub-group analyses revealed that
intervention participants with lower baseline perceived self-efficacy for physical activity and healthy
eating saw increases in their perceived self-efficacy
in comparison to the controls. Second, our process
evaluation revealed that there was inadequate time
in the class schedule to complete all of the SHHC
curriculum offerings. This might have prevented the
opportunity to allow for in-depth discussion about
ways to improve self-efficacy when barriers to physical activity and healthy eating appeared. Third,
particularly for perceived self-efficacy for physical
activity, because our participants were older and
overweight or obese, some of the in-class physical
activities might have been challenging for them, contributing to our null findings. Although the intervention offered exercise modifications for participants,
the intensity of the modified exercises was lower and
thus this might have reduced the intended impacts
of the intervention. In future developments of the
intervention, complementary exercises of similar intensity and progression exercises should ideally be
included. Fourth, considering only a few diet outcomes had positive changes after the intervention,
discouragement from failing to make positive diet
changes could have limited participants’ ability to
increase their diet self-efficacy.
Perceived social support

The positive increases in perceived friends’ social
support for physical activity and healthy eating may
be attributed to the nature of our group-based intervention that provided a venue for participants to socialize with peers who played a role in promoting
exercising and healthy eating, offered positive
TBM

feedback for meeting goals, and provided general
support towards healthier behavioral changes.
However, with our analysis reported herein, we
were not able to determine if increased social support from friends was through friends outside of
SHHC or participants’ peers in the program. Our
process evaluation provided a potential explanation
that peer support and social interaction among participants were key sources of accountability and motivation [35]. The marginally statistically significant
meditation of perceived social support from friends
for increasing walking aligned with a previous systematic review that group-based interventions were
effective in increasing walking [36].
In contrast, although we observed an increase
among participants’ perceived social support from
friends for healthy eating, this was not sufficient to
translate into improved diet quality during the study
observation period. Notably, our process evaluation
focus groups found that although participants felt
that the nutrition component in the SHHC program enhanced their existing knowledge of healthy
eating, there were other contextual limitations that
made healthy eating challenging, including time,
financial constraints, and limited access to healthy
food options in rural communities [35].
Moreover, the absence of significant findings
about perceived social support from family members may be an indication that the SHHC materials needed to provide more directive strategies for
engaging family members in active living and healthy
eating practices [35]. At baseline, participants perceived infrequent social support from family members for both physical activity (1.53 on a 1–5 scale,
SD = 0.53) and healthy eating (1.76 on a 1–5 scale,
SD = 0.91). Therefore, participants might have been
surrounded by family members who do not highly
value active living and healthy eating, which might
have been a barrier for them to gain family members’ support for behavioral change. Future interventions should consider evaluating the consistency
(or inconsistency) between how participants perceive the amount of social support they receive from
their family members and friends and how family
members and friends perceive the amount of social
support they give to participants. This could potentially provide insights for developing tailored strategies to enhance social support for participants in
future interventions since such support is deemed
crucial to initiate behavioral change in other studies
[37, 38]. Future multilevel interventions might also
consider involving family members and friends as
part of the intervention strategies.
Perceived built environment

Participants’ built environment perception related to
physical activity did not change, nor did their built
environment perception change related to healthy
eating. It was assumed that through various program
page 7 of 10
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perceived self-efficacy and perceptions of the built
environment related to facilitating physical activity
and healthy eating. Increases in perceived social
support from friends for physical activity marginally
mediated participants’ walking MET-minutes per
week with increases in perceived social support from
friends explaining 40.5% of the total intervention effect on walking MET-minutes per week. Change in
participants’ perceived social support from friends
for healthy eating, however, did not mediate the
intervention’s effect on any of the diet outcomes.

ORIGINAL RESEARCH

Limitations

Few limitations must be considered when
interpreting the findings. Although validated tools
were used to collect self-reported physical activity
and diet data in the present study, some of the large

standard errors in Supplementary Tables S3 and
S4 might be reflective of the inherent limitations of
using self-reporting tools, including reporting errors
(e.g., those related to recall bias) and the tools’ inadequacy to capture individuals’ day-to-day variations
[39, 40].
Differential self-reporting measurement errors
might have also existed between intervention and
control participants, in which intervention participation might have influenced how intervention participants self-reported their behaviors (e.g., enhanced
accuracy due to greater behavior awareness or reduced accuracy due to social desirability) [41]. To
minimize potential biased estimates, we examined
outliers during data analysis, and all the models
were able to converge. In addition, as indicated
earlier, the present mediation analysis was exploratory in nature and the sample size was powered for
SHHC’s primary outcome: BMI changes. Similarly,
the minimal effects on participants’ behaviors in
the present study might have also hindered us from
identifying effective mediators. In addition, participants in our study were predominantly white, midlife to older rural women in Montana and New York,
which limits the generalizability of our findings to
other populations. In particular, our study recruited
a group of motivated rural women who were interested in losing weight and were willing to attend a
class for 6 months. Our participants might have also
been limited to those who had access to transportation to attend. Since rural residents tend to face
more transportation challenges in comparison to
their non-rural counterparts [42], future research
should consider developing strategies to mitigate
rural residents’ burdens and barriers to participation in programs and interventions. Finally, the
present study did not examine the potential reverse
relationships between the behavioral outcomes and
the proposed meditators.
Implications

Along with our other work from the trial, the present
exploratory mediation analysis contributes better
understanding to the ways in which the intervention may—or may not—have worked. These results,
along with comprehensive process evaluation findings, are critical to making revisions to the content
and implementation strategies for similar programs
and advancing the science related to multilevel,
multicomponent interventions.
CONCLUSION

Increasing social support from friends partially
contributed to rural women becoming more active. Although none of our proposed mediators
adequately explained the intervention’s effect on
behavior change, it is not unusual that intervention effects on behavior have not been completely
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activities (e.g., outdoor walking, community audits,
asset mapping, and education on local resources),
SHHC could help participants become more aware
of the realities (i.e., facilitators and barriers) of the
built environments related to healthy living.
There are several potential reasons why we did
not observe intervention effects on participants’ perception of the built and food environments. First,
our intervention strategies were only intended to
increase participants’ sensitivity to their own environments; they were not designed to change participants’ perception of the built environment in a
particular direction. Therefore, different directions
of change in participants’ built environment perception could have attenuated the overall effect of the
intervention. Second, the survey instrument used
might not have captured all of the key built environmental constructs that are relevant to rural communities. Third, the survey instrument only asked
about the built environment in the area where participants lived, but these areas might not have been
the actual areas where the SHHC program was conducted. That is, participants might have changed
the perception of the built environment of the area
where they participated in SHHC but not necessarily the perception of the built and food environments of the area where they lived or areas where
they performed physical activity or shopped for
foods. Finally, our null findings could be explained
by the fact that people’s perceptions of the environment are highly individualized and are continually
developed through ongoing interactions with the
environment, in which these perceptions are also influenced by other personal factors (e.g., age, values,
past experience, health status, etc.) and social factors (e.g., economic conditions, social norms, and
cultural influences). In other words, even though
the SHHC program introduced certain environmental facilitators and barriers to healthy living
to participants, exposures to these environmental
realities were not sufficient to change participants’
perceptions of the environment. It may be helpful
for interventions to target multiple factors simultaneously to change perceptions of the environment.
For instance, because of time limitations, financial
constraints, and the general lack of access to healthy
food options in rural communities, there were barriers to healthy eating among our participants [35].
Future iterations of the intervention should consider
targeting these contextual barriers simultaneously
to change rural women’s perceptions of the environment, which might in turn generate bigger impacts
on changing their behaviors.
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accounted for by the proposed mediators [43–45].
Our intervention might have worked through other
unmeasured pathways. Further investigations are
needed to understand how multilevel interventions
work in rural communities.
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Ripple Effects of a Community-Based Randomized Trial
for Rural Women: Strong Hearts, Healthy Communities
1, Meredith L. Graham1, Galen Eldridge2, Maria R. Donoso1, Sara C. Folta
Brian K. Lo
2
Miriam E. Nelson3, Lynn C. Paul5, Stephen A. Parry6, and Rebecca A. Seguin-Fowler

Objective: This study aimed to examine (1) whether the Strong Hearts,
Healthy Communities intervention (SHHC) improved social network members’ (SNMs’) weight, exercise, and diet and (2) whether SNMs’ weight
and behavioral changes were modified by their relationship closeness
and/or spatial closeness with trial participants.
Methods: Eight towns received the SHHC intervention, which focused
on building individual healthy behaviors and creating supportive social
and built environments for exercise and healthy eating. Eight towns received an education-only control intervention. SNMs (n = 487) were recruited to complete a questionnaire at baseline and at 6 months that
asked about demographics, weight, height, exercise, and eating habits.
Results: SHHC’s effect on SNMs differed depending on their relationship closeness with trial participants. Among SNMs who had a very close
relationship with trial participants, those associated with the intervention
group lost more weight and decreased BMI more than those associated
with the control group (weight [kilograms] between-group difference:
Δ = −1.68; 95% CI: −3.10 to −0.25; P = 0.021; BMI between-group difference: Δ = −0.60; 95% CI: −1.16 to −0.04; P = 0.034). Spatial closeness
did not modify any of SHHC’s ripple effects.
Conclusions: Relationship closeness, rather than spatial closeness,
played an important role in influencing a rural community–based intervention’s ripple effects.
Obesity (2020) 28, 1224-1234.

Introduction
In the United States, rural populations disproportionally experience
higher levels of obesity in comparison with their nonrural counterparts
(1). This could be partially due to the social challenges to active living and healthy eating faced by rural residents, including social isolation (2), limited social support (3-5), abundance of food-centric social
events with unhealthy foods (6,7), limited organized outdoor activities
(4,8), expectations on duties and caregiving responsibilities (5), and
few role models for healthy living (9). Therefore, investigating ways to
overcome social barriers to healthy living among rural residents might

3,

David Strogatz4,

Study Importance
What is already known?
► People can influence their social network members’ (SNMs’) weight and
health behaviors.
► No prior study has examined the ripple
effects of rural behavior change interventions or how relationship closeness
and/or spatial closeness influence(s) interventions’ ripple effects.

What does this study add?
► Within the context of a rural community–
based behavior change intervention,
relationship closeness, rather than spatial closeness, plays an important role
in promoting weight loss and exercise
among trial participants’ SNMs.

How might these results change the
focus of clinical practice?
► Exploring ways to engage SNMs who are
in close relationships with intervention
participants might help improve reach and
cost-effectiveness of these programs.

be an effective way to mitigate rural health disparities. One potential
strategy is to engage and support rural residents’ social network members (SNMs) in physical activity and healthy eating.
Increasing evidence has suggested that SNMs can exert influence on
behaviors and weight status. Some review studies have found that
individuals tend to exhibit concordance with their family members
and friends in terms of health behaviors (10) and weight (11). A small
but growing number of studies have also suggested that if individuals
change their exercise or diet habits, family members might also adopt
these new health behaviors (12-17).
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In addition, prior cross-sectional studies have shed light on the importance of relationship closeness, rather than spatial closeness, on associations with weight and related behaviors. For example, among spouses,
friends, brothers, and sisters of Framingham Heart Study participants,
only spouses showed strong concordance in eating patterns over time,
despite other family members’ living in the same household (18).
Similarly, some studies found that close relationships, such as those
with partners, friends, and family, have greater impacts on weight status
than spatial relationships, such as those with neighbors and coworkers
(19). Others also have suggested that, in comparison with perceived
social ties, geographical proximity of networks might have limited
influence on obesity status (20,21).
Given that rural populations tend to have closer relationships with others compared with nonrural populations (22), leveraging rural individuals’ closer social ties to influence others’ weight and health behaviors
may be a cost-effective strategy to alleviate rural health disparities.
However, none of the prior ripple effect studies has focused on rural
populations, nor have they investigated how relationship closeness and
spatial closeness might play a role in influencing ripple effects within
the context of an intervention.
The aim of this study was to examine ripple effects on weight, exercise, and dietary patterns within Strong Hearts, Healthy Communities
(SHHC), a rural community–based, randomized, behavior change
intervention trial. We hypothesized that the intervention group’s SNMs
would have greater improvement in terms of weight, BMI, exercise,
and diet quality, compared with the control group’s SNMs. In addition,
we further examined whether SNMs’ weight and behavioral changes
were modified by their relationship closeness and/or spatial closeness with trial participants. On the basis of findings from prior studies
(18-21), we hypothesized that relationship closeness, but not spatial
closeness, would have a significant interaction with the SHHC intervention. We further hypothesized that SNMs who had very close relationships with trial participants and were spatially close to these trial
participants would have greater weight and behavioral changes.

Methods
Context
This secondary analysis examined ripple effects of a behavior change
intervention trial, SHHC, which aimed to reduce cardiovascular disease risk factors among rural US women. From this point onward,
women who participated in the original trial are referred to as trial
participants. Study protocol, trial participants’ flow, and trial participant characteristics have been described elsewhere (23,24). Between
2015 and 2016, 194 sedentary midlife and older women with excess weight or obesity participated as SHHC trial participants for
24 weeks in 16 medically underserved rural towns in Montana and
New York. Our previous findings showed that in comparison with
those in the control group, trial participants in the intervention group
(SHHC) had statistically significant weight loss, BMI reduction,
increased intake of fruit and vegetables combined, and increased
walking metabolic equivalent (MET)-minutes per week (24,25). The
study was approved by Cornell University and Bassett Healthcare
Network institutional review boards.
Eight towns received the SHHC intervention (n = 101)—a 48-session
(twice a week for 24 consecutive weeks) intervention with multiple components that were designed to increase physical activity and
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improve diet quality. These components included in-class exercise
sessions, capacity-building activities, field-based learning, and other
activities that were designed to promote positive behavioral changes
through cultivating supportive social and built environments. In
addition, intervention group participants were provided with tips and
strategies to engage SNMs in exercise and healthy eating, such as
inviting them to try new exercises and healthy foods, engaging them
in decision-making, and offering support to and receiving support
from each other. The other eight towns received an education-only
control intervention, Strong Hearts, Healthy Women (SHHW), that
only provided general information on healthy living (n = 93). Trial
participants in the SHHW group met once every 4 weeks for 24
weeks for a total of six sessions.

Data collection
SNMs’ recruitment. Family members, friends, coworkers,
and/or other SNMs were nominated by trial participants on the
baseline questionnaire to participate in pre- and postintervention
questionnaires; trial participants provided contact information for
each nominated SNM. Trial participants provided SNM nominations
and completed baseline data collection prior to randomization.
In other words, trial participants did not know their treatment
assignment when they provided SNM nominations. All SNMs
referred by trial participants were eligible to participate as long as
they were at least 18 years old and provided consent. There were
no BMI or weight eligibility criteria for SNMs. SNMs gave written
consent on the first page of the SNM baseline online survey. Of the
entire trial participant sample, the median number of social network
referrals was 1 (interquartile range: 0-4). Figure 1 shows the SNMs’
flow through the study.

Measures. The SNM questionnaire included questions about
demographics, including address, weight, height, eating and exercise
habits; relationship closeness to the trial participant; and psychosocial
factors.
To assess relationship closeness at baseline, SNMs responded to the
question, “How would you describe your relationship with the Strong
Hearts Study participant?” with the response options “very close,”
“somewhat close,” and “not very close.” These three levels of relationship closeness were based on the Convoy Model of Social Relations
that suggests social relationships could be divided into three layers:
inner circle, middle circle, and outer circle (26). After data collection,
we found that 53.9% of the SNMs selected the “very close” option,
37.2% selected the “somewhat close” option, and only 8.8% selected
the “not very close” option at baseline. Therefore, SNMs were dichotomized as having a relationship with trial participants that was either
“very close” or “somewhat or not very close” to allow easier interpretation of findings.
To assess spatial closeness, we dichotomized SNMs into “spatially
close” and “not spatially close.” Those in the spatially close category included SNMs who lived in the same household as trial participants, coworkers, and those who lived within a 10-mile driving
distance from trial participants. Coworkers were included as being
spatially close because people spend a considerable amount of time
at work, and the work environment has been shown to be related
to individuals’ physical activity and diet (27,28). The shortest driving distance between trial participants and their SNMs’ contact
addresses was calculated using Google Maps. The 10-mile driving
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Figure 1 Flow of social network members in the SHHC trial. Abbreviations: SHHC, Strong Hearts, Healthy
Communities; SHHW, Strong Hearts, Healthy Women

distance cutoff has been used by governmental and social agencies
as a proxy to define reasonable travel distance to service amenities
in rural communities (e.g., grocery stores, hospitals, banks) (29-31).
Such a cutoff was also the median driving distance between trial participants and their SNMs. Relationship and spatial closeness could
be classified for 463 of the 487 SNMs at baseline. There was a modest but significant (P = 0.008) inverse association between the two
measures of closeness: being spatially close to trial participants was
somewhat less common for SNMs with a very close relationship
(134/246 = 54.5%) than for SNMs with a somewhat/not very close
relationship (145/217 = 66.8%).
The International Physical Activity Questionnaire–Short Form was
used to assess SNMs’ physical activity (32). Standard scoring protocol

1226     Obesity | VOLUME 28 | NUMBER 7 | JULY 2020

was used to calculate SNMs’ weekly walking MET-minutes, moderate-to-vigorous physical activity (MVPA) MET-minutes, and total
MET-minutes (33).
The Rapid Eating and Activity Assessment for Patients (REAP)–
Shortened Version (REAP-S) was used to assess SNMs’ diet quality
(34). This 13-item questionnaire contains questions related to frequency
of eating out, skipping breakfast, low consumption of high fiber foods,
and consumption of processed foods, meats, oil, sweets, and soda.
Responses for each question included the following: 1 point = “usually/
often,” 2 points = “sometimes,” and 3 points = “rarely/never.” Food
items that were skipped (or answered “not applicable to me”) were
coded as “rarely” or “never.” Possible sum scores ranged from 13 to 39,
and higher scores indicated better diet quality (35).
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BMI was calculated using SNMs’ self-reported weight and baseline
height. Implausible weight values were excluded for one SNM who
had a baseline weight of 234.3 kg (BMI = 83.4) and had a weight
of 101.6 kg at 6 months (BMI = 36.2). Without any medical procedure, it is unrealistic for a normal person to lose more than 100 kg in
6 months through physical activity and diet changes only; therefore,
we removed this SNM’s weight and BMI values and treated them as
missing values.

Analysis
Baseline characteristics by treatment group were compared for the
entire SNM sample, the very-close-relationship sample, and the spatially close sample. We used t tests to examine normally distributed
continuous variables and Wilcoxon rank sum tests to examine nonnormally distributed continuous variables. Baseline demographic
differences for categorical variables were examined using Fisher
exact tests. In cases in which the Fisher exact test was not able to
be run, Monte Carlo estimates were used to examine categoricalvariable differences.
Linear mixed models were used to assess the change of outcomes from
baseline to 6 months in weight, BMI, exercise, and diet between the
intervention (SHHC) and control (SHHW) groups’ SNMs (∆ outcome
of interest = treatment group + control variables + baseline value of
outcome). To test whether relationship closeness moderated the effects
of the treatment on body-weight and behavior outcomes, an interaction term was used between treatment group (intervention vs. control)
and relationship closeness (very close vs. somewhat or not very close)
(∆ outcome of interest = treatment group + treatment group*relationship
closeness + relationship closeness + control variables + baseline value
of outcome). Similarly, to test whether spatial closeness moderated the
effects of the treatment on body-weight and behavior outcomes, an interaction term was used between treatment group (intervention vs. control)
and spatial closeness (spatially close vs. not spatially close) (∆ outcome
of interest = treatment group + treatment group*spatial closeness +
spatial closeness + control variables + baseline value of outcome).
For outcomes in which SHHC intervention group participants had
statistically significant improvements in the original trial in comparison with the control group (i.e., weight, BMI, weekly walking METminutes, and diet quality), we conducted sensitivity analyses among
(1) SNMs who had a very close relationship to trial participants
(∆ outcome of interest = treatment group + treatment group*spatial
closeness + spatial closeness + control variables + baseline value of
outcome) and (2) those who were spatially close to trial participants
(∆ outcome of interest = treatment group + treatment group*relationship closeness + relationship closeness + control variables + baseline
value of outcome).
All linear mixed models controlled for SNMs’ age, sex, education, relationship status, employment status, self-rated health, and baseline value
of outcome of interest (see Table 1). We also controlled for trial participants’ program attendance. Trial program sites and trial participants’
unique identification numbers were also included in all models and
were treated as random effects to control for the clustering effects of
trial program sites and the possible correlation between SNMs referred
by the same trial participant. Model assumptions were checked and
met. Collinearity diagnostics indicated no violations among the independent variables in the present study, in which all variance inflation
factors were under 2.
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Examination of missing data revealed that the proportion of missing
data of our dependent variables (i.e., changes in weight [kilograms],
BMI, weekly walking MET-minutes, weekly MVPA MET-minutes,
weekly total MET-minutes, and REAP score) ranged between 37.2%
and 48.0%. This was largely due to SNMs being lost to follow-up
(36.3%). This was not surprising, as SNMs were not our primary target
audience in the original SHHC trial. SNMs might have been less motivated to complete follow-up data-collection activities.
We examined differences between SNMs who completed the follow-up
survey and those who did not. We found similar demographic characteristics between them in terms of their baseline BMI, relationship status,
education level, employment status, and self-rated health (all P > 0.05).
However, those who returned for follow-up surveys were younger
than those who did not (mean age: 46.2 vs. 49.8, P = 0.020). Without
responses from non-respondents, it was challenging to distinguish
whether our missing data were missing at random or were missing not
at random. As we found no major demographic differences between
SNMs that had available dependent variables and those who did not,
we used a multiple imputation approach that assumed responses were
missing at random.
SAS Software Version 9.4 (PROC MI; SAS Institute, Cary, North
Carolina) was used to handle missing data with an imputation model
that included the variables used in the analysis, including the interaction terms, to impute SNMs’ baseline demographic variables
(i.e., covariates). Thirty data sets were imputed, and SAS PROC
MIANALYZE was used to pool the estimates from individual data
sets. We did not impute the dependent variables (i.e., changes in
weight [kilograms], BMI, weekly walking MET-minutes, weekly
MVPA MET-minutes, weekly total MET-minutes, and REAP score)
because imputing dependent variables without knowing useful auxiliary variables would not provide useful information but would
add uncertainties to our data, which would in turn increase the SEs
(36,37).
All tests were two-sided, and P < 0.05 was used as the cutoff for statistical significance.

Results
Table 1 shows SNMs’ baseline characteristics.
Of the 487 SNMs, 289 (59.3%) were referred by intervention group
participants, and 198 (40.7%) were referred by control group participants; 135 (27.7%) were family members (child, spouse, or parent), and
352 (72.3%) were friends and others.
There were differences between groups at baseline in the entire
social network sample as well as within the two sensitivity-test
subsamples. Among the entire social network sample, although the
intervention group’s SNMs were older (49.1 vs. 45.1, P = 0.007), a
higher proportion of the control group’s SNMs were employed than
those related to the intervention group (77.2% vs. 67.1%, P = 0.018).
For baseline physical activity and diet, intervention-group SNMs had
higher weekly MVPA MET-minutes (1,440.7 vs. 1,142.6, P = 0.017),
weekly total MET-minutes (2,151.0 vs. 1,792.1, P = 0.026), and
REAP-S sum scores (30.0 vs. 28.4, P = 0.001). For those in the
very-close-relationship sample, a greater proportion of the control
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49.1 (16.6)
81.0 (19.3)
29.2 (6.6)
17.9
82.1
38.2
22.9
22.5
16.4
72.6
27.4
67.1
32.9
55.9
30.6
13.5
702.0
(907.6)
1,440.7
(2029.0)
2,151.0
(2,406.1)
30.0 (4.7)

8.3
4.5

270
273
244

50
229

107
64
63
46

204
77

188
92

157
86
38
277

264

260

289

24
13

Age, y
Weight, kg
BMI
Sex
Male
Female
Education
High school or less
Associate degree
Bachelor’s degree
Postgraduate degree
Relationship status
In a relationship
Not in a relationship
Employment status
Employed
Not employed
Self-rated health status
Excellent or very good
Good
Fair or poor
Walking MET-min/wk

MVPA MET-min/wk

Total MET-min/wk

REAP-S sum score
Relationship type
between trial
participants and SNMs
Spouse
Parent

n

Mean
(SD) or
%

Intervention
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15
13

198

194

196

89
74
30
196

149
44

150
43

63
47
49
34

32
161

186
188
155

n

7.6
6.6

46.1
38.3
15.5
660.9
(928.0)
1,142.6
(1,851.9)
1,792.1
(2,305.1)
28.4 (5.3)

77.2
22.8

77.7
22.3

32.6
24.4
25.4
17.6

16.6
83.4

45.1 (14.0)
83.3 (19.1)
29.9 (6.7)

Mean
(SD) or
%

Control

Overall

TABLE 1 Baseline characteristics of trial participants’ SNMs

n
155
160
142
40
123
71
36
36
21
121
43
99
63
90
50
24
159
154
150
170

24
13

P value
0.007a
0.202b
0.286b
0.805c

0.657c

0.237c

0.018c

0.106c

0.171b
0.017b
0.026b
0.001a

0.074d

14.1
7.6

54.9
30.5
14.6
708.8
(880.6)
1,540.3
(1932.6)
2,244.5
(2,241.9)
29.9 (4.6)

61.1
38.9

73.8
26.2

43.3
22.0
22.0
12.8

24.5
75.5

47.6 (17.5)
81.3 (19.7)
28.8 (6.3)

Mean
(SD) or
%

Intervention

15
11

92

88

90

43
34
14
90

69
22

73
18

32
17
31
11

25
66

88
88
76

n

16.3
12.0

47.3
37.4
15.4
676.4
(910.2)
1,478.5
(2,426.2)
2,137.9
(2,921.5)
28.3 (5.3)

75.8
24.2

80.2
19.8

35.2
18.7
34.1
12.1

27.5
72.5

44.7 (15.3)
87.0 (20.7)
30.5 (7.1)

Mean
(SD) or
%

Control

Very close relationship

0880c

0.010a

0.057b

0.041b

0.391b

0.484c

0.019c

0.285c

0.218c

0.654c

0.202a
0.051b
0.119b

P value

19
7

146

132

133

80
43
20
140

97
46

103
39

63
34
25
20

30
110

138
139
126

n

13.0
4.8

55.9
30.1
14.0
778.6
(1,023.1)
1,566.2
(2,225.3)
2,356.0
(2,649.0)
29.4 (5.3)

67.8
32.2

72.5
27.5

44.4
23.9
17.6
14.1

21.4
78.6

50.9 (16.4)
82.9 (19.5)
29.5 (6.2)

Mean
(SD) or
%

Intervention

14
6

133

132

133

57
52
22
132

101
30

101
30

43
36
27
25

26
105

124
128
106

n

10.5
4.5

43.5
39.7
16.8
631.9
(938.4)
1,114.0
(1944.0)
1,718.0
(2,385.0)
28.4 (5.3)

77.1
22.9

77.1
22.9

32.8
27.5
20.6
19.1

19.8
80.2

46.7 (14.2)
84.2 (19.3)
30.3 (6.8)

Mean
(SD) or
%

Control

Spatially close

0.722c

0.095a

0.015b

0.012b

0.126b

0.115c

0.105c

0.406c

0.256c

0.766c

0.027a
0.667b
0.486b

P value

Obesity
Ripple Effects: Strong Hearts, Healthy Communities Lo et al.
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11.1
9.6
32.8
18.2
14.1
22
19
65
36
28
16.6
14.5
31.1
10.0
14.9

n
n
n

48
42
90
29
43
Child
Other relative
Friend
Coworker
Othere

Mean
(SD) or
%

www.obesityjournal.org 

Significant P values indicated in bold.
at test.
bWilcoxon rank sum test.
cFisher exact test.
dMonte Carlo estimate for Fisher exact test.
eIncluded those who indicated two or more relationship types with trial participants.
MET, metabolic equivalent; MVPA, moderate-to-vigorous physical activity; REAP-S, Rapid Eating and Activity Assessment for Patients–Shortened Version; SNM, social network member.

7.5
6.0
30.1
27.1
14.3

n

10
8
40
36
19
21.7
15.2
16.3
4.3
14.1
20
14
15
4
13
26.5
17.1
18.2
4.1
12.4

n
n

Mean
(SD) or
%
Mean
(SD) or
%

Control

TABLE 1 (continued).

Intervention

Overall

P value

45
29
31
7
21

Mean
(SD) or
%

Control
Intervention

Very close relationship

P value

17
12
43
29
19

11.6
8.2
29.5
19.9
13.0

Mean
(SD) or
%
Mean
(SD) or
%

Control
Intervention

Spatially close

P value

group’s SNMs were employed (75.8% vs. 61.1%, P = 0.019); the
intervention group’s SNMs had higher baseline weekly MVPA METminutes (1,540.3 vs. 1,478.5, P = 0.041) and REAP-S sum scores
(29.9 vs. 28.3, P = 0.010) than those related to the control group. For
those in the spatially close sample, the intervention group’s SNMs
were older (50.9 vs. 46.7, P = 0.027) and had higher baseline levels
of weekly MVPA MET-minutes (1,566.2 vs. 1,114.0, P = 0.012) and
total MET-minutes (2,356.0 vs. 1,718.0, P = 0.015).

Weight, BMI, physical activity, and dietary
changes among SNMs
Overall, we did not observe any difference between the intervention
and control groups’ SNMs in weight (between-group difference [kilograms]: Δ = −0.96; 95% CI = −2.34 to +0.42; P = 0.172), BMI
(between-group difference: Δ = −0.40; 95% CI = −0.99 to +0.19;
P = 0.184), walking MET-minutes (between-group difference:
Δ = +88.26, 95% CI = −155.49 to +332.02; P = 0.478), MVPA METminutes (between-group difference: Δ = −173.74; 95% CI = −690.6
to +343.14 P = 0.510), total MET-minutes (between-group difference:
Δ = −242.13, 95% CI = −878.74 to +394.48; P = 0.456), or REAP-S
score (between-group difference: Δ = +0.15; 95% CI = −1.16 to +1.47;
P = 0.821).

Interaction-terms testing
Table 2 summarizes findings of the interaction-terms testing.

Weight and BMI
Among the entire SNM sample, the interaction between relationship
closeness and treatment group was statistically significant for weight
change (kilograms, P = 0.030) and marginally statistically significant
for BMI change (P = 0.050); the interaction between spatial closeness
and treatment group was not statistically significant for either weight
change (kilograms, P = 0.132) or BMI change (P = 0.208, Table 2).
Between-group comparisons revealed that among those who had a
very close relationship with trial participants, the intervention group’s
SNMs lost more weight and decreased BMI more than those associated
with control group participants (weight [kilograms] between-group
difference: Δ = −1.68; 95% CI = −3.10 to −0.25; P = 0.021; BMI
between-group difference: Δ = −0.60; 95% CI = −1.16 to −0.04;
P = 0.034) (Table 3).
The interaction between spatial closeness and treatment group was only
marginally statistically significant within the very-close-relationship
sample for weight change (kilograms, P = 0.046) but was not statistically significant for BMI change (P = 0.097, Table 2). Among
those who were not spatially close but had a very close relationship
with trial participants, the intervention group’s SNMs lost weight and
decreased BMI, whereas weight and BMI increased for those associated with control group participants (weight [kilograms] betweengroup difference: Δ = −3.28; 95% CI = −5.57 to −0.99; P = 0.005;
BMI between-group difference: Δ = −1.18; 95% CI = −2.12 to −0.24;
P = 0.014; Table 3).

Exercise
For exercise, only the interaction between spatial closeness and treatment group for change in weekly walking MET-minutes within the
very-close-relationship sample was found to be statistically significant
(P = 0.027, Table 2). Among those who had a very close relationship
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Significant P values indicated in bold. ✓ indicates statistically significant interaction terms. ✗ indicates statistically insignificant interaction terms. All models controlled for SNMs’ age, sex, education, relationship status, employment status, self-rated health, trial participants’ program attendance, and baseline value of outcome of interest as fixed effects. Trial program sites and trial participants’ identification numbers treated as random effects in all
models.
MET, metabolic equivalent; n/a, not applicable; REAP-S, Rapid Eating and Activity Assessment for Patients, shortened version; SNM, social network member.

✓ (P = 0.012)
n/a
✗ (P = 0.132)

n/a

✗ (P = 0.151)
n/a
✓ (P = 0.027)

n/a

✓ (P = 0.007)
✗ (P = 0.291)
✗ (P = 0.551)
✗ (P = 0.507)
✗ (P = 0.429)
✗ (P = 0.771)
✗ (P = 0.975)
✗ (P = 0.401)

Among all SNMs (n ranged from 253 to 306)
Relationship closeness*treatment group
✓ (P = 0.030)
✗ (P = 0.050)
Spatial closeness*treatment group
✗ (P = 0.132)
✗ (P = 0.208)
SNMs who had a very close relationship with trial participants (n ranged from 143 to 173)
Spatial closeness*treatment group
✓ (P = 0.046)
✗ (P = 0.097)
SNMs who were spatially close to trial participants (n ranged from 155 to 185)
Relationship closeness*treatment group
✗ (P = 0.473)
✗ (P = 0.292)

Δ Weight (kg)
Interaction term

TABLE 2 Summary of interaction testing findings

Δ BMI

Δ Weekly moderateto-vigorous activity
MET-min
Δ Weekly walking
MET-min

Outcome of interest

Δ Weekly total
MET-min

Δ REAP-S
sum score

Ripple Effects: Strong Hearts, Healthy Communities Lo et al.

with trial participants but were not spatially close, the intervention
group’s SNMs increased their weekly walking MET-minutes, whereas
those associated with control group participants decreased their walking (between-group difference: Δ = +557.98; 95% CI = +76.22 to
+1,039.75; P = 0.023; Table 4).

Diet
Although we observed a statistically significant interaction between
relationship closeness and treatment group on diet changes within the
entire SNM sample (P = 0.007) and among those who were spatially
close (P = 0.012, Table 2), post hoc between-group comparisons did not
observe any meaningful dietary change differences (Table 5).

Discussion
When comparing outcome changes between intervention and control
group participants’ SNMs, we did not find any statistically significant
ripple effect on weight, BMI, exercise, or diet changes. These findings
are in contrast with those of some prior studies (12-17). This could be
due to different study designs and participant selection. In particular,
whereas prior studies only focused on the ripple effect among spouses
and partners, our SNM sample also included trial participants’ parents,
children, friends, coworkers, and others.
We also examined whether there was effect modification by relationship closeness and/or the spatial closeness between trial participants
and their SNMs. We found that SNMs who had a very close relationship
with intervention group participants lost weight and reduced their BMI
in comparison with those who had a very close relationship with control-group trial participants. These findings also apply to a subsample
of SNMs who had either overweight or obesity at baseline. Weight and
BMI improvements among the intervention group’s SNMs may have
resulted from their increased weekly walking MET-minutes. We found
that SNMs’ weight and BMI changes were negatively associated with
their weekly walking MET-minute changes (P < 0.05). These findings
mirror intervention group participants’ improvements in weight, BMI,
and self-reported weekly walking MET-minutes (24,25). When intervention group participants experienced positive changes, they might
have been more likely to share information with their close SNMs,
be role models, and provide encouragement for behavior changes.
Such an observation is similar to those of a few studies that have suggested relationship closeness might play a bigger role in influencing
SNMs’ weight and behaviors than SNMs’ spatial proximity (19-21).
In addition, a reciprocal relationship may have existed between trial
participants and SNMs’ walking behaviors: while the number of trial
participants’ SNM referrals was positively associated with trial participants’ walking-minute improvements (β = +13.01, 95%CI = +2.62
to +23.41; P = 0.015), SNMs’ improved walking minutes were also
positively associated with trial participants’ walking improvements,
although the magnitude was small (β = +0.07, 95%CI = +0.01 to +0.14;
P = 0.022).
In contrast to our hypothesis, our sensitivity analyses did not find any
ripple effects among SNMs who were both socially and spatially close
to trial participants (mainly trial participants’ spouses). This could be
due to the different health goals and activity preferences between trial
participants and their spouses. For example, rural women in some studies commented that their husband did not perceive walking as exercise
and did not like to socialize (38). In addition, rural men in our formative
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TABLE 3 Adjusted least square means for between-group comparisons: weight and BMI changes

Within-group change
(intervention)

Within-group change
(control)

Mean change
(95% CI)

Mean change
(95% CI)

Mean change
(95% CI)

P
value

+0.15 (−1.17 to +1.48)

−1.68 (−3.10 to −0.25)

0.021

−0.14 (−1.61 to +1.32)

+0.41 (−1.26 to +2.08)

0.630

−0.38 (−1.64 to +0.89)

−0.32 (−1.74 to +1.10)

0.658

+0.48 (−1.09 to +2.06)

−1.87 (−3.59 to −0.14)

0.034

+0.14 (−0.37 to +0.64)

−0.60 (−1.16 to −0.04)

0.034

−0.004 (−0.56 to +0.55)

+0.14 (−0.50 to +0.78)

0.670

−0.02 (−0.53 to +0.49)

−0.17 (−0.76 to +0.42)

0.579

+0.20 (−0.46 to +0.85)

−0.70 (−1.44 to +0.04)

0.063

−0.91 (−2.71 to +0.90)

−0.52 (−2.57 to +1.52)

0.617

+1.21 (−0.94 to +3.35)

−3.28 (−5.57 to −0.99)

0.005

−0.11 (−0.80 to +0.59)

−0.23 (−1.03 to +0.57)

0.574

+0.52 (−0.35 to +1.40)

−1.18 (−2.12 to −0.24)

0.014

−0.50 (−1.90 to +0.89)

−0.39 (−1.93 to +1.15)

0.619

−0.02 (−1.50 to +1.47)

+0.39 (−1.21 to +1.99)

0.631

−0.07 (−0.59 to +0.44)

−0.14 (−0.71 to +0.44)

0.635

−0.08 (−0.63 to +0.46)

+0.30 (−0.29 to +0.88)

0.321

Among all SNMs
Weight, kg
Very close relationship (intervention n = 102;
−1.52 (−2.61 to −0.44)
control n = 60)
Somewhat or not very close relationship
+0.27 (−1.09 to +1.62)
(intervention n = 68; control n = 55)
Spatially close (intervention n = 94, control
−0.70 (−1.86 to +0.46)
n = 77)
Not spatially close (intervention n = 76, control
−1.39 (−2.63 to −0.14)
n = 38)
BMI
Very close relationship (intervention n = 94;
−0.47 (−0.87 to −0.06)
control n = 49)
Somewhat or not very close relationship
+0.14 (−0.38 to +0.65)
(intervention n = 63; control n = 47)
Spatially close (intervention n = 90, control
−0.18 (−0.64 to +0.27)
n = 67)
Not spatially close (intervention n = 67, control
−0.50 (−1.00 to −0.01)
n = 29)
SNMs who had a very close relationship with trial participants
Weight, kg
Spatially close (intervention n = 56, control
−1.43 (−2.96 to +0.11)
n = 37)
Not spatially close (intervention n = 46, control
−2.07 (−3.69 to −0.45)
n = 23)
BMI
Spatially close (intervention n = 52, control
−0.33 (−0.91 to +0.24)
n = 32)
Not spatially close (intervention n = 42, control
−0.66 (−1.27 to −0.04)
n = 17)
SNMs who were spatially close to trial participants
Weight (kg)
Very close relationship (intervention n = 53,
−0.89 (−2.09 to +0.31)
control n = 37)
Somewhat or not very close relationship
+0.37 (−1.13 to +1.87)
(intervention n = 40, control n = 42)
BMI
Very close relationship (intervention n = 49,
−0.21 (−0.64 to +0.21)
control n = 32)
Somewhat or not very close relationship
+0.21 (−0.33 to +0.75)
(intervention n = 38, control n = 36)

Between-group difference
(intervention − control)

Significant P values indicated in bold. All models controlled for SNMs’ age, sex, education, relationship status, employment status, self-rated health, trial participants’ program
attendance, and baseline value of outcome of interest as fixed effects. Trial program sites and trial participants’ identification numbers treated as random effects in all models.
SNM, social network member.

work expressed that for physical activity, they preferred team sports
and outdoor activities in the countryside, such as hunting and fishing
(4). In other words, trial participants’ increased engagement in walking,
indoor aerobic exercise, and group strength training might not be of
interest to their spouses in these rural communities.
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Interestingly, SNMs who had a very close relationship with trial participants but were not spatially close mirrored trial participants’ weight
loss and improved walking patterns. These SNMs were mainly female
and were trial participants’ adult children or other relatives. In comparison with trial participants’ spouses, these SNMs might have similar
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−10.39 (−303.47 to +282.68)
+70.51 (−238.93 to +379.96)
+86.48 (−180.48 to +353.43)
−116.10 (−457.93 to +225.73)
+612.83 (−9.65 to +1,235.31)
+895.30 (+223.83 to +1,566.77)
+890.44 (+311.81 to +1,469.08)
+456.95 (−281.02 to +1,194.93)
+819.90 (+59.60 to +1,580.21)
+1,200.55 (+375.86 to +2025.24)
+1,227.93 (+519.20 to +1936.65)
+518.89 (−371.78 to +1,409.57)

+87.23 (−298.02 to +472.49)
−543.00 (−1,005.85 to −80.15)

+124.12 (−255.75 to +503.99)
−160.66 (−540.42 to +219.09)

+87.58 (−149.18 to +324.34)
+161.30 (−140.88 to +463.48)
+104.70 (−153.51 to +362.91)
+105.51 (−167.52 to +378.54)
+613.62 (+105.30 to +1,121.94)
+502.31 (−145.53 to +1,150.15)
+693.39 (+149.44 to +1,237.33)
+408.30 (−176.88 to +993.49)
+742.85 (+120.00 to +1,365.69)
+761.89 (−32.52 to +1,556.30)
+867.70 (+201.69 to +1,533.71)
+572.59 (−145.03 to +1,290.21)

−89.19 (−418.04 to +239.67)
+14.99 (−334.83 to +364.80)

−101.30 (−425.58 to +222.98)
+63.03 (−332.27 to +458.33)

Mean change (95% CI)

Mean change (95% CI)

+223.69 (−184.25 to +631.64)

−225.43 (−654.48 to +203.63)

−176.42 (−607.91 to +255.07)
+557.98 (+76.22 to +1,039.75)

−360.23 (−1,133.44 to +412.99)
+53.69 (−927.03 to +1,034.42)

−438.66 (−1,365.53 to +488.21)

−77.06 (−886.77 to +732.65)

−197.06 (−830.53 to +436.42)
−48.65 (−851.73 to +754.43)

−392.99 (−1,145.77 to +359.78)

+0.787 (−659.44 to +661.02)

+18.22 (−274.93 to +311.38)
+221.61 (−150.68 to +593.90)

+90.79 (−255.55 to +437.13)

+97.98 (−210.95 to +406.90)

Mean change (95% CI)

Between-group difference
(intervention − control)

0.283

0.303

0.423
0.023

0.361
0.915

0.354

0.852

0.542
0.906

0.306

0.998

0.903
0.243

0.607

0.534

P value

Significant P values indicated in bold. All models controlled for SNMs’ age, sex, education, relationship status, employment status, self-rated health, trial participants’ program attendance, and baseline value of outcome of
interest as fixed effects. Trial program sites and trial participants’ identification numbers treated as random effects in all models.
MET, metabolic equivalent; SNM, social network member.

Among all SNMs
Weekly walking MET-min
Very close relationship (intervention n = 103; control
n = 61)
Somewhat or not very close relationship (intervention
n = 70; control n = 63)
Spatially close (intervention n = 98, control n = 83)
Not spatially close (intervention n = 75, control n = 41)
Weekly moderate-to-vigorous MET-min
Very close relationship (intervention n = 98, control
n = 60)
Somewhat or not very close relationship (intervention
n = 66, control n = 58)
Spatially close (intervention n = 93, control n = 79)
Not spatially close (intervention n = 71, control n = 39)
Weekly total MET-min
Very close relationship (intervention n = 95, control
n = 59)
Somewhat or not very close relationship (intervention
n = 65, control n = 58)
Spatially close (intervention n = 92, control n = 78)
Not spatially close (intervention n = 68, control n = 39)
SNMs who had a very close relationship with trial participants
Weekly walking MET-min
Spatially close (intervention n = 52, control n = 36)
Not spatially close (intervention n = 51, control n = 25)
SNMs who were spatially close to trial participants
Weekly walking MET-min
Very close relationship (intervention n = 52, control
n = 36)
Somewhat or not very close relationship (intervention
n = 46, control n = 46)

Within-group change (control)

Within-group change
(intervention)

TABLE 4 Adjusted least square means for between-group comparisons: physical activity changes

Obesity
Ripple Effects: Strong Hearts, Healthy Communities Lo et al.
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TABLE 5 Adjusted least square means for between-group comparisons: diet changes via REAP-S sum score

Within-group change
(intervention)

Within-group
change (control)

Mean change
(95% CI)

Mean change
(95% CI)

Mean change
(95% CI)

P
value

+0.62 (−0.70 to +1.93)

−0.85 (−2.34 to +0.64)

0.264

−0.97 (−2.42 to +0.48)

+1.63 (−0.08 to +3.34)

0.063

+0.18 (−1.06 to +1.42)

−0.24 (−1.67 to +1.19)

0.746

−0.69 (−2.18 to +0.81)

+0.82 (−0.90 to +2.54)

0.348

+1.81 (+0.08 to +3.55)

−1.86 (−3.85 to +0.13)

0.066

+0.10 (−1.90 to +2.10)

+0.03 (−2.11 to +2.30)

0.932

+1.37 (−0.28 to +3.02)

−1.73 (−3.64 to +0.17)

0.075

−0.78 (−2.50 to +0.95)

+1.29 (−0.72 to +3.29)

0.208

Among all SNMs
Very close relationship
−0.23 (−1.33 to +0.86)
(intervention n = 111, control n = 62)
Somewhat or not very close relationship
+0.66 (−0.72 to +2.03)
(intervention n = 72, control n = 61)
Spatially close (intervention n = 106, control
−0.06 (−1.19 to +1.08)
n = 82)
Not spatially close (intervention n = 77, control
+0.14 (−1.09 to +1.36)
n = 41)
SNMs who had a very close relationship with trial participants
Spatially close (intervention n = 60, control
−0.05 (−1.47 to +1.38)
ln = 37)
Not spatially close (intervention n = 51, control
+0.13 (−1.45 to +1.71)
n = 25)
SNMs who were spatially close to trial participants
Very close relationship (intervention n = 57,
−0.36 (−1.76 to +1.03)
control n = 37)
Somewhat or not very close relationship
+0.51 (−1.26 to +2.28)
(intervention n = 46, control n = 45)

Between-group difference
(intervention - control)

Significant P values indicated in bold. All models controlled for SNMs’ age, sex, education, relationship status, employment status, self-rated health, trial participants’ program
attendance, and baseline value of outcome of interest as fixed effects. Trial program sites and trial participants’ identification numbers treated as random effects in all models.
REAP-S, Rapid Eating and Activity Assessment for Patients, shortened version; SNM, social network member.

health goals and exercise preferences; therefore, trial participants might
be able to influence them to make positive behavioral changes.
The present study did not find any meaningful dietary improvements
among trial participants’ SNMs. This is similar to the dietary outcomes in the trial participants as well, in whom only a slight increase
of the intervention group’s combined intake of fruit and vegetables was
observed in comparison with the control group (between-group difference [cups daily]: Δ = +0.6; 95% CI = +0.1 to +1.1; P = 0.026) (25). In
fact, within-group analyses of the original trial found that the intervention group’s combined intake of fruit and vegetables did not change significantly after the intervention (within-group difference [cups daily]:
Δ = +0.1; 95% CI = −0.2 to +0.5; P = 0.529) (25). When intervention
group participants did not make significant dietary improvements, it
was very unlikely to generate a ripple effect on SNMs. Our process
evaluation found that intervention group trial participants found it challenging to eat healthfully while needing to accommodate family members’ food preferences (39).
This study has limitations to be noted. First, SNMs self-reported
their height, weight, exercise, and diet and may have been subject
to measurement error. Second, the SNM sample was referred by trial
participants; therefore, our SNM sample might have been biased
toward certain types of relationships, such as relationships with
spouses, children, friends, or coworkers. Although the SNM sample
was collected prior to randomization, future studies should include
purposeful variation in relationship types to help further understand
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the association between SNM characteristics and intervention outcomes. Third, because our SNM sample might have known about
the study, social desirability bias might exist in self-reporting data.
Fourth, the majority of the SNMs were female and white, with excess
weight and obesity. Findings might not be generalizable to other populations. Fifth, although this study provides important insights into
factors that influence an intervention’s ripple effects, mechanisms
that contributed to SNMs’ weight loss and behavior changes are still
unclear. Future studies should examine how social dynamics contribute to weight loss and behavior change, particularly among individuals who are spatially distant but have a very close relationship.
Findings will inform how to best use social networks to generate
bigger intervention impacts. Finally, because this was an exploratory
secondary analysis of the original SHHC study, we did not adjust P
values for multiple testing; this might have increased the type 1 error
rate (40). Further hypothesis testing is needed in future studies.

Conclusion
Our study contributes a new understanding related to ripple effects,
demonstrating that relationship closeness, rather than spatial closeness, plays an important role in influencing SNMs’ weight and health
behaviors. Exploring ways to engage SNMs who are in close relationships with intervention participants, independent of spatial proximity, could improve the reach, impact, and cost-effectiveness of
programs.O
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Abstract: Civic engagement interventions aimed at improving food and physical activity environments
hold promise in addressing rural health disparities, but ensuring feasible and sustained dissemination
remains a challenge. The present study aimed to evaluate the feasibility of a civic engagement
curriculum adapted for online dissemination (Healthy Eating and Activity in Rural Towns (eHEART)).
The eHEART curriculum and website were developed based on feedback from local health educators
and community members. eHEART groups were facilitated by local Extension educators across
three rural towns in three U.S. states (Montana, Wisconsin, and Alaska). Implementation feasibility
was assessed through monthly project reports and interviews with educators. All eHEART groups
successfully completed curriculum activities and met their project goals after nine months (November
2018 to July 2019). Groups ranged in size from 4 to 8 community residents and implemented varied
strategies to improve aspects of their local food and/or physical activity environments. Facilitators
of implementation included clear guidance on facilitating curriculum activities and the flexible and
community-driven nature of eHEART projects. Recommended changes included more guidance on
evaluating projects and contacting stakeholders as well as providing online tools and support for
project management. Findings from this work have important implications for creating healthier rural
environments. Local health educators and other community groups can feasibly use the eHEART
curriculum to foster environmental changes that support healthy eating and active living.
Keywords: rural health; food environment; built environment; civic engagement

1. Introduction
Rural populations in the United States experience higher rates of obesity and are less likely to engage
in health-promoting behaviors (e.g., adequate diet, physical activity) than urban populations [1,2].
These disparities are partly due to environmental constraints in rural areas, including limited access to
nutritious foods and opportunities for physical activity [3,4]. Creating environmental change through
civic engagement is one promising strategy for improving access to food and physical activity resources.
Existing studies suggest that engaging local residents can lead to meaningful built environment and
policy changes in urban and rural settings [5–10].
Guided by community-based participatory research methods, the Healthy Eating and Activity
in Rural Towns (HEART) Club civic engagement curriculum provides a step-wise process for rural
residents to improve healthy eating and physical activity opportunities in their community. The HEART
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Club program (also known as the Change Club) was first developed, implemented, and evaluated
in the period 2010–2011 [7]. Several follow-up studies refining the materials and process have been
conducted since then, with successful achievement of goal setting and attainment [8,9].
To improve the program’s reach, adoption, and effectiveness, the HEART Club curriculum was
adapted into a web-based format (eHEART) and evaluated with Extension partners in three states.
The present study describes the implementation and feasibility of the eHEART approach.
2. Materials and Methods
2.1. HEART Club Program Curriculum
The HEART Club curriculum consists of four structured 90 min meetings, ideally held one week
apart, with additional action items to be completed between meetings. Groups are encouraged to schedule
regular meetings after completing curriculum activities to achieve project goals. During curriculum
meetings, Extension educators guide group members through the process of assessing, prioritizing,
planning, and implementing environmental changes in their community. HEART Clubs begin by
conducting a walkabout to identify barriers and assets to healthy eating and active living in their
community. After reflecting on the walkabout findings, members identify an issue related to the local
food or physical activity environment to work towards. Groups then establish specific, measurable
benchmarks to address their chosen issue, including (1) choosing a strategy, (2) identifying stakeholders,
(3) pilot testing and implementing, (4) monitoring and evaluation, and (5) planning for expansion.
2.2. eHEART Curriculum and Website Development
Adaptations to the HEART Club curriculum for web-based dissemination were informed by
focus groups and interviews with former HEART Club members and facilitators. Qualitative data
were descriptively coded to identify positive and negative aspects of the program curriculum,
and recommendations for improvement. Notable curriculum changes included providing example
community projects, restructuring the community walkabout, and offering additional guidance on
contacting stakeholders and continuing group meetings. Table 1 provides an outline of eHEART
curriculum activities.
Research team members worked with a local web developer to create an online dissemination
platform using Drupal (an open-source content management system). This website was designed
to guide users through the eHEART curriculum and could be used to directly facilitate curriculum
meetings or as a training tool. The responsive interface allows users to access the eHEART website
via computer, tablet, or mobile phone. The homepage provides an overview of the eHEART process,
instructions on navigating the website, and application guidelines for community groups. Meeting
pages feature whiteboard videos and brief written descriptions of curriculum activities with links to
handouts and worksheets. Full PDF versions of the eHEART curriculum are also available for users
to download and use for facilitation. Resource pages include information on previous HEART Club
projects (videos and written summaries), identifying stakeholders, and effective leadership skills.
Telephone feedback sessions were held with twelve Extension educators from five states to evaluate
the functionality and design of the eHEART website. Overall feedback was positive, with educators
describing the website as clear and easy to navigate. Recommended changes included streamlining
content on the homepage, reorganizing website tabs, adding more project examples, and providing
information on applying for the eHEART program. These suggestions were discussed by the research
team and informed website revisions. Components of the eHEART website are described in Table 2
(see Supplementary Figure S1 for screenshots of each webpage).
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Table 1. Overview of the Healthy Eating and Activity in Rural Towns (eHEART) Club curriculum.
Meeting

1

2

3

4

Objective

Activities

Example Project

Identify focus area

Assessing the community
(walkabout, debriefing)
Selecting an issue
(brainstorming, voting)
Policy, engagement, and advocacy

Conducted community walkabout
around town center
Identified need for community
physical activity opportunities

Develop a purpose

Mapping personal and
community assets
Developing a purpose statement
Identifying and contacting
stakeholders

Purpose: Increase physical activity
year-round of all individuals in the
community
Formed partnerships with local
Village Board, school district, and
other community groups

Develop an action
plan

True Colors Personality Test
Establishing benchmarks
Developing an action plan

Planned to install new play
equipment and fitness stations at
unused local playground
Developed fundraising plan
Assigned roles and timelines

Create a unified
message

Group cohesion activity
Creating a unified message
Creating an eHEART charter
Planning for continuation

Created guidelines for meetings and
recruiting new members
Formed a playground planning
committee
Established monthly meeting
schedule

Table 2. eHEART website components.
Section

Content

Home

Introduction to the eHEART program (whiteboard video)
Overview of eHEART process and participation benefits
Links:
•
“How-To Guide” for navigating the website
•
PDF copy of full eHEART curriculum
•
eHEART application form and guidelines

Meetings

Facilitation guidelines for eHEART meetings 1 to 4
•
Meeting agenda and materials needed
•
Link to meeting curriculum
•
Meeting overview (whiteboard video)
•
Talking points for each meeting topic/activity
•
Links to handouts/worksheets
•
Action items for next meeting

Resources

Tips for effective leadership and identifying stakeholders
Links to external websites for additional information

Example Projects

Brief descriptions of previous HEART Club projects
Links to detailed summaries for each project
Descriptions of other community health initiatives

Contact Us

Contact information for program staff
Form to submit questions about the website or program

2.3. eHEART Application Process
To assess the feasibility of the eHEART approach, Extension educators from seven states were
invited to disseminate the eHEART website and application form to local community organizations
and groups (e.g., parent-teacher associations, playground committees). Educators were affiliated with
other evidence-based programs implemented by Seguin and colleagues [11].
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Groups were encouraged to apply for the eHEART program if they were interested in improving
access to healthy food or physical activity opportunities in their community. Applicants were selected
based on alignment with eHEART program objectives and were provided with $1000 to implement
their community projects. Selected groups were given time to recruit additional members before
starting the eHEART process. Designated leaders for each eHEART group were asked to review the
website and complete an online training session prior to facilitating curriculum meetings. Leaders
were also given a detailed timeline of project deliverables (i.e., collecting baseline surveys, scheduling
curriculum meetings, and submitting progress reports). Supplementary Figure S2 outlines the specific
deliverables and corresponding timelines.
2.4. Data Sources and Analysis
Participants completed an online demographic questionnaire prior to starting eHEART meetings.
To monitor group progress, eHEART leaders were asked to submit monthly project reports after
completing all curriculum activities. Reports were submitted online through Qualtrics’ survey platform
(Qualtrics, Provo, UT, USA). Interviews were conducted with leaders following the completion of group
projects to assess satisfaction with the eHEART website and program facilitation. All participants
provided written informed consent upon joining the eHEART study and oral consent was obtained
prior to recording the interviews. All study procedures and materials were approved by Cornell
University’s Institutional Review Board (IRB).
Participant characteristics were summarized using means for continuous variables and frequencies
for categorical variables. Progress reports were used to document project activities, meeting frequency,
and attendance levels. Qualitative interview responses were categorized as follows: positive aspects,
challenging aspects, and recommendations for improvement. All analyses were conducted in 2019.
3. Results
Nine groups completed eHEART applications in the summer of 2018. Two groups that submitted
applications were disqualified based on proposed group activities not meeting program objectives;
one could not be reached for follow up; and three groups withdrew upon further review of the project
timeline and activities. The three remaining groups successfully completed eHEART curriculum
activities and initiated community projects between November 2018 and July 2019. All eHEART
groups were led by Extension educators and took 2 to 4 months to complete the prescribed meetings
and 8 to 9 months to complete their projects.
Table 3 presents demographic characteristics for two eHEART groups. The third group consisted
primarily of secondary school students and the study IRB protocol only permitted data collection
for adults.
Table 4 provides a summary of eHEART project activities across the three study towns. Town 1,
Montana, has a population of approximately 3800 people (42% White, 46% American Indian/Alaska
Native, 11% Latino or Hispanic); 20% of residents live in poverty [12]. Town 1 aimed to increase
awareness of community trails among local residents and promote physical activity through trail use.
The group collaborated with a local health coalition to develop signage and brochures highlighting
existing trail routes. See Supplementary Figure S3 for trail brochures.
Town 2, Wisconsin, has a population of approximately 2200 people (87% White, 6% Latino or
Hispanic); 9% of residents live in poverty [13]. Town 2 aimed to improve the physical activity and food
environment at a local middle school. The group brainstormed ways to enhance indoor recess activities
and outdoor play areas. They also advocated for changing the cafeteria layout to encourage healthier
food choices and scheduling recess before lunch, which has been shown to improve dietary intake
and classroom behaviors [14–16]. See Supplementary Figure S4 for photos of indoor and outdoor
recess projects.
Town 3, Alaska, has approximately 4700 people (82% White, 8% American Indian/Alaska Native);
13% of residents live in poverty [17]. Town 3 aimed to provide healthy food for Students in Transition
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(i.e., youth who are homeless, couch surfing, or living in their cars) by constructing a Little Free Pantry,
a freestanding cupboard-like structure where people can take or leave healthy food. See Supplementary
Figure S5 for the Little Free Pantry design.
Table 3. Sociodemographic characteristics of eHEART participants at baseline.
Characteristic (%)
Age, y (mean [range])
Sex
Female
Male
Employment
Employed full time
Employed part time
Race/ethnicity
Non-Hispanic white
Relationship status
Married
Single
Education
Master’s degree or higher
Bachelor’s degree
Associate’s degree
High school degree or GED

Town 1
(n=5)

Town 2
(n=6)

49 (28–55)

46 (29–56)

80%
20%

100%
0%

100%
0%

83%
17%

100%

100%

60%
40%

83%
17%

20%
20%
40%
20%

17%
0%
33%
50%

Note: Sociodemographic characteristics are not presented for the third eHEART group, as it was composed primarily
of students and demographic data were only collected for adults.

Table 4. Summary of eHEART group progress.
Site

Town 1

Town 2

Town 3

No. of
No. of
Project(s)
Members Meetings

4 to 6

6 to 8

4 to 6

Progress

Future Plans

Develop signage and
brochures highlighting
existing trail routes

Designed signs to
identify five
community trails
Worked with a local
health coalition to
create brochures

Publicize trail signs in
the town newspaper
Host a celebratory
community walk on
the trails

5

Improve active recess
opportunities
Schedule recess before
lunch breaks
Restructure cafeteria to
encourage healthy
food choices

Created new outdoor
play areas and indoor
activity wall
Campaigned for recess
before lunch
Improved cafeteria
layout
Formed a teacher-led
school wellness
committee

Create an indoor
walking path
Continue wellness
committee initiatives
to improve food and
physical activity
options

6

Construct tiny food
pantries to provide
healthy food for
students in need

Secured donations for
building supplies and
signage
Built first food pantry
(Little Free Pantry)

Build a second pantry
Weather-proof pantries
Partner with 4-H
Council to maintain
pantries as a service
project

6

Note: 4-H is a national youth development organization in the United States.

During the interview sessions, leaders noted that they enjoyed participating in eHEART and
would recommend the program to other Extension colleagues. They emphasized positive aspects
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of the eHEART website, including clear guidance on facilitating curriculum meetings and examples
of previous initiatives to help groups brainstorm potential projects. Leaders also appreciated the
community-driven nature of eHEART projects, which fostered ownership and commitment among
group members.
Several challenging aspects of the eHEART program were discussed. One leader felt that the
flexible nature of the eHEART curriculum was not adequately conveyed through the website, which
appeared too structured. In practice, most leaders adapted and restructured eHEART meeting activities
to best fit group members’ needs. Leaders also reported issues conducting the walkabout due to
inclement winter weather and noted that projects required a longer time investment than anticipated
(9 months on average).
Recommendations for improvement included providing more guidance on the website for
evaluating eHEART projects and contacting stakeholders. One leader suggested adding “mock
interviews” to boost members’ confidence in reaching out to local leaders and other community
groups. Leaders also suggested creating a one-page checklist outlining all curriculum activities and
leveraging the web-based format to include online scheduling tools or project task lists. Table 5 presents
supporting quotes for the key findings summarized above.
Table 5. Qualitative feedback from eHEART leaders.
Category

Selected Quotes

Positive aspects

“This was a great tool to spearhead some movement at the school. I would love to
train all the UW Extension educators in WI to do the same!” (Town 2)
“Having examples of what other people had done was beneficial and helped with
initial project brainstorming.” (Town 1)
“Another strength (of group members) is the perseverance to see this project
through and the commitment to making it sustainable.” (Town 3)

Challenging aspects

“Appreciated having flexibility (in facilitating meetings), which isn’t conveyed
from the website as it appears inflexible.” (Town 3)
“The walkabout did not work for us. The trails were all over town and since it was
winter time, it was always dark when our group met.” (Town 1)

Recommendations for
improvement

“Give guidance or doing role playing to boost confidence for group members that
aren’t comfortable talking with stakeholders.” (Town 1)
“Checklist like a one-pager overall view for an entire year of what to do. For
example: Meeting 1, do this between meetings, Meeting 2 and so on.” (Town 2)

4. Discussion
The eHEART program offers a step-wise approach for local residents to assess their community,
identify an issue, develop action plans, and collectively work towards creating positive environmental
change. Using a web-based dissemination platform, local health educators successfully engaged rural
community members in improving their food or physical activity environments. All three eHEART
groups met their project goals and outlined plans to continue their work, highlighting the sustainability
of this civic engagement approach.
Strengths of this study include multi-state implementation, recruitment of existing community
groups, and adaptation to an online dissemination platform. Implementing the eHEART program
across three geographically distinct communities improves overall relevance and generalizability to
other rural underserved settings. By recruiting existing community groups, members were more likely
to develop a shared sense of purpose and commit to achieving project goals. Lastly, feedback on the
eHEART website was predominately positive; leaders found it easy to navigate the website and access
facilitation resources. Curriculum modifications such as providing example community projects were
well received and contributed to successful implementation.
The eHEART website was primarily used as training tool for leaders, rather than to directly
facilitate curriculum meetings. Modifications to improve website functionality could include fillable
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PDF worksheets, online group cohesion activities, and discussion boards for communication within and
between eHEART groups. As suggested by leaders, the website should convey flexibility in facilitating
eHEART meetings (i.e., combining or modifying meeting topics as needed). Further improvements
include integrating project management tools to assign tasks and set timelines for completion.
Additional limitations include the small sample size, selection process for eHEART leaders and
participants, and lack of website usage metrics. Only three of nine community groups that applied for
the eHEART program were successfully enrolled and completed the process. Strategies for increasing
enrollment include clarifying program objectives and providing example eHEART programs on the
application form. Inviting educators who were connected with the research team to participate in the
eHEART program may have introduced selection bias. However, we were able to enroll a diverse group
of communities, which provides support for this dissemination strategy. Lastly, we were unable to
measure how often the eHEART website was used by leaders and group members. Tracking the number
of visits and time spent on the website would help assess usability and inform design modifications in
future studies.
Findings from this work have important implications for creating healthier rural environments
through civic engagement to support changes in health behavior. Participation in civic engagement
programs may also affect behavior change by fostering self-efficacy and enhancing social support,
which are associated with positive health behaviors. [5,9] The relatively narrow scope of the present
study limited our ability to assess individual and population-level changes in health behaviors as a
result of eHEART projects. However, this remains an important area for future research.
This work, combined with the research team’s prior civic engagement studies, yielded a recently
funded National Institutes of Health (NIH) study—a community-randomized controlled trial and
process evaluation of this web-based civic engagement approach across ten rural towns in two states.
The study will evaluate changes in health behaviors and outcomes among participants, their social
networks, and other community residents to understand the impact of this approach to improve rural
community health.
5. Conclusions
Rural health educators and community organizations can feasibly use the eHEART curriculum to
foster environmental changes that support healthy eating and active living. Future studies should
consider website modifications to enhance functionality and evaluate the potential behavioral impacts
of eHEART projects in rural settings.
Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/7/2571/s1,
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The Strong Hearts, Healthy Communities Program
2.0: An RCT Examining Effects on Simple 7
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Introduction: Rural women have higher rates of cardiovascular disease than their nonrural counterparts, partially because of their social and environmental contexts. The study objective is to test a
reﬁned version of the multilevel Strong Hearts, Healthy Communities intervention, which used extensive process and outcome evaluation data from the original randomized trial to optimize effectiveness
as measured by improved Simple 7 score, a composite measure of cardiovascular disease risk.
Study design: The intervention was implemented in a 6-month, delayed intervention, community-randomized trial; control participants received the program following 24-week outcome assessment. The study was conducted in 2017−2018; data analysis occurred in 2018−2019.

Setting/participants: The study was conducted in 11 rural, medically underserved towns in New

York. Participants were women aged ≥40 years who were either (1) obese or (2) overweight and
sedentary.

Intervention: The intervention group received 24 weeks of hour-long, twice-weekly classes including strength training, aerobic exercise, and skill-based nutrition- and health-related education, as
well as civic engagement activities focused on healthy food and physical activity environments.

Main outcome measures: Measures included weight and height; blood pressure; blood cholesterol; blood glucose; and self-reported smoking, diet, and physical activity behaviors. Individual
Simple 7 components were examined, and mixed linear regression analyses were used to examine
change in Simple 7 score.

Results: A total of 182 participants were randomized. Compared with control participants, the
intervention group had greater improvements in Simple 7 score (difference=1.03, 95% CI=0.44,
1.61, p<0.001) and 3 of the Simple 7 components (physical activity, healthy diet score, and BMI).

Conclusions: These ﬁndings highlight the importance of rigorously evaluating programs in realworld community settings and, when appropriate, revising and retesting interventions to optimize
dissemination potential.

Trial registration: This study is registered at www.clinicaltrials.gov NCT03059472.
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INTRODUCTION

C

ardiovascular disease (CVD) is the leading
cause of death in the U.S. and was recognized
as a major determinant of excess mortality in
rural populations in the mid to late 1980s.1 Nearly one
quarter of all deaths among U.S. women are attributed
to CVD,2 and the prevalence of CVD has been shown to
increase with age.3 According to National Health and
Nutrition Examination Survey data from 2013 to 2016,
the prevalence of CVD was highest among women aged
60−79 years (78%) and those aged 80 years and older
(92%), thus making older women important targets for
prevention interventions.3 Furthermore, recent data
have shown a widening disparity in CVD mortality rates
between urban and rural areas in the past 2 decades,4
reﬂecting observed increases in heart disease mortality
across rural counties.5 Women residing in rural areas
tend to have elevated CVD risk factors, including higher
rates of obesity, physical inactivity, and poor diet, partly
because of reduced access to health care and unique
social and built environment challenges.6−10
Existing behavior change interventions among rural
women have demonstrated reductions in CVD risk factors.11−18 However, these interventions have focused primarily on individual-level behavior change rather than
addressing environmental factors known to inﬂuence
health behaviors.19 According to the Centers for Disease
Control and Prevention, primary prevention of CVD
“can be achieved through improvements in the social
and built environments, including access to affordable
healthy foods and recreational facilities, opportunities
for social interaction, and participation in civic life.”20
Therefore, interventions to decrease CVD risk should
address both individuals and their environments.20
It has been reported that CVD prevention programs of
8−24 weeks in duration have resulted in signiﬁcant
improvements in composite CVD risk factor scores.21−24
One promising measure of composite CVD risk is the
American Heart Association’s Life’s Simple 7 (hereafter,
Simple 7).25 Among middle-aged adults, Simple 7 scores
have been associated with later onset of CVD.26−30 In the
Atherosclerosis Risk in Communities study of more than
12,000 middle-aged adults with a median follow-up of
19 years, higher total Simple 7 scores were associated with
lower later CVD incidence.26 Similarly, the Women’s
Health Initiative study of more than 150,000 women,
with a median follow-up of 13 years, found that women
with the lowest Simple 7 scores were nearly 7 times more
likely to have CVD than those with the highest Simple 7
scores.29
To date, only 1 rural intervention has assessed composite CVD risk using Simple 7, the Strong Hearts,
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Healthy Communities (SHHC) study. In the ﬁrst iteration of SHHC, rural women who were overweight/obese
and sedentary participated in a 6-month, twice-weekly
multilevel intervention. Simple 7 score signiﬁcantly
improved in SHHC participants by 0.88 points
(p<0.001); the difference between arms was 0.67 points
(p=0.01).31
For this study, the SHHC intervention was modiﬁed
based upon extensive outcome and process evaluation
data from program participants and community-based
educators.32 The aims of this community-randomized
trial were (1) to evaluate the effects of the revised SHHC
intervention (hereafter, SHHC-2.0) on Simple 7 score
and Simple 7 component scores and (2) to examine
intervention effects among a subset of older participants
(aged ≥60 years).
31

METHODS
The SHHC-2.0 community-randomized delayed intervention trial
was implemented in 11 rural, medically underserved towns in New
York during 2017−2018. Town eligibility for rurality was based on
Rural−Urban Commuting Area codes of 4 or higher,33,34 and medically underserved was based upon designation as a Health Professional Shortage Area.35 All towns were geographically distinct
communities and were not involved in the original SHHC trial.31,36
Towns were paired within counties and randomized to the intervention or delayed intervention control group; in the 1 county with
3 towns, 1 town was randomized to receive the intervention and
2 towns were randomized to receive the delayed intervention. The
delayed intervention group did not receive any intervention components during the intervention period (baseline to 24 weeks).
All intervention and control group participants completed data
collection assessments at baseline before randomization and postintervention (24 weeks). Randomization assignments were performed and revealed to leaders and participants after baseline
assessments were completed. The delayed intervention control
group received the SHHC-2.0 program after 24 weeks; however,
the a priori outcome (as reﬂected in the results presented herein)
was the comparison of between group change from baseline to the
24-week timepoint.

Study Sample
Study participants were recruited from each selected town before
randomization by local educators and enrolled by research staff.
Recruitment strategies included ﬂyers, social media, radio, newspapers, and word of mouth.
Eligible participants were female, aged ≥40 years, and either (1)
overweight (BMI=25 30) and currently sedentary (no more than
1 bout of ≥30 minutes of leisure physical activity per week on
average, during the past 3 months) or (2) obese (BMI >30).
Women were considered ineligible if they did not provide
informed consent or permission from a healthcare provider, had
systolic blood pressure >160 mmHg or diastolic blood pressure
>100 mmHg, had a resting heart rate <60 or >100 bpm, had a
cognitive impairment,37 were participating or planning to participate in another health behavior change program in the next
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6 months, or were unwilling to be randomized to immediate or
delayed intervention.
Sample size estimates were based on the Strong Women
−Healthy Hearts study, in which intervention participants lost 2.1
(SD=2.6) kg compared with control participants.18 An intra-class
correlation of 0.15 (with 11 clusters of 12 people each) and 15%
attrition rate were assumed, yielding a design effect of 2.65. The
sample size ensured at least 80% power to detect an effect size of
0.75 with a two-sided a and 2.6 kg SD. This would allow detection
of a difference in weight change between arms of 1.95 kg.
Participants provided written informed consent upon enrollment. Study procedures and materials were approved by the IRBs
at Cornell University and Bassett Medical Center.
Many midlife and older women feel less comfortable using traditional co-ed exercise facilities38,39 and the support of sex- and
age-speciﬁc groups is an important facilitator of behavior change
for rural women.10,40,41 Thus, the SHHC intervention program
was speciﬁcally designed for women in rural areas, including key
elements from 3 previous programs that were conducted with
women.42−44
The SHHC-2.0 intervention group participated in 6 months of
hour-long, twice-weekly experiential classes that included progressive strength training, aerobic exercise, and skills-based health
education including nutrition and physical activity topics and
civic engagement activities focused on creating healthy environments. Example class activities included aerobic and strength
training (individual level), group discussions about building social
support for exercising outside of class (social level), and grocery
store tours and town walking audits (environmental level).
Revisions made to the SHHC program are described in detail in
the protocol manuscript.33 Examples of key changes were increasing the frequency of goal-setting reminders, adding out-of-class
assignments to keep participants engaged, incorporating new
strategies for improving social support, and shifting the order of
program components (i.e., introducing key nutrition concepts earlier and introducing civic engagement activities later on). Approximately 50%−60% of classes focused on physical activity and 40%
−50% focused on nutrition, related behavioral strategies, and goal
setting. Additional information on program components has been
published previously.31,32,36
The SHHC classes were held in various community locations
(e.g., churches) and facilitated by local leaders with experience as
community health educators. Leaders attended a 1-day training
session on program facilitation and a half-day training session on
research methods before implementation. Weekly support calls
were held for leaders throughout the intervention period. Leaders
completed questionnaires after each class related to program ﬁdelity, and research staff conducted intervention ﬁdelity site visits.

Measures
All participants completed in-person assessments and online
health-related questionnaires at baseline and outcome (24 weeks).
Weight, height, blood pressure, total cholesterol, and fasting blood
glucose were measured by research staff during assessment visits.
Data on smoking status, diet, physical activity, and demographic
characteristics were collected via online questionnaires.
The Simple 7 composite CVD risk score is composed of the following 7 CVD risk factors: physical activity, diet, smoking status,
BMI, cholesterol, blood pressure, and fasting blood glucose. For

this study, Simple 7 components were derived from self-reported
(physical activity, diet, and smoking) and measured (BMI, cholesterol, blood pressure, and blood glucose) data. To calculate total
Simple 7 score, individual components were assigned scores as follows: poor=0, intermediate=1, and ideal=2 (Appendix Table 1,
available online).25 Component scores were summed to create an
overall score ranging from 0 to 14. Total Simple 7 scores were subsequently classiﬁed as follows: 0 4=poor; 5−9=intermediate, and
10−14=ideal.27
Free-standing stadiometers were used to measure height, and
Omron HBF-510W scales were used to measure weight. Height
and weight were measured twice, unless height differed by
>0.5 cm or weight differed by >0.1 kg. In that case, a third measurement was taken. Means of the measurements were used to calculate BMI. Blood pressure was measured twice using an
automated blood pressure monitor (Omron 5 series), and the
average of both measurements was calculated. Blood draws were
used to measure fasting blood glucose and total cholesterol.
The Simple 7 diet questionnaire was used to assess average
daily consumption of fruit, vegetables, ﬁsh, whole grains, sodium,
and sugar-sweetened beverages (Appendix Table 2, available
online).25 Dietary data were analyzed to determine whether or not
participants met the following Simple 7 criteria: fruits and vegetables, ≥4.5 cups per day; ﬁsh, 2 or more 3.5-oz servings per week;
ﬁber-rich whole grains (≥1.1 g of ﬁber per 10 g of carbohydrate),
3 or more 1-oz equivalent servings per day; sodium, <1,500 mg
per day; and sugar-sweetened beverages, ≤450 kcal (36 oz) per
week. Participants were assigned a healthy diet score ranging
from 0 to 5, depending on the number of criteria met (Appendix
Table 1, available online).
The International Physical Activity Questionnaire45 was used
to assess self-reported physical activity level. Questions asked
about the frequency and duration of vigorous and moderate intensity activities in the past 7 days. Questionnaire data were used to
calculate minutes per week of moderate and vigorous activity
(Appendix Table 1, available online).

Statistical Analysis
Univariate descriptive statistics were calculated for all variables
and outliers were identiﬁed, investigated, and rectiﬁed. Baseline
characteristics of intervention and control participants were compared using Pearson’s and likelihood ratio chi-square tests (categorical variables), t-tests (normally distributed continuous
variables), and Kruskal−Wallis tests (non-normally distributed
variables). Chi-square tests were used to compare total Simple 7
score and Simple 7 component scores at baseline.
Intention-to-treat analyses were performed using multiple
imputation to account for monotone missing data and address
selection bias, which may have resulted from analyzing complete
cases alone. Patterns of missingness were assessed before multiple
imputation to ensure that there were no statistically signiﬁcant
differences in baseline characteristics between participants with
complete data and those with missing data; none were found.
Additionally, there were no differences in patterns of missingness
between intervention and control groups. Multiple imputation
was conducted using SAS (PROC MI) to create 30 imputed data
sets. Baseline and outcome values were imputed for physical activity (minutes of activity per week), healthy diet score, blood glucose
(log transformed), BMI, total cholesterol, blood pressure, and
www.ajpmonline.org
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education, controlling for study site and age at baseline. All analyses, with the exception of baseline descriptive statistics, were conducted using multiply imputed data.
Improvement scores were calculated for Simple 7 components
based on changes between baseline and outcome (24 weeks).
Component scores that increased from baseline to outcome (e.g.,
poor to intermediate) were classiﬁed as improved. Component
scores that remained the same or declined (e.g., ideal to intermediate) were classiﬁed as not improved. Improvement scores were
also calculated for total Simple 7 score. Increases in total Simple 7
score from baseline to outcome were classiﬁed as improved. If
outcome scores were the same as or lower than baseline scores,
they were classiﬁed as not improved.
To assess improvement in total Simple 7 score and individual
component scores, unadjusted binomial proportions of participants with improved scores were examined for each treatment
arm. Differences in the proportion of improved scores between
intervention and control participants were assessed, and estimates
from all imputed data sets were pooled using PROC MIANALYZE.46−48
Changes in continuous total Simple 7 score were examined
using linear mixed models with an intention-to-treat approach.
To account for clustering of participants within towns, study site
was included as a random effect. Baseline total Simple 7 score,

education level, and age were included as covariates. Results from
all imputed data sets were combined using PROC MIANALYZE.
To compare multiply imputed analyses with complete case
analysis, linear mixed models were rerun using complete case
data. A subgroup analysis was also conducted among participants
aged ≥60 and older. Linear mixed models were run using imputed
data from a separate imputation performed only among participants in this subgroup. All analyses were conducted in 2018
−2019 using SAS, version 9.4.

RESULTS
A total of 182 participants were enrolled; 72% attended
outcome assessment. Complete data for all Simple 7
measures at both timepoints were available for 55% of
participants (Figure 1); there were no differences by
baseline demographic factors between the intervention
and control groups (Table 1). Several differences in baseline health outcomes (BMI, weight, blood glucose, and
total cholesterol) were observed between treatment groups
(Table 1). However, there were no signiﬁcant differences
at baseline in total Simple 7 score, categorical Simple 7

Figure 1. CONSORT statement diagram showing study ﬂow: Strong Hearts, Healthy Communities 2.0, New York, 2017‒2018.
HCP, healthcare provider; ITT, intention-to-treat; NY, New York; SV, screening visit.
July 2020
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Table 1. Characteristics of Study Participants at Baseline by Treatment Group
Intervention
(n=87)

Control
(n=95)

Characteristics

n

Mean/count (SD/%)

n

Mean/count (SD/%)

p-value

Age
Not racial/ethnic minority
Income
<$25,000
$25,000−$50,000
>$50,000
Marital status
In a relationship
Not in a relationship
Education
High school or less
Technical or vocational school or some college
College graduate
Postgrad/professional
Overall health
Excellent
Very good
Good
Fair
Poor
Smoking
Never
Former
Current
Body weight (kg)
Total MET-minutes per week
HEI total score
Blood glucose (mg/dL)
BMI (kg/m2)
Total cholesterol (mg/dL)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Total Simple 7 score

87
82
77

58.5 (9.34)
80 (97.6)

95
86
85

55.9 (8.45)
84 (97.7)

0.053
0.962a
0.242

12 (15.6)
22 (28.6)
43 (55.8)
84

17 (20.0)
15 (17.6)
53 (62.4)
87

54 (64.3)
30 (35.7)
85

87
12 (14.1)
18 (21.2)
30 (35.3)
25 (29.4)

86

0.943
14 (16.1)
17 (19.5)
33 (37.9)
23 (26.4)
0.411a

89
4 (4.7)
22 (25.6)
49 (57.0)
11 (12.7)
0 (0.0)

84

87
86
72
85
87
85
87
87
80

0.329
62 (71.3)
25 (28.7)

3 (3.4)
17 (19.1)
50 (56.2)
19 (21.3)
0 (0.0)
0.840a

87
51 (60.7)
32 (38.1)
1 (1.2)
92.7 (18.6)
1,056.9 (1,581.1)
59.9 (12.9)
103.5 (15.1)
35.4 (6.8)
208.8 (30.6)
133.5 (15.3)
84.4 (9.8)
7.03 (1.80)

95
89
77
95
95
95
95
95
85

49 (56.3)
37 (42.5)
1 (1.2)
100.3 (22.6)
950.8 (1,139.6)
57.6 (11.0)
114.5 (37.6)
37.9 (8.5)
197.8 (40.2)
131.8 (16.3)
86.4 (9.3)
7.05 (1.75)

0.015
0.720b
0.243
0.009
0.034
0.039
0.456
0.156
0.936

Note: Boldface indicates statistically signiﬁcant difference between arms (p<0.05). Differences in means for continuous variables were calculated
using t-tests in percentages for categorical variables were evaluated with chi-squared tests. Original data is presented; it has not been imputed.
a
Likelihood ratio checked because of low expected counts, similar result found.
b
Kruskal-Wallis Test for nonparametric data.
HEI, Healthy Eating Index.

score, or any component scores (Appendix Table 3, available online). No adverse effects were reported in either
group; 1 participant in the intervention arm passed away,
unrelated to intervention treatment.
At outcome, 26% of intervention participants had
total Simple 7 scores in the ideal category compared
with 0% of control participants (data not shown). Based
on the analysis of improvement scores using multiply
imputed data (Figure 2), the proportion of intervention
participants with improved total Simple 7 scores was
13.0% higher than that of control participants (23.1% vs

10.1%, p=0.03 for difference). Signiﬁcantly more intervention participants improved their physical activity
score (41.5%) compared with 21.5% of control participants (20.0% difference, p=0.008). Similarly, 37.3% of
intervention participants improved their healthy diet
score compared with 19.7% of control participants
(17.6% difference, p=0.03). For BMI, 14.5% of intervention participants improved, compared with 2.7% of control participants (11.9% difference, p=0.008).
No signiﬁcant differences were observed between treatment groups for blood glucose (3.5% difference, p=0.51),
www.ajpmonline.org
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Figure 2. Percent of participants who improved Simple 7 score (n=182). Percentages were calculated using multiply imputed data.

total cholesterol (2.8% difference, p=0.66), or blood pressure (8.8% difference, p=0.24). However, within-group
changes in these outcomes were in the expected direction.
Among intervention participants, 20.0% had improved
cholesterol scores, 35.1% had improved blood pressure
scores, and 14.4% had improved blood glucose scores. In
the control group, 17.2% of participants had improvements in cholesterol scores, with 25.3% and 11.0%
improving blood pressure and blood glucose scores,
respectively. Owing to the low prevalence of smoking at

baseline, improved scores were only observed among 1.2%
of intervention participants and 1.1% of control participants (0.1% difference, p=0.514).
Results of the linear mixed-effects models using
imputed data are presented in Table 2. Intervention participants demonstrated a signiﬁcantly greater improvement
in Simple 7 score compared with control participants
(+1.08 vs +0.05; difference between arms, 1.03; p<0.001)
(Table 2). Similar results were observed using complete
case data (+1.26 vs +0.09, p=0.017 for difference; data not

Table 2. Adjusted Multilevel Linear Regression for Change in Total Simple 7 Score
Intervention
Multiple imputation results
All participants (n=182)
Total Simple 7 score
Participants ≥60 years (n=70)
Total Simple 7 score

Control

Difference between groups

Estimate (95% CI)

p-value

Estimate (95% CI)

p-value

Estimate (95% CI)

p-value

1.08 (0.63, 1.53)

<0.001

0.05 (‒0.35, 0.45)

0.81

1.03 (0.44, 1.61)

<0.001

1.28 (0.71, 1.86)

<0.001

0.52 (‒0.06, 1.11)

0.08

0.75 (‒0.04, 1.56)

0.063

Note: Boldface indicates statistical signiﬁcance (p<0.05). Differences were evaluated using a linear mixed-effects model with multiply imputed data
adjusted for education, age, and baseline Simple 7 score and including site as a random effect. Site, baseline age, baseline education, baseline total
Simple 7 score, and outcome total Simple 7 score were included in the multiple imputation models. Possible total Simple 7 score ranges from 0 to
14 and ranged from 3 to 12 in this sample. Average baseline total Simple 7 score among the 87 intervention group participants was 7.04 (SD=0.19)
and 6.96 (SD=0.18) among the 95 control participants. Among women aged ≥60 years, mean baseline score in the intervention group was 6.63
(SD=0.32) and 3.36 (SD=0.30) in the control group.
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shown). Among intervention participants aged ≥60 years
(n=70), Simple 7 score signiﬁcantly improved by 1.28
points (p<0.001); the difference between groups was 0.75
points and borderline signiﬁcant (p=0.063).

DISCUSSION
Rural women participating in an enhanced multilevel
community-based CVD prevention program showed
greater improvements in total Simple 7 score and 3 of the
Simple 7 components, compared with a delayed intervention control group. Higher proportions of improved
scores were observed for some Simple 7 components (i.e.,
physical activity, diet, and blood pressure) than for overall
Simple 7 score, suggesting that participants likely experienced co-existent increases and decreases in individual
component scores. However, meaningful changes in overall Simple 7 score were observed among intervention participants, 23% with improved scores and 26% with ideal
scores at the end of the intervention.
In the Atherosclerosis Risk in Communities study,
where 12,000 adults were followed for 19 years, the risk of
CVD was double for those with a poor Simple 7 score,
compared with those in the intermediate category.26 The
number of ideal component scores showed a strong correlation with CVD incidence; those with 6 component scores
in the ideal category had a 6% cumulative CVD incidence,
compared with a 50% incidence for those with no ideal
component scores.26 Although CVD risk factors and Simple 7 scores are strongly related to future CVD incidence,
no RCTs have shown an effect of improved Simple 7
scores on decreased incidence of CVD.
The SHHC-2.0 intervention was a second iteration of
the SHHC program; both trials enrolled similar populations of rural women with known CVD risk factors (i.e.,
aged 40 years and older, sedentary lifestyle, and overweight or obese). In the original trial, total Simple 7
score improved by 0.88 points in the intervention arm
(p<0.001), and the difference between arms was 0.67
points (p=0.01).31 In this trial, Simple 7 score improved
by 1.26 points in the intervention arm, and the difference between arms was 1.17 points. Because of the differences in imputation methods used in each of the
trials, comparisons were based on analyses using complete case data. These ﬁndings strongly suggest that
modiﬁcations to the second iteration of SHHC led to
enhanced intervention effects. Though SHHC was not
powered to detect reductions in CVD risk among older
women, there were also signiﬁcant intervention effects
for women aged 60 years and older.
Key modiﬁcations that may have contributed to the
effectiveness of SHHC-2.0 include the earlier introduction

of nutrition education and skill building activities, stronger
emphasis on ﬁdelity to physical activity components, and
later introduction of civic engagement activities once
behavioral elements were established, and group cohesion
formed among participants. Including more nutrition sessions at the beginning of the program would have given
participants more time to absorb and apply the skills
learned. Greater ﬁdelity to aerobic exercise and strength
training activities would have increased participants’ ﬁtness levels, as reﬂected in their improved physical activity
scores. Lastly, participants in the original SHHC trial
reported feeling overwhelmed with the early introduction
of civic engagement activities.49 Introducing these activities halfway through the program would have given participants more time to focus on personal behavioral changes
before taking on the civic engagement project. Additional
beneﬁcial modiﬁcations include a greater emphasis on
social support for physical activity and nutrition and
increased attention to goal setting and monitoring.
Strengths of the study include the RCT design; focus
on high-risk, underserved women; and intention-totreat analysis using multiple imputation. Key recommendations for multilevel community-based interventions were used in designing this study, including
engaging stakeholders in formative research, selecting
activities and partners with strong potential sustainability, linking intervention components to reinforce activities, and conducting ongoing process evaluation.50
Additional strengths include the use of extensive process
and outcome data to inform program modiﬁcations.

Limitations
Given the focus on rural, medically underserved areas,
these results may not generalize to other rural (or urban)
residents. Nevertheless, urban areas are often medically
underserved, and the multilevel intervention would
likely beneﬁt women in those areas. Attrition was somewhat higher in this study compared with the original
trial. Simple 7 outcome data were available for 60% of
participants in SHHC-2.0, whereas they were available
for 65% in the initial study. For SHHC-2.0, most data
collection reminders were shifted from the local educators to the university-based research staff. Though this
was done to reduce the burden on educators, it may
have contributed to lower participant retention rates.
Future research might examine additional facilitators
and barriers to retention in CVD risk reduction programs with rural women. Results from the multiple
imputation models were similar to the analyses
restricted to complete case data, suggesting that selective
attrition was unlikely to be a cause of the estimated
intervention effects.
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CONCLUSIONS
Rural women have higher rates of CVD risk factors,
including obesity, physical inactivity, and poor diet, and
face unique challenges to making healthy choices. It is
essential to evaluate and disseminate effective programs
to improve these risk factors, as well as aspects of the
social and built environments that make maintaining
healthy behaviors more difﬁcult. This study demonstrated that the reﬁned SHHC-2.0 program, an experiential multilevel intervention for midlife and older rural
women, can improve CVD risk factors, including the
Simple 7 composite CVD risk score, which is strongly
related to future CVD incidence. It is a high public
health priority to provide relevant, effective programming for this hard-to-reach population; the beneﬁts of a
supportive group may be especially important in rural
places.40 Additionally, future studies should rigorously
evaluate dissemination of this effective program in various settings with diverse populations and could include
longer follow-up to determine maintenance of behavior
and health outcomes as well as CVD incidence.
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Purpose: The purposes of these analyses were to determine whether Strong
Hearts, Healthy Communities (SHHC), a multilevel, cardiovascular disease risk
reduction program for overweight, sedentary rural women aged 40 or older,
led to improved functional fitness, and if changes in fitness accounted for
weight loss associated with program participation.
Methods: Sixteen rural communities were randomized to receive the SHHC
intervention or a control program. Both programs involved groups of 12-16
participants. The SHHC program met 1 hour twice a week for 24 weeks where
participants engaged in aerobic exercise and progressive strength training. Program content addressed diet and social and environmental influences on hearthealthy behavior. The control group met 1 hour each month for 6 months,
covering current dietary and physical activity recommendations. Objective
measures of functional fitness included the 30-second arm curl, 30-second
chair stand, and 2-minute step test. Self-reported functional fitness was
measured by the Physical Functioning Subscale of the MOS Short Form-36
(SF-36 PF).
Findings: The SHHC program was associated with increased strength and endurance, as represented by greater improvement in the chair stand and step
test; and with increased physical function, as represented by the SF-36 PF.
Adjustment for change in aerobic endurance, as measured by the step test, accounted for two-thirds of the intervention effect on weight loss at the end of
the intervention.
Conclusions: SHHC participants experienced improved performance on objective measures of functional fitness and self-reported measures of physical
function, and changes in weight were partially accounted for by changes in
aerobic fitness.
Key words cardiovascular disease, fitness, obesity, physical activity, rural.

Functional fitness has been defined as the ability to
perform the activities of daily living without difficulty
and includes the physiological dimensions of strength,
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flexibility, aerobic capacity, and balance.1,2 Higher
functional fitness levels are associated with decreased
mortality,3-5 lower frequency of cardiovascular disease,5-7
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and are positively associated with self-reported healthrelated quality of life across various demographic
groups.8-11
While physical activity has been found to be a protective factor for maintaining physical function as adults
age,12,13 only 21% of American adults are currently meeting the 2008 recommendations for physical activity14 and
23.1% report not doing any physical activity other than
their regular job in the past 30 days.15 That percentage increases to 26.4% for women and 31.4% for rural
populations.16 Rural women are not only more sedentary
than their urban counterparts but they face higher levels
of obesity and related chronic diseases such as diabetes,
and are at greater risk for cardiovascular disease.17-21 Lack
of access to environmental supports for physical activity
and healthy food options, as well as to health care resources, contributes to this disparity.17,22,23
Evaluations of multiple healthy lifestyle programs to
improve diet and increase physical activity have shown
positive effects on functional fitness.1,24-29 Rarely are any
of these programs targeted at rural populations and rural women specifically. The purpose of this analysis was
to determine whether a 6-month multilevel cardiovascular disease risk reduction program specifically designed
for overweight, sedentary middle-aged and older rural
women led to improved functional fitness and perceived
function-related quality of life. Programs that consist of
a dietary component or are a combination of physical
activity and dietary interventions typically demonstrate
better weight outcomes than those programs that focus
only on physical activity.30,31 An additional objective was
to assess whether different dimensions of functional fitness were related to the weight loss associated with the
intervention.32

Methods
Design
Strong Hearts, Healthy Communities (SHHC) was a community randomized 6-month trial for rural women aged
40 or older who were at increased risk for cardiovascular disease on the basis of being sedentary (not meeting
the Physical Activity Guidelines for Americans or having
an estimated total energy expenditure below 34 kcal/kg
per day, per the 7-day Physical Activity Recall) and had a
body mass index (BMI) ࣙ25 kg/m2 . As described in more
detail elsewhere,33 16 communities (12 in Montana, 4
in New York) were randomized after participant enrollment to receive the SHHC multilevel intensive intervention or the reduced dose control program. All communities had a Rural Urban Commuting Area (RUCA) code
of 7 or higher,34 were designated as a medically under-
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served area (MUA) or population (MUP) by the Health
Resources Administration,35 and had a median household income at least 15% lower than the corresponding value for the state. Each program involved groups
of 12–16 participants co-facilitated by local health educators. The SHHC program met for 1 hour twice a week
for 24 weeks, utilizing experiential learning for a variety of heart health topics including nutrition, physical
activity, and stress. Participants engaged in aerobic exercise (20–30 minutes) and progressive strength training (10–15 minutes) during most classes. Aerobic walking DVDs were utilized so participants could walk indoors
if the outside rural environment was not safe (eg, poor
weather conditions, lack of good sidewalks, poor lighting). Strength training components required only handheld weights. Participants were encouraged to track their
aerobic exercise and strength training conducted outside
of class, working toward a goal of 150 minutes of moderate to vigorous aerobic activity per week and 3 episodes
of strength training per week. Program content addressed
healthy eating aligned with the Mediterranean dietary
pattern and DASH diet guidelines, and recognizing social
and environmental influences on related heart-healthy
behavior. Participants in each SHHC community were
also involved in a HEART Club project that utilized a
structured process to identify a key issue around the local food or physical activity environment and to plan and
implement a project to address it.
The reduced dose control group met for 1 hour each
month over 6 months. Classes covered current dietary
and physical activity recommendations, but participants
did not engage in any physical activity or any active
learning modalities during these monthly meetings. The
control program also did not include the civic engagement component that was part of the SHHC program.

Measures
Functional fitness tests conducted at baseline and
6 months consisted of the 30-second arm curl, the 30second chair stand, and the 2-minute step test. These tests
are valid and reliable measures of different dimensions of
strength and endurance.2 One trial of each test was conducted but participants first observed how the test was
to be done properly and were able to practice it prior to
beginning the trial.
Arm curls were done to measure upper body strength.
The 30-second arm curl was conducted with a 5-pound
weight using the dominant hand, while the participant
was seated. On the signal “go” the participant curled the
weight through the full range of motion from full extension to full flexion. If the arm was more than halfway up
at the end of 30 seconds, the curl was counted.
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Chair stands were conducted to measure lower body
strength. Participants sat in a straight-back or folding
chair with a seat height of about 17 inches with feet
flat on the floor and arms crossed against the chest. On
the signal “go” the participant rose to a full stand before
returning to a fully seated position. If a participant was
more than half way up at the end of 30 seconds, it was
counted as a stand.
The 2-minute step test is an aerobic endurance alternative to the 6-minute walk test when space or time is
limited. It measures the number of full steps completed in
2 minutes, raising each knee to a point midway between
the patella and the iliac crest. This point on the thigh was
marked with a piece of tape which was then transferred
to the wall so that knee height could be monitored. If the
participant had one hand on the wall during the test, the
steps still counted. Although both knees had to be raised
to the correct height, only the number of times the right
knee reached the target was counted.
In addition to the functional fitness tests, participants
were also asked to complete the Physical Functioning
Subscale of the MOS Short Form-36 (SF-36 PF)36 at baseline and at 6 months. The SF-36 PF asks about vigorous
activities (eg, running, lifting heavy objects, participating
in strenuous sports); moderate activities (eg, moving a
table, pushing a vacuum cleaner, bowling, playing golf);
lifting or carrying groceries; climbing several flights of
stairs; climbing one flight of stairs; bending, kneeling,
or stooping; walking more than a mile; walking several
blocks; walking one block; and bathing or dressing
oneself. For each activity, participants indicated whether
their health limited the activity “a lot,” “somewhat,” or
“not at all.” Coded scores for high, medium and no limitations were 0, 50, and 100, respectively, and the total score
for this scale was based on the average of all 10 responses.
Height and weight were also measured at baseline and at
6 months and were used to compute body mass index.
Demographic characteristics recorded at baseline and
adjusted for in these analyses were age, marital status,
race and ethnicity, and years of education. In addition,
self-reported rating of health (excellent, very good, good,
fair, poor) was recorded at baseline and adjusted for in
the analysis.

Analyses
Univariate descriptive statistics for baseline values of
sociodemographic characteristics and functional fitness
were calculated separately for the intervention and
control groups using SAS software (version 9.4; copyright 2002-2012 by SAS Institute Inc., Cary, NC). The
contrasts between SHHC and control for changes in
each measure of functional fitness were analyzed using
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Table 1 Between Group Differences in Weight Change, With Added Adjustment for Measures of Change in Functional Fitness

Model
Primary Modela
Primary Model plus
adjustment for
Arm curls
Chair stand
Step test
SF-36 PF

Difference in Weight
Change SHHC-Control
(95% CI)

% Reduction From
Primary Model

−1.85 (−3.55, −0.16)

—–

−1.82 (−3.39, −0.26)
−1.63 (−3.55, +0.30)
−0.58 (−2.45, +1.30)
−1.35 (−3.35, +0.53)

1.6%
11.9%
68.6%
27.0%

a

Adjusted for study site, education, age, marital status, and baseline
weight.

multilevel linear regression models (PROC MIXED)
with study site as a random effect and adjustment for
the sociodemographic characteristics and the baseline
level of the functional fitness outcome being evaluated.
Follow-up outcome measures were missing for 43 to 61
cases. The initial multivariate models used a complete
case approach (ie, analyses based on nonmissing values
for all variables in the models) on 128 to 144 cases;
a sensitivity analysis was also conducted on all 194
cases using multilevel multiple imputation to address
potential selective attrition in follow-up assessments.
Missing values were estimated with a multilevel model
that included site as a random effect using the Fully
Conditional Specifications method of imputation37 and
20 imputations. The software program, Blimp, was used
for the multilevel multiple imputation.38 Included in the
imputation were all variables considered in the analysis:
intervention group, age, education, marital status, and
perceived overall health at baseline; arm curl, chair stand,
step-test, and SF-36 from baseline and follow-up. After
imputation, outcome change-from-baseline scores were
calculated in each of the 20 imputed datasets, and in SAS
version 9.4 PROC MIXED was used to re-run the analyses
and PROC MIANALYZE was used to combine the results.
In the final set of analyses, shown in Table 1, each measure of change in functional fitness was added separately
to the multilevel linear regression model for the analysis
of intervention effects on weight change; these analyses
were conducted to assess the degree to which changes in
functional fitness accounted for the larger weight loss experienced by the participants in the SHHC program.

Results
Characteristics of the women from the communities
assigned to the 2 programs are presented in Table 2.
There were no significant differences between groups at
baseline.
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Table 2 Baseline Characteristics of Participants by Intervention Status

Characteristic
Age: mean (SD)
Race/Ethnicity: % white,
non-Hispanic
Marital Status: % married or with
partner
Education: % college graduate
Body mass index: mean (SD)
Weight (kg): mean (SD)
Arm curls: mean (SD)
Chair stand: mean (SD)
Step test: mean (SD)
SF-36 PF subscale: mean (SD)
Perceived health
Excellent or very good: %
Good: %
Fair or poor: %

SHHCIntervention
N = 101

Control N = 93

59.0 (9.4)
95%

58.7 (9.7)
94%

74%

69%

45%
34.9 (6.1)
92.2 (16.8)
18.2 (6.4)
12.6 (4.7)
76.2 (23.1)
73.6 (21.4)

50%
35.5 (6.8)
95.5 (19.5)
15.3 (4.3)
11.5 (3.3)
75.3 (22.5)
80.5 (20.6)

22%
62%
16%

20%
60%
20%

were significant and are noted on Tables 3 and 4. Briefly,
baseline functional fitness level was significant across all
3 functional fitness tests, age was a significant covariate
for the chair stand, and perceived health was a significant
covariate for SF-36.
The relationship between these changes in functional fitness and the intervention-related weight loss at
6 months are shown in Table 1. As reported previously,32
the multivariable-adjusted weight loss after 6 months
in the SHHC and control programs were 2.24 kg and
0.38 kg, respectively, leading to a net intervention effect
of −1.85 kg. The values in Table 1 show the change in this
intervention effect with additional adjustment for each
measure of functional fitness. The addition of the objective measures of improved upper and lower body strength
to the model had very little influence on the intervention
effect on weight loss. In contrast, adjustment for change
in aerobic endurance, as measured by the step test, accounted for 68.6% of the intervention effect on weight
loss. As a composite measure of different types of functional fitness, the influence of improvement in SF-36 PF
was somewhat in between the impact of the measures of
strength and endurance (27%).

Table 3 summarizes the 6-month changes in functional
fitness observed for the women of each group and the
difference between the changes by each group using
the complete case approach. Both groups showed a
similar improvement in the number of arm curls, but
for the other 2 objective measures of fitness the more
intensive SHHC program was associated with a greater
increase in strength and endurance. The SHHC program
participants also reported better physical functioning at
6 months relative to the control program participants.
These conclusions were identical when examining
multilevel models in the multiple imputed datasets
(Table 4). In both analytic approaches, a few covariates

Discussion
The challenge of implementing programs to promote
healthy diet and physical activity in rural communities
has been recognized by others39,40 and was addressed in
an initial formative phase leading to the design of the
SHHC intervention. Insights from environmental audits,
focus groups and key informant interviews included
the importance of having a structured program with a
convenient indoor location for physical activity; recognizing limited local resources for healthy foods and being
active and identifying feasible strategies for enhancing

Table 3 Change in Functional Fitness by Intervention Status and Difference Between the Changes Observed in Each Groupa
SHHC-Intervention

Arm Curlb
Chair Standb,c
Step Testb
SF-36 PFb,d

N

Mean Change Baseline
to Outcome (95% CI)

77
77
75
69

+5.9 (+2.8, +9.0)
+5.6 (+3.2, +8.0)
+31.6 (+22.5, +40.7)
+4.0 (−0.7, +8.9)

Control

N

Mean Change
Baseline to
Outcome (95% CI)

N

Difference Between
Changes Baseline to
Outcome (95% CI)

67
65
63
59

+4.4 (+1.3, +7.6)
+0.9 (−1.5, +3.3)
+9.7 (+0.5, +18.8)
−4.0 (−8.6, +0.7)

144
142
138
128

+1.5 (−2.9, +5.8)
+4.7 (+1.4, +8.0)
+21.9 (+9.4, +34.5)
+8.0 (+2.0, +14.0)

a

Adjusted for study site, education, age, marital status, perceived health, and baseline value of the measure of functional ﬁtness.
Signiﬁcant covariate: baseline value of the measure of the functional ﬁtness test.
c
Signiﬁcant covariate: age.
d
Signiﬁcant covariate: perceived health.
b
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Table 4 Change in Functional Fitness by Intervention Status and Difference Between the Changes Observed in Each Group (Multilevel Multiple Imputation)a
SHHC-Intervention

Arm Curlb
Chair Standb,c
Step Testb
SF-36 PFb,d

Control

Mean Change Baseline
to Outcome (95% CI)

Mean Change
Baseline to
Outcome (95% CI)

Difference Between
Changes Baseline to
Outcome (95% CI)

n = 101
+6.1 (+3.2, +9.1)
+5.7 (+3.7, 7.7)
+30.6 (+22.2, +38.9)
+5.6 (+0.4, +10.9)

n = 93
+4.5 (+1.6, +7.4)
+1.5 (−0.5, +3.5)
+8.9 (+0.4, +17.3)
−2.4 (−8.0, +3.2)

n = 194
+1.6 (−2.5, +5.7)
+4.2 (+1.5, +7.0)
+21.7 (+10.2, +33.1)
+8.1 (+1.2, +14.9)

a

Adjusted for study site, education, age, marital status, perceived health, and baseline value of the measure of functional ﬁtness.
Signiﬁcant covariate: baseline value of the measure of the functional ﬁtness test.
c
Signiﬁcant covariate: age.
d
Signiﬁcant covariate: perceived health.
b

existing resources; and addressing how family and friends
uniquely influence health-related behaviors in small,
relatively isolated communities.41,42 Accordingly, SHHC
was designed as a low technology small-group program
to improve functional fitness and reduce cardiovascular
disease risk in rural communities. The program can be
implemented in any community space such as a church
or senior center and required minimal equipment. The
scripted curriculum allows for ease of teaching, including
the potential for groups of women to maintain programs
after the initial program period without need for a
long-term professional leader, which is essential in rural
areas with limited resources.
Our findings are consistent with previous research on
physical activity, functional fitness and weight, which
also found that interventions combining physical activity with dietary change led to improved functional fitness and weight loss.25,27,28,30,31,43,44 To our knowledge,
this is the first report of functional fitness and quality
of life changes for rural women enrolled in a randomized, community-based cardiovascular disease risk reduction program.
The analysis indicated that 68% of the difference
between groups for weight loss, the primary outcome
previously reported for the project,32 was accounted
for by changes in the step test, a measure of aerobic
endurance. There was no significant change between
groups in respect to arm curls (measure of upper body
strength). While the change in chair stands (measure of
lower body strength) was significant between the control
and intervention groups, its statistical relationship to
the group difference in weight loss was minimal. These
findings are not surprising considering that strength
training is more likely to have a greater effect on body
composition (ie, percentage fat vs lean mass) than weight
change.45,46 However, strength training has been shown
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to independently contribute to reduced risk of diabetes
and cardiovascular disease in middle-aged and older
women47 and to promote physical function through
prevention of sarcopenia.29,48
It is of note that the SHHC study found that physical activity was the primary factor driving weight
loss since kilocalories consumed showed no significant changes between groups postintervention (baseline:
1785.6 kcal control,1762.7 kcal intervention; postintervention: 1582.3 kcal control, 1592.6 kcal intervention)
(Folta SC, Paul L, Nelson ME, et al. [in preparation]).
These findings differ from most lifestyle modification
studies.30,31 It is possible that there was behavioral compensation occurring in the intervention group for the increased exercise, which led to diet not being a factor to
the change in fitness.49
The strengths of this study include the randomization
of communities to the intervention or control condition
and the use of both objective and self-reported measures
of functional fitness with well-established evidence
of validity. The generalizability of the results may be
limited for rural populations with different distributions
of race, ethnicity, and education, though the formative
phase of the study addressed many common challenges
in rural communities. Another limitation is the lack
of follow-up measurement beyond the end of the 6month period for intervention and control activities.
Studies of maintenance strategies for initially achieved
weight loss by women in rural communities indicate
the challenge for sustaining the benefits of interventions
in these settings.50,51 Due to these limitations, SHHC
was revised52 and evaluation of the impact on Simple 7
utilizing the revised multilevel curriculum is currently
being undertaken. There are plans for an add-on maintenance program with dissemination and implementation
components.
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Abstract
Background: Women living in rural areas face unique challenges in achieving a heart-healthy lifestyle that are related
to multiple levels of the social-ecological framework. The purpose of this study was to evaluate changes in diet and
physical activity, which are secondary outcomes of a community-based, multilevel cardiovascular disease risk reduction
intervention designed for women in rural communities.
Methods: Strong Hearts, Healthy Communities was a six-month, community-randomized trial conducted in 16 rural
towns in Montana and New York, USA. Sedentary women aged 40 and older with overweight and obesity were
recruited. Intervention participants (eight towns) attended twice weekly exercise and nutrition classes for 24
weeks (48 total). Individual-level components included aerobic exercise, progressive strength training, and healthy
eating practices; a civic engagement component was designed to address social and built environment factors to
support healthy lifestyles. The control group (eight towns) attended didactic healthy lifestyle classes monthly (six
total). Dietary and physical activity data were collected at baseline and post-intervention. Dietary data were
collected using automated self-administered 24-h dietary recalls, and physical activity data were collected by
accelerometry and self-report. Data were analyzed using multilevel linear regression models with town as a
random effect.
Results: At baseline, both groups fell short of meeting many recommendations for cardiovascular health. Compared
to the control group, the intervention group realized significant improvements in intake of fruit and vegetables
combined (difference: 0.6 cup equivalents per day, 95% CI 0.1 to 1.1, p = .026) and in vegetables alone (difference: 0.3
cup equivalents per day, 95% CI 0.1 to 0.6, p = .016). For physical activity, there were no statistically significant betweengroup differences based on accelerometry. By self-report, the intervention group experienced a greater increase in
walking MET minutes per week (difference: 113.5 MET-minutes per week, 95% CI 12.8 to 214.2, p = .027).
Conclusions: Between-group differences in dietary and physical activity behaviors measured in this study were minimal.
Future studies should consider how to bolster behavioral outcomes in rural settings and may also continue to explore
the value of components designed to enact social and environmental change.
Trial registration: clinicaltrials.gov Identifier: NCT02499731. Registered 16 July 2015.
Keywords: Cardiovascular disease, Rural, Community, Nutrition, Diet, Exercise, Physical activity
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Background
Cardiovascular disease (CVD) is the leading cause of
death for women in the USA, causing approximately
400,000 female deaths per year [1], and heart disease
and stroke are among the leading causes of disability [2].
Annual age-adjusted death rates for heart disease are
higher in nonmetropolitan areas compared to metropolitan areas [3]. There is a need to address cardiovascular
risk, particularly among rural women, who face unique
challenges to accessing healthcare and achieving healthy
lifestyle behaviors [4].
There is strong epidemiological evidence for the contribution of diet and physical activity to both cardiovascular health and disease risk among women [5, 6].
Specific foods, such as fruits and vegetables [7–18], and
overall dietary patterns, such as the Dietary Approaches
to Stop Hypertension (DASH) [19, 20] and Mediterranean [21, 22] diets, are associated with reduced risk of
CVD. However, few women are meeting recommendations for a heart-healthy diet. A study that used National Health and Nutrition Examination Survey data to
assess diet quality among the U.S. population classified
42% of women as having a poor diet and less than 2%
as having an ideal diet based on the American Heart
Association (AHA) 2020 Strategic Impact Goals [23].
The difference between guidelines and intakes may be
exacerbated in a rural setting. For example, there is
some evidence that adults in rural areas consume fewer
fruits and vegetables compared to non-rural counterparts [24].
There is likewise strong evidence for the role of physical activity in prevention of CVD. The AHA score for
cardiovascular health includes meeting public health
guidelines for physical activity as one of the components
[5]. Studies demonstrate that higher amounts or intensities of aerobic activity confer a lower risk of CVD in
adults [25]. There is also increasing evidence that resistance training provides additional benefits in reducing
CVD risk among women [26]. Sedentary behaviors (sitting, television viewing, screen time, and computer use)
have also been examined and appear to be independently
associated with increased risk of CVD in adults [27].
Less than one-fifth of women (18%) are meeting current
public health guidelines for aerobic and strengthening
physical activity [2], and U.S. adults are spending 6 to 8
h per day engaging in sedentary activities [27]. Adults in
rural areas are less likely to meet guidelines for aerobic
physical activity [2], although there is some data suggesting that they spend more time in light intensity domestic
physical activity compared to urban adults [28].
There are many barriers to consuming a heart-healthy
diet and engaging in leisure-time physical activity in rural
communities. Low population density typically means
fewer supermarkets and fresh food markets. This can
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result in greater travel time (generally sitting in a vehicle),
reduced overall food supply, and diminished quality,
quantity, and intake of healthy foods, such fresh fruits and
vegetables [29–36]. There is also evidence that access to
recreational facilities and fitness classes and activities is
limited [37–39] and sidewalks may be lacking [40]. A
higher poverty rate [41] can also lead to decreased financial access and purchasing power for both healthier foods
[30] and physical activity opportunities [42, 43]. Social and
cultural norms and attitudes further challenge achieving a
heart-healthy diet and engaging in leisure-time physical
activity in rural areas [44–46]. Finally, at a personal level,
in rural areas barriers to a healthier diet include
knowledge gaps and negative perceptions about nutritious foods, including taste, cost, and preparation time
[44, 45, 47, 48]; barriers to physical activity include
childcare and caregiving duties, poor health, fear of
injury, and lack of motivation [42, 43, 49, 50].
There are few community-based interventions designed for CVD prevention among women in the rural
settings [45, 51–55]. Those that exist utilize behavioral
theory, most commonly Social Cognitive Theory and
the Transtheoretical Model. However, findings from a
systematic review were that primary prevention programs for rural women had little effect on CVD risk
factors, especially in the long-term [56]. In recent years,
the social-ecological model has gained general endorsement for understanding and changing diet and physical
activity behaviors [57–59], and offers promise as an
approach that can account for the unique social and
environmental barriers in the rural environment. However, only one of the previous studies utilized a socialecological model [53].
The Strong Hearts, Healthy Communities (SHHC) program was designed to address key behavioral targets
related to CVD prevention among rural women, including diet and physical activity. The intervention was
rooted in the social-ecological model, whereby different
components of the program targeted different levels of
the model and were informed by Social Cognitive Theory [60, 61]. For example, at the individual level, the curriculum focused on experiential learning to support
participants in developing knowledge, self-efficacy, and
skill mastery related to diet and physical activity. At the
interpersonal level, out-of-class materials were designed
to help participants to engage friends and family in their
new activities, thereby encouraging social support. In a
civic engagement approach, participants worked together
to complete food environment and physical activity
assessments and to identify an issue to improve upon in
the community (e.g. improving crosswalks, healthy atwork food policy). It was expected that the civic engagement activities would increase both social support and
collective efficacy, and empower the women to become
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agents of change for their community, leading to improved food and/or physical activity environments. Civic
engagement therefore could help promote built environment and policy changes that further reinforce
individual-level change through reciprocal determinism.
In a cluster randomized, controlled trial SHHC led to
improvements in weight and body mass index, C-reactive
protein, AHA’s Life’s Simple 7 score, and 10-year risk of
cardiovascular disease [62]. This paper expands on these
data by examining the secondary outcomes of changes in
diet and physical activity resulting from SHHC, an intervention designed with the rural context specifically in
mind. It is important to understand behavioral outcomes
in interventions conducted within a rural context given
the specific challenges related to the achievement of a
heart-healthy dietary pattern and physical activity in these
settings.

age 40 years or older, overweight or obese (body mass
index≥25), sedentary, English-speaking, and had physician’s approval to participate. Exclusion criteria were
very high resting blood pressure (systolic pressure > 160
and diastolic pressure > 100), very low or very high resting heart rate (< 60 or > 100 beats per minute), or cognitive impairment. The selection process is depicted in
Fig. 1. Reach of the SHHC program was calculated as
the participation rate: number of enrolled SHHC participants in each town divided by the total number of eligible women as determined U.S. Census data on the
percentage of women age 40 and over and Behavioral
Risk Factor Surveillance System data on the percentage
of overweight/obese adults [67]. Average reach of the
SHHC program was 2.6% [67]. The study was approved
by the Cornell University and Bassett Healthcare Network Institutional Review Boards.

Methods
SHHC was tested in a cluster randomized, controlled
trial. The study protocol has been previously published
[63]. Randomization occurred at the town level: half of
the towns in each state were randomized to the SHHC
intervention program (n = 8), and half were randomized
to a control program (n = 8). Towns were matched into
pairs by population size, rural-urban community area
score, and state, and then the Director of the Cornell
Statistical Consulting Unit used JMP software (SAS Institute Inc., Cary, NC, USA) to randomly assign each site
in the pair to either the intervention or the control.
Study staff enrolled participants.

Intervention

Recruitment and eligibility

Towns in Montana (12 towns) and New York (4 towns)
were selected by the local lead collaborators (Paul in
Montana, Strogatz in New York) in partnership with the
Principal Investigator (Seguin-Fowler). Towns needed to
meet criteria for rurality based on Rural-Urban Commuting Area [64] and medically underserved areas or
population designations [65]. Selected towns also had a
county extension educator/agent (Montana) [66] or a
health educator affiliated with a local healthcare system
(New York) with availability, capacity, and interest in
running the program. Extension educators/agents and
health educators served as program leaders, rather than
research personnel, with program sustainability in mind.
In the planning phase of the study, local leaders were involved in community audits and focus group recruitment, and they received extensive training on the
program itself. Participants were recruited through
flyers, community bulletin boards, social media, radio,
direct mail postcards, and newspapers, as well as
through churches, healthcare providers, human services,
and “word of mouth.” Inclusion criteria were female sex,

The SHHC intervention curriculum was developed based
on three evidence-based community programs, two of
which target the individual level [51, 68] and a third, the
HEART Club, which uses an innovative civic engagement approach to catalyze positive social and built environment change [69]. Civic engagement has been
hypothesized to increase access to food resources even
in rural food deserts [48]. SHHC participants met in
groups by town twice per week for hourly sessions for
24 weeks (48 classes) and also attended monthly out-ofclass HEART Club meetings. The intervention occurred
from September/October 2015 to March–May in 2016
in Montana and November/December 2015 to June/July
2016 in New York.
The diet component aimed to change dietary patterns
for alignment with DASH diet principles [70–73] and
the Dietary Guidelines for Americans [74]. The nutrition
behavioral aims were to increase fruits and vegetables
and encourage mono- and polyunsaturated fats, lean
protein, and low- and non-fat dairy; to replace refined
grains with whole grains; and to decrease overall calories, desserts, processed foods, sugar-sweetened beverages, saturated fats, and sodium. The physical activities
included progressive, moderate-intensity aerobic exercise
(typically 20–30 min), such as walking DVDs and aerobic
dance in nearly all classes; and progressive strength
training (typically 10–20 min; two sets of 10 repetitions)
of major muscle groups in about two-thirds of classes,
utilizing exercises focusing on both single (bicep curls,
chest press) and compound (squats, lunges) muscle
groups. Participants were encouraged to increase the intensity of both exercise components throughout the program. Participant materials are available at http://www.
strongheartshealthycommunities.org. Feasibility and sustainability in low-resource rural communities were
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Fig. 1 CONSORT flowchart describing progress of participants through the study. MT, Montana; NY, New York; SHHC, Strong Hearts,
Healthy Communities

considered by designing the program so that it could be
conducted in community spaces (e.g. church basements,
community meeting rooms) and by keeping equipment
requirements modest (e.g. yoga mats, hand weights,
DVDs).
The control program was designed to serve as a
minimal-intervention attention control and was expected
to improve knowledge with minimal behavioral impact.
Participants in the control program met six times, once
per month for an hour, during the six-month intervention period. In this program, a condensed version of
SHHC’s curriculum information was presented using a
didactic approach with no experiential activity or discussions about civic engagement. Participants did not engage in physical activity during the class sessions.
Measures

Participants completed a questionnaire that collected
basic demographic information at baseline. Demographic

questions were derived from national surveys (e.g. U.S.
Census). Participants were asked to complete seven dietary recalls during the four-week period just prior to the
start of the intervention (“baseline”) and again in the
four-week period immediately following the 24-week
program (“post-intervention”). Participants were asked
to wear accelerometers for seven days just prior to the
start of the intervention (“baseline”) and again for seven
days immediately following the conclusion of the program (“post-intervention”).
Dietary intake data were collected and analyzed using
automated self-administered 24-h dietary recalls (ASA24) [75]. Dietary data were included in analysis if at least
two of the seven dietary recalls were completed at each
time point to determine usual intakes of foods that are
not expected to be episodic [76]. Healthy Eating Index
(HEI)-2015 scores were calculated for each participant
to determine alignment with the Dietary Guidelines for
Americans [77]. Overall scores included 12 components:
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total fruits; whole fruits; total vegetables; dark green and
orange vegetables and legumes; total grains; whole
grains; milk; meat and beans; oils; saturated fat; sodium;
and energy from solid fats, alcohol, and added sugars.
These scores were then summed to derive the HEI score,
which can range from 0 to 100.
Our primary measurement of physical activity was obtained using the ActiGraph Model GT3XE accelerometers (ActiGraph LLC, Pensacola, FL). Participants were
instructed to wear the device at the hip for seven days
and only to remove it when sleeping, bathing, or swimming. Data were recorded at 30 Hz and analyzed using
an epoch length of 60 s. Data were screened using
current best practices [78], and non-wear time was identified (and excluded) using a widely-used algorithm
developed by Choi et al. [79]. Daily level data were excluded if wear time was less than 10 h (600 min) in a
day, and participant level data were only included if the
participant had five or more valid days of wear (i.e.
≥3000 min across five days with ≥600 min each), or four
valid days of wear with at least 750 min per day. Because
participants were essentially healthy and without disability, Freedson cut-points were used to determine minutelevel intensity of physical activity [80]. Step counts were
also determined. A categorical variable was created from
the accelerometer data for both pre- and postintervention: average moderate or vigorous physical activity (MVPA) minutes per day as measured by accelerometer was multiplied by 7 to give average minutes of
MVPA per week. If average minutes of MVPA per week
was greater than or equal to 150 min then the participant is meeting the physical activity recommendations
[25]. If average minutes of MVPA is less than 150 min
per week then the participant is not meeting physical activity recommendations.
We used self-report as a secondary measure of physical activity to help account for the limitations of accelerometry, such as an inability to capture some types of
activities (those involving use of the upper extremities,
stationary activities, and swimming), and an inability to
distinguish the purpose of the physical activity (work,
leisure, transportation) [81]. Self-report measures complement objective measures by accounting for these
limitations, although they have their own limitations
such as recall bias and an inability to account for
shorter durations or lower-intensity activities. The
International Physical Activity Questionnaire Short
Form (IPAQ-SF) was used pre- and post-intervention
to collect self-report of physical activity [82–84]. Metabolic equivalent (MET) minutes per week were compiled according to the IPAQ’s Guidelines for Data
Processing and Analysis [85]. Self-report of sedentary
time was obtained using the Sedentary Behavior Questionnaire [86].
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Statistical analysis

Descriptive statistics for the whole sample and by treatment groups were compiled and tabulated. Comparisons
of continuous and categorical variables between the
groups at baseline were done using t-tests and chi-square
tests, respectively. Since the observations are clustered by
town, we conducted multilevel linear regression models
where town was treated as a random effect. For each diet
and physical activity outcome, an unadjusted model was
run with pre-post intervention change as the dependent
variable, with treatment as a fixed effect and site as a random effect. Adjusted models, which additionally controlled for baseline values of the outcome, age, marital
status, and education, were estimated. Missing data were
handled using multiple imputation to minimize bias which
could have resulted if complete case analysis were used.
The imputation was conducted in SAS (PROC MI). Thirty
datasets were imputed and SAS PROC MIANALYZE was
then used to combine the model results from within each
imputed data set into one summary output. We also used
multilevel logistic regression to assess whether treatment
was associated with meeting the MVPA recommendation
(as measured by accelerometry). Generalized linear mixed
effects model (PROC GLIMMIX in SAS) was used with
site as a random effect, where meeting the recommendation at outcome was a 1 and not meeting a recommendation at outcome was a 0; education, age, marital status,
and baseline meeting of recommendation were included
as covariates. All tests were two-sided. We adjusted for
multiple testing using the Benjamini-Hochberg approach
[87] to avoid risk of an inflated type I error based on the
large number of significance tests. We applied the method
to physical activity and dietary outcomes together and
used a false positive rate of 20%. The adjusted p-value for
significance based on correcting for both the number of
within arm and between arm tests (37 outcomes with
three statistical tests each for a total of 111 tests) is
p = .0468. Analyses were conducted using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA).

Results
Of a total of 194 study participants, 141 had pre-post 24-h
dietary recall data and 133 had pre-post accelerometry
data; missing data were imputed (Fig. 1). There were no
statistically significant differences in demographic characteristics between the intervention and control group in
the analytic sample (Table 1). At baseline, 28% of participants (n = 54) completed seven dietary recalls and 71%
(n = 137) completed at least five dietary recalls; 46% (n =
90) had a full seven days of valid accelerometer wear.
There was a statistically significant difference in age at
baseline between participants who had completed at least
two dietary recalls at post-intervention and those who had
not (59.6 years for completers vs. 56.5 for non-completers,

(2019) 16:91

Folta et al. International Journal of Behavioral Nutrition and Physical Activity

Page 6 of 12

Table 1 Baseline Characteristics of Participants by Intervention Condition
Characteristic

Total
(n = 173 in 16
towns)

Control
(n = 81 in 8
towns)

SHHC
(n = 92 in 8
towns)

58.6 (9.5)

59.0 (96)

58.9 (9.5)

< $25,000

33 (21)

12 (16)

21 (26)

$25,000–$50,000

47 (30)

26 (34)

21 (26)

> $50,000

78 (49)

39 (50)

39 (48)

In a relationship (married or member of an unmarried couple)

122 (72)

57 (70)

65 (74)

Not in a relationship (divorced, widowed, separated, or never been
married)

47 (28)

24 (30)

23 (26)

38 (23)

17 (21)

21 (24)

Age, mean (SD)
a

pvalue
.98
.24

Income, n (%)

b

Marital status, n (%)

.61

Educational level, n (%)c

.88

High school or less
Technical or vocational school/some college

52 (31)

24 (30)

28 (32)

College graduate

52 (31)

26 (32)

26 (30)

Postgrad/professional

26 (15)

14 (17)

12 (14)

Racial/ethnic minority, n (%)c

9 (5)

4 (5)

5 (6)

120 (71)

62 (77)

58 (65)

d

Employment status, n (%)

.84
.10

Employed for wages or self-employed
Not working or retired

50 (29)

19 (23)

31 (35)

Smokingc

7 (13)

3 (12)

4 (14)

.81

Body mass index, mean (SD)

35.1 (6.3)

35.4 (6.7)

34.8 (6.0)

.56

Weight, mean (SD), kg

93.7 (17.7)

95.6 (19.0)

92.0 (16.1)

.19

19.7

19.3

20.0

.91

e

% meeting guidelines for physical activity
a

Total n = 158 (15 missing)
b
Total n = 169 (4 missing)
c
Total n = 168 (5 missing)
d
Total n = 170 (3 missing)
e
Total n = 162 (11 missing)

p = .03). There were no statistically significant differences
between those who had complete pre-post accelerometry
data and those who did not. There were no statistically
significant differences in baseline dietary (Table 2) or
physical activity (Table 3) measures between the intervention and control groups (p ≥ .05 in all cases).
For both groups, on average, intakes of sodium, added
sugars, fiber, and fruits and vegetables failed to meet recommendations for cardiovascular health [88, 89] at baseline (Table 2). The average HEI diet quality score placed
participants in both groups slightly below the U.S. national average of 59 [90].
Both groups also fell short of the public health recommendation for physical activity at baseline. While
150 min per week of at least moderate activity or 75
min per week of vigorous activity is recommended [91],
participants obtained closer to 100 min per week of
MVPA, with about half as moderate activity, based on
daily averages (Table 3). Approximately 20% of participants were meeting the recommendation and there

were no differences between arms at baseline (Table 1).
Average daily step counts were approximately half of
the widely-promoted recommendation of 10,000 steps
per day [92].
Compared to the control group, the intervention
group realized statistically significant improvements in
intake of fruit and vegetables combined (difference: 0.6
cup equivalents per day, 95% CI 0.1 to 1.1, p = .026)
and in vegetables alone (difference: 0.3 cup equivalents
per day, 95% CI 0.1 to 0.6, p = .016) (Table 2). For physical activity, there were no statistically significant differences between the intervention and control groups
based on accelerometry, our primary measure of physical activity (Table 3). By self-report, compared to the
control group, the intervention group experienced a
greater increase in walking MET-minutes per week (difference: 113.5 MET-minutes per week, 95% CI 12.8 to
214.2, p = .027). No other statistically significant differences in diet or physical activity outcomes between
groups were observed.
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Table 2 Dietary Outcomes at Baseline and Post-Intervention by Treatment Group
Outcome

Baseline
Mean (SD)

Post-intervention,
Mean (SD)

Pre-post change
SHHC Intervention

Control

Adjusted
differenceb,c

Control

SHHC
Control
Intervention

SHHC
Mean (95% CI) pMean (95% CI) pMean (95%
Intervention a
value a
value CI)

Kcal

1826.4
(59.2)

1744.2
(48.9)

1560.3
(65.6)

1562.8
(54.0)

−233.5 (−
389.0,-78.0)

.003

−183.9 (−
332.3,-35.4)

.015

49.6 (−
144.3, 243.6)

.616

Carbohydrate, g

198.7
(6.9)

190.3 (6.3)

168.4
(7.9)

174.7 (7.3)

−26.8 (−46.9,- .009
6.8)

−16.4 (−36.5,
3.8)

.111

10.4 (− 15.6,
36.5)

.432

Protein, g

75.8
(2.2)

73.2 (1.8)

72.9
(2.8)

70.0 (2.3)

−1.5 (−7.1,4.1)

.593

−2.7 (−7.6,2.3)

.289

−1.2 (− 7.7,
5.4)

.729

Fiber, g

15.6
(0.7)

15.2 (0.5)

14.5
(0.8)

15.9 (0.8)

−0.9 (−2.9,1.1)

.355

0.7 (−1.2,2.6)

.461

1.6 (−0.8,4.1) .195

Total fat, g

79.5
(3.2)

76.1 (2.5)

66.1
(3.6)

65.8 (2.8)

−12.1 (−20.6,- .005
3.6)

−10.5 (−
18.3,-2.6)

.009

1.7 (−8.9,
12.2)

Saturated fat, g

26.9
(1.2)

26.2 (1.0)

22.9
(1.3)

21.9 (1.1)

−3.6 (−6.8,0.5)

.023

−4.4 (−7.2,1.6)

.004

1.4 (−2.4,5.1) .731

Monounsaturated fat, g

28.7
(1.1)

27.4 (0.9)

22.5
(1.2)

23.2 (1.0)

−5.8 (−8.8,2.7)

<.001 −3.2 (− 5.8,0.6)

.002

1.9 (−1.6,5.5) .479

Polyunsaturated fat, g

17.1
(0.9)

16.1 (0.6)

15.2
(1.0)

15.4 (0.7)

−1.5 (−3.8,0.9)

.233

−0.4 (−2.5,1.6)

.684

1.0 (−1.8,3.9) .481

Dietary cholesterol, mg

274.0
(12.4)

281.6 (14.6)

263.5
(19.7)

267.0 (14.1)

−10.4 (− 54.8,
33.9)

.644

−9.7 (− 50.4,
31.0)

.640

0.7 (− 55.0,
56.5)

.979

Sodium, mg

3146.7
(104.0)

3118.3
(89.2)

2841.6
(116.3)

2775.5
(91.5)

− 266.4 (−
505.7,-27.0)

.029

− 299.6 (−
525.1,-74.1)

.009

−33.2 (−
331.0,264.6)

.827

HEI 2015 Score

56.3
(1.3)

57.0 (1.1)

57.6
(1.6)

61.9 (1.4)

1.0 (−2.8,4.8)

.603

4.9 (1.4,8.4)

.006

3.9 (−1.0,8.8) .119

Fruits and vegetables in cup
equivalents

2.6 (0.1)

2.6 (0.1)

2.2 (0.2)

2.8 (0.2)

−0.5 (−0.8,
−0.1)

.023

0.1 (− 0.2,0.5)

.529

0.6 (0.1,1.1) .026

Fruits in cup equivalents

0.9 (0.1)

1.0 (0.1)

0.8 (0.1)

1.1 (0.1)

-0.1 (−0.4,0.2)

.348

0.1 (−0.2,0.4)

.401

0.3 (−0.1,0.6) .179

Vegetables in cup equivalents

1.7 (0.1)

1.6 (0.1)

1.4 (0.1)

1.7 (0.1)

−0.3 (−0.5,−
0.1)

.004

0.0 (− 0.2,0.2)

.866

0.3 (0.1,0.6) .016

Whole grains in oz.
equivalents

0.8 (0.1)

0.8 (0.1)

1.0 (0.1)

0.9 (0.1)

0.2 (−0.1,0.5)

.230

0.1 (−0.1,0.4)

.360

-0.1 (−0.4,
0.3)

.738

Refined grains in oz.
equivalents

4.4 (0.3)

3.9 (0.2)

3.6 (0.3)

3.3 (0.2)

−0.6 (−1.2,0.1)

.109

−0.6 (−1.3,0.0)

.058

− 0.1 (− 0.9,
0.8)

.871

Seafood high in n-3 fatty acids 0.0 (0.0)
in oz. equivalents

0.1 (0.0)

0.2 (0.1)

0.2 (0.1)

0.1 (0.0,0.3)

.170

0.1 (0.0,0.2)

.069

0.0 (−0.2,0.2) .736

Legumes in oz. equivalents

0.1 (0.0)

0.1 (0.0)

0.1 (0.0)

0.1 (0.0)

0.0 (0.0,0.0)

.926

0.0 (0.0,0.1)

.237

0.0 (0.0,0.1)

Oils in gramsd

22.8
(1.4)

19.8 (1.0)

19.9
(1.5)

19.9 (1.3)

−1.7 (−5.2,1.8)

.333

0.0 (−3.5,3.4)

.981

1.7 (− 3.0,6.4) .481

Solid fats in gramse

38.9
(1.8)

38.9 (1.7)

31.5
(2.0)

29.7 (1.8)

−7.6 (−12.7,2.5)

.004

−9.2 (−14.4,4.1)

<.001 −1.7 (−8.6,
5.2)

Added sugars in teaspoon
equivalents

11.9
(0.9)

11.9 (0.8)

9.9 (1.0)

10.1 (0.9)

−2.2 (−4.8,-0.3) .087

−1.9 (−4.3,0.5)

.123

pvalue

.757

Average daily intake of…

a

.335

.632

0.3 (−3.0,3.7) .847

Significant within-group pre-post changes are bolded and italicized (corrected p-value using Benjamini-Hochberg approach is .0468)
Significant between-group differences are bolded (corrected p-value using Benjamini-Hochberg approach is .0468)
c
Adjusted for town, education, age, marital status, and baseline value of the outcome
d
Fats naturally present in nuts, seeds, seafood; unhydrogenated vegetable oils, except palm oil, palm kernel oil, coconut oils; fat in avocado and olives above
allowable amount; 50% of fat present in stick/tub margarines, margarine spreads (grams)
e
Fats naturally present in meat, poultry, eggs, dairy (lard, tallow, butter); hydrogenated/partially hydrogenated oils; shortening, palm, palm kernel, coconut oils;
coconut meat, cocoa butter; 50% of fat in stick/tub margarines, margarine spreads (grams)
b
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Table 3 Physical Activity Outcomes at Baseline and Post-Intervention by Treatment Group
Outcome

Baseline
Mean (SE)

Post-intervention
Mean (SE)

Pre-post change
SHHC Intervention

Control

Adjusted differenceb,c

Control

SHHC
Intervention

Control

SHH
Mean (95% CI) pMean (95% CI)
Intervention a
value a

pvalue

Mean (95% CI) pvalue

Average daily step count

4687.9
(243.2)

4698.1
(718.2)

5220.5
(325.2)

5870.5
(304.5)

330.5 (− 626.5, .498
1287.4)

912.4 (−498.1,
2322.8)

.201

581.9 (− 976.8, .462
2140.6)

Light activity, average
min/day

305.4
(9.3)

307.0 (8.8)

313.3
(11.6)

328.1 (9.9)

4.9 (−27.0,
36.8)

16.1 (−13.9,
46.0)

.292

11.2 (−29.3,
51.6)

Accelerometer

.764

.588

MVPA, average min/day

14.2 (1.4) 14.6 (1.5)

17.0 (2.5) 22.1 (2.6)

2.5 (−4.2, 9.1)

.468

7.3 (0.9, 13.7)

.026

4.8 (−3.5, 13.2) .254

Sedentary time, average
min/day

521.5
(10.2)

504.7
(13.0)

−13.9 (−41.9,
14.0)

.328

−6.0 (−34.6,
22.5)

.679

7.9 (−31.2,
47.0)

.690

% of activity that is light
intensity

36.2 (1.0) 37.0 (0.9)

0.9 (−2.2, 3.9)

.569

1.3 (−1.7, 4.3)

.388

0.4 (−3.6, 4.4)

.831

0.3 (−0.4, 1.0)

.370

.307

503.3 (9.3)

% of activity that is MVPA

1.7 (0.2)

% of total activity time
that is sedentary

62.1 (1.0) 61.2 (0.9)

1.8 (0.2)

500.3 (11.5)

37.4 (1.2) 38.6 (1.0)
2.0 (0.3)

2.6 (0.3)

60.6 (1.3) 58.9 (1.2)

0.8 (0.1, 1.5)

.025

0.5 (−0.4, 1.4)

−1.2 (−4.3, 1.9) .454

−2.1 (−5.2, 1.0)

.182

−0.9 (−5.0, 3.2) .655

IPAQ
Total MET- min/week

593.8
(98.1)

702.0 (117.0) 1181.0
(281.0)

2080.4
(304.0)

499.2 (−150.5,
1148.8)

.132

1296.6 (662.7,
1930.5)

<.0001 797.4 (−92.4,
1687.2)

.079

Walking MET- min/week

93.0
(18.0)

135.0 (23.9)

213.8
(31.4)

346.1 (31.0)

108.2 (30.9,
185.5)

.006

221.7 (141.3,
302.2)

<.0001 113.5 (12.8,
214.2)

.027

Moderate MET-min/week

197.6
(41.6)

277.4 (65.8)

432.0
(129.2)

548.1
(100.8)

168.1 (−109.4,
445.6)

.234

246.2 (8.6,
483.9)

.042

78.2 (− 260.9,
417.3)

.651

Vigorous MET- min/week

303.2
(73.8)

289.5 (71.4)

535.1
(187.8)

1186.2
(243.4)

182.7 (− 298.2, .456
663.6)

836.1 (329.1,
1343.1)

.001

653.4 (−38.8,
1345.6)

.064

0.0 (−35.2,
35.2)

.998

−2.5 (−43.5,
38.6)

.905

.288

−8.0 (− 17.7,
− 1.6)

.101

Sedentary Behavior Questionnaire
Total hours per week of
sedentary time

75.6 (6.5) 76.7 (4.8)

81.5 (8.6) 79.9 (16.7)

2.4 (−24.1,
28.9)

.857

Hours per week sitting at
desk

25.5 (2.3) 21.2 (1.8)

29.2 (3.6) 19.7 (2.4)

4.4 (−3.4, 12.1) .270

−3.7 (−10.5, −
3.1)

Hours per week sitting
with friends

10.6 (1.7) 10.2 (1.2)

11.2 (3.4) 13.0 (6.3)

0.3 (−9.9, 10.4) .957

1.8 (− 8.6, 12.3) .729

1.6 (13.3, 16.5)

.836

Hours per week sitting
and reading

26.6 (2.6) 26.8 (2.4)

25.3 (2.8) 23.7 (2.7)

−1.6 (−7.6, 4.3) .593

−3.5 (−10.0,
3.1)

.296

−1.8 (− 10.4,
6.7)

.670

Hours per week driving

13.0 (3.7) 18.5 (2.4)

15.7 (4.9) 23.6 (13.9)

−0.1 (−20.6,
20.3)

5.5 (− 24.5,
35.6)

.714

5.7 (− 25.5,
36.8)

.720

.990

a

Significant within-group pre-post changes are bolded and italicized (corrected p-value using Benjamini-Hochberg approach is .0468)
Significant between-group differences are bolded (corrected p-value using Benjamini-Hochberg approach is .0468)
c
Adjusted for town, education, age, marital status, and baseline value of the outcome
b

Discussion
This study helps elucidate behavioral outcomes of Strong
Hearts, Healthy Communities, one of the first multi-level
community-based CVD prevention interventions for
rural women. Baseline data from this study confirm the
need for interventions to improve behaviors to reduce
risk of cardiovascular disease in this population of rural
women. Intakes of salt and added sugars were both approximately double AHA recommendations, and participants consumed less fruit, vegetables, and fiber than
recommendations. Average minutes of at least moderate
physical activity per week were below the recommended
150; at baseline only approximately one-fifth of study

participants were meeting these recommendations as
measured by accelerometer.
Results suggest minimal between-group behavioral
changes in this study. For dietary outcomes, the
between-group changes were statistically significant for
both fruits and vegetables combined and vegetables
alone. These changes reflect a statistically significant
within-group decrease in the control group rather than
an increase in the SHHC group. For physical activity
outcomes, no between-group differences by accelerometry were statistically significant, however there was a statistically significant between-group change in walking
MET-minutes per week by self-report. In the primary

Folta et al. International Journal of Behavioral Nutrition and Physical Activity

trial report, there were statistically significant betweengroup differences in weight and body mass index and
improvement in C-reactive protein [62]. The behavioral
data do not correspond well to those findings.
A possible explanation for the discrepancy is that
between-group comparisons were diluted by improvements in the control group for several dietary outcomes,
including total calories, as revealed by statistically significant within-group results. The minimal-intervention attention control program was designed to provide basic
information across a total of six contact hours and implemented based upon community partner preferences
and feasibility (versus no program or a delayed program
delivery for controls). Both program curricula provided
information about CVD rates among women, risk factors, and the basics of a heart-healthy lifestyle including
healthy eating and physical activity information. Core
educational elements that were common across both
programs, particularly around diet, show promise for effectively changing behavior.
For physical activity outcomes, although nonsignificant, between-group differences favored SHHC. It
is possible that there was insufficient power to detect
changes in these secondary outcomes and therefore an
increased probability of a Type II error. For example,
per our data for average MVPA, there was an effect size
of 0.73 with a standard deviation of 6.4. We therefore
would have needed a sample size of 510 individuals to
achieve 80% power at a p-value of .05 and accounting
for clustering with an intra-class correlation coefficient
of .025. The possibility of a Type II error accounting
for the discrepancy between the primary trial report
findings and the behavioral outcomes presented here is
further supported by findings from this trial indicating
that the between-group change in weight was largely
accounted for by a change in aerobic fitness, as measured by a step test [93].
Although not our primary measure of physical activity,
there were between-group differences in walking METminutes per week by self-report. While both the SHHC
and control curricula provided general information
about the benefits of physical activity, the SHHC program included the use of walking DVDs in class and emphasized alternative options for out-of-class walking,
such as community recreational centers. It is also possible that engagement in HEART Club activities contributed to increased walking. In one study, volunteering, a
form of civic engagement, led to increased walking
among older women [94].
It is important to consider whether issues with implementation of SHHC could help explain the minimal
between-group behavioral results. Although sites were
randomized, there could be other factors that influence
results that were not accounted for due to the number
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of sites. However, process evaluation data do not support this possibility. Program leaders had high levels of
adherence to the SHHC curriculum (fidelity greater than
80%), with exception of only one of the eight intervention sites (68.9%) [67]. The dose delivered and class effectiveness ratings were also high at all sites except one
[67]. Strong implementation of the control curriculum
(average 90% with high levels across all sites, unpublished data) likely contributed to the favorable withingroup dietary changes observed in the control group that
may help explain the lack of between-group changes in
many of these outcomes.
This study adds to the small body of evidence on behavioral interventions designed specifically for rural women.
Heart Smart for Women [54] included behavioral strategies that were similar to SHHC; however it was not designed as a multilevel intervention. In that study, there
were modest pre-post changes in several outcomes, including fruit consumption and moderate intensity physical
activity. A perceived lack of resources, including sources
of healthy food, gyms, and safe walking paths, was reported in focus groups conducted with women from the
counties where Heart Smart for Women was conducted.
In a study conducted in rural counties in upstate New
York and Virginia that, like SHHC, used a socialecological model, participating women attended a single
community-visioning meeting that resulted in a request
for community-level changes that were then implemented
by a community organization [53]. Community-level
changes were modest, however. For example, in New
York, physical activity resources were listed on a website.
Favorable pre-post changes in fruit and vegetable intake
were realized, although these were greater in a group that
also included visits by registered nurses to focus on
individual-level changes. In this study, HEART Club successes included organizing county-wide health fairs and a
restaurant healthy food labeling initiative [62].
Taken together, our results and those of prior studies
suggest that while it is possible to achieve good implementation of interventions in the rural environment, attainment of robust behavioral outcomes remains a
challenge. The core educational elements from SHHC
related to diet and cardiovascular disease provide a basis
on which future interventions can build. A multilevel approach was acceptable to participants and they achieved
some change in their communities, suggesting that this
remains a promising approach. Future studies could
continue to explore the value of components designed
to enact social and environmental change to better contribute to individual-level behavior change.
This study has several strengths and limitations. It was
conducted in multiple rural underserved communities
across two states in different regions of the U.S. Thus,
findings may generalize to other rural settings. While
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the study population was predominantly white, it
reflected the racial/ethnic composition of the rural communities in which the research was conducted. However
because of this it is possible the results will not
generalize to other populations. The 24-h dietary recall
methodology, IPAQ-SF, and Sedentary Behavior Questionnaire have all been validated [84, 86, 95]. Nevertheless, findings are limited by the self-reported nature of
these data. Participants were aware of the timeframe
during which they would complete the questionnaires
and may have made changes in diet and physical activity
based on this (reactivity). There were seasonal differences in the pre and post timeframes that likely affected
outcomes. For the majority of participants, the baseline
period was in September/October, when produce is being harvested and the weather is conducive to outdoor
activities, including walking; and post measurements
were conducted in March through May, when fresh produce is much less available and the weather is less favorable for outdoor physical activity. This timing may be
responsible for the decreases in fruit and vegetable intakes noted in the control group, and may suggest success of the SHHC curriculum in providing women with
the behavioral strategies needed to maintain fruit and
vegetable intakes despite the seasonal lack of availability.

Conclusions
Heart disease is an important issue to address in rural
communities. There is a need for interventions that
address the many barriers to achieving heart-healthy behaviors, particularly because access to healthcare can be
extremely limited. The SHHC curriculum achieved success in changing health outcomes [62], however these
changes remain largely unexplained in terms of the antecedent diet and physical activity behaviors. Future studies
should consider how to bolster behavioral outcomes, possibly by including more and different strategies for affecting multilevel change.
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Background: Rural midlife and older women have high rates of cardiovascular disease (CVD) risk factors and
lower access to healthy living resources. The Strong Hearts, Healthy Communities (SHHC) intervention, tailored
to the needs of rural women, demonstrated eﬀectiveness on many outcomes. The purpose of the Strong Hearts
for New York (SHNY) study is to evaluate the eﬃcacy of an enhanced version of the curriculum (SHHC-2.0).
Methods: SHNY is a randomized controlled eﬃcacy intervention, comparing participants receiving the SHHC-2.0
curriculum with a delayed intervention control group. SHHC, informed by formative research, includes core
elements from three evidence-based programs. Changes based on extensive outcome and process evaluation data
were made to create SHHC-2.0. Classes will meet twice weekly for 24 weeks and include individual, social, and
environmental components. Overweight women age 40 and over will be recruited from 11 rural, medically
underserved communities in New York; data will be collected at baseline and 12, 24, 36, and 48 weeks across
individual, social, and environmental levels. Primary outcome is body weight. Secondary outcomes include
Simple 7 (composite CVD risk score), anthropometric, physiologic, biochemical, physical activity, and dietary
intake measures; healthy eating and exercise self-eﬃcacy and attitudes; and self-eﬃcacy of the social network of
participants.
Discussion: The aims of this study are to evaluate the eﬃcacy of the enhanced SHHC-2.0 program for participants, changes among participants' social networks, and the diﬀerence in outcomes when participants are and
are not provided with technological tools (Fitbit and body composition scale).

1. Introduction
Cardiovascular disease (CVD) is the leading cause of mortality in the
United States, accounting for one out of every three deaths [1]. People
in rural areas have higher rates of risk factors for CVD, including

obesity [2,3], high blood pressure [4], diabetes [5], smoking [4], and
poor diet [6], as well as lower access to physical activity [7] and
healthy eating [8] resources.
Physical activity and diet improvements can reduce risk for CVD for
all individuals, including midlife and older adults [9]. Recognizing the

Abbreviations: AARP, American Association of Retired People Exercise Attitudes and Behaviors Survey; ASA-24, Automated Self-Administered 24-h Recall; BMI,
Body Mass Index; BRS, Brief Resilience Scale; CRP, C-reactive protein; CVD, Cardiovascular disease; GAD-7, Generalized Anxiety Disorder-7; HBEQ, Health Behavior
and Environment Questionnaire; HEAS, Healthy Eating Attitudes Scale; IPAQ, International Physical Activity Questionnaire; NCI FV, National Cancer Institute Fruit
and Vegetable Screener; NEMS-S, Nutrition Environment Measures Survey in Stores; PHQ-8, Patient Health Questionnaire-8; PSS, Perceived Stress Scale; REAP-S,
Rapid Eating and Activity Assessment for Participants-Short Version; S7 FV, Simple 7 Fruit and Vegetable Questions; SBQ, Sedentary Behavior Questionnaire; SHHC,
Strong Hearts, Healthy Communities; SHHC-2.0, Strong Hearts, Healthy Communities curriculum, version 2; SHNY, Strong Hearts for New York; TFEQ, Three Factor
Eating Questionnaire
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2.2. Participants

inﬂuence of social and environmental variables on health, the Centers
for Disease Control and Prevention [10] recommends multilevel programs with individual, interpersonal, and environmental elements.
In the interpersonal sphere, people tend to exhibit concordance with
their social network in health risk factors, including diet, physical activity, and obesity [11]. Most studies examining the eﬀect of healthy
behavior interventions on changes in family members ﬁnd that overweight spouses lose weight [12–18], but few studies have looked at
intervention eﬀects on a larger social network. If interventions extend
beneﬁts to participants' social networks, the reach and cost-eﬀectiveness of interventions could be greater than previously measured.
In the environmental sphere, evidence suggests that built environment features are linked to chronic disease risk; changes in policies and
the built environment have shown potential in improving health behaviors, including physical activity and diet [19–26]. There is little
known about the eﬀect of intervening at the environmental level in
rural, medically underserved areas within the context of a multilevel
intervention.
Within the individual sphere, self-monitoring is an important aspect
of changing diet and physical activity patterns [27] and weight loss or
maintenance [28], and recent technology adds greatly to the ease and
precision of self-monitoring. The use of technology for self-monitoring
results in improvements in health behaviors [29,30], but little is known
about the eﬀect of the addition of this technology to a multilevel intervention.
The Strong Hearts, Healthy Communities (SHHC) program includes
activities aimed at the individual, social, and environmental levels of
health behaviors. For instance, SHHC includes aerobic and strength
training (individual level), class discussions about strategies building
social support for exercising outside of class (social level), and grocery
store and town walking audits (environmental level). SHHC includes
key elements of three previous StrongWomen curricula: strength
training [31–33], aerobic exercise [34,35], nutrition education and
behavioral strategies [34,35], and civic and social engagement strategies [36–38]. SHHC included formative research to gather information
about barriers and facilitators to healthy living, particularly within the
rural context. SHHC was tested in a 24-week community-based randomized controlled trial with overweight, sedentary midlife and older
women in sixteen rural, medically underserved communities in Montana and New York. Compared to participants in a minimal intervention
control group, intervention participants improved diet, physical activity, strength, BMI/weight, C-reactive protein, and CVD risk scores
[39–41]. Outcome and process evaluations from SHHC were used to
improve the curriculum [42]. The next iteration of this curriculum,
Strong Hearts, Healthy Communities, version 2 (SHHC-2.0), will be
tested in this study.

2.2.1. Towns/communities
Rural-Urban Commuting Area codes [43] of 4 or higher (micropolitan or rural) and Primary Care Health Professional Shortage Areas
[44] were used to deﬁne rural, medically underserved communities.
Five rural, medically underserved communities in upstate New York
will be randomized to the intervention and six additional communities
will be randomized to the delayed intervention, which will begin
24 weeks after baseline.
2.2.2. Professionals
Classes will be taught by extension educators or health educators
with experience as coaches or personal trainers.
2.2.3. Recruitment
Program leaders will use a variety of methods to recruit participants
including ﬂyers, community bulletin boards, social media, radio,
newspapers, direct mail post cards, and ‘word of mouth.’ Snowball
sampling will also be done; participants will be given a $20 Amazon gift
card for each eligible participant that is referred.
2.2.4. Retaining participants
We successfully retained participants in the SHHC study and will
use similar eﬀective retention and attendance strategies for SHNY.
Leaders will use team-building strategies, establish an accepting environment, and provide informational and emotional support to participants. If a participant misses a class, the leader will call her, acknowledge she was missed, ask about the reason she missed class, and
assist her in developing a plan to overcome attendance barriers. To
minimize attrition of the delayed intervention group, we will contact
participants via email, postal mail, and phone calls at regular intervals,
including email and phone notiﬁcations for data collection sessions. If
participants drop out of the intervention, attempts will be made to have
them continue to participate in data collection sessions.
2.2.5. Screening and eligibility
Potential participants will be screened to ensure they meet the inclusion criteria. Women who meet the initial screening criteria will be
required to obtain authorization to participate from a healthcare provider, indicating that it is safe for the individual to participate in SHNY.
If a participant's health changes in such a way that the program becomes unsafe, the participant will be asked to discontinue the program.
Inclusion criteria
Participants must be female, age 40 or older, and live in one of the
participating communities. Participants must either be 1) obese
(BMI > 30) or 2) overweight (BMI 25 to 30) and currently sedentary
(participating in no more than one bout of 30+ minutes of physical
activity per week on average, over the past three months).

2. Methods/design
The overall objective of SHNY is to create an eﬀective, comprehensive, multilevel CVD prevention program to improve diet and
physical activity behaviors.

Exclusion criteria
2.1. Aims
Potential participants will be ineligible if they do not provide informed consent or permission from their healthcare provider, have
systolic blood pressure higher than 160 or diastolic blood pressure
higher than 100, have a heart rate < 60 or > 100, have cognitive
impairment, are unable or unwilling to complete online questionnaires,
are currently participating or planning to participate in another health
behavior change program in the next six months, or are unwilling to be
randomized to immediate or delayed intervention.

Aim 1. Evaluate the eﬃcacy of the SHHC-2.0 intervention to change
CVD-related biometric, diet, and physical activity parameters in
participants and perceived and objective built environment measures; conduct process evaluation, including cost-eﬀectiveness.
Aim 2. Evaluate changes in biometric, diet, and physical activity
behavior, attitudes, and knowledge among participants' social networks.
Aim 3. Evaluate diﬀerences in outcomes when participants are and
are not provided with activity trackers and Bluetooth-enabled body
weight/composition scales.

2.3. SHHC-2.0 enhanced curriculum
The curriculum was enhanced based on outcome and process
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8. Additional curriculum content in the participant guide. The SHHC
leader guide included information beyond that in the participant
guide. Based on participant and leader feedback [42], we included
some of this additional content in the SHHC-2.0 participant guide.
For example, the revised participant guide includes new introductory sections on the overall SHHC program, as well as on
exercise, including instructions for each strength training exercise,
and nutrition, including sample healthy meal plans. In addition to
the new introductory sections, additional handouts were developed
for each class, and the following additional sections were added for
most classes: 1) Takeaway Messages, 2) Things to Try at Home, 3)
Suggested Resources, 4) Homework.
9. Added nutrition guidance from Strong Women Stay Slim [45]. In order
to not only improve dietary quality, but also provide more speciﬁc
guidance for weight loss, and in response to leader and participant
feedback [42], a detailed dietary plan is included in SHHC-2.0.
Strong Women Stay Slim provides a Daily Food Plan with a calorie
goal, plus daily food group portions [45].
10. More frequent goal-setting reminders. Because goal-setting is such an
important component of behavior change and leaders recommended increasing goal-setting guidance and regularly monitoring progress during class [42], additional check ins about goals
were added to the curriculum.
11. Added homework. In order to encourage participants to engage in
program-related activities (particularly strength training and
aerobic exercise), outside of class, homework was added to the
curriculum.
12. Additional content related to social support and sabotage. Recognizing
the importance of social level factors [46], we added additional
content relating to support from friends and family members for
increasing physical activity and improving diet, as well as dealing
with diﬃculty in this area [42].

evaluations from the SHHC trial [42]. SHHC leaders completed an
online survey after each class and participants completed a survey after
the program ended. Additionally, focus groups were conducted with
participants via telephone, and semi-structured interviews were conducted with leaders after completion of the program. Focus groups and
interviews were designed to assess satisfaction with the program and
suggestions for improving the program. Overall response to the program was positive, and analysis of quantitative and qualitative data
revealed common suggestions for improvement. In response to these
suggestions, a number of revisions were made to the SHHC curriculum.
In adaptation of the curriculum, we also considered the eﬃcacy of the
program among the measured variables.
Below we list changes to the SHHC curriculum as it was transformed
into SHHC-2.0.
1. Inclusion of a Fitbit and WiFi scale for Group 1 participants. Based on
the positive feedback received from participants and leaders about
the use of Fitbits during SHHC, we oﬀered this element plus an
additional technology element and guidance in the participant
handbook on how to use both. Given the additional cost of these
materials, we intentionally did not include them in the program for
the control arm. Thus, since Group 1 (immediate program) will be
provided with Withings weight and body composition scales and
Fitbit activity trackers, both of which connect to the Fitabase data
management platform, and Group 2 will not be provided with
scales or activity trackers. We will compare the eﬀect of the intervention with and without technology.
2. Timing of nutrition education and HEART Club materials. Participants
response to the civic engagement component of the SHHC curriculum indicated they wanted to focus primarily on individual level
change at the beginning of the program and conduct HEART Club
activities later. They also requested nutrition education be introduced earlier [42]. In response to this feedback, class order was
changed; nutrition topics were moved to the beginning of the
program and HEART Club topics are not introduced until nearly
halfway through the program.
3. Inclusion of a greater variety of aerobic exercise DVDs. Also in response to participant feedback [42], additional options were added
for the aerobic exercise DVDs. In SHHC, one main DVD developed
by the study team was used, plus one additional appropriate commercial DVD. For SHHC-2.0, three additional commercial DVDs
were added.
4. More consistency for strength training in class. Participants requested
more consistency of strength training exercises [42]; this aspect of
the curriculum was addressed in SHHC-2.0 by ensuring that exercises were varied and repeated equally throughout the program.
5. All HEART Club content included in class. In SHHC, HEART Club
activities were conducted in additional monthly meetings (beyond
the twice-weekly classes). In SHHC-2.0, HEART Club activities are
included in the twice-weekly classes to accommodate the logistic
challenges for participants and leaders. The civic engagement
process remained the same.
6. Fewer snacks/participants will bring snacks. SHHC required leaders to
prepare prescribed healthy recipes for most of the twice-weekly
classes; this posed a logistical challenge for leaders [42]. In order to
decrease time and ﬁnancial costs for organizations oﬀering the
program in the future, SHHC-2.0 includes fewer snacks and requests that participants volunteer to prepare and bring the prescribed snacks. Most SHHC participants indicated a willingness to
prepare and bring snacks [42].
7. Health journal. SHHC included one-page participant logs for exercise that were collected once a week and entered by the educators
into Qualtrics. The data entry burden for leaders was substantial
and the participants did not ﬁnd the logs particularly helpful. For
SHHC-2.0, we created a detailed health journal for participants to
record diet and exercise goals and progress.

2.4. Staﬀ training
Leaders will attend a one-day training on the SHHC-2.0 intervention
and a half-day training on research methods, and weekly support calls
will be held for leaders during active program implementation. Leaders
will complete questionnaires after each class related to program ﬁdelity, and trained research staﬀ will conduct site visits at Class 40 and
complete ﬁdelity checklists.
2.5. Data collection and outcomes
Data will be collected at six time points: screening, baseline,
12 weeks, 24 weeks, 36 weeks, and 48 weeks. (See Table 1.) The primary timepoint for comparison is change from baseline to 24 weeks. We
will collect individual and social network level data across biometric,
behavioral, and psychosocial measures, and physical activity and nutrition environment level data. Leaders will report individual participant attendance for each class.
Additions to measures from SHHC
SHNY will include the following data which was not measured in
SHHC: nutrition and physical activity built environment direct observation measures (described below); perceived food environment
measures; additional data related to gastric bypass, having a scale at
home, and participation in other programs; additional Fitabase Fitbit
and scale data; additional friends and family data, particularly related
to impact of the intervention; and site visit ﬁdelity checklists.
2.5.1. Individual level measures
Research staﬀ and programs leaders will explain the study and obtain written informed consent from participants; consent forms will be
approved by the Cornell University and Bassett Research Institute
19

Contemporary Clinical Trials 82 (2019) 17–24

R.A. Seguin, et al.

Table 1
Data collection schedule.
Assessment

Screening

Baseline

12 weeks

24 weeks

36 weeks

48 weeks

Individual level measures
General
Informed consent form
Demographics
Adverse event form
General Health: physical health, health history/status, preventive care

X
X

X
X
X

X
X

X
X

X
X

X
X

X

Xc,a

X

Xc,b

X

Diet/eating measures
Objective:

X

Xa

X

Xb

X

- Carotenoid skin scan
Self-report:

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Xa

Xa

Xb

Xb

Biometric measures
Waist and hip circumferences, weight, height (baseline only), body fat, bone density, body composition, blood
pressure, blood draw for lipids, hemoglobin A1c, and C-reactive protein

-

24 h recalls
Eating habits
Factors aﬀecting healthy eating
Fruit and vegetable intake
Self-eﬃcacy
Attitudes

Physical activity/sedentary measures
Objective:
Accelerometry
Objective:
Fitabasea,d
Self-report:
-

Physical activity
Sedentary behavior
Walking
Self-eﬃcacy
Attitudes

Psychosocial measures
- Depression
- Anxiety
- Stress
- Resilience
Cost eﬀectiveness
Time and money spent on food and physical activity
Program satisfaction
Satisfaction survey
Social level measures – completed by social network members
General
Informed consent
Demographics

X
X

Biometric
Self-report:
height (baseline only) and weight
Diet/eating measures
Self-report:
-

X

X

X

X

X

X

X

X

Xg

X
X

Eating habits
Factors aﬀecting healthy eating
Fruit and vegetable intake
Attitudes

Physical activity/sedentary measures
Self-report:
-

X

Physical activity
Sedentary behavior
Walking
Self-eﬃcacy
Attitudes

Built environment level measures
Nutrition environment
Objective: Nutrition environment in storese
Objective: Walking tour photos and audio

X

(continued on next page)
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Table 1 (continued)
Assessment

Screening

f

Baseline
X

Perceived:

12 weeks

24 weeks
X

36 weeks

48 weeks
X

- Neighborhood food environment
- Neighborhood characteristics
Physical activity environment
Objective:
Community audit inventory
Objective:
Walking tour photos and audio
Perceived:f

X

X
g

X

X

X

X

X

- Physical activity environment
- Changes in physical activity environment
a
b
c
d
e
f
g

Group 1 only.
Group 2 only.
Only waist and hip circumferences and weight.
Data collected throughout program.
Measured by research staﬀ within the study communities
Completed by participants and social network members.
Walking tour photos and audio completed by participants.

12, 24, 36, and 48 weeks. For Group 1, the Fitabase program will also
be used to collect any recorded Fitbit data. The following physical activity and sedentary-related measures will be collected via self-report:
physical activity (International Physical Activity Questionnaire; IPAQ
[55]), sedentary behavior (Sedentary Behavior Questionnaire; SBQ
[56]), walking activity (Health Behavior and Environment Questionnaire; HBEQ [57]), self-eﬃcacy for physical activity (Self Eﬃcacy
for Exercise Behaviors [54]), and attitudes toward exercise (American
Association of Retired People Exercise Attitudes and Behaviors Survey;
AARP [58]).

Institutional Review Boards (IRBs).
Demographic information
Participants will answer questions about demographics (e.g. age,
race/ethnicity, education, income).
Biometric
We will measure objective waist and hip circumferences, weight,
height, body fat, bone density, body composition, blood pressure, and
fasting blood draws of participants. Family and friends will self-report
height and weight. We will use free-standing stadiometers for height,
and Omron HBF-510 W scales will be used for weight and body composition measures. For Group 1, the Fitabase program will also be used
to collect weight, at any time during the study at which the participant
weighs herself. Retractable Gulick tape measures will be used for waist
and hip circumferences. Height, weight, and hip and waist circumferences will be measured two times, unless speciﬁed criteria are not met.
In that case, a third measurement will be taken. Blood draws will be
used to measure hemoglobin A1c, C-reactive protein, total cholesterol,
LDL cholesterol, HDL cholesterol, and triglycerides.

Psychosocial variables
Psychosocial measurements will include depression (Patient Health
Questionnaire-8; PHQ-8 [59]), anxiety (Generalized Anxiety Disorder7; GAD-7 [60]), stress (Perceived Stress Scale; PSS [61]), and resilience
(Brief Resilience Scale; BRS [62]).
Program satisfaction
Each group will complete program satisfaction surveys at the middle
and end of their respective active 24-week program.

Diet/eating

2.5.2. Social level measures
Social network members identiﬁed by participants will be invited to
complete questionnaires about their health, diet, and physical activity.

For an objective, reliable, non-invasive measure of fruit and vegetable intake, a dermal scan will be performed, using a Pharmanex
BioPhotonic Scanner, which measures carotenoid levels using Raman
Spectroscopy [47]. Self-report measures of diet intake, behavior, and
other nutrition-related variables will include ﬁve days of automated
self-administered 24-h dietary recalls (ASA-24 [48]), eating habits
(Rapid Eating and Activity Assessment for Participants-Short Version
(REAP-S [49]), Three Factor Eating Questionnaire; (TFEQ [50]), fruit
and vegetable intake (National Cancer Institute Fruit and Vegetable
Screener; NCI FV [51]), Simple 7 fruit and vegetable questions (S7 FV
[52]), healthy eating attitudes (Healthy Eating Attitudes Scale; HEAS
[53]), and self-eﬃcacy for healthy eating (Self Eﬃcacy for Diet Behaviors [54]).

General
Social network members will sign an informed consent form approved by the Cornell University and Bassett Research IRBs and respond
to questions about demographics and general health.
Biometric
Social network members will self-report their height (baseline only)
and weight.
Diet/eating

Physical activity/sedentary behavior

Social network members will answer questions about their eating
habits (REAP-S), fruit and vegetable intake (NCI FV, S7 FV), and
healthy eating attitudes (HEAS).

Objective physical activity measurements will be obtained by
Actigraph GT3XE accelerometers worn for seven days at baseline, and
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delayed intervention. After baseline assessments, randomization assignments will be revealed to leaders and participants.

Physical activity/sedentary behavior
Physical activity and sedentary behavior-related information of social network members will be via self-report and include physical activity (IPAQ), sedentary behavior (SBQ), walking (HBEQ), self-eﬃcacy
for physical activity (Self Eﬃcacy for Exercise Behaviors), and attitudes
toward exercise (AARP).

2.7. Power
The trial has been powered to compare the intervention arm to the
delayed intervention arm on changes in weight from baseline to postintervention (24 weeks). The sample size calculation is based on a similar behavior change study in midlife and older women, the
StrongWomen-Healthy Hearts study, in which intervention arm participants lost 2.1 kg (SD = 2.6) over twelve weeks compared to controls
[34]. In this SHNY study, participants are clustered within 11 towns
and we assumed an intra-class correlation of 0.15 (with clusters of 12
people per town) and 15% attrition, which yields a design eﬀect of
2.65. Therefore, a sample size of 29 people per arm will ensure at least
80% power to detect an eﬀect size of 0.75 with a 2-sided alpha and
2.6 kg standard deviation, which means that we will be able to detect a
diﬀerence in weight change between arms of 1.95 kg.

2.5.3. Built environment level measures
Nutrition environment
There will be two objective measures of the nutrition environment:
at baseline and 48 weeks, research staﬀ will conduct the Nutrition
Environment Measures Survey in Stores (NEMS-S [63]); at 24 weeks
(participants) and 48 weeks (research staﬀ) a walking tour with photos
and audio recordings will be completed. Perceived measures of the
nutrition environment will be collected from participants and social
network members via the following questionnaires: Perceptions of
Neighborhood Food Environment Questionnaire [64], Self-Reported
Neighborhood Characteristics Questionnaire [65], and the Perceived
Nutrition Environment Measures Survey-Short [66].

2.8. Statistical analysis

Physical activity environment

Univariate descriptive statistics will be calculated for all variables,
and outliers will be identiﬁed, investigated, and possibly rectiﬁed. We
will compile and tabulate descriptive statistics by treatment group. We
will compare the groups using chi-square test (binary and categorial
variables), t-test (continuous variables), or non-parametric Wilcoxon
signed rank test (continuous variables unsuitable for t-test). To account
for the clustering of participants in communities, we will use mixed
eﬀect regression models with town included as a random eﬀect.
We will analyze following Intention-to-Treat principles and will use
multiple imputation to handle missing data. Multiple imputation will be
conducted in SAS (PROC MI) for both missing baseline and outcome
variables. SAS PROC MIANALYZE will be used to combine the model
results from within each imputed data set in the standard way.
To evaluate the primary outcome model, we will run a PROC MIXED
MODEL predicting change in weight from baseline to post-intervention
(24 weeks) with the following covariates: intervention assignment,
town random eﬀect, age, and education. We will run the same model
for evaluating changes in secondary outcomes including Simple 7
composite CVD risk score, dietary outcomes, physical activity outcomes, and psychosocial outcomes. To account for multiple comparisons of the secondary outcomes, we will report the critical p-value
using a Bonferroni correction at alpha = 0.05 in addition to the unadjusted for multiple comparisons p-value. Analysis will be conducted
using SAS v9.4.
Economic analysis. We will calculate cost analysis and cost eﬀectiveness from the payer, societal, and healthcare sector perspectives.
For the payer cost analysis, we will identify resources directly used in
administration and implementation and identify costs of these resources (e.g. facilities, labor) to calculate the total and per participant
costs. For the societal perspective, we will measure the direct program
costs as well as opportunity costs, including participant time, based on
relevant wage rates. We will calculate the incremental cost-eﬀectiveness ratios (for the payer and societal perspectives) as the ratio of incremental cost over incremental eﬀectiveness, based on change in
weight, BMI, C-reactive protein, and Simple 7. For the healthcare perspective, we will use estimates of the medical costs of cardiovascular
disease to estimate the quality adjusted life years saved based on cardiovascular events prevented, comparing SHNY to status quo (no intervention).
Process evaluation. Aforementioned, we will compile process evaluation data including outcome eﬀectiveness, leader and participant
feedback and satisfaction, attendance, and ﬁdelity.

Similar to objective measurements of the nutrition environment,
there will be two objective measures of the physical activity environment: at baseline and 48 weeks, research staﬀ will conduct a community audit inventory (Inventories for Community Health Assessment in
Rural Towns; iCHART [67]), and the walking tour with photos and
audio recordings conducted at 24 weeks (participants) and 48 weeks
(research staﬀ) will also capture physical activity environment information. Perceived physical activity environment will be collected
from participants and social network members via the Perceived Physical Activity Environment Scale [68] and reported changes in the
physical activity environment.
2.5.4. Outcomes
The primary outcome is body weight change from baseline to
24 weeks, which will be collected immediately following the six-month
intervention. Secondary outcomes are Simple 7 composite CVD risk
score, blood pressure, blood lipids, C-reactive protein, hemoglobin A1c,
waist and hip circumferences, 7-day accelerometry, 5-day dietary recall, healthy eating and exercise self-eﬃcacy, and healthy eating and
exercise attitudes and self-eﬃcacy of the social network of participants.
2.5.5. Additional measures
Cost eﬀectiveness
From program leaders, we will collect information on wages and
beneﬁts, cost of facilities, equipment/supplies, travel, and staﬀ training,
and from participants, we will collect information on time costs (participants' time at hourly wage rate), travel costs, and time spent exercising and preparing meals.
2.6. Randomization
Randomization will be done at the town level. Towns are paired
within counties such that one town's participants will receive the intervention and the other town's participants will receive the delayed
intervention. Following completion of participants' baseline assessments in each county, the statistician will randomly assign one town
from each pair of towns in a county to receive the intervention. Note
that with one county that has three towns, they will have one town
participating in the intervention and two towns participating in the
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2.9. Dissemination of results and access to data
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We will share our results with diverse audiences through a variety of
methods. We will publish our results in peer-reviewed journals and
deliver presentations at scientiﬁc meetings. For community members,
we will publish articles in lay press (e.g. newspapers) and include results on the study website, after acceptance of the main ﬁndings for
publication. The Principal Investigator and her research team will have
access to the ﬁnal dataset and the dataset will be shared with other
researchers who request access, via data sharing agreements, after acceptance of the main ﬁndings for publication. The International
Committee of Medical Journal Editors guidelines will be used for authorship eligibility.
3. Discussion
Because midlife and older women in rural areas face health disparities in terms of risk factors for CVD, and multilevel programs are
recommended for CVD interventions, we aim to improve a previously
eﬀective multilevel curriculum designed for this population. Programs
that include individual, social, and environmental components have the
potential to improve diet and exercise behaviors for participants,
friends and family members, and community members. If eﬀective and
cost-eﬀective, SHHC-2.0 could be disseminated nationally, providing a
practical, feasible format for reducing CVD risk factors and improving
health in underserved rural areas.
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Abstract: Little is known about the relationship between perceived and objective measures of the
built environment and physical activity behavior among rural populations. Within the context of a
lifestyle-change intervention trial for rural women, Strong Hearts, Healthy Communities (SHHC),
we examined: (1) if Walk Score (WS), an objective built environment measure, was associated with
perceived built environment (PBE); (2) if WS and PBE were associated with moderate-to-vigorous
physical activity (MVPA); and (3) if MVPA changes were modified by WS and/or PBE. Accelerometers
and questionnaires were used to collect MVPA and PBE. Bivariate analyses and linear mixed models
were used for statistical analyses. We found that WS was positively associated with perceived
proximity to destinations (p < 0.001) and street shoulder availability (p = 0.001). MVPA was
generally not associated with WS or PBE. Compared to controls, intervention group participants
increased MVPA if they lived in communities with the lowest WS (WS = 0), fewer perceived walkable
destinations, or extremely safe perceived traffic (all p < 0.05). Findings suggest that WS appears to
be a relevant indicator of walkable amenities in rural towns; results also suggest that the SHHC
intervention likely helped rural women with the greatest dearth of built environment assets to
improve MVPA.
Keywords: built environment; physical activity; Walk Score; obesity; rural health; intervention

1. Introduction
Although maintaining certain levels of moderate-to-vigorous physical activity (MVPA) is crucial
to chronic disease control and prevention, more than half of Americans do not meet the current physical
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activity recommendations [1]. Rural populations in particular are less likely to perform adequate
MVPA compared to their non-rural counterparts [2–4]. Such geographic disparities could be due
to rural communities’ lack of access to recreational facilities as well as geographic and topographic
features that inhibit active living [5]. Furthermore, rural women report more caregiving duties [6],
less social support [6], and fewer role models for physical activity [7]. These may exacerbate barriers
to physical activity in this population.
Over the past few decades, considerable effort has been made to measure and characterize the
built environment to better understand the impacts of the built environment on human behaviors
and health [8]. One commonly used tool to objectively characterize the built environment is Walk
Score [9]. Walk Score is a private company that is now part of Redfin, and its stated mission is
“To promote walkable neighborhoods” [10]. In general, Walk Score was created by a multidisciplinary
advisory board, and the score is tabulated based on three components: (1) the distance to a group
of destinations and amenities (e.g., restaurants, shopping, schools, green spaces); (2) the population
density; and (3) the road metrics (e.g., block length and the intersection density) of a given address.
Data sources include Google, Education.com, Open Street Map, the U.S. Census, Localeze, and places
added by the Walk Score user community. Walk Score ranges from 0 and 100, with higher scores
indicating higher levels of walkability. Walk Score has been established as a valid measure in estimating
accessibility to nearby amenities in some urban neighborhoods [11,12], and, in a few instances, it has
been associated with physical activity and health [13–15]. Because Walk Score is freely accessible
online (http://www.walkscore.com/), it has emerged as a commonly utilized tool to characterize
neighborhoods’ built environment among researchers and the general public [9]. However, a major
limitation of Walk Score is that it does not account for other characteristics of the built environment,
such as physical activity resources, aesthetics, and safety, which are often perceived as important
influences on physical activity engagement among rural adults [16–20].
Given that rural communities are dispersed over a large geographical area and have limited
transportation infrastructure, it is time- and labor-intensive and costly to objectively capture the built
environment features of rural communities. Walk Score has the potential to serve as an alternative
objective built environment proxy. However, the extent to which Walk Score and resident perceptions
of the built environment capture the same construct is unclear; it is also unclear whether they can be
used interchangeably in the rural context. Prior studies conducted in urban areas showed mixed results
regarding the associations between Walk Score and the perceived built environment. For example,
Carr, Dunsiger, and Marcus found that Walk Score was associated with a group of Rhode Island
residents’ perceived presence of sidewalks, street lights, and other pedestrians, as well as traffic and
crime safety; however, they did not find any association between Walk Score and perceived access
to community physical activity facilities [21]. Similarly, although Bereitschaft found that Walk Score
was associated with perceived walkability among a group of residents in Nebraska, the strength
of the association was stronger with suburban strip-mall corridors and weaker with recreational
areas and small entertainment districts [22]. Given that rural communities often have a town center,
but many residents live outside of the town center, it is unclear how those associations might vary
in a rural context. Some have argued that perception is a better reflection of reality because it is a
product of individuals’ experience over time [23]. Therefore, the first aim of the present study was to
examine if Walk Score is associated with rural women’s perceived access to nearby amenities, perceived
availability of physical activity resources, perceived aesthetics, and perceived safety. Findings will
shed light on the potential for Walk Score to serve as an estimate of rural communities’ walkability.
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While objective built environment measures such as Walk Score are often considered less biased
than perceived built environment measures, a recent review found that perceived built environments
are more strongly associated with physical activity than objectively measured built environment
features [24]. However, most studies in this review were in urban and suburban settings [24], and the
transferability of these findings to rural settings is unknown. Therefore, the second aim of the
present study was to examine whether Walk Score and perceived built environment characteristics
were associated with rural women’s MVPA. Since rural communities often face resource constraints
in developing and implementing health promotion strategies [13], this would help to determine
whether costly environmental interventions to improve the built environment are necessary or whether
education about existing physical activity resources to improve awareness may be sufficient. Based on
the findings of previous studies [24], we hypothesized that perceived built environment characteristics
would be more strongly associated with rural women’s MVPA than Walk Score.
Moreover, although the built environment seems to influence physical activity, little research has
explored how it may influence or modify the relationship between behavior change interventions with
physical activity outcomes [25–29]. Recent reviews have suggested that future studies should examine
the interaction between environmental attributes and physical activity to determine when, where,
and for whom certain environmental features are important to consider [30–32]. Hence, the third aim
was to examine if rural women’s MVPA changes were modified by their objective and/or perceived
built environment within the context of a community-randomized lifestyle intervention trial: Strong
Hearts, Healthy Communities (SHHC). Because SHHC was designed to improve MVPA regardless
of the environmental conditions of the town, we hypothesized that there would be no significant
interaction between Walk Score or perceived built environments and the intervention.
2. Materials and Methods
2.1. Study Population and Setting
The present study is a secondary analysis of the SHHC intervention trial. Study rationale, methods
for recruitment, enrollment, data collection, and participant characteristics have been described
elsewhere [33,34]. Briefly, 194 overweight, sedentary midlife and older women participated in a
six-month community-randomized trial in 16 medically-underserved rural towns in Montana and
New York between 2015 and 2016. Eight towns received the SHHC intervention (n = 101)—a 48-session
(twice a week for 24 weeks) multilevel intervention focusing on improving physical activity and
diet quality through in-class exercise sessions and skill-building activities, field-based learning, and
other activities that foster supportive social and built environments for positive behavioral changes.
The in-class exercise sessions included walking and aerobic dance DVDs or 20–30 min outdoor walks
and progressive strength training using dumbbells. The other eight towns received a six-session
(once a month for 24 weeks) education-only control intervention, Strong Hearts, Healthy Women
(SHHW), that provided general information on healthy living (n = 93). The study flow diagram is
shown in Figure 1.
All participants gave their informed consent for inclusion before they participated in the study.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Cornell University Institutional Review Board (Protocol #1402004505; approval date:
22 May 2015).
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Figure 1. Study Flow: Strong Hearts, Healthy Communities, Montana and New York, 2015–2016.

Figure 1. Study Flow: Strong Hearts, Healthy Communities, Montana and New York, 2015–2016.
2.2. Measurements

2.2. Measurements
2.2.1.
Demographics

Participants completed a questionnaire to provide demographic information at baseline [33,34].
2.2.1. Demographics
Participants completed a questionnaire to provide demographic information at baseline [33,34].
2.2.2. Objective Built Environment
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2.2.2. Objective Built Environment
The Walk Score of participants’ baseline home address was used to characterize the objective built
environment (obtained at http://www.walkscore.com/). Walk Score uses a patented algorithm to
measure the walkability of a given address based on the proximity to basic destinations including
grocery, dining and drinking, shopping, parks, schools, errands, and culture and entertainment. After
inputting an address on the website, a Walk Score ranging from 0 and 100 is issued. Briefly, points are
given for amenities within 0.25 miles and points are deducted if amenities are distant. In addition,
Walk Score captures pedestrian friendliness by accounting for population density and road metrics
such as block length and intersection density. A Walk Score between 0 and 24 represents a community
that is “Car-Dependent: almost all errands require a car”, between 25 and 49 is “Car-Dependent: most
errands require a car”, between 50 and 69 is “Somewhat Walkable: some errands can be accomplished
on foot”, between 70 and 89 is “Very Walkable: most errands can be accomplished on foot” and
between 90 and 100 is “Walker’s Paradise: daily errands do not require a car”.
The Walk Score distribution of our sample was skewed to the lower end: 31.1% of participants had a
Walk Score of 0, and 29.2% of the participants had a Walk Score between 1 and 24 (see Table 1). Therefore,
we divided the lowest Walk Score level into two categories “Walk Score of 0” and “Walk Score 1–24.”
Furthermore, since only two participants had Walk Scores greater than 69, we combined them with the
“Walk Score 50–69” category. This highest category is referred to as “Walk Score ≥ 50” in this paper.
Table 1. Baseline characteristics of participants, Walk Score, and perceived built environment characteristics.
Characteristics

Total

Intervention

Control

p-Value

Age, mean (SD)
(Total n = 194; Intervention n = 101; Control n = 93)
Relationship status, n (%)

58.9 (9.5)

59.0 (9.5)

58.7 (9.7)

0.834 a

In a relationship
Not in a relationship

132 (71.4)
53 (28.6)

70 (73.7)
25 (26.3)

62 (68.9)
28 (31.1)

0.471 b

42 (22.8)
55 (29.9)
58 (31.5)
29 (15.8)
35.2 (6.5)

22 (23.4)
30 (31.9)
28 (29.8)
14 (14.9)
34.9 (6.1)

20 (22.2)
25 (27.8)
30 (33.3)
15 (16.7)
35.5 (6.8)

0.904 b

1.8 (1.5)

2.0 (1.7)

1.7 (1.4)

0.320 c

14.3 (13.1)

14.9 (14.0)

13.7 (12.1)

0.643 c

1.7 (1.5)

1.8 (1.6)

1.6 (1.5)

0.663 c

21.0 (21.8)

15.2 (18.2)

27.1 (23.6)

0.001 c

50 (31.1)
47 (29.2)
40 (24.8)
24 (14.9)

33 (40.2)
24 (29.3)
20 (24.4)
5 (6.1)

17 (21.5)
23 (29.1)
20 (25.3)
19 (24.1)

Education level, n (%)
High school or less
Technical or vocational school/some college
College graduate
Postgrad/professional
BMI, mean (SD)
(Total n = 194; Intervention n = 101; Control n = 93)
Number of chronic diseases, mean (SD)
(Total n = 186; Intervention n = 96; Control n = 90)
MVPA min/day, mean (SD)
(Total n = 183; Intervention n = 95; Control n = 88)
% MVPA (SD)
(Total n = 183; Intervention n = 95; Control n = 88)
Walk Score, mean (SD)
(Total n = 161; Intervention n = 82; Control n = 79)

0.532 a

Walk Score levels, n (%)
0
1–24
25–49
≥50

0.004 b
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Table 1. Cont.
Total

Intervention

Control

p-Value

87 (46.8)
99 (53.2)

35 (36.8)
60 (63.2)

52 (57.1)
39 (42.9)

0.006 b

120 (64.2)
67 (35.8)

54 (56.3)
42 (43.8)

66 (72.5)
25 (27.5)

0.020 b

97 (52.2)
89 (47.8)

47 (49)
49 (51)

50 (55.6)
40 (44.4)

0.368 b

8 (4.3)
179 (95.7)

5 (5.2)
91 (94.8)

3 (3.3)
88 (96.7)

0.721 d

97 (51.9)
90 (48.1)

47 (49)
49 (51)

50 (54.9)
41 (45.1)

0.413 b

113 (60.4)
74 (39.6)

49 (51)
47 (49)

64 (70.3)
27 (29.7)

0.007 b

126 (67.4)
61 (32.6)

67 (69.8)
29 (30.2)

59 (64.8)
32 (35.2)

0.470 b

166 (88.8)
21 (11.2)

90 (93.8)
6 (6.3)

76 (83.5)
15 (16.5)

0.027 b

140 (74.9)
47 (25.1)

71 (74)
25 (26)

69 (75.8)
22 (24.2)

0.769 b

161 (86.1)
26 (13.9)

82 (85.4)
14 (14.6)

79 (86.8)
12 (13.3)

0.783 b

63 (33.7)
104 (55.6)
20 (10.7)

32 (33.3)
55 (57.3)
9 (9.4)

31 (34.1)
49 (53.8)
11 (12.1)

0.807 b

32 (17.1)
105 (56.1)
50 (26.7)

16 (16.7)
55 (57.3)
25 (26)

16 (17.6)
50 (54.9)
25 (27.5)

0.949 b

Characteristics
Perceived close proximity to destinations, n (%)
Agree
Disagree
Perceived sidewalk availability, n (%)
Agree
Disagree
Perceived street shoulder availability, n (%)
Agree
Disagree
Perceived bike lane availability, n (%)
Agree
Disagree
Perceived physical activity facility availability, n (%)
Agree
Disagree

Perceived physical activity equipment availability, n (%)
Agree
Disagree
Perceived landscape diversity, n (%)
Agree
Disagree
Perceived greenery, n (%)
Agree
Disagree
Perceived maintenance, n (%)
Agree
Disagree
Perceived cleanliness, n (%)
Agree
Disagree
Perceived crime safety, n (%)
Extremely safe
Quite safe
Unsafe
Perceived traffic safety, n (%)
Extremely safe
Quite safe
Unsafe
a

t-test; b Chi square test; c Kruskal–Wallis test; d Fisher’s Exact Test; Significant p-values are indicated in bold. BMI:
body mass index; MVPA: moderate-to-vigorous physical activity.

2.2.3. Perceived Built Environment
Participants’ perceptions of their community’s built environment were assessed using the
questionnaire developed by Boehmer et al. [35]. Community was defined as the area where participants live.
On a four-point Likert scale (i.e., strongly agree to strongly disagree), participants reported
whether there were many destinations (e.g., a store, a workplace, a place of worship) to go within
easy walking distance from their home (perceived proximity to destinations); there were sidewalks
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on most of the streets in their community (perceived sidewalk availability); there were shoulders on
the streets that allowed for safe walking or biking (perceived street shoulder availability); there were
bike lanes on most of the streets in their community (perceived bike lane availability); there were
many places to be physically active in their community not including streets for walking or jogging
(perceived physical activity facility availability); there was equipment available for physical activity in
their community (perceived physical activity equipment availability); there were many interesting
things to look at while walking in their community (perceived landscape diversity); there were trees
along the streets in their community (perceived greenery); their community was well-maintained
(perceived maintenance); and their community was generally free from garbage, litter, or broken glass
(perceived cleanliness).
In addition, participants also reported their perceptions about both crime and traffic safety related to
walking and biking in their community on a four-point Likert scale (i.e., extremely safe to not at all safe).
Some of the data had a non-normal distribution. Therefore, all of the perceived variables were
recoded to allow meaningful interpretation. “Strongly agree” and “agree” responses were collapsed
into “agree”, and “strongly disagree” and “disagree” responses were collapsed into “disagree”.
“Slightly safe” and “not at all safe” responses were collapsed into “unsafe”. This same approach
was used in the original Boehmer et al. article [35].
2.2.4. Physical Activity
ActiGraph Model GT3X+ and GT3X-BT accelerometers (ActiGraph LLC, Pensacola, FL, USA)
were used to measure participants’ average MVPA daily minutes and the percentage of wear time
spent in MVPA (% MVPA) at baseline and post-intervention (24 weeks). The models are completely
compatible and gather identical data in terms of accelerations (raw data) and counts (processed data).
Participants were asked to wear the accelerometer at the hip for seven days and remove it when
sleeping, bathing, and swimming. In addition, participants were given a daily log sheet to record their
wear and non-wear periods. Accelerometers were set to gather raw data at 30 Hz; raw data files were
aggregated to 60-s epoch length for analysis. Firmware version 3.2.1 (initially released March 2013,
ActiGraph, LLC, Pensacola, FL, USA) was used for GT3X+ devices, and a combination of version 1.6.0
(December 2015) and 1.7.0 (March 2016) were used for GT3X-BT.
In line with currently accepted best practice [36], the Low Frequency Extension (LFE) filter was
used when processing the raw data to counts for minute-level analysis. The algorithm developed
by Choi et al. [37] was then used to identify (and exclude) non-wear time via vertical axis counts.
Specifically, non-wear was defined as ≥90 min of consecutive zero counts and a spike tolerance
of 2 min with a 30-min window of zero counts upstream and downstream of each observed spike.
An observation day was considered valid if there was greater than or equal to 600 min (i.e., 10 h) of
valid wear time. Participants were included for analysis if they had a minimum of five valid days,
or four valid days totaling a minimum of 3000 min of wear. These inclusion criteria, both at the daily
and participant level, have been used in other studies, most notably the U.S. National Health and
Nutrition Examination Survey (NHANES) accelerometer analyses [38,39]. Because participants were
essentially healthy and without disability, Freedson cut-points were used to determine minute-level
intensity of physical activity [40].
2.3. Statistical Analysis
Descriptive statistics were used to characterize study participants. We used t-tests and
Kruskal–Wallis tests to examine demographic differences between intervention and control groups at
baseline across continuous variables, normally distributed variables, and non-normally distributed
variables, respectively. Chi-square tests and Fisher’s exact tests were used to examine differences
between intervention and control groups at baseline across categorical variables depending on small
cell counts.
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Bivariate analysis utilizing Fisher’s exact tests, suitable for analyzing small cell sizes,
were conducted to examine the associations between Walk Score and participants’ perceived built
environment characteristics at baseline.
Linear mixed models were used to examine Walk Score and perceived built environment
characteristic associations with baseline MVPA (both MVPA minutes per day and % MVPA).
Models controlled for participants’ age, marital status, and education. Study site was treated as
a random effect. Because baseline MPVA values were skewed to the right, square root transformation
was performed for baseline MVPA variables to meet model assumptions (baseline median MVPA
minutes per day was 10.3 minutes (Interquartile range (IQR) = 14.6) and baseline median % MVPA
was 1.3% (IQR = 1.7%)).
Based on our previous findings [41], which showed that both MVPA minutes per day and %
MVPA increased in SHHC participants, linear mixed models were used to examine whether the
intervention’s effects on physical activity changes were modified by Walk Score and baseline perceived
built environment characteristics. In each model, an interaction term was used between intervention
group and the built environment variable. Models controlled for study site, participants’ age, education,
marital status, and baseline physical activity level.
A Bonferroni correction was applied to account for multiple between-group comparisons within
each model. Model assumptions were checked and met.
Missing data were checked using the Little’s missing completely at random (MCAR) test [42],
and it confirmed that our missing data were MCAR (p = 0.454); therefore, we did not conduct further
imputation models.
Analyses were conducted using SPSS 25.0 (SPSS Inc., Chicago, IL, USA). The type I error rate was
set at 0.05.
3. Results
3.1. Participant Characteristics at Baseline
Details of study participants’ demographics are outlined in Table 1; additional details have been
reported elsewhere [33]. There were no demographic differences between intervention and control
groups at baseline. In addition, physical activity levels were similar at baseline between groups.
In terms of built environment characteristics (Table 1), there were differences between groups at
baseline: compared to participants in the intervention group, those in the control group had a higher
mean Walk Score for their home location (p = 0.001) and more participants reported closer proximity
to destinations (p = 0.006), greater availability of sidewalks (p = 0.020), and greater availability of
physical activity equipment (p = 0.007); in contrast, participants in the intervention group perceived
more greenery in their community than controls (p = 0.027).
3.2. Relationships between Walk Score and Perceived Built Environment Characteristics
Walk Scores were associated with perceived proximity to destinations and perceived street
shoulder availability. Participants with higher Walk Scores were more likely to perceive being close to
destinations (p < 0.001) and having street shoulders (p = 0.001) in their community. Walk Scores were
marginally associated with perceived sidewalk availability (p = 0.060). Walk Scores were not associated
with other perceived physical activity resource availability (e.g., bike lanes, physical activity facilities,
physical activity equipment) or any of the perceived aesthetic or safety characteristics (Table 2).
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Table 2. Bivariate associations between Walk Score and perceived built environment characteristics
among participants at baseline.
Built Environment
Perceptions

No.

Walk Score
≥50
(n = 24)

Walk Score
1–24 (n = 47)

Walk Score
25–49
(n = 40)

No.

%

No.

%

No.

%

4.0
96.0

22
25

46.8
53.2

31
9

77.5
22.5

20
3

87.0
13.0

<0.001

54.0
46.0

29
18

61.7
38.3

29
11

72.5
27.5

20
4

83.3
16.7

0.060

38.8
61.2

20
27

42.6
57.5

31
9

77.5
22.5

14
10

58.3
41.7

0.001

6.0
94.0

0
47

0.00
100.0

1
39

2.5
97.5

1
23

4.2
95.8

0.330

42.6
57.4

24
16

60.0
40..0

14
10

58.3
41.7

0.370

Walk Score = 0
(n = 50)
%

p-Value

Perceived close proximity to destinations
Agree
Disagree

2
48

Perceived sidewalk availability
Agree
Disagree

27
23

Perceived street shoulder availability
Agree
Disagree

19
30

Perceived bike lane availability
Agree
Disagree

3
47

Perceived physical activity facility availability
Agree
Disagree

25
25

50.0
50.0

20
27

Perceived physical activity equipment availability
Agree
Disagree

26
24

52.0
48.0

28
19

59.6
40.4

27
13

67.5
32.5

17
7

70.8
29.2

0.338

36
14

72.0
28.0

27
20

57.5
42.5

28
12

70.0
30.0

18
6

75.0
25.0

0.357

42
8

84
16

41
6

87.2
13.8

37
3

92.5
7.5

22
2

91.7
8.3

0.648

36
14

72.0
28.0

35
12

74.5
25.5

31
9

77.5
22.5

19
5

79.2
20.8

0.897

44
6

88.0
12.0

41
6

87.2
12.7

32
8

80.0
20.0

20
4

83.3
16.7

0.704

14
29
7

28.0
58.0
14.0

13
28
6

27.7
59.6
12.8

17
21
2

42.5
52.5
5.0

9
12
3

37.5
50.0
12.5

0.624

6
29
15

12.0
58.0
30.0

5
24
18

10.6
51.1
38.3

9
26
5

22.5
65.0
12.5

4
14
6

16.7
58.3
25.0

0.176

Perceived landscape diversity
Agree
Disagree
Perceived greenery
Agree
Disagree
Perceived maintenance
Agree
Disagree
Perceived cleanliness
Agree
Disagree
Perceived crime safety
Extremely safe
Quite safe
Unsafe
Perceived traffic safety
Extremely safe
Quite safe
Unsafe

Significant p-values are indicated in bold.
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3.3. Associations of Walk Score and Perceived Built Environment Characteristics with Baseline MVPA
Only perceived cleanliness was positively associated with participants’ baseline average MVPA
minutes per day (β = 0.80, 95% CI = 0.16–1.43, p = 0.015) and % MVPA (β = 0.28, 95% CI = 0.06–0.50,
p = 0.012). Our supplementary analyses found that perceived cleanliness was also associated
with perceived sidewalk availability, perceived maintenance, and perceived crime and traffic safety
(all p < 0.05). Supplementary Table S1 shows Goodman and Kruskal’s gamma correlations among all
perceived built environment variables.
Walk Scores and the other 11 perceived built environment characteristics were not associated with
participants’ baseline MVPA.
3.4. Built Environment and Intervention Effects on Physical Activity
None of the interaction terms between intervention group and built environment measures
(both Walk Score and perceived built environment characteristics) were statistically significant.
However, between-group comparisons revealed that among those who lived in communities
with a Walk Score of zero, women in the intervention group increased average MVPA minutes per
day (between-group difference: ∆ = 12.7, 95% CI = 1.4–24.0, p = 0.028) and % MVPA (between-group
difference: ∆ = 1.6, 95% CI = 0.2–2.9, p = 0.023) compared to controls (Table 3). Similarly, among those
who perceived living far from walkable destinations, women in the intervention group increased
% MVPA compared to controls (between-group difference: ∆ = 1.0, 95% CI = 0.003–2.0, p = 0.049)
(Table 4).
Table 3. Walk Score between-group comparisons.

Walk Score

Within-Group
Change
(Intervention)

Within-Group
Change
(Control)

Between-Group Difference

Mean Change
(95% CI)

Mean Change
(95% CI)

Mean Change
(95% CI)

p-Value

11.7 (+5.2, +18.8)
3.5 (−3.6, +10.6)
3.7 (−3.5, +11.0)
6.3 (−10.8, +23.3)

−0.8 (−10.4, +8.9)
9.8 (+1.6, +18.1)
−1.9 (−10.6, +6.7)
−3.1 (−10.9, +4.6)

12.7 (+1.4, +24.0)
−6.3 (−17.0, +4.2)
5.7 (−5.5, +16.9)
9.4 (−9.1, +28.0)

0.028
0.246
0.318
0.316

1.5 (+0.7, +2.3)
0.4 (−0.5, +1.2)
0.5 (−0.4, +1.3)
0.6 (−1.4, +2.6)

−0.1 (−1.2, +1.1)
1.2 (+0.2, +2.1)
−0.2 (−1.3, +0.8)
−0.3 (−1.2, +0.6)

1.6 (+0.2, +2.9)
−0.8 (−2.1, +0.5)
0.7 (−0.6, +2.1)
0.9 (−1.3, +3.1)

0.023
0.203
0.282
0.422

Average MVPA min per day (n = 113)
0
1–24
25–49
≥50
% MVPA (n = 113)
0
1–24
25–49
≥50

Significant p-values are indicated in bold.
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Table 4. Perceived built environment between-group comparisons.
Built Environment
Perceptions

Within-Group
Change
(Intervention)

Within-Group
Change
(Control)

Between-Group Difference

Mean Change
(95% CI)

Mean Change
(95% CI)

Mean Change
(95% CI)

p-Value

4.4 (−2.4, +11.2)
7.6 (+1.5, +13.7)

2.6 (−3.8, +9.0)
−0.9 (−8.0, +6.1)

1.8 (−7.3, +10.9)
8.5 (−0.2, +17.2)

0.689
0.055

0.5 (+1.3, −0.3)
0.9 (+0.2, +1.6)

0.3 (−0.4, +1.1)
−0.1 (−0.9, +0.7)

0.2 (−0.9, +1.2)
1.0 (+0.003, +2.0)

0.762
0.049

16.4 (+6.3, +26.5)
5.3 (−0.8, +11.6)
3.7 (−4.2, +11.6)

1.6 (−8.4, +11.6)
1.8 (−4.9, +8.5)
−0.3 (−8.4, +7.7)

14.8 (+0.9, +28.8)
3.5 (−5.3, +12.4)
4.0 (−7.0, +15.0)

0.038
0.416
0.464

1.9 (+0.7, +3.0)
0.7 (−0.04, +1.4)
0.4 (−0.6, +1.3)

0.3 (−0.9, +1.5)
0.2 (−0.5, +1.0)
−0.04 (−1.0, +0.9)

1.6 (−0.1, +3.2)
0.5 (−0.6, +1.5)
0.4 (−0.9, +1.7)

0.059
0.376
0.519

Perceived close proximity to destinations
Average MVPA min per day (n = 125)
Agree
Disagree
% MVPA (n = 125)
Agree
Disagree

Perceived traffic safety
Average MVPA min per day (n = 125)
Extremely safe
Quite safe
Unsafe
% MVPA (n = 125)
Extremely safe
Quite safe
Unsafe

Significant p-values are indicated in bold.

In addition, among those who lived in communities that were perceived having extremely safe
traffic, women in the intervention group increased average MVPA minutes per day compared to
controls (between-group difference: ∆ = 14.8, 95% CI = 0.9–28.8, p = 0.038) (Table 4).
4. Discussion
In the present study, we found that Walk Scores were associated with perceived proximity to
destinations and perceived street shoulder availability and were marginally associated with perceived
sidewalk availability among rural women. In addition, baseline MVPA was generally not associated
with built environment perceptions or Walk Score. Finally, changes in intervention participants’ MVPA
were enhanced if they lived in a place with a lower Walk Score, fewer perceived walkable destinations,
or with safer perceived traffic.
Similar to other studies [43], Walk Score and perceived built environments seem to be concordant
on the underlying construct of number and density of walkable amenities; these objective and perceived
constructs might therefore be used interchangeably, even in the rural context. However, Walk Score
did not correlate with other perceived built environment characteristics related to perceived physical
activity resources, aesthetics, or safety. These findings support previous suggestions that future
studies should use other supplementary measures (both objective and perceived) to characterize built
environment features that are not addressed by Walk Score, such as landscape diversity, greenery,
maintenance, cleanliness, and crime [21].
To our knowledge, no previous studies have examined the association between Walk Score,
perceived built environment characteristics, and MVPA among sedentary, overweight or obese,
midlife and older women living in rural communities in the U.S. Among the few studies conducted
among other rural adult populations in the U.S., findings on the associations between built environment
characteristics and physical activity were mixed [44,45]. In general, aesthetics; safety from crime;
and presence of trails, parks, or recreational activities were more consistently associated with physical
activity among rural adults [46]. In our study, we only found an association between perceived

Int. J. Environ. Res. Public Health 2019, 16, 849

12 of 16

community cleanliness and physical activity, and perceived cleanliness was associated with perceived
sidewalk availability, perceived maintenance, and perceived crime and traffic safety. However, findings
between perceived cleanliness and MVPA in our study could be due to the high proportion of
participants perceiving their community as clean rather than an actual association between physical
activity and community cleanliness.
There are a few potential explanations for the general lack of association between built
environment characteristics and MVPA in our study. First, the survey instrument used in this study
might have missed other unique aspects of the built environment related to physical activity in rural
areas. In particular, the majority of our participants perceived far proximity to destinations, no bike
lanes, aesthetically pleasing outdoor space, and low crime rates in their community. The lack of
heterogeneity in these responses hindered us from better understanding whether variations of these
built environment features would impact rural residents’ physical activity differently. Additionally,
through our previous formative work for the SHHC intervention, we learned that midlife and older
rural residents are more interested in nature-based activities such as hiking, hunting, and fishing [47].
Therefore, proximity to destinations or active transportation opportunities might be less relevant
to their physical activity. One recent Australian study that explored the salience of urban physical
activity environment constructs among rural adults also found that some built environment features
were less relevant to rural physical activity, including personal safety related to crime, availability of
walkable destinations, and aesthetics [48]. These are important discoveries, and similar explorations
are needed in the U.S. so that researchers can appropriately quantify rural built environment features
related to physical activity in future studies. However, in the present study, we wanted to use the
data that we collected to see if we could shed further light on how built environment perceptions and
a publicly available objective measure (i.e., Walk Score) may align. Second, due to the design and
eligibility criteria of our intervention trial, participants were sedentary at baseline, which limited the
variability of MVPA in our analyses. Associations between baseline MVPA and the built environment
are specific to our sample of overweight and obese rural women that enrolled in a randomized trial.
Third, physical activity is a broad construct that includes leisure physical activity, household physical
activity, occupational activity, and transportation-related physical activity [49]. It is likely that women
in our study perform these various types of activities outside of their community, especially for those
who travel outside of their community for work and leisure activities. Fourth, physical activity is
an interplay between individual, social, and environmental factors [50]. Physical activity and how
it is associated with the built environment may be moderated by the individual and social factors
that are relevant to engaging in physical activity, such as self-efficacy, social support, and health
status [51]. For instance, since women are more likely to engage in physical activity with others [52],
the association between engaging in physical activity for women may be with the social environment
rather than the built environment. Future studies should examine where rural populations actually
perform different types of physical activity and how various individual, social, and environmental
factors influence their physical activity behaviors.
Furthermore, our findings related to Walk Score and perceived proximity to destinations’
effects on participants’ MVPA changes contradicted previous hypotheses suggesting that behavior
change interventions would be more effective in better-resourced communities and communities that
have fewer barriers related to physical activity [53]. In medically underserved rural communities,
those living in communities with fewer walkable destinations as measured by Walk Score and
perceived proximity to destinations appeared to achieve superior benefit from the SHHC intervention
in increasing MVPA. Similar to our study, one study in rural southeastern North Carolina found that
among adults who participated in a lifestyle intervention study, those who lived further from gyms
and in areas with a lower density of gyms had greater increases in physical activity and walking
steps than those who lived in communities with close proximity to amenities and destinations [27].
Similarly, Kerr et al. found that men in a lifestyle intervention, but not women, improved their
walking more if they lived in less-walkable communities in suburban San Diego [28]. In contrast,
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Zenk et al. did not find any differential effects due to environmental characteristics after implementing
a walking intervention program in Chicago with African American women [29]. These differences
could be due to the differences in geography, nature of the intervention, and variety in measurement
instruments. Our findings suggest that a lifestyle intervention in the least-walkable communities
increased physical activity and holds promise for the intervention across medically underserved rural
and isolated communities.
Our findings also suggest a potential ceiling effect such that those who live in communities with
nearby destinations did not increase their MVPA further after participating in the SHHC intervention.
In contrast, those who live in communities with fewer amenities overcame some environmental barriers
to increase their MVPA through the SHHC intervention, which provided an indoor space for exercise.
These findings suggest that researchers and practitioners should consider selecting communities
that have fewer walkable destinations to implement the SHHC program since that is where MVPA
improvements seemed to have been maximized. Further examination through in-depth interviews
and focus groups is needed to understand what enabled participants living in communities with fewer
amenities to overcome the environmental barriers to exercise more.
Lastly, our analyses also found that participants who live in communities with extremely safe
traffic benefited more from the SHHC intervention in increasing MVPA. These findings are supported
by other studies that found poor traffic safety was a barrier to physical activity in rural communities [54].
It could be that with fewer traffic safety concerns, midlife and older adults feel safer to engage in
physical activity in their community without fear of the unexpected.
There were several limitations in our study. First, our participants were not purposively recruited
based on their communities’ built environment characteristics. Future studies should use a bigger
sample and include purposeful variation in built environment features and amount of physical activity
to further understand the interplay between rural built environment and physical activity. Second, it is
possible that environmental changes may have occurred in the time period between participants’
perception data collection (2015) and Walk Score calculations (2017). Third, we did not differentiate
between different types of physical activity. Future studies should focus on specific physical activity
domains to better understand the relationships between the built environment and specific types of
physical activity. Fourth, our participants were sedentary, overweight or obese, midlife and older
women living in medically underserved rural communities. Findings may not be generalizable to other
populations. Fifth, since participants were asked to participate in a lifestyle change intervention trial,
we might have recruited a group of individuals that were eager to measure and improve their physical
activity level. Finally, the present study is a secondary data analysis of the larger SHHC intervention
that was not powered to test the interactions between intervention groups and built environment
features. Future studies need to use a larger sample size to obtain sufficient statistical power to detect
meaningful moderation effects.
5. Conclusions
Findings from the present study contribute to the limited research in this area. While Walk Score
appears to match rural residents’ perception of the availability of nearby amenities, physical activity
was not associated with local built environment characteristics. Our additional analyses suggest
that a community-based lifestyle intervention helped rural overweight and obese women living in
communities with less walkable destinations to overcome environmental barriers to physical activity.
Our results warrant more research to understand the complex relationships between built environment
and physical activity among rural adults. Evaluating the environmental conditions that maximize the
effects of physical activity interventions would also help researchers and practitioners better use rural
communities’ resources.
Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/16/5/849/s1,
Table S1: Bivariate associations between perceived built environment characteristics (gamma coefficients).
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Abstract
Background: Rural women experience health disparities in terms of cardiovascular disease (CVD) risk compared to
urban women. Cost-effective CVD-prevention programs are needed for this population. The objective of this study
was to conduct cost analysis and cost-effectiveness analyses (CEAs) of the Strong Hearts, Healthy Communities
(SHHC) program compared to a control program in terms of change in CVD risk factors, including body weight and
quality-adjusted life years (QALYs).
Methods: Sixteen medically underserved rural towns in Montana and New York were randomly assigned to SHHC,
a six-month twice-weekly experiential learning lifestyle program focused predominantly on diet and physical
activity behaviors (n = 101), or a monthly healthy lifestyle education-only control program (n = 93). Females who
were sedentary, overweight or obese, and aged 40 years or older were enrolled. The cost analysis calculated the
total and per participant resource costs as well as participants’ costs for the SHHC and control programs. In the
intermediate health outcomes CEAs, the incremental costs were compared to the incremental changes in the
outcomes. The QALY CEA compares the incremental costs and effectiveness of a national SHHC intervention for a
hypothetical cohort of 2.2 million women compared to the status quo alternative.
Results: The resource cost of SHHC was $775 per participant. The incremental cost-effectiveness ratios from the payer’s
perspective was $360 per kg of weight loss. Over a 10-year time horizon, to avert per QALY lost SHHC is estimated to
cost $238,271 from the societal perspective, but only $62,646 from the healthcare sector perspective. Probabilistic
sensitivity analyses show considerable uncertainty in the estimated incremental cost-effectiveness ratios.
Conclusions: A national SHHC intervention is likely to be cost-effective at willingness-to-pay thresholds based on
guidelines for federal regulatory impact analysis, but may not be at commonly used lower threshold values. However, it
is possible that program costs in rural areas are higher than previously studied programs in more urban areas, due to a
lack of staff and physical activity resources as well as availability for partnerships with existing organizations.
Trial registration: ClinicalTrials.gov identifier NCT02499731, registered on July 16, 2015.
Keywords: Cost-effectiveness analysis, Cardiovascular disease prevention, Rural, Economic evaluation, Quality adjusted
life years, Women
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Background
Cardiovascular disease (CVD) accounts for about
one-third of all deaths in the U.S. and is the leading
cause of mortality [1]. Rural populations face
CVD-related health disparities compared to their urban
counterparts; they are less likely to meet physical activity
recommendations and more likely to smoke, be overweight, and have type 2 diabetes [2, 3]. Rural women
face additional health risk factors in terms of income,
education, age, and insurance [2]. Environmental aspects
of rural areas, including limited access to physical
activity opportunities, healthy foods, and healthcare resources, contribute to development of these risk factors
[4–6]. Therefore, women in rural, medically underserved
areas are a critical population for CVD prevention
interventions.
Health policy makers face difficult choices between
funding targeted CVD prevention efforts, other public
health efforts, and clinical healthcare. Economic evaluation methods are used to guide scarce societal resources to their highly valued use in improving health
[7, 8]. Investments in prevention can be particularly
attractive when they reduce the need for future clinical
healthcare spending [9]. More often, prevention adds to
healthcare costs, but can still provide an attractive
return on investment compared to other options to
improve health [10].
Community-based CVD, type 2 diabetes, and obesity
prevention programs are generally found to be
cost-effective [11–13] Because midlife and older rural
women face health disparities and rural areas may lack
healthy lifestyle resources, CVD prevention programs
are critical for this population. Relatively few
cost-effectiveness analyses (CEAs) have been performed
for community-based healthy lifestyle interventions in
rural areas [14–18]. Some of these previous studies were
not randomized controlled trials [14, 18], combined
results from urban and rural areas [14], had under 50
participants [17, 18] or did not report the number of
participants [14], included men and women [14, 15, 18],
and/or included young adults, as well as midlife and older
adults [15, 17]. Only one previous CEA has been done on
a community-based healthy lifestyle behavior change
program studying only midlife and older rural women, in
the United States, with over 50 participants [16].
In this paper, we report the results of economic evaluations of a rural community-based CVD prevention
program targeted at overweight and obese rural women
aged 40 and older. Strong Hearts, Healthy Communities (SHHC) was an innovative community-based
six-month intervention informed by the socioecological
framework to target key behaviors related to CVD
prevention and overweight/obesity. We hypothesized
that the cost-effectiveness of SHHC would compare
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favorably with other interventions and commonly used
thresholds for acceptable costs per quality-adjusted life
year (QALY) saved.

Methods
Research design

We conducted economic evaluations of SHHC alongside
a two-armed randomized controlled efficacy trial. The
economic evaluations include a program cost analysis
(CA) and CEAs that adopted alternative perspectives
and used multiple health outcome measures. The study
protocol for the efficacy trial has been previously
published [19]. The study was approved by the Cornell
University and Bassett Healthcare Institutional Review
Boards.
The efficacy trial compared the multilevel SHHC intervention to a minimal, education-only control program,
Strong Hearts, Healthy Women (CON). Randomization
occurred at the town level, with half randomized to deliver the SHHC intervention program and half to deliver
the CON program. The primary outcomes of the efficacy
trial were kg of body weight and BMI; physiological
measures and two composite measures of cardiovascular
disease risk were also evaluated [20].
Participants and setting

Sedentary overweight or obese women aged 40 and older
were recruited from 16 medically underserved rural
towns in Montana and New York. Participants were recruited by local health educators. Eligible participants
were female, 40 years or older, overweight (BMI > 25),
sedentary, English-speaking, and had their physician’s
approval to participate. Participants with blood pressure > 160 (systolic) or > 100 (diastolic), heart rates of <
60 or > 100, or cognitive impairments were excluded. All
participants provided written informed consent. A total
of 436 participants were assessed for eligibility; 194
participants enrolled.
Interventions

Based on previous effective programs [21–23], the SHHC
multilevel CVD prevention program targeted individual
(experiential learning around dietary intake and physical
activity, including aerobic exercise and strength training),
social (activities including family and friends), and community (civic engagement curriculum designed to catalyze
positive built environment) levels. SHHC classes met for 1
hour twice weekly for 24 weeks (48 classes total).
The Strong Hearts, Healthy Women control (CON)
classes served as the reduced-dose, education-only, minimal intervention control program. Classes provided
evidence-based healthy lifestyle information (e.g. current
dietary and physical activity guidelines) presented didactically. Participants did not engage in physical activity,
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skill building, or other active learning elements (e.g. reflection, monitoring) or civic engagement during the
class sessions. The CON classes met for a one-hour class
once per month over 24 weeks (six classes total).
Perspectives of the CEA

The CA and one set of CEAs were conducted from the
payer perspective, which means we estimated how much
the intervention’s payer or sponsor paid for the intervention. When we adopted the payer perspective, we
focused on costs directly incurred to administer and implement the program. The results of the payer perspective analysis provide crucial information for local health
policy makers to judge whether and under what circumstances SHHC should be disseminated.
As recommended by the Second Panel on Cost-Effectiveness in Health and Medicine [7], we also conducted
Reference Case CEAs from two broader perspectives.
The Reference Case CEAs from the broad societal perspective consider all significant health outcomes and
costs, including participants’ direct and opportunity
costs, that flow from the intervention. The Reference
Case CEAs from the healthcare sector perspective
consider formal healthcare sector (medical) costs borne
by third-party payors or paid out-of-pocket by patients.
The results of the Reference Case analyses allows
comparison of the cost-effectiveness of SHHC to existing cost-effectiveness research on a broad range of prevention and clinical interventions.
Health outcomes

In one set of CEAs, we used the health outcomes measured in the efficacy trial. In these CEAs we examined the
cost per kg of body weight reduction; the cost per point of
BMI reduction; the cost per mg/L of C-reactive protein
(CRP) reduction; and the cost per point of Simple 7 increase. Simple 7 is a composite cardiovascular health
metric composed of four health behaviors (non-smoking,
appropriate BMI, physical activity, healthy diet) and three
health factors (total cholesterol, blood pressure, fasting
glucose) [24].
In another CEA we used the ten-year risk for atherosclerotic cardiovascular disease (ASCVD) to conduct
CEA in terms of cost per QALY saved. ASCVD risk was
calculated using the Pooled Cohort Equations based on
age, total cholesterol, high-density lipoprotein cholesterol, systolic blood pressure (including treated or untreated status), diabetes, and current smoking status
[25]. We used previously published estimates to calculate the QALYs saved per ASCVD event prevented [26].
Costs

For the CA and the CEAs from the payer perspective,
we identified the resources directly used in program
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administration and implementation and collected measures of the associated tangible costs. The categories of
resource use were labor, facilities (space and utilities),
food, equipment, curriculum printing, and other. Labor
resources include staff training and preparation time, as
well as staff time to deliver the interventions. Information on resource use was provided as administrative
records or collected via surveys of the program administrators. Administrative records on staff compensation including salary and fringe benefits were used to calculate
labor costs. Administrative records also provided the
information on the costs of food, equipment, and curriculum printing. The labor and food costs are provided
at the site-level. The equipment and printing costs are
overall estimates. The space rental fees and other costs
are estimated based on a dataset from a survey of agents
and coordinators. Site level costs are taken from
administrative records (labor, food, equipment, and
printing) or estimated as site level means from surveys
(rent, other costs, and participants’ gasoline and time).
Missing site level costs for labor, rent, and others are replaced by the mean cost per site within the SHHC or
CON program. Missing food and participant costs are
estimated based on the mean cost per enrollee per site
within program. The total costs for SHHC and CON are
the sum of all their sites’ costs.
For the Reference Case CEAs from the societal
perspective, we measured not only the direct program
resource costs, but also the opportunity cost of all
resources used as a result of the intervention. Costs to
participants are an important component of the opportunity costs included from the societal perspective.
Participants give up time that could have been used in
other valued ways such as labor market work, household
work, or leisure activities. We collected information on
participant costs from surveys of participants. We
followed standard practice and measured the value of
participants’ time based on the relevant wage rates.
For the Reference Case CEAs from the healthcare
sector perspective, we used estimates of the medical
costs of CVD events [27]. The estimates are from a
study that used administrative claims data from a large
U.S. health plan to predict medical costs of coronary
heart disease and stroke events.

Analyses

The CA calculated the total and per participant costs of the
resources used in the administration and implementation
of the SHHC and CON interventions. The CEAs calculate
incremental cost-effectiveness ratios (ICERs) as the ratio of
the incremental costs over the incremental effectiveness.
In the intermediate health outcomes CEAs, the incremental costs were calculated as the per participant costs
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in the SHHC intervention minus the per participant
costs in the CON. The incremental effectiveness estimates were taken from the between group multivariate
analysis of the SHHC intervention’s impact compared to
the CON on weight, BMI, CRP, and Simple 7 score [20].
In the QALY CEA, the incremental costs and effectiveness compare the SHHC intervention to the status quo
alternative (no intervention). We conducted the analysis
for a hypothetical cohort of 2.2 million women. The
cohort size corresponds to a hypothetical nationwide
SHHC intervention that reaches all midlife and older
overweight and obese women in rural medically underserved communities [28]. We used the incidence rates
for 55–64 year-old women to predict the status quo
number of CVD events in a cohort this size over a
10-year time horizon. We predicted the number of CVD
events after the hypothetical SHHC intervention based
on the pre-post within group multivariate analysis of the
SHHC’s intervention impact on ASCVD risk (Table 2 in
[20]). We use the pre-post within group analysis because
the estimated between-group change for ASCVD risk
(Table 3 in [20]) has a wider confidence interval possibly
due to a relatively small sample size, less suitable controls, or other factors. For each CVD event, we calculated the associated QALYs and healthcare costs based
on previously published estimates [26, 27]. The QALY
losses from CVD events were calculated relative to the
expected QALYs in a population of older obese women.
We conducted probabilistic sensitivity analysis to
characterize parameter uncertainty in the CEAs. The
analysis treats each parameter as a random variable with
an assumed mean, range, and probability distribution. We
conducted Monte Carlo simulations with a sample of
1000 observations, each observation representing a hypothetical trial. The simulation results are 1000 observations
of incremental costs, effects, and ICERs. We graphically
present the results on cost-effectiveness planes.
For the QALY CEA, we use cost-effectiveness acceptability curves to present the probability that the SHHC
intervention is acceptable for a range of willingness-to-pay
thresholds. The range of willingness-to-pay thresholds
for QALYs includes consensus estimates of societal
willingness-to-pay per QALY saved Analyses were
conducted using Stata 15 (StataCorp. 2017. Stata
Statistical Software: Release 15. College Station, TX:
StataCorp LLC).
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Table 1 Program resource costs from the payer perspective, $
SHHC

CON

35,238

8563

Cost category
Labor
Space

2291

286

Food

7182

995

Equipment

27,781

0

Printing

1336

195

Other

4400

0

78,229

10,040

101

93

775

108

Total cost
Number of participants
Total cost per person

The resource cost per participant was $775. The total
costs of the minimal intervention education-only CON
were $10,040 and the cost per participant was $108. From
the societal perspective that includes participants’ direct
and opportunity costs, the cost per SHHC participant
increases to $1087 and the cost per CON participant
increases to $201 (Table 2). The largest cost component is
the opportunity cost of participants’ time. The Second
Panel on Cost-Effectiveness in Health and Medicine [7]
recommends including the opportunity costs of time, but a
previous CEA of a similar intervention was not able to take
them into account [16, 29, 30]. These results in Table 2
highlight the importance of the opportunity cost when
evaluating participant-time intensive interventions.
Intermediate health outcomes CEAs

The calculated ICERs from the payer perspective show
that the SHHC intervention costs $360 per kg of weight
loss, $939 per unit of BMI reduction, $580 per mg/L
CRP reduction, and $995 per unit increase in Simple 7
(Table 3). The ICERs from the societal perspective are
$840 per kg of weight loss, $2187 per unit of BMI reduction, $1351 per mg/L CRP reduction, and $2318 per unit
increase in Simple 7.
The variables examined in the probabilistic sensitivity
analysis are presented in Tables 4 and 5. The probabilistic
sensitivity analysis show that there is considerable uncertainty in the estimated ICERs for the intermediate health
outcomes (Figs. 1, 2, 3 and 4). The width (on the X axis) of
the scatter plots of points in Figs. 1, 2, 3 and 4 reflects
uncertainty about the SHHC intervention’s effectiveness
Table 2 Participants’ direct and opportunity costs, $ per person

Results
Program cost analysis

The total costs of the direct resources used in the administration and implementation of the SHHC intervention were $78,229 (Table 1, all costs are in 2016
US dollars).

SHHC

CON

30

17

Cost category
Gasoline for travel in personal auto
Time costs
Total participant cost

1058

183

1087

201
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Table 3 Cost-effectiveness of SHHC for intermediate health
outcomes
Incremental between

ICER from the
perspective of

SHHC–CON

Payer

Society

Resource

667

√

√

Participant

887

Costs, $ per participant

Total

√

1553

Outcomes, per participant
Weight loss, kg

−1.85

360

840

BMI reduction

−0.71

939

2187

CRP reduction, mg/L

−1.15

580

1351

Simple 7 increase

0.67

995

2318

The “√” indicates incremental costs used in the ICER calculation under
alternative perspectives

(incremental changes in the outcomes), based on the 95%
confidence intervals of the estimates from the between
group multivariate analysis in the efficacy trial [20]. The
height (on the Y axis) of the scatter plots of points reflects
uncertainty about SHHC costs (incremental changes in
costs from the societal perspective). To illustrate the degree
of uncertainty in the resulting ICERs for weight loss, the 5
and 95% ICERs are $548 and $1805 per kg of weight loss.
Note that in Table 5, the incidence rates for CHD and
stroke are not the assumed CHD or stroke rates for the
hypothetical population in the probabilistic sensitivity
analysis. The ratio of the two incidence rates is used in the
probabilistic sensitivity analysis to partition the reduction
of an ASCVD event into a CHD event reduction and a
stroke event reduction.
QALY CEA

From the societal perspective, which reflects all costs of
the intervention to society over a 10-year time horizon,
a hypothetical national SHHC is estimated to cost
$238,271 per QALY gained (Table 6). From the healthcare sector perspective, the national SHHC is estimated
to cost $62,646 per QALY.
The hypothetical national SHHC is estimated to prevent
12,768 heart events and 8512 stroke events (both non-fatal
events) (Table 6). By preventing these events, SHHC is
Table 4 Parameters and variables examined in the probabilistic
sensitivity analysis. Parameters with fixed values
Parameter

Value

N (trials)

1000

Discount rate

0.03

Incidence rate, 55–64 Females
CHD

0.003

Stroke

0.002

estimated to reduce healthcare sector costs by $857 million,
which is the healthcare cost savings that would have been
spent to treat the heart and stroke events in absence of the
national SHHC. However, these healthcare cost savings are
not sufficient to offset the resource and participant costs
(about $4127 million) of the national intervention to a
hypothetical cohort of 2.2 million women.
The probabilistic sensitivity analysis shows that there
is again considerable uncertainty in the estimated societal cost per QALY gained. The results are summarized
in a CEA acceptability curve, which shows the probabilities the national SHHC intervention is cost-effective at
different thresholds for societal willingness-to-pay per
QALY (Fig. 5). The probabilities of cost-effectiveness are
measured as the fraction of estimated ICERs in the
sensitivity analysis that are below each threshold.
There is not agreement on the appropriate willingnessto-pay threshold [8], but thresholds of $50,000 and
$100,000 per QALY are commonly considered [29]. The
national SHHC is very unlikely to be cost-effective at these
thresholds. A recent federal guideline for regulatory impact
analysis estimates willingness-to-pay per QALY based on
estimates of the value of a statistical life (VSL) [30]. The
range of VSL estimates imply that willingness-to-pay ranges
from $230,000 to $750,000 per QALY; the central VSL estimate implies willingness-to-pay per QALY is $490,000. The
probability the national SHHC intervention is cost-effective
is 48% using the $230,000 threshold, 93% using the central
threshold of $490,000 and almost 97% using the $750,000
threshold.

Site-level cost-effectiveness analysis

In addition to the overall CA and CEA of the SHHC program, which took place at eight SHHC sites (towns) and
eight CON sites in Montana and New York, we estimated
SHHC’s costs and cost-effectiveness at the site level. The
site level CA is the first step of the CA for the SHHC and
CON interventions as a whole. The overall costs for
SHHC and CON are simply the sum of the estimated
costs in the eight SHHC sites and eight CON sites,
respectively. Results of the site level CA are reported in
Appendix Tables 9 and 10. The primary purpose of the
site level CEA is to investigate the variation of SHHC’s
cost-effectiveness measured by ICERs. Unlike the overall
CEA for the intermediate health outcomes (BMI, etc.),
which compared SHHC with the CON, the site level CEA
looked at incremental changes within group for SHHC
sites (compared SHHC with status quo or the post- versus
pre-intervention) for all outcomes. The site level effects of
SHHC are reported in Appendix Table 11. The
cost-effectiveness of SHHC in terms of ICERs is estimated
from both the payer and society perspective and reported
in Tables 7 and 8, respectively.
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Table 5 Parameters and variables examined in the probabilistic sensitivity analysis. Parameters with varied values
Parameter

Distribution

Mean

Range

Normal

0.71

0.08

–

1.35

(95% CI of mean)

Outcomes
BMI reduction
Weight loss

Normal

1.85

0.16

–

3.55

(95% CI of mean)

CRP reduction, mg/L

Normal

1.15

0.15

–

2.16

(95% CI of mean)

Simple 7 increase

Normal

0.67

0.14

–

1.21

(95% CI of mean)

Annual ASCVD risk reduction

Log normal

0.00096

0.00043

–

0.00149

(95% CI of mean)

Resources of SHHC

Υ, gamma

775

581

–

968

(±25% of mean)

Resources of SHHC-CON

Υ, gamma

667

500

–

833

(±25% of mean)

Participant of SHHC

Υ, gamma

1087

815

–

1359

(±25% of mean)

Participant of SHHC-CON

Υ, gamma

887

665

–

1108

(±25% of mean)

CHD (nonfatal mi)

Υ, gamma

62,200

52,870

–

71,530

(±15% of mean)

Stroke (nonfatal)

Υ, gamma

20,509

17,433

–

23,585

(±15% of mean)

Follow-up visit, 2013 $

Υ, gamma

75

53

–

98

(±30% of mean)

Women age 55–64, BMI 30–40

β, beta

0.798

0.678

–

0.918

(±15% of mean)

CHD

β, beta

0.697

0.592

–

0.802

(±15% of mean)

Stroke

β, beta

0.590

0.502

–

0.679

(±15% of mean)

Costs, per person

Medical cost, 2013 $

QALYs

The incidence rates are not the assumed CHD or stroke rates for the hypothetical population in the probabilistic sensitivity analysis. The ratio of the two incidence
rates is used in the probabilistic sensitivity analysis to partition the reduction of an ASCVD event into a CHD event reduction and a stroke event reduction

As in the sensitivity analysis results, the site level analysis
results also show considerable variation in SHHC’s costs,
effects, and cost-effectiveness across sites. For example, the
total resource cost per participant across SHHC sites ranges
from $575 (Site 12) up to $1106 (Site 8) (Appendix
Table 10). The change of health outcome may be in the

Fig. 1 Sensitivity analysis of SHHC’s cost and effectiveness on weight loss

opposite of the expected direction for all health outcomes
except the Simple 7. For example, SHHC participants from
Site 6 on average gained weight (instead of lost) by 1.13 kg
after the intervention and SHHC participants from Site 16
on average had a very small increase of ASCVD risk over
the next 10 years by 0.07%, which results in a large ICER
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Fig. 2 Sensitivity analysis of SHHC’s cost and effectiveness on BMI reduction

(3.67 million from societal perspective) for per QALY lost
(Appendix Table 11). While from the societal perspective
ICERs for QALY saved are relatively high in most sites,
from the healthcare perspective, they are negative, indicating cost savings in Site 11 and Site 14 (Tables 7 and 8). In
these two sites the SHHC resource cost is below the medical care cost that would be saved or prevented over the
next 10 years per QALY saved.

Discussion
In the CA, the resource cost per SHHC participant
($775) was somewhat higher than the costs of a few

other previously studied weight loss and nutrition interventions. The average cost of providing WISEWOMAN
services was $270 per participant [31]. Because data was
compiled from unique WISEWOMAN programs in
multiple states, it is not possible to directly compare the
program to SHHC (e.g. number of classes). An economic evaluation of the Lifestyle Education for Activity
and Nutrition (LEAN) Study reported average cost per
participant ranging from $54 (multi-sensor armband
only) to $365 (multi-sensor armband plus 14 group
weight loss education classes) [32]. The only previous
CEA of a community-based healthy lifestyle program in

Fig. 3 Sensitivity analysis of SHHC’s cost and effectiveness on CRP reduction
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Fig. 4 Sensitivity analysis of SHHC’s cost and effectiveness on Simple 7 increase

the United States with midlife and older rural women,
having over 50 participants was a 12-month extended care
lifestyle maintenance program after an initial six-month
weight loss program [16]. Participants attended
twice-monthly (24 total) face-to-face group sessions or
twice-monthly (24 total) individual telephone sessions or
received 24 newsletters [16]. Program costs were $420,
$268, and $226 per participant for the face-to-face, telephone, and control programs, respectively [16]. SHHC
cost $775 per participant for the 48 sessions and the
6-session control program cost $108 per participant. Conversely, SHHC is comparable in cost per participant to an
economic evaluation of the Expanded Food and Nutrition
Education Program, which reported average direct (resource) costs per graduate as $715 [33]. In this program,
participants attended six or more nutrition education
classes, compared to 48 classes for SHHC participants.

Adding the opportunity cost of participants’ time
substantially increases the costs from the societal
perspective. Program administrators considering adoption of SHHC do not necessarily consider these costs because they do not have a direct impact on program
budgets. However, the need to consider these costs
imposed on participants is well-established in the theoretical foundations of CEA. Moreover, time costs might
be an important barrier to widespread participation in
an intensive intervention like SHHC.
Regarding ASCVD risk reduction, the cost-effectiveness
of SHHC may be compared with the WISEWOMAN program [31, 34]. A cost-effectiveness study of the WISEWOMAN found that the program cost $4400 (about
$5300 in 2016 dollars) per life-year gained. Calculated in
a similar way, SHHC would cost about $8600 per life-year
gained. The higher cost per life-year gained in SHHC than

Table 6 Costs and effectiveness over the next 10 years of SHHC for a national sample
SHHC

Status Quo

Incremental of

ICERs from perspective of

SHHC−Status Quo

Healthcare

Society

Costs, $
Resource

1,716,954,549

0

1,716,954,549

√

√

Healthcare

3,608,071,971

4,465,435,607

−857,363,637

√

√

Participant

2,409,841,516

0

2,409,841,516

Total

7,734,868,036

4,465,435,607

3,269,432,429

Heart events

53,734

66,502

−12,768

Stroke events

35,823

44,335

−8512

QALYs saved

15,031,833

15,018,112

13,721

√

Health effects

62,646

“√” indicates incremental costs used in ICER calculation under alternative perspectives. The heart events and stroke events are non-fatal events

238,271
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Fig. 5 Cost-effectiveness acceptability curve based on a sensitivity analysis of SHHC’s cost and ASCVD risk reduction

WISEWOMAN may be related to two factors. One is that
the SHHC intervention is more intensive and therefore,
more costly. The other factor is the difference in sample
characteristics. Compared with the WISEWOMAN sample,
SHHC participants are older (average age 59 versus 52) and
are already almost a completely non-smoking group (5%
versus 23% smoking). The sample difference suggests that
it may be more difficult for the SHHC sample to achieve
ASCVD risk improvement quickly than the WISEWOMAN sample.
By the measure of cost per QALY (or disability -adjusted
life year (DALY)) saved, SHHC is less cost-effective compared with other lifestyle interventions that also help older
people to lose weight [12, 13]. Seven such studies included
in two recent review studies report cost-effectiveness
Table 7 By site - Cost-effectiveness of SHHC. ICERs (vs Status
Quo) from the payer or healthcare sector perspective
Site ID

Weight
loss

BMI
reduction

CRP
reduction

Simple 7
increase

ASCVD QALY
saved

3

284

759

*93,477

3495

136,276

5

156

394

442

675

6

*830

*2502

482

1341

8

343

954

921

921

186,004

11

157

625

341

1811

12

793

1920

420

14

321

829

16

290

741

ratios ranging from about 3700US$ (4-year time frame)
per QALY to 92,100–99,200US$ (12-month time frame)
per DALY from the healthcare sector perspective [35–39].
One study reported about 13,700–15,300US$ (6-month
time frame) per life-year gained from the society perspective [40]; and another study reported about 51,700US$
(12-month time frame) per QALY with an unclear study
perspective [41]. Besides SHHC’s high intensiveness and
disadvantaged target population, its high estimated cost
per QALY may be related to the parameters and approach
used in the estimation. Other studies often use a longer
time frame. We currently estimate ASCVD risk improvement for the next 10 years. If we assume the same effect
on ASCVD risk improvement would continue for another
10 years (from continued lower weight, etc.), the SHHC’s

Table 8 By site - Cost-effectiveness of SHHC. ICERs (vs Status
Quo) from the societal perspective
Site ID

Weight
loss

BMI
reduction

CRP
reduction

Simple 7
increase

ASCVD QALY
saved

455,779

3

683

1823

*224,455

8392

414,770

58,924

5

408

1028

1153

1762

1,290,021

6

*1692

*5099

983

2732

184,905

−16,991

8

681

1892

1827

1827

430,353

370

396,841

11

436

1729

945

5012

63,429

471

439

− 9480

12

2291

5547

1214

1068

1,264,574

572

859

*1,386,823

14

719

1854

1055

983

56,118

16

790

2022

1560

2342

*3,674,482

ICERs for QALY saved are estimated from the healthcare perspective and ICERs
for other outcomes are from the payer perspective. The negative ICERs
represent cost savings. The “*” implies that the effect is in the unexpected
direction. For example, an ICER for weight loss with “*” implies that on
average participants gained instead of lost body weight after the SHHC

The “*” implies that the effect is in the unexpected direction. For example, an
ICER for weight loss with “*” implies that on average participants gained
instead of lost body weight after the SHHC
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cost per QALY would be about $68,700 from the societal
perspective and $5300 from the health sector perspective.
It is unknown whether CVD prevention programs
similar to SHHC cost more to implement in rural versus
urban areas. Urban communities are more likely to have
public recreational facilities and programs [42] and may
have more opportunities to form cooperative agreements
and partnerships to maximize the use of facilities and
staff time (e.g. with fitness centers or community organizations), reducing the overall cost of a CVD prevention
program similar to SHHC.
A national SHHC intervention is likely to be
cost-effective at willingness-to-pay thresholds based on
guidelines for federal regulatory impact analysis. However, it is not likely to be cost-effective at commonly
used lower threshold values. The cost-effectiveness of
SHHC reflects a common tradeoff in the economics of
prevention. Each CVD event prevented generates substantial healthcare cost savings. However, the intervention must be delivered to a large number of participants
per CVD event prevented, which can be particularly
difficult in medically underserved rural areas.
Strengths

This study is the first to evaluate the economic effectiveness of a multilevel community-based CVD prevention
program for midlife and older women in rural, medically
underserved areas via comprehensive CA and CEAs.
Previous community-based lifestyle behavior change
interventions in rural areas lacked comparison groups;
had small sample sizes; and/or included younger adults,
both men and women; or included telephone-based
programs. Additionally, previous studies did not include
participant time costs.
Limitations

SHHC was a multilevel intervention, which required additional staff and participant time, and included social and
community components that were not measured. Primary
outcomes for SHHC were measured at six months; future
CEAs should collect data that would enable measurement
of the longer-term impact on individuals, as well as on
social and community components targeted by SHHC.
One limitation of our study is not having converted all
of the intervention benefits into QALYs, which can be
used to compare with a wider range of interventions.
The estimated QALYs saved in our analysis come from
the reduced ASCVD risk by the SHHC program. Other
benefits of the SHHC program may also save QALYs.
For example, the SHHC program reduces BMI, which
may prevent diabetes and save QALYs.
Our assumption that with the initial intervention cost
of $775, the intervention’s benefit of ASCVD risk
reduction would last for the next 10 years is not entirely
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reasonable due to the likelihood of weight regain or
changes in other relevant factors. Additional costs may
be incurred to maintain participants’ healthier status and
ASCVD benefit but they may also increase the total
intervention cost. Not taking into account the possible
future costs is a limitation of this study.
We attribute the change in ASCVD risk scores pre and
post the SHHC program as the causal effect of the intervention. This approach of using the prediction model for
ASCVD risk score in a causal sense has limitations. This is a
general problem with chronic disease prevention: it is costly
and takes decades to run randomized controlled trials with
hard ASCVD events as outcomes, so it is common to use
epidemiologic modelling to translate the changes in outcomes measured in the randomized controlled trials into
the changes in health outcomes and QALYs.
Another limitation of our study is not using the lifetime frame for the estimation of the benefits and costs
of the reduced ASCVD risk by the SHHC program. We
use the 10-year frame because the ASCVD risk measure
is for a 10-year period. The limited time horizon may
result in under- or over-estimated cost-effectiveness of
the SHHC on ASCVD risk.
The last limitation of our study is that we do not have
cost information for the ASCVD events for our study
population. However, our estimates of ICERs for QALY
saved are not very sensitive to the medical costs. For
example, the ICERs for QALYs saved decrease slightly
(more from the health sector perspective than from the
societal perspective) if we increase the assumed stroke
event cost from $20,509 to $50,000.
Recommendations

To improve the cost-effectiveness of SHHC, the program
could be adapted to achieve greater impacts on weight,
Simple 7, and ASCVD as well as to further impact additional individuals (through individual, social, or community components). The intervention could also reduce
staff from one educator and one program assistant down
to just one educator. Participant time or other costs, such
as space rental, could also be reduced. To impact more
individuals, participants could attend classes with a friend
or family member.

Conclusions
The results of the economic evaluations of the SHHC
intervention are informative for U.S. health policy. Policy
makers should give a higher priority to implement other
more cost-effective interventions, but the SHHC intervention still represents a reasonable return on investment.
There might also be opportunities to better target the
intervention to improve cost-effectiveness and it may be
that programs similar to SHHC are more expensive to
operate in rural areas.
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Appendix

Table 9 By site - Cost by categories, $
Group

Site
ID

Enrollees

Resource cost

Participant cost

CON

1

CON

2

CON

7

9

51

528

36

0

0

24

49

3004

CON

9

12

98

1772

36

0

0

24

82

1575

CON

10

11

148

1860

36

0

0

24

191

2016

CON

13

10

93

1070

36

0

0

24

173

1833

CON

15

12

125

1070

36

0

0

24

208

2199

CON

17

12

125

1070

36

0

0

24

208

2199

SHHC

3

13

992

4405

50

1000

3473

167

385

13,748

SHHC

5

13

1016

3424

150

550

3473

167

385

13,748

SHHC

6

12

959

5512

1150

0

3473

167

165

11,520

SHHC

8

12

1212

6440

475

1500

3473

167

355

12,690

SHHC

11

13

851

4288

50

0

3473

167

592

15,015

SHHC

12

12

306

2360

100

500

3473

167

355

12,690

SHHC

14

11

781

4405

286

550

3473

167

326

11,633

SHHC

16

15

1066

4405

30

300

3473

167

444

15,863

Food

Labor

Space

Other

Equipment

Printing

Gas

Time

14

199

424

36

0

0

24

641

1496

13

156

768

36

0

0

24

145

2096

Table 10 By site - Total costs per participant, $
Group

Site ID

Resources

Resources and participant

CON

1

49

201

CON

2

76

248

CON

7

71

410

CON

9

161

299

CON

10

188

389

CON

13

122

323

CON

15

105

305

CON

17

105

305

SHHC

3

776

1863

SHHC

5

675

1762

SHHC

6

938

1912

SHHC

8

1106

2193

SHHC

11

679

1880

SHHC

12

575

1663

SHHC

14

878

1965

SHHC

16

629

1716
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Table 11 By site - Effects of SHHC (vs Status Quo), per participant
Site ID

Weight, kg

BMI

CRP

Simple 7

ASCVD risk,%

QALYs

Medical cost,$

3

−2.73

−1.02

0.01

0.22

−0.61

0.0039

− 244

5

−4.32

−1.71

−1.53

1

−0.2

0.0013

−81

6

1.13

0.38

−1.95

0.7

−1.2

0.0077

− 483

8

−3.22

−1.16

−1.2

1.2

−0.69

0.0044

− 278

11

−4.32

−1.09

−1.99

0.38

−2.32

0.0149

− 933

12

−0.73

−0.3

− 1.37

1.56

− 0.19

0.0013

−78

14

−2.73

− 1.06

− 1.86

2

−2.57

0.0166

− 1035

16

−2.17

−0.85

− 1.1

0.73

0.07

−0.0005

30

Notes: Changes for ASCVD risk, QALYs saved, and Medical cost are for the next 10 years
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Process Evaluation of Strong Hearts, Healthy Communities:
A Rural Community-Based Cardiovascular Disease
Prevention Program
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ABSTRACT
Objective: To evaluate the implementation of a community-based cardiovascular disease prevention
program for rural women: Strong Hearts, Healthy Communities (SHHC).
Design: Mixed-methods process evaluation.
Setting/Participants: A total of 101 women from 8 rural towns were enrolled in the SHHC program; 93
were enrolled as controls. Eligible participants were aged ≥40 years, sedentary, and overweight or obese.
Local health educators (n = 15) served as program leaders within each town.
Outcome Measures: Reach, fidelity, dose delivered, dose received, and program satisfaction were assessed
using after-class surveys, participant satisfaction surveys, interviews with program leaders, and participant
focus groups.
Analysis: Descriptive statistics, chi-square tests of independence, and thematic analysis were employed.
Results: Intervention sites reported high levels of fidelity (82%) and dose delivered (84%). Overall reach
was 2.6% and program classes were rated as effective (3.9/5). Participants were satisfied with their experience and reported benefits such as camaraderie and awareness of healthy eating and exercise strategies.
Common recommendations included increasing class time and enhancing group discussion.
Conclusions and Implications: Implementation was good in terms of fidelity, dose delivered, and satisfaction, although low reach. Findings from this research have informed a second round of implementation
and evaluation of the SHHC program in rural communities.
Key Words: cardiovascular disease, health promotion, program evaluation, rural population, women’s
health (J Nutr Educ Behav. 2019;51:138−149.)
Accepted October 21, 2018.

INTRODUCTION
Cardiovascular
disease
(CVD)
remains the leading cause of mortality among US adults, imposing a significant burden on health care
resources and individuals’ quality of
life.1 Despite advances in treatment
and prevention, geographic and gender disparities in CVD persist.2−5

1

Residents of rural areas have a higher
prevalence of CVD and associated
risk factors (eg, excess weight, poor
diet, and physical inactivity) compared with their urban counterparts.3,4,6,7
Rural
women
are
particularly vulnerable owing to
socioeconomic and environmental
disadvantage, such as limited access
to nutritious foods, safe places to
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138

exercise, and preventive and specialty care.4,5,8−14
There is strong evidence suggesting that lifestyle improvements in
health behavior (eg, diet) can significantly reduce the risk for CVD.1,15,16
Existing community-based lifestyle
intervention programs have shown
promise in changing women’s health
behaviors; however, few programs
specifically targeted rural, medically
underserved populations or focused
on CVD prevention.17−21 Furthermore, there has been limited assessment of implementation processes,
which is essential for understanding
program effectiveness and suitability
for particular contexts.22
Lifestyle intervention programs
are often unavailable or financially
inaccessible to women living in medically underserved rural areas. Additional challenges to program delivery
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may include transportation barriers,
space constraints, and limited food
and physical activity resources.23
Offering low-cost programming to
rural women who are at risk may
reduce disparities in resource availability. Thus, there is a need for tailored intervention approaches that
adequately address these challenges
and evaluate implementation processes in rural settings.
Implementation evaluations typically include assessments of reach,
fidelity,
dose
delivered,
dose
received, and satisfaction.22,24 Integrating quantitative and qualitative
data from multiple sources is often
recommended to provide a more
comprehensive assessment of program implementation.25 Qualitative
methods, such as focus groups, are
especially valuable because they
allow participants’ experiences to
inform program modifications.26 By
documenting successful and challenging aspects of program content
and delivery, qualitative findings can
tailor intervention components to
meet specific community needs.
The current study describes a
mixed-methods process evaluation of
a rural community-based CVD prevention program for midlife and
older women. Care was taken to
include lesson topics and lifestyle
intervention strategies to address
rural-specific barriers to healthy
living.27,28

METHODS
This work was conducted as part
of a community-randomized trial
to reduce CVD risk among rural
women in Montana and New York:
Strong Hearts, Healthy Communities
(SHHC).15 The program integrated
core concepts from 3 nationally disseminated evidence-based curricula
developed for rural areas: StrongWomen Strength Training,29 StrongWomen Healthy Hearts (SWHH),21
and the HEART Club.30 Focus groups,
key informant interviews, and community assessments conducted in
partnership with local health educators informed the integration of curriculum components to ensure a
robust, tailored intervention.15,27,28
The SHHC intervention program
was designed to act on multiple

levels of the socioecological framework.31 Individual level components,
including strength training and
aerobic exercise, were drawn from
StrongWomen Strength Training and
SWHH curricula, whereas nutrition
education and behavioral strategies,
including goal setting and stress
management, were based on SWHH.
Because rural homes are often
located along busy highways or in
isolated areas with limited walkability, the program emphasized indoor
physical activity options and provided at-home exercise support materials.28
Similarly,
class
recipes
included ingredients available in
local food stores and nutrition information was tailored to rural food
preferences (eg, wild game).27,32 The
intervention was also designed to target the social environment (friends
and family) and the built environment through the HEART Club civic
engagement component.15 The primary outcome for the 6-month intervention trial was change in
participant body weight; secondary
outcomes were changes in other
CVD risk factors.15,33
SHHC was delivered to participants 2 times/wk for an hour over 6
months (48 sessions), with additional
out-of-class meetings as needed.15
To encourage consistent attendance,
SHHC participants were offered a
$50 Amazon gift card for attending
≥90% of program classes and a $25
Amazon gift card for attending 80%
to 89% of classes. Supplementary
Data highlights the behavioral aims
and intervention components covered during each phase of the SHHC
program.
Recruitment and randomization
were carried out at the town level.
Towns eligible for participation were
classified as Rural−Urban Commuting Area code ≥7 or higher and designated as medically underserved.34
Towns were matched according to
population size and Rural−Urban
Commuting Area code and randomized 1:1 to deliver the SHHC intervention program or an educationonly minimal intervention control
program.
Local health educators with extensive program delivery experience
were chosen to serve as program leaders within each participating town.
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These educators were affiliated with
Cooperative Extension offices or
rural health care centers and were
members of the local community.
Leaders worked in pairs with coordinators or alone to recruit eligible
women, assist with screening and
data collection procedures, and facilitate program classes. Coordinators
were Extension paraprofessionals or
health care center employees who
were also well connected to the
community. Recruitment strategies
included advertising at community
venues (eg, flyers, information tables),
targeted direct mailing, newspaper
ads, website posts, and word of mouth
referrals. Eligible participants were
aged ≥40 years, English-speaking, and
currently sedentary, with a body mass
index ≥ 25.
In addition to completing human
subjects’ ethics training, leaders
received extensive training in study
procedures and curriculum facilitation through in-person workshops
and interactive webinars. Training
sessions covered SHHC program
background, foundational knowledge related to curriculum content
(eg, nutrition and physical activity
recommendations), guidelines for
program facilitation, and sample lessons. Leaders and coordinators also
received a comprehensive guidebook
that included the full program curriculum and materials needed for facilitation. Weekly phone calls were held
with leaders and coordinators
throughout the intervention period
to address program-related questions
or issues, as well as encourage similar
delivery of the intervention across
sites.

Procedures and Measures
Implementation of the SHHC intervention program was assessed using a
mixed-methods process evaluation
design. Evaluation measures were
adapted from Saunders et al24 and
the Medical Research Council’s
guidance for process evaluation of
complex interventions.22 Table 1
summarizes the measures and data
collection methods used. Reach into
the target population was calculated
as the number of SHHC participants
in each town divided by the total
number of eligible women multiplied
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Table 1. Strong Hearts, Healthy Communities (SHHC) Process Evaluation Measures and Data Collection Methods
Definitiona

Measure

Method of Data
Collection

Reach

Proportion of individuals
participating in intervention (participation rate)

Enrollment records;
US Census data

Participant adherence

Percentage of program
classes attended
(attendance rate)
Extent to which intervention was delivered as
planned (quality)
Amount of intervention
delivered in any form
(completeness)
Extent to which participants were exposed and
receptive to intervention
(exposure)

After-class survey

Program satisfaction
(quantitative)

Participant satisfaction
with intervention and
program staff

Postintervention
survey

Program satisfaction
(qualitative)

Participant satisfaction
with intervention and
program staff

Participant focus
groups; program
leader interviews

Fidelity

Dose delivered

Dose received

a

After-class survey

After-class survey

After-class survey

Data Collected

Personnel
Collecting Data

Number of SHHC
participants
Total number in target
population
Attendance at SHHC
classes

Research team

Adherence to curriculum components for
each SHHC class
Delivery of curriculum
components for each
SHHC class
Effectiveness of SHHC
classes for participants
Total time spent in class
during SHHC program
Satisfaction with SHHC
program
Participation benefits
Recommendations
Experiences participating in and facilitating
SHHC program

Program leaders

Program leaders

Program leaders

Program leaders

Participants

Participants and
program leaders

Adapted from Saunders et al.24

by 100. The number of eligible
women in each town was estimated
from US Census data on the percentage of women age 40 and over and
Behavioral Risk Factor Surveillance
System data on the percentage of
overweight/obese adults.35,36
To assess fidelity, dose delivered,
dose received, and participant adherence, leaders were asked to complete
an online survey after each program
class. Checklists were used to indicate
whether each lesson topic was covered and whether class materials
were used during facilitation. Fidelity
scores for each curriculum component were assigned as follows: 0 = not
covered; 1 = yes, covered but modified; and 2 = yes, covered as prescribed. Dose delivered scores were
assigned as follows: 0 = not covered;
and 2 = covered in any form (including adaptations or modifications).
Component scores were summed
and divided by the maximum possible fidelity or dose delivered score to
obtain overall percent scores for each
intervention site.

Dose received was defined as participants’ exposure to curriculum content and the extent to which
they found this content effective.24
Total time spent in class during the
program was used as a measure of curriculum exposure. To assess effectiveness, leaders were asked to respond to
the following question on a 5-point
Likert scale: In your opinion, how effective was this class for participants?
Response options ranged from very
ineffective (1) to very effective (5). Participant adherence was assessed using
attendance records from the after-class
surveys. Measures of dose received and
reach were subsequently averaged to
create summary scores for each site.
To assess program satisfaction,
SHHC participants were asked to
complete an online survey after the
intervention program ended. Survey
measures included satisfaction with
the program and benefits associated
with participation. Questions related
to program satisfaction and participation benefits were assessed on a
5-point Likert scale. Participants were

also asked a series of open-ended
questions about program perceptions
and suggestions for improvement.
To gain further insight into program experiences, focus group discussions were held with participants after
program completion. Focus groups
were conducted via Zoom’s audio conference platform (version 4.0, San
Jose, CA; 2017), which allowed participants to dial in using in any landline
or mobile phone. This methodology
was used to accommodate travel constraints, minimize costs, and engage
geographically
dispersed
participants.37−39 Participants were invited
by program leaders to attend and
received a $25 Amazon gift card for
their time. Semistructured telephone
interviews were also conducted with
program leaders and coordinators at
each intervention site. Telephone
focus groups ranged from 60 to 90
minutes, whereas interviews lasted
approximately 1 hour. All focus
groups and interviews were facilitated
by a trained interviewer and audio
recorded.

Journal of Nutrition Education and Behavior  Volume 51, Number 2, 2019
Focus group and interview guides
were designed to assess satisfaction
with the SHHC program, with a focus
on suggested improvements and modifications. The questions explored
overall experiences facilitating and
participating in the SHHC program, as
well as experiences related to specific
program components (eg, physical
activity). Questions also assessed the
influence of the overall SHHC program on individual, social, and environmental aspects of health.
Participants
provided
written
informed consent for all quantitative
data collection procedures upon
enrollment into the SHHC study. The
researchers obtained oral informed
consent from all participants and program leaders before conducting the
focus groups and interviews. Study
procedures and materials were
approved by the Institutional Review
Boards at Cornell University and Bassett Medical Center.

Data Analysis
The researchers analyzed quantitative data using SAS (version 9.4, SAS
Institute Inc., Cary, NC; 2018). Participant characteristics and process
evaluation survey measures were
summarized using means and frequencies (percentages). Demographic
differences between survey respondents and nonrespondents, and focus
group attendees and nonattendees
were assessed using t tests for continuous variables and chi-square tests of
independence for categorical variables. Open-ended survey responses
were qualitatively coded in NVivo
(version 11, QSR International Pty
Ltd, Doncaster, Victoria, Australia;
2018) using the descriptive coding
framework described subsequently.
Audio recordings of the focus
groups and interviews were transcribed verbatim and also coded
using NVivo. An initial descriptive
coding framework40 was developed
around relevant topics from the
interview guides and iteratively
revised to incorporate emergent
themes. Descriptive codes were
grouped into 3 main categories: positive aspects of the program, negative
aspects of the program, and recommendations for improvement. The
researchers organized these codes to

reflect
participants’
perspectives
regarding the overall SHHC curriculum as well as the physical activity
and nutrition education components, specifically.
All coding decisions were systematically reviewed and discussed by 3
members of the research team and a
subset of the transcripts were independently double-coded. Observed
agreement and adjusted kappa values were 97.6% and 95.2%, respectively, suggesting high intercoder
reliability. All analyses were conducted in 2016−2017.

RESULTS
A total of 194 women from 16 rural
towns (12 in Montana and 4 in New
York) were enrolled in the study.33
Of these, 101 in 8 towns (6 in
Montana and 2 in New York)
received the SHHC intervention
program. Intervention participants
were aged 41−81 years and were primarily non-Hispanic white (90%),
married (67%), and either employed
full-time (49%) or retired (24%).
Table 2 presents the baseline sociodemographic characteristics of SHHC
intervention participants.
Fifteen leaders and coordinators
facilitated program classes across the
8 SHHC intervention sites. Seven sites
had leaders who cofacilitated with a
coordinator whereas the eighth site
only had 1 leader facilitating. All leaders (n = 8) were female, non-Hispanic
white, and certified in cardiopulmonary resuscitation, and had completed
graduate-level
academic
training. All coordinators (n = 7) were
female and non-Hispanic white, and
had completed some college.

Reach
Overall reach was 2.6%, ranging from
6.9% in the smallest town to 0.7% in
the largest town.

Fidelity and Dose Delivered
Program leaders across most sites
reported high levels of adherence to
the SHHC curriculum (overall fidelity = 82%). Site-specific fidelity scores
ranged from 80% to 89%, with the
exception of town 2 (fidelity = 63%).
Dose delivered scores for each site
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were slightly higher than fidelity
scores (overall dose delivered = 87%),
which suggested that most program
components were delivered as prescribed with limited modifications.
Table 3 presents details about fidelity
and dose delivered.

Dose Received
As shown in Table 3, program classes
lasted 61−76 minutes for most sites,
somewhat longer than the allocated
60-minute period. Overall, leaders
rated the effectiveness of class sessions highly (3.94 of 5), although
site-specific ratings varied from neutral (3.25 of 5) to very effective (4.68
of 5).

Participant Adherence
On average participants attended
67% of program classes (site range,
53% to 81%), which amounted to
approximately 38 contact hours.
Of the 101 participants, 20 attended
≥ 90% of program classes and 25 participants attended 80% to 89% of
classes, thus qualifying for a bonus
Amazon gift card. No demographic
differences were observed between
participants with high attendance
levels (≥80%) and those with lower
attendance levels (<80%).

Program Satisfaction: MixedMethods Questionnaire
A total of 74 SHHC participants completed the postintervention satisfaction survey. Survey respondents were
significantly older than nonrespondents (n = 27) (P < .01; data not
shown); however, no other demographic differences were observed
(data not shown). Survey respondents attended 79% of program classes
on average, whereas nonrespondents
had a significantly lower attendance
rate of 37% (P < .001; data not
shown).
Most participants (72%) were very
satisfied with the SHHC program.
Specific program components (eg,
lesson content) were well received
and participants reported noticeable
improvements in fitness and eating
habits. Almost half of participants
(46%) were very satisfied with their
resulting health changes and over
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Table 2. Sociodemographic Characteristics of Strong Hearts, Healthy Communities Intervention Participants
Characteristic, n (%)

Overall (n = 101)

Age, y (mean [SD])
Body mass index (mean [SD])
Race/ethnicity
Non-Hispanic white
Hispanic
Other
Not reported
Education
High school graduate or less
Associates degree or some college
College degree
Postgraduate/professional degree
Not reported
Income
<$25,000
$25,000 to $49,999
$50,000 to $74,999
≥$75,000
Not reported
Marital status
Married
Unmarried couple
Divorced
Widowed
Separated
Never been married
Not reported
Employment status
Employed
Self-employed
Retired
Homemaker
Out of work
Unable to work
Not reported

59.0 (9.4)
34.9 (6.1)

Survey Respondents
(n = 74)

Focus Group
Attendees (n = 46)

60.6 (9.4)
35.3 (6.3)

58.9 (9.1)
35.7 (6.0)

91 (90.1)
1 (1.0)
4 (4.0)
5 (4.9)

67 (90.5)
0
4 (5.4)
3 (4.1)

44 (95.6)
0
1 (2.2)
1 (2.2)

22 (21.8)
30 (29.7)
28 (27.7)
14 (13.9)
7 (6.9)

15 (20.3)
22 (29.7)
21 (28.4)
12 (16.2)
4 (5.4)

10 (21.7)
11 (23.9)
11 (23.9)
12 (26.1)
2 (4.4)

24 (23.8)
23 (22.8)
16 (15.8)
25 (24.7)
13 (12.9)

19 (25.7)
18 (24.3)
10 (13.5)
18 (24.3)
9 (12.2)

5 (10.9)
13 (28.2)
9 (19.6)
14 (30.4)
5 (10.9)

68 (67.3)
2 (2.0)
9 (8.9)
14 (13.9)
1 (1.0)
1 (1.0)
6 (5.9)

51 (68.9)
0
6 (8.1)
12 (16.2)
1 (1.4)
1 (1.4)
3 (4.0)

36 (78.2)
0
4 (8.7)
5 (10.9)
0
0
1 (2.2)

50 (49.5)
11 (10.9)
24 (23.8)
6 (5.9)
1 (1.0)
4 (4.0)
5 (4.9)

35 (47.3)
6 (8.1)
23 (31.1)
3 (4.0)
1 (1.4)
3 (4.0)
3 (4.0)

26 (56.5)
3 (6.5)
12 (26.1)
3 (6.5)
0
1 (2.2)
1 (2.2)

Table 3. Process Evaluation Results by Strong Hearts, Healthy Communities Intervention Site (n = 8)
Site
(Town)
1
2
3
4
5
6
7
8
a

Fidelity
(%)a

Dose
Delivered (%)b

ReachC

Classes
Attended, n (%)d

Class
Length, min

Total Class
Hours

Class
Effectivenesse

85.4
62.6
83.0
86.6
80.2
83.0
88.3
89.4

87.9
68.9
87.2
92.8
86.1
88.5
91.8
92.1

6.9%
2.0%
2.2%
1.8%
1.2%
3.6%
2.3%
0.7%

29 (61.1)
26 (53.5)
35 (72.9)
34 (70.1)
27 (56.9)
35 (73.4)
34 (71.0)
39 (81.3)

62
61
63
93
61
62
74
76

30
27
37
53
28
36
42
49

4.17
3.25
3.77
4.68
4.11
3.68
4.26
3.91

Percentage of curriculum components delivered in complete form (as prescribed); bPercentage of curriculum components
delivered in any form (as prescribed or modified/adapted); cNumber of SHHC intervention particpants divided by the total number of eligible women in each town multiplied by 100; dAverage number and percentage of classes attended by Strong Hearts,
Healthy Communities intervention participants; eAverage class effectiveness on a scale of 1 (very ineffective) to 5 (very
effective).
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80% said they would definitely recommend the SHHC program to other
women they knew (Supplementary
Data).
A total of 69% of participants
reported aspects of the program they
enjoyed, including camaraderie, peer
accountability, and exposure to new
foods. On the other hand, 93% of
participants reported aspects they
did not enjoy, including insufficient
time to cover class content, challenging strengthening exercises, and
completing participant logs. Participants (82%) also identified several
areas for improvement, such as
increasing class length, restructuring
program content, and allowing more
time for discussion (Supplementary
Data).

Program Satisfaction: Qualitative
Focus Groups and Interviews
A total of 46 SHHC participants
attended the telephone focus group
discussions. Focus groups ranged
from 3 to 9 participants, with an
average of 5−6/group. Eight leaders
and 7 coordinators participated in
the post-program interviews. Thirty
women who did not attend the focus
group discussions responded to the
satisfaction survey whereas 2 participants who did not complete the survey were able to attend a focus
group. Thus, 75% of SHHC participants were reached using both methods, compared with reaching 45%
through focus group discussions
alone.
Focus group attendees were more
likely to hold college degrees compared with nonattendees (n = 55)
(P < .05; data not shown); however,
no other significant demographic differences were observed. Program
attendance rates were significantly
higher among focus group attendees
(80%) compared with nonattendees
(57%) (P < .001; data not shown). Satisfaction ratings from the post-program survey were comparably high
among women who attended the
focus group discussions (n = 44) and
those who did not (n = 30).
Thematic findings from the focus
groups and interviews are briefly
described in the text and illustrated
with quotations in Table 4.

Overall program. Feedback regarding
SHHC was predominantly positive;
the content was described as thorough and well planned. Most participants emphasized the benefits of
camaraderie among group members,
which motivated them to make positive lifestyle changes. Many leaders
attributed the successful delivery of
program components to support
from their coordinator. Insufficient
time to cover educational content
was commonly viewed as a challenge
among participants and leaders. Participants were also eager for more
directive strategies for engaging family members in healthy lifestyle practices learned through the program.
Among the most frequent recommendations was increasing class
length by 15−30 minutes. Participants also felt that they would have
benefitted from discussing specific
nutrition topics (eg, meal planning)
earlier in the program. Leaders and
coordinators further recommended
increasing goal-setting guidance and
regularly monitoring progress during
class.
Physical activity components. Participants, leaders, and coordinators all
expressed enthusiasm for the in-class
exercise sessions, commending the
gradual progression of intensity, limited equipment requirements, and
consistent frequency. Participants
also benefitted from the support of
and accountability to fellow group
members. Most women enjoyed
using the Fitbit trackers provided by
the research team to monitor their
daily step counts and compete with
fellow Fitbit (Fitbit Inc., San Francisco, CA) users. However, many
women struggled to keep up with
fast-moving aerobic dance routines
in class (eg, Zumba) and preferred the
slower-paced walking videos. Leaders
and coordinators also emphasized
difficulties in completing the floorbased strengthening exercises owing
to mobility constraints. Suggestions
for improvement were to include a
greater variety of easy-to-follow aerobics videos and enhance the consistency of strength-training exercises.
Many leaders and coordinators also
recommended adding more modifications to allow participants to complete exercises safely and effectively.
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Nutrition education. Participants appreciated the range of nutrition topics
covered in class and found the sessions on meal planning, portion size,
and nutrition labels particularly helpful. Many women credited the program for enhancing their awareness of
healthy eating strategies and reinforcing existing knowledge. The class
recipes and food demonstrations
encouraged many participants to use
new ingredients when cooking at
home. Most women expressed a willingness to prepare recipes on a rotating basis to reduce the burden on
leaders and coordinators and provide
a cost-sharing benefit to the program.
Several women suggested the need for
more prescriptive guidance on incorporating healthy eating habits into
daily routines. Additional recommendations included allocating more time
to discuss nutrition topics and tailoring meal planning strategies to rural
areas where food access was often limited.

DISCUSSION
Understanding the implementation
of lifestyle interventions for women
is critical to improving intervention
effectiveness and informing dissemination efforts, yet evidence from
rural-specific contexts remains limited. The purpose of the current
study was to evaluate the implementation of a CVD prevention program
for rural women, SHHC. Previously
published findings highlighted the
effectiveness of the SHHC intervention in reducing CVD risk factors
compared with the control program.33 Results from this process
evaluation offer additional insight
into program implementation in
rural settings.
High-fidelity scores (>80%) were
observed across all but 1 intervention
site, a level of fidelity comparable to
other lifestyle interventions for
adults.41−44 This supports the use of
community health educators in
delivering lifestyle interventions in
rural areas. Despite strong positive
feedback about the program, average
attendance (67%) was lower than
anticipated (>75%).21 This may be
attributable to the program duration
and dose (twice per week for 6
months); however, the provision of
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Table 4. Lessons Learned From Strong Hearts, Healthy Communities Program: Focus Group (n = 46) and Interview (n = 15) Responses
Respondent

Theme 1: Positive aspects of overall program
Thorough and organized
Leaders/coordinators and
content
participants

Group camaraderie

Participants

Dedication of leaders and
coordinators

Leaders/coordinators and
participants

Limited social influence
and support

Leaders/coordinators and
participants

Theme 3: Recommendations for overall program
Extending class time
Leaders/coordinators and
participants

I just thought it was a fantastic program . . . as far as how it was organized
and the content material . . . you know, it covered a wide range of topics ...
and it was all very well put together and very well done. (Participant MT
01)
. . . In the beginning, I thought there was no way I could do this twice a week
for 6 months. And then, it was just so much fun! I hated it if I had to miss 1!
Just the support . . . it really provided the motivation I needed to make
changes. (Participant MT 01)
[Leaders were] very supportive! If anyone seemed like . . . they were having
trouble with anything, they’d always stop and check with you to make sure
that everything was okay. (Participant NY 08)
Having a . . . co-leader was ... amazing, and I would not have been able to
do it without her. (Leader MT 05)
So often, there wasn’t time to go through the curriculum ... and even when
we could go through the curriculum ... there just wasn’t enough time ... to
make it really meaningful or powerful to them. (Leader MT 03)
I think the friends and family part of it would have been much bigger in our
community if we stressed to them how much they needed to be doing this
at home. It wasn’t just come to the class and do it, but try to bring it home
with you . . . this is not a 2-day-a-week lifestyle change, it’s a 7-day-a-week
lifestyle change. (Coordinator MT 06)
I don’t know how effective it [social support content] was for the women ...
a lot of them have stress in their lives that I can’t even relate to. . . . A big
problem for our participants was that their husbands, or their families,
refused to eat healthy . . . so they ended up having to make 2 dinners. And
so, it’s always this constant difficulty for them. (Coordinator MT 03)
. . . The class was not long enough [laugh] ... It was supposed to be an hour
... but it was just not enough time. Most of the time it averaged, I would say
an hour and a half ... and it didn’t seem to bother them. So, I think if you’re
going to have the education piece and the exercise bit ... you definitely
need to have more than just an hour. (Leader MT 04)
One of the things I would see as a change in the program would be to
have more time for the discussion groups. . . . When we got into having a
half hour of aerobic exercise and then 15 minutes of strength training, it
didn’t really leave any time to discuss all the stuff that was in the book.
(Participant NY 07)
(continued)
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Theme 2: Negative aspects of overall program
Insufficient class time
Leaders/coordinators and
participants

Select Quotations
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Subtheme

Subtheme

Respondent

Reorganizing content

Leaders/coordinators and
participants

Emphasizing goal setting

Leaders/coordinators

Theme 4: Positive aspects of physical activity components
Exercise enjoyment
Leaders/coordinators and
participants

Peer support and
accountability

Participants

Fitbit use

Participants

Theme 5: Negative aspects of physical activity components
Complex aerobic routines
Leaders/coordinators and
participants

Inconsistent and difficult
strength training

Leaders/coordinators

Theme 6: Recommendations for physical activity components
Improving variety and
Leaders/coordinators and
consistency
participants

Select Quotations
The food portion . . . such as meal planning and . . . dealing with family, that
was more toward the end of the curriculum ... that would be a great thing
just to start out with. That way they’re trying to make those changes from
the beginning. (Coordinator MT 04)
. . . I think that the goals are very important. But we didn’t follow through with
the goals! To me, if I was changing the curriculum, every week we would
have had a goal. You set your goals, and you ... look at your neighbor and
say, “Here’s my goals.” Then you follow back up on them. (Leader MT 02)
I’m just glad you introduced us to the walking videos . . . in the winter, to go
outside and walk . . . I guess you could do it, but if it’s icy or something,
you’re not going to. And those videos, they really give you what you need,
and by the time you’re done, that 30 minutes doesn’t seem like 30
minutes! (Participant MT 03)
And I know it’s a lot easier to do lunges and squats with that group than it is
when I’m [laugh] by myself, I’m like, “Oh yep, 7, I’m done.”
(Participant_MT_02)
My motivation was the Fitbit ... because I have been dealing with my illness
for 2 years, and it pulled me out of a ... slump, because it gave me a reason to move ... and I did not, honest to God, quit until I hit that 10,000
steps, every day, and ... it was the greatest thing. (Participant MT 01)
In the aerobic dance, they’re moving across the floor in
different directions . . . and people would get a little discombobulated ...
you’re not really working out, you’re just trying to stay where you’re supposed to be ... people weren’t able to follow that quite as easily, so it got a
little off-track. (Leader MT 02)
So, for weights ... when we were following the curriculum it was sporadic, so
you might do ... bicep curls, squats, and lunges today, but then we didn’t
do those 3 things again over the next month. And so, those women, unless
they were doing them at home, didn’t gain any benefit from just doing their
reps that 1 day. (Coordinator MT 02)
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It would be nice to get into a pattern . . . If we’re meeting on Tuesdays and
Thursdays, we’re going to go through and we’re going to do all of these
exercises ... maybe we have to whittle it down a little, but we’re going to do
all of them twice a week, so that way they get a consistent benefit. (Coordinator MT 02)
I guess there could have been a little more variety. ... We bought some
videos ourselves, and a lot of us had different ones. ... Maybe that could
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Modifying strength
exercises

Respondent

Leaders/coordinators

Theme 7: Positive aspects of nutrition education
Awareness of healthy
Participants
strategies
Exposure to new foods

Participants

Limited applicability

Leaders/coordinators

Inadequate food access

Leaders/coordinators and
participants

Theme 9: Recommendations for nutrition education
Sharing food preparation
Leaders/coordinators and
participants

Increasing discussion
time

Participants

have been something ... a few times have members bring in the videos
they like ... just to mix it up a little. (Participant MT 06)
And some of them weren’t willing ... to get or able to get down on the
ground, so having alternatives for those folks, I mean even though the goal
is to give them the confidence that if they ... did fall or anything, they could
get back up and to try to build some of that ... balance and coordination.
(Leader NY 07)
It just makes you more aware, and you’re ... reading labels more ... thinking
more about ... portion size . . . and what you’re eating ... those kinds of
things ... so, yes, it was worthwhile! (Participant NY 07)
You know, they made a lot of snacks that I enjoyed, that I wouldn’t have
thought about eating ... that were really quite good, and I probably
wouldn’t have tried them if I would have just read the recipe ... but after
trying them I definitely would have made some of them. (Participant MT
06)
. . . They took so much of our time to prepare ... we were having to use what
would have regularly been office time and after-hours time ... so that we
could get them to the class every night. (Leader MT 04)
I think we gave out a lot of information, and I think we needed to be a little
more proactive . . . we just gave out information, but there wasn’t a whole
lot of accountability, so it was like, “Here’s this, do what you will with it” . . .
So, a lot of people, they close their binders, they go home, that’s the end
of it. (Leader MT 02)
In a rural area . . . we don’t quite have access to all the healthier-type foods.
. . . When you go into the big cities, the produce department is humungous. . . . In my community, it’s probably about a 20-ft section [laugh].
That’s about 4 ft deep. ... And it’s expensive, a lot of fresh produce around
here is expensive. (Participant MT 03)
... We’re going to continue in September, start up again, just ’cause
summer’s busy, and they were willing to [bring snacks]. ... Especially now
that the funds aren’t there ... that’ll be excellent for our group.
(Coordinator_MT_04)
... We all knew a lot of the information, but when somebody would say, “Oh!
This has really worked for me!”. . . There was a lot of ideas on getting your
water intake ... some people were really struggling with that . . . and I don’t
know, we got a lot from each other (Participant MT 06)
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Extensive preparation
Leaders/coordinators
time

Select Quotations
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an attendance bonus might have
buffered this impact. Attendance for
the first 3 months of the SHHC program averaged 81%, which is similar
to or higher than that of other programs of a similar duration, which
reported attendance rates between
75% and 80%.21,45
Overall, SHHC participants were
highly satisfied with the program
and would readily recommend it to
other women in their community.
Similar to previous studies among
rural women, participants discussed
the benefits of peer support and
social interaction in keeping themselves
accountable
and
motivated.12,27,46 Despite long commutes
and busy schedules, women looked
forward to the weekly classes and
willingly set aside time to attend.
Self-monitoring with Fitbit trackers
was another effective strategy to promote daily activity. This supports
existing research highlighting the
feasibility of automated fitness trackers among older adults and
women.47,48
Most
recommendations
were
related to integrating program components rather than contextual challenges (eg, limited space and
financial constraints), which suggests
that the SHHC program adequately
addressed rural-specific barriers to
implementation. These findings echo
results from previous StrongWomen
program evaluations, which reported
sufficient funding and resources for
program delivery.29,44 However, several participants felt that some program recipes and meal planning
strategies should better account for
the high cost and limited availability
of healthy food in rural areas.
Key recommendations included
increasing strength training and exercise variety, changing the order of curriculum components, and allocating
more time for instruction. Future iterations of the SHHC program should
include additional aerobic exercise
DVDs, consistent strength training
schedules, and earlier introduction of
nutrition education topics (ie, within
the first month). If possible, lessons
should be extended or streamlined to
allow for richer group discussions and
more time to cover program content.
Although many SHHC participants
expressed willingness to attend longer

sessions, it might be unrealistic to
expect this time commitment from
all individuals.
Some limitations of this research
should be noted. First, the SHHC program was specifically designed to
reduce CVD risk among midlife and
older rural women who were sedentary and overweight/obese. As such,
findings from this process evaluation
cannot be generalized to other rural
populations or lifestyle intervention
programs. Second, measures of fidelity and dose were assessed only by
leaders, which might have positively
biased the results. However, independent observations could have also
introduced bias if program leaders
behaved differently while being
observed (eg, more or less adherent
to the curriculum).49 Although selfreport assessments may have lower
validity, they offer several advantages
including cost and time savings.49
Finally, it is possible that participants
who chose to attend the focus group
discussions felt more positively about
the program. Although no differences in satisfaction ratings were
observed among attendees and nonattendees who completed the survey,
about one quarter of SHHC participants did not respond to the survey.
These nonrespondents had lower
attendance rates, which may indicate
differential perceptions of the program.

IMPLICATIONS FOR
RESEARCH AND PRACTICE
Designing programs that require
reasonable time commitments from
participants while providing adequate opportunities for skill-based
learning and group interaction
remains a challenge for health promotion programs. Recommended
strategies for ensuring high fidelity
and participant satisfaction include
involving local health educators as
program facilitators and offering
face-to-face group classes. Although
online or telehealth approaches are
often recommended for rural locations, in-person sessions were an
effective way to engage SHHC participants. Future process evaluations
might compare self-reported fidelity
measures
with
independent
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observations to foster better understanding and minimize bias. In addition, future multilevel intervention
studies might examine how context
influences program implementation
by including a multilevel process
evaluation to capture how the program was operationalized at the
social and community levels. Results
from the current evaluation have
guided improvements to the SHHC
program for a second phase of implementation, including tailoring and
reordering program components to
accommodate participant time constraints and learning needs. Furthermore, these findings will inform
the design and implementation of
future health promotion interventions for medically underserved, rural
populations.
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Abstract: In the United States, Latino adults, compared with non-Hispanic white adults, are less
likely to meet physical activity and dietary recommendations, and have higher rates of obesity.
There is an urgent need for culturally adapted health promotion programs that meet the needs of the
growing Latino population in the United States. We systematically adapted StrongWomen—Healthy
Hearts, an evidence-based physical activity and nutrition program, for rural Latinas. This paper
reports results from a pilot study of the adapted program. We used mixed methods to assess the
feasibility and efficacy of the adapted program, Mujeres Fuertes y Corazones Saludables, in a nonprofit
community organization serving rural Latinos. The intervention consisted of sixty-minute classes
held twice weekly for 12 weeks and included 30 minutes of physical activity and 30 minutes of
nutrition education. To assess efficacy, we used a one-group, pre–post design with overweight/obese,
sedentary, middle-aged or older, Spanish-speaking rural Latinas (n = 15). Outcome measures included
weight, height, body mass index (BMI), waist circumference, cardiorespiratory fitness, physical
activity, dietary behavior, and self-efficacy for diet and physical activity. Process outcomes included
attendance, end of class surveys, mid-program evaluation survey, and a post-program focus group.
We calculated means and standard deviations, paproired t-tests, and Cohen’s D effect size. Qualitative
data were analyzed using qualitative description. Significant changes pre- to post-program included
weight (−1.5 kg; p = 0.009), BMI (−0.6; p = 0.005), waist circumference (−3.0 cm; p = 0.008), 6-minute
walk test (69.7 m; p < 0.001), frequency of sugar-added drink consumption (−0.7 servings; p = 0.008),
fruit and vegetable intake (1.3 servings; p = 0.035), and physical activity self-efficacy (0.9 points;
p = 0.022). Participants found the program motivating and enjoyable, and on average participants
attended 62% of classes and fidelity was maintained. This pilot study suggests that this culturally
adapted physical activity and nutrition program for rural Latinas shows promise in improving
physical activity, diet, and obesity.
Keywords: health promotion; physical activity; nutrition; Latina

1. Introduction
Poor diet and physical inactivity are key contributors to overweight and obesity, which are
associated with premature mortality, hypertension, type 2 diabetes, cardiovascular disease,
some cancers, low quality of life, depression and anxiety, body pain, and difficulty with physical
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functioning [1–3]. Only half of U.S. adults meet recommended levels of physical activity, and for
all adult age groups fewer women meet physical activity guidelines than men [4]. While 53% of
non-Hispanic U.S. adults meet the guidelines, only 43% of Latino adults do [4]. Similarly, Latino adults
typically have poorer diets and higher rates of obesity than non-Hispanic whites [5].
This study adds to the growing body of knowledge surrounding the efficacy of interventions
that are adapted for the Latino population. Since most research is conducted with dominant majority
populations, and current research in Latino populations is not proportionate to Latino population
growth, studies such as this one are essential for deepening our understanding of the cultural nuances
within the Latino population [6]. Furthermore, most effective interventions have not been tested with
minorities, and thus the external validity of them for these populations is not known.
Some lifestyle behavior interventions with Latinos have been successful in improving physical
activity and other cardiovascular disease risk factors [7,8]; however, very few physical activity and
nutrition interventions have included Latina farmworkers or rural Latinas, who may face additional
challenges to attending health programs, such as geographic dispersion, lack of organization, sense of
powerlessness, and transportation difficulties [9,10]. One pre–post study consisted of three one-hour
nutrition classes for Latina migrant farmworker mothers; mothers increased nutrition knowledge and
children decreased body mass index (BMI )percentiles [11]. Another intervention with immigrant
farmworkers, consisting of 10 weekly sessions with promotoras, or community health workers, resulted
in participants improving weight, waist circumference, fruit and vegetable intake, and physical
activity [12]. A 12-month intervention with farmworkers with diabetes resulted in improvements in
hemoglobin A1c (HbA1c), cholesterol, blood pressure, and social support [13]. Given the growing
Latino population in the U.S. and the pronounced health disparities among Latinos, culturally adapted
physical activity and nutrition programs offered in Spanish by skilled instructors are needed.
The original StrongWomen—Healthy Hearts intervention, tested in a randomized controlled
trial in rural towns, was designed to address determinants of physical activity and healthy eating
experienced by rural non-Hispanic white women [14]. Participants in the StrongWomen—Healthy
Hearts program (53 intervention, 34 control) increased physical activity by 1637 steps/day
(95% CI = 712, 2562), decreased saturated fat intake by 5.2 g/day (95% CI = −9.4, −1.0), decreased
weight by 2.1 kg (95% CI = −3.2, −1.0), and increased self-efficacy for physical activity and dietary
behaviors compared with participants in the control group [14]. The Cohen’s d effect size was large,
with observed effect sizes ranging from 0.7 to 0.8 for time to walk two kilometers, steps per day by
pedometer, and weight [14]. StrongWomen—Healthy Hearts is listed on the National Cancer Institute’s
Research-Tested Intervention Programs website with scores (range 1–5) of 3.9 for research integrity,
4.0 for intervention impact, and 5.0 for dissemination capability [15].
In our work with rural Latina communities, rural Latinas expressed a desire for a culturally salient
group-based physical activity and nutrition program for only women. We employed a systematic
approach with a novel application of intervention mapping [16],to adapt a program that fit the goals
and needs of rural Latinas; details of that process are described elsewhere [17]. Briefly, we first
conducted a literature search to look for programs that matched the community goals and would
require the least degree of adaptation. Based on that search we identified StrongWomen—Healthy
Hearts. In order to adapt StrongWomen—Healthy Hearts for rural Latina participants, we created
a community advisory board consisting of five Latinas representing various constituencies in the
rural community (parent, high school employee, local nonprofit worker, social service agency worker,
and community activist). During this year-long adaptation process, community advisory board
members along with Dr. Perry and Dr. Seguin identified essential theoretical methods and program
elements, adding or adapting elements to fit local context, reviewed and made changes to reflect
the community and cultural context of the practical applications, intervention strategies, program
curriculum, materials, and participant information [17], and planned the pilot study. Examples of
adaptations made included a certified translator translating all participant materials into Spanish and
having a bilingual class leader to increase accessibility; developing and integrating new participant
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information sheets to increase relevant health and nutrition knowledge on fruits and vegetables,
sugar-sweetened beverages, meats and cheeses, and type 2 diabetes; incorporating additional
participant materials to increase skills and strategies and reduce barriers associated with selecting
lean protein sources, meal planning, shopping, meal preparation, and getting support from family
and friends; replacing guidance on culturally unfamiliar foods and recipes with guidance on more
culturally relevant foods and recipes; and increasing exercise options to include Latin dancing.
Because this is an adapted program, it is prudent to conduct a pilot study with a small number of
participants to collect information on efficacy and feasibility before conducting a full-scale randomized
controlled trial. This paper describes results of the process outcomes and behavioral and health
outcomes from the pilot study of the adapted program, Mujeres Fuertes y Corazones Saludables.
2. Materials and Methods
2.1. Design
A pilot study was conducted using mixed methods with a one-group, pre–post design to assess
feasibility and efficacy of the adapted program. In order to gather information on efficacy and feasibility,
as well as areas for program refinement, both quantitative data (outcome measures) and qualitative
data (open-ended questions on surveys and a focus group) were collected. Quantitative and qualitative
data were analyzed separately. The qualitative data were used to provide context and understanding
of the quantitative results and inform refinements to the program. This study was approved by the
Oregon Health & Science University Institutional Review Board, number IRB00011637.
2.2. Sample
Participants were recruited from a town within a rural, agricultural county of Washington State
with a Rural-Urban Commuting Area (RUCA) Code of 4.2, corresponding to a large rural area.
The population in 2010 was 15,858 with 87.6% identifying as Hispanic, 48.8% female and 8.4% aged
65 and older. The median household income was U.S. $40,058, and 25% of households were living
in poverty [18]. To be included in the study participants needed to be Spanish-speaking (mono or
bilingual) Latinas, age 40 to 70, physically inactive (exercise two days or less per week), and live in the
local community. Clinician authorization was required for any participant who answered “yes” to any
question on the Physical Activity Readiness Questionnaire (PAR-Q). Exclusion criteria included having
a health condition precluding moderate to vigorous physical activity. All participants completed an
informed consent process in-person prior to being enrolled in the study.
Recruitment strategies included the use of bilingual flyers distributed in strategic locations in
the community, local newspaper and radio advertisements, and church newsletters. Additionally,
the community advisory board members were actively engaged in recruitment and recruited
participants through informal networks, churches, schools, community events, family-oriented
activities, heavily trafficked public places (e.g., grocery stores), and social media. They also assisted
potential participants in obtaining clinician clearance. Since community advisory board members are
trusted community members and knowledgeable of local cultural norms, they were approachable and
were able to address potential barriers to participation including mistrust of research and non-local
researchers. While this active one-to-one approach with the community advisory board members was
resource-intensive, it yielded most of the participants. Based on input from the community advisory
board, classes were held January to March in order to encourage farmworker participation due to their
seasonal work schedules.
2.3. Outcome Measures
Measurements were taken at baseline and after completion of the program (at 12 weeks). The main
outcomes for evaluating Mujeres Fuertes y Corazones Saludables were weight (BMI), waist circumference,
cardiorespiratory fitness, physical activity, dietary behavior, and self-efficacy for diet and physical

Int. J. Environ. Res. Public Health 2019, 16, 630

4 of 12

activity. The same measures from the randomized trial of the original program were used to allow
for comparison across the studies. Measures that were not available in Spanish were translated
by a certified translator. Height, weight, and waist circumference were measured by a family nurse
practitioner. Aerobic capacity and endurance was measured with the six-minute walk test [19]; physical
activity was measured using the International Physical Activity Questionnaire (IPAQ) [20]; and dietary
behavior was assessed by the Food Intake Questionnaire [21] and the National Health and Nutrition
Examination Survey (NHANES) Food Frequency Questionnaire [22]. Participants also completed a
demographic questionnaire (e.g., age, marital status) and surveys regarding acculturation [23] and diet
and physical activity self-efficacy [24]. Participants were compensated for completed data collection at
each of the two data collection time points.
2.4. Process Measures
Class attendance was taken at each class as a measure of dose, accessibility, and acceptability of
the program. Participants and class leaders completed a survey at the end of each class to assess fidelity
to the program. Participants additionally completed a mid-program evaluation that asked about their
likes/dislikes and suggested changes to the program. This evaluation survey allowed for participants
to provide detailed, open-ended text responses. Four months after completion of the 12-week program
a focus group was held to learn more about participants’ motivations and challenges in sustaining
dietary and physical activity changes made during the program. Participants were compensated for
focus group participation.
2.5. Intervention
The Mujeres Fuertes y Corazones Saludables intervention includes physical activity and nutrition
education classes that meet twice-weekly for 12 weeks (total of 24 classes). The program is based upon
Social Cognitive Theory, which focuses on how personal factors (e.g., self-efficacy) and environmental
influences (e.g., social environment) interact. The program is specifically designed to enhance
self-efficacy and social support. Class leaders employed team building strategies (e.g., greeting each
person by name, setting group norms) to build group support, connectedness, and cohesion [25,26].
As part of the adaptation, we enhanced components aimed at learning how to garner support from
family and friends. Each 60-minute class consisted of approximately 30 minutes of physical activity
and 30 minutes of nutrition education Table 1 provides an overview of each class.
Over the course of the program approximately 50% of the class time was spent on physical activity
in 30-minute sessions that consisted of 25 minute of moderate intensity exercise using an aerobic
exercise or dance DVD that is progressive in nature, plus a 5-minute cool down at the end of each
session. Aerobics and dance DVDs were chosen so that participants could follow the DVD (it was
projected onto the wall) and the class leader could circulate and provide encouragement and feedback
to individual participants during the exercise session. For each session, participants chose which DVD
they wanted to use for that day, from a selection of aerobic exercise or dance DVDs. Class content
included information on exercise intensity levels and choosing types of moderate intensity exercise.
Participants were instructed to engage in moderate intensity exercise outside of class to build up to and
reach the goal of 150 minutes of moderate intensity exercise each week (50 minutes being performed
during the two class sessions each week). Types of moderate intensity exercise participants chose to
perform outside of class varied, e.g., aerobics, walking.
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Table 1. Mujeres Fuertes y Corazones Saludables class overview.
Class Session

Physical Activity Content (30
minute)

(1) Women and Heart Disease

Aerobic dancing/ aerobics DVD
5-minute cool down

(2) Weight Control for Heart Health, Part 1

Aerobic dancing/ aerobics DVD
5-minute cool down

(3) Weight Control for Heart Health, Part 2

Aerobic dancing/aerobics DVD
5-minute cool down

(4) Heap on the Vegetables and Fruits,
Part 1

Aerobic dancing/aerobics DVD
5-minute cool down

(5) Heap on the Vegetables and Fruits,
Part 2

Aerobic dancing/ aerobics DVD
5-minute cool down

(6) Emphasize the Right Fats,
Part 1

Aerobic dancing/ aerobics DVD
5-minute cool down

(7) Emphasize the Right Fats,
Part 2

Aerobic dancing/ aerobics DVD
5-minute cool down

(8) Accentuate Whole Grains,
Part 1

Aerobic dancing/ aerobics DVD
5-minute cool down

(9) Accentuate Whole Grains,
Part 2

Aerobic dancing/ aerobics DVD
5-minute cool down

(10) Revere Low- and Nonfat Dairy, Part 1

Aerobic dancing/ aerobics DVD
5-minute cool down

(12) Target Heart-Healthy Proteins,
Part 1
(13) Target Heart-Healthy Proteins,
Part 2

Aerobic dancing/ aerobics DVD
5-minute cool down
Aerobic dancing/ aerobics DVD
5-minute cool down
Aerobic dancing/ aerobics DVD
5-minute cool down

(14) Putting It All Together,
Part 1: Grocery Shopping, Breakfast

Aerobic dancing/ aerobics DVD
5-minute cool down

(15) Putting It All Together,
Part 2: Lunch, Salt

Aerobic dancing/ aerobics DVD
5-minute cool down

(16) Putting It All Together,
Part 3: Snacks, Nuts, Treats

Aerobic dancing/ aerobics DVD
5-minute cool down

(17) Putting It All Together,
Part 4: Dinner, Healthy Cooking, Alcohol

Aerobic dancing/ aerobics DVD
5-minute cool down

(18) Putting It All Together, Part 5: Menu
Planning

Aerobic dancing/ aerobics DVD
5-minute cool down

(19) Putting It All Together, Part 6: Menu
Planning, Eating By Heart and Weight
Loss

Aerobic dancing/ aerobics DVD
5-minute cool down

(20) Weight Control for a Lifetime,
Part 1

Aerobic dancing/ aerobics DVD
5-minute cool down

(21) Weight Control for a Lifetime,
Part 2

Aerobic dancing/ aerobics DVD
5-minute cool down

(22) Weight Control for a Lifetime,
Part 3

Aerobic dancing/ aerobics DVD
5-minute cool down

(23) Stress Reduction

Aerobic dancing/ aerobics DVD
5-minute cool down

(11) Revere Low- and Nonfat Dairy, Part 2

(24) Heart Healthy Potluck and Awards
Ceremony

Nutrition and Behavior Change Content (30 min)
The heart and heart disease
Signs and symptoms of a heart attack in women
Specific, Measurable, Achievable, Relevant and Time-bond
(S.M.A.R.T).) goals and plans
Food and exercise logs
Exercise intensity
Added sugars and sugary drinks
Choosing type of exercise
Portion control
Activity: Portion Distortion Interactive Quiz
Exercise soreness/discomfort—what to expect
Getting vegetables and fruit throughout the day Revisiting
S.M.A.R.T plans
Food preparation activity: Healthy vegetables and salads
Different types of fat and fats in foods
Activity: Reading fat content on food labels
S.M.A.R.T. plans check-in
Food preparation activity: Frijoles refritos a la
Veracruzana and whole wheat tortillas
Whole grains and portions
Activity: Reading whole grain info on Nutrition Facts Panels
S.M.A.R.T. plans check-in
Tasting and rating whole grains (e.g., bulgur, millet, quinoa)
and whole grain salads
Dairy and getting dairy in diet
Activity: Reading dairy info on Nutrition Facts Panels
S.M.A.R.T. plans check-in
Food preparation activity: Vegetables and salads—low fat
Proteins (fish, meats, poultry, eggs) and portions
S.M.A.R.T. plans check-in
Food preparation activity: Baked fish and lemon sauce, bean
and corn salad, tuna salad
Breakfast
Grocery shopping and budget
Activity: Making breakfast choices
S.M.A.R.T. plans check-in
Review breakfast
Lunch
Salt and spices
Review lunch
Snacks and treats
Role of nuts
S.M.A.R.T. plans check-in
Review snacks and treats
Dinners
Strategies for maintaining goals and progress
Menu planning
Modifying traditional foods to be healthy and tasty (e.g.,
carnitas)
S.M.A.R.T. plans check-in
Menu planning revisited
Weight loss and healthy eating
Instructions on completing Home Environment
Assessment
Review completed Home Environment Assessments
Creating healthy food environment in home and strategies to
control eating (e.g., mindful eating)
S.M.A.R.T. plans check-in
Eating in restaurants
Activity: Role-playing restaurant ordering
Family and friends support and sabotage
Social events and healthy eating
Activity: Role-playing communicating for weight loss
S.M.A.R.T. plans check-in
Stress, hostility, and depression and heart health
Regaining emotional equilibrium (e.g., stress reduction)
Meditation exercise
Healthy foods potluck and awards ceremony

Nutrition education included a variety of topics and activities focused on increasing nutrition
and health knowledge and developing skills and abilities to support positive health behavior change.
The nutrition component of the program was developed with the goal of shifting dietary patterns
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rather than focusing on specific nutrients according to the principles in the Dietary Approaches to
Stop Hypertension (DASH) Eating Plan [27]. The food group and daily serving recommendation in
the program followed the 2015–2020 Dietary Guidelines for Americans from the U.S. Departments
of Agriculture and Health and Human Services [28] and introduced participants to principles of
eating using HEART (“Heap on the vegetables and fruits, Emphasize the right fats, Accentuate the
whole grains, Revere low- and nonfat dairy foods, and Target heart-healthy proteins”). Of the total
time spent on nutrition education, those nutrition topics were discussed approximately 25% of the
program time. Program time was also devoted to skill building and practice; this time included
developing skills related to grocery shopping, meal planning, mealtime choices, and portion size as
well as relieving stress and asking for social support from friends and family (25%). Class time was
also devoted to self-monitoring skills and S.M.A.R.T goals (25%) as well as to group cohesion activities,
food preparation and tasting, and assessments (25%).
Discussions on strategies to overcome social and environmental barriers to healthy lifestyle
choices (e.g., support and sabotage from family/friends) are included in lessons. Participants set goals
regarding exercise and healthy eating and were encouraged to keep exercise and food logs. To enhance
participation and retention, class leaders maintained close contact with all participants. They called
participants the day before each class to remind them of the class. Class leaders called participants
who missed a class to check on them and using the spirit of motivational interviewing, assist them in
developing a plan to overcome barriers, such as transportation challenges.
The classes were led by two bilingual staff members from a local nonprofit that serves rural
Latinos. The instructors are well known in the community and are experienced community health
educators. Similar to promotoras, who often lead effective behavior change interventions in Latino
communities [29], the community health educators for the study had comprehensive training to
lead the program and were selected due to their qualifications, as well as trust among community
members. Leaders completed training on the original StrongWomen—Healthy Hearts curriculum
through an online platform and participated in a supplemental training that included an overview
of the adaptations and additional information on leadership skills and motivational interviewing.
Throughout the course of the program, the class leaders and one of the lead researchers met weekly
via phone to discuss questions, concerns, or issues and ways to address them.
2.6. Analysis
We examined descriptive statistics for baseline demographics. For outcome variables,
we calculated means and standard deviations; paired t-tests; and Cohen’s D effect size. All tests
were two-sided. Statistical significance was set at p < 0.05. For the process evaluation, we calculated
descriptive statistics for the survey results. The focus group was held in Spanish. It was audio recorded,
transcribed verbatim, and translated into English. The transcription and translation were checked
for accuracy by a researcher proficient in Spanish. The transcript was analyzed using qualitative
descriptive analysis, which is less interpretive than other qualitative approaches (e.g., grounded
theory) providing straightforward description [30,31]. Our goal was to understand quantitative results
and inform program refinements. Two researchers coded the transcript line by line independently and
then met to compare codes, reach agreement, and develop categories and themes. Responses from the
open-ended survey questions were reviewed to additionally inform program refinements.
3. Results
Fifteen women enrolled in the study and provided baseline data; 11 provided complete outcome
assessment data (Table 2). Four participants dropped out within the first half of the program and
although we contacted them about post-program data collection, they opted not to return for this
data collection. No significant pre–post differences were found for income or employment status;
these were examined due to known seasonal occupation variations among this population where
farm work is common. Participants experienced pre- to post-program changes in weight (−1.5 kg;
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p = 0.009), BMI (−0.6 units; p = 0.005), waist circumference (−3.0 cm; p = 0.008), six-minute walk
test (69.7 m; p < 0.001), daily frequency of sugar-added drinks (−0.7 servings; p = 0.008), fruit and
vegetables consumed yesterday (1.3 servings; p = 0.035), and physical activity self-efficacy (0.9 points;
p =0.022) (Table 3).
Table 2. Sociodemographic characteristics of participants at baseline and outcome assessments.

n
Age (years)
Low acculturation
Farmworker

Baseline Assessment

Outcome Assessment

15
52.2
71.4 %
66%
Baseline n (%)

11

Outcome n (%)

Employment
Full time or Part time
Not employed

4 (26.7)
10 (66.7)

5 (45.5)
6 (54.5)

Income
<U.S $15,000
U.S. $15,000–$34,999
U.S. $35,000–$49,999
U.S. $50,000–$99,999
≥U.S. $100,000

8 (53.5)
2 (13.3)
2 (13.3)
1 (6.7)
0 (0.0)

2 (13.3%)
3 (20.0)
2 (13.3)
1 (6.7)
1 (6.7)

Marital status
Married, or married-like
relationship
Divorced or separated
Single

10 (66.7)

10 (90.9)

2 (13.3)
3 (20.0)

1 (9.1)
0 (0)

Education
Less than 7th grade
Less than 11th grade
High school graduate
Some college
College graduate +

4 (26.7)
4 (26.7)
3 (20.0)
1 (6.7)
1 (6.7)

4 (36.4)
3 (27.3)
1 (9 0.1)
1 (9 0.1)
1 (9 0.1)

On average participants attended 62% of the classes. Barriers to attendance included weather
and road conditions (e.g., snow, ice), illness (e.g., cold, flu), and lack of transportation. Based upon
post-class surveys completed by participants and class leaders, on average 80% of class content was
covered per class, all participants were engaged in physical activity, and participants reported that
87% of classes were right on target. In the mid-program evaluation participants reported that they
liked exercising and learning together and wanted longer exercise sessions.
Four themes emerged from the focus group, which were motivators, challenges, lifestyle changes,
and recommended program changes. Most participants emphasized that exercising and learning
about nutrition in a group setting was a large motivator to attend classes each week. One participant
reported that “when I’m alone I don’t feel like doing it (exercise) However, when I started coming here,
I knew I had to come and I had everything ready to come, and I was motivated to come”. They also
reported that they enjoyed making new friends. As one stated, “what I liked is that you learn lots of
things from other people, and they help you and understand”. Participants reported that they felt
more motivated when their families accepted the recipes that they had learned in the nutrition portion
of the class and when they wanted to exercise with them. Initially, participants reported that it was
challenging to get family members to support the changes. As one described, “But my challenge was
that they learned so that I didn’t have to be struggling; having to cook one food for me and another
thing for them”. However, several stated that over time their families came to support exercising and
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eating healthy meals. One stated, “My family has supported me quite a lot in the sense that they
accept the healthy foods; sometimes we go out together for a walk or to play basketball. I would tell
them all the things I learned here about working out and why you have to do it”. Another participant
noted, “The same happens to me; I learned here; I taught my daughters and my husband”. Continued
challenges included portion control, weight fluctuations, lack of time, and lack of family support.
As one described, “most of the time I eat healthy now. The only thing I have to remember is not to
eat too much, smaller portions”. Many of the women said they continued to use recipes and have
maintained and expanded their exercise program after the classes ended. For example, one participant
said “I’m using weights. Now my body feels strong. When I went to Walmart I couldn’t lift the
50-pound bags, and now I can lift them up; I don’t have to ask for help”. Recommended program
changes included offering the program three days a week, longer exercise sessions, and longer program
duration (longer than 12 weeks).
Table 3. Changes in anthropometric variables, physical fitness, diet, and self-efficacy.
Pre-Intervention
a Mean (SD)
n
Weight (kg)
BMI
Waist circumference (cm)
6-minute walk test (meters)

15
78.9 (12.6)
34.3 (4.2)
102.4 (11.1)
414.1 (56.2)

Sugar-added drinks
Sugar-added food
Fruit
Vegetables
Whole Grains

1.6 (1.3)
0.9 (0.8)
0.9 (0.7)
1.0 (0.7)
0.7 (0.6)

Post-Intervention
a Mean (SD)
11
77.4 (12.4)
33.7 (4.5)
99.4 (11.7)
483.7 (47.1)

%Mean
Change
Post—Pre a

Post—Pre within
Group Difference
(95% CI)

pb

Effect size
(Cohen’s D) c

−26.7%
−1.9%
−1.7%
−3.0%
16.8%

−1.5 (−2.5, −0.5)
−0.6 (−1.0, −0.2)
−3.0 (−5.0, −1.0)
69.7 (51.2, 88.1)

0.009
0.005
0.008
<0.001

0.12
0.14
0.26
1.34

−0.7 (−1.2, −0.2)
−0.3 (−0.9, 0.2)
0.1 (−0.8, 1.0)
−0.1 (−0.6, 0.4)
0.5 (−0.5, 1.4)

0.008
0.190
0.800
0.759
0.282

0.64
0.52
0.13
0.14
0.55

0.051
0.195
0.035
0.209

0.75
0.44
0.98
0.66

Diet frequency (servings per day)
0.9 (0.9)
0.5 (0.4)
1.0 (0.9)
0.9 (0.2)
1.2 (1.0)

−43.8%
−44.4%
11.1%
−10.0%
71.4%

Food Intake Questionnaire (how many times consumed in one day)
Sugary drinks yesterday
Sugary drinks typically
Fruits and veggies yesterday
Fruits and veggies typically

0.9 (0.9)
0.8 (0.8)
2.3 (0.9)
2.6 (1.4)

0.3 (0.5)
0.4 (0.7)
3.7 (1.7)
3.8 (2.2)

−66.7%
−50.0%
60.9%
46.2%

−0.6 (−1.1, 0.0)
−0.3 (−0.9, 0.2)
1.3 (0.1, 2.5)
1.2 (−0.8, 3.3)

Self-efficacy (scale of 1–5 with 1 as “Not at all confident” and 5 as “Completely confident”)
Diet
Physical activity

3.2 (1.0)
2.4 (1.0)

3.9 (0.8)
3.3 (1.3)

21.9%
37.5%

0.7 (−0.1, 1.5)
0.9 (0.2, 1.6)

0.079
0.022

0.76
0.78

−178.3 (−2514.3,
2157.8)

0.824

0.10

Physical Activity
IPAQ (MET-minutes/week) d

1325.3 (2214.7)

1148.0 (1051.2)

−13.4%

a

Mean and SD values are reported from paired sample statistics. b Paired t-test used 95% confidence. c Cohen’s D
is presented in absolute value. d MET is a metabolic equivalent, which is used in order to represent exercise activity.
BMI: body mass index. IPAQ: International Physical Activity Questionnaire.

4. Discussion
We assessed the efficacy and feasibility of an adapted physical activity and nutrition program
for rural Latinas. This pilot study provides preliminary evidence to suggest that Mujeres Fuertes
y Corazones Saludables can improve weight, fitness, physical activity, and diet in rural Latinas.
Participants experienced significant changes in weight, BMI, waist circumference, cardiovascular
fitness, consumption of sugar-added drinks and fruits and vegetables, and physical activity self-efficacy.
There was a trend toward improvements in dietary behavior and self-efficacy. The changes in weight
observed in this pilot study (−1.5 kg, post-pre) are comparable to changes seen in the randomized trial
of the original evidence-based physical activity and nutrition program, StrongWomen—Healthy Hearts,
which demonstrated a significant decrease in weight (−2.1 kg) compared to a delayed intervention
control group [14]. Thus, the adapted program has retained similar efficacy as the original program.
Participants reported that the group-based program was an important motivator for attending classes
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and for making changes in diet and physical activity. We found that it was feasible to hold in a rural
community organization serving Latinas.
It is important to emphasize that small lifestyle changes can have an impact. A reduction
in sugar-added drinks of 44% and more than half a serving per day is promising since studies
have consistently shown a significant association and direct dose–response relationship between
sugar-added drinks, long-term weight gain, and risk of type 2 diabetes [32]. Additionally, an increase
in physical activity self-efficacy during the active phase of an intervention can be predictive of physical
activity and weight loss at later time points [33].
There are other lifestyle behavior change programs aimed at promoting physical activity and/or
healthy eating with Latina participants. However, these programs vary in duration (e.g., 12 weeks,
one year), intensity (e.g., bi-weekly, monthly), types (e.g., classroom, active exercise), content (physical
activity, diet, heart disease), outcomes and measurement of outcomes (minutes/week of physical
activity, BMI, fruit and vegetable intake, cardiorespiratory fitness), and target population (urban/rural,
female only), making it difficult to compare across studies. For example, in Pasos Adelante, which
is a 12-week program that includes weekly two-hour classroom sessions covering topics including
physical activity, heart disease, diabetes, and diet, as well as walking clubs held for 20 minutes weekly,
participants (90% women) residing in rural border communities decreased BMI by 1% and waist
circumference by 4% [34]. In Camina por Salud, urban obese Mexican American women (ages 45–70)
were assigned to walk for 30 minutes three days per week (90 minutes total) or five days per week
(150 minutes total) and could participate in a weekly promotora-led walking group for 36 weeks [33].
Participants did not achieve target goals of minutes per week in either group; however, they had
decreases in BMI (6% and 7%), weight (12% and 17%), and waist-hip-ratio (1% and 1%) at 36 weeks [35].
In Familias Sanas y Activas, promotoras offered no-cost moderate intensity exercise classes and walking
groups throughout the week in selected locations in urban neighborhoods targeting Latinos and
also provided a physical activity resource kit to participants [34]. At six months, participants had
decreases in waist circumference and systolic blood pressure and increases in fitness and hamstring
flexibility but no change in weight, BMI, or diastolic blood pressure (specific pre–post measurements
not provided) [36]. Other programs aimed at Latinas have found changes in targeted outcomes but
not necessarily all of the targeted outcomes [29,33]. This variance speaks to the different goals, culture,
socioeconomics, and resources of Latina communities as well as the individual and environmental
factors impacting adoption and maintenance of behavior change. Thus, determining which program
will be successful = likely depends upon the local context and the salience of that program to address
the determinants and goals of behavior change (exercise and diet) for that particular community.
Despite strong community partnerships and participant interest, both recruitment and retention
were challenging within this limited resource population with periods of under- and unemployment.
Steps we took to address these challenges included having known and trusted community members
recruit participants and lead the class, offering the program during the winter months when many
women are not engaged in seasonal farm work, and connecting with participants who missed class to
problem solve barriers to attendance. These strategies, albeit resource-intensive, have been employed
by other researchers to recruit and retain Latinas in research and prevention programming with
success [25,37]. The attrition rate of 26% in this pilot study is similar to the attrition rate in other
lifestyle behavior change programs with Latinas [34,35]. Thus, recruiting and retaining rural Latinas,
in particular farmworkers (66% participants were farmworkers), in a lifestyle program is a continued
challenge that requires sensitivity to the unique challenges experienced by this population including
seasonal agricultural work, limited individual resources, dispersed population, changing phone
numbers, lack of trust in research and researchers, and fear of deportation, and using resource
intensive strategies tailored to the local context to address these challenges.
This pilot study, focused on assessing the feasibility and efficacy of an adapted physical activity
and nutrition program within a rural Latina population, has some limitations. The small sample size
and one group pre–post design limited our ability to fully measure the effect size and generalizability
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of the findings. However, a notable strength of this study was that it reached a marginalized and
difficult to engage community, rural Latina farmworkers.
5. Conclusions
This pilot study of a culturally adapted behavior change program to promote physical activity
and healthy eating in middle-aged, overweight, sedentary, rural Latinas showed promising results;
however, this was a one-group pre–post pilot study with a small sample; a randomized trial with a
larger sample is needed to establish effectiveness prior to dissemination.
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Abstract
Purpose: To assess the feasibility and effectiveness of a civic engagement curriculum (encouraging Healthy Eating and Activity in
Rural Towns [HEART] Club) designed to engage rural residents in improving their local food or physical activity environment.
Design: Pre–post surveys and focus groups.
Setting: Three rural Northeastern towns in the United States.
Participants: Twenty-six rural residents (7-12 per town) recruited by local extension educators.
Measures: Online surveys were used to assess outcomes related to feasibility (satisfaction) and effectiveness (knowledge,
awareness, motivation, self-efficacy, and group efficacy for community change). Feasibility was also assessed through attendance
logs, benchmark achievement records, and post-implementation focus groups.
Analysis: Participant characteristics and feasibility measures were summarized using descriptive statistics. Pre–post changes in
effectiveness outcomes were assessed using Wilcoxon signed rank tests. Focus group data were thematically examined to identify
barriers to and facilitators of HEART Club progress.
Results: Meeting attendance and program satisfaction were high (88% and 91%). Participants reported improvements in
awareness; however, no other significant changes were observed. All HEART Clubs accomplished 3 or more project benchmarks
after 6 months of implementation. Despite competing priorities and limited finances, groups effectively leveraged existing
resources to achieve their goals. Important facilitators of success included stakeholder support, effective leadership, and positive
group dynamics.
Conclusion: These findings suggest that resident-driven initiatives that build upon local resources and establish feasible goals can
successfully foster environmental change in rural communities.
Keywords
civic engagement, culture change, rural areas, built environment, healthy eating, physical activity, qualitative research

Introduction
Despite overall advances in public health, rural populations
in the United States continue to experience higher rates of
obesity and related chronic diseases than their nonrural
counterparts.1-7 Residents of rural areas are also less likely
to be physically active and consume nutritionally adequate
diets, making them an important target group for prevention
efforts.3,8,9
Although disparities in heath behaviors and outcomes have
been mainly attributed to individual lifestyle behaviors, growing evidence suggests that these are largely influenced by
sociocultural and environmental conditions.10 Recent health
promotion initiatives in the United States have focused on
building a “culture of health,” defined as shifting the values,
practices, and structural conditions that influence health and

well-being to ensure that all residents can lead healthier lives.11
According to the Robert Wood Johnson Foundation (RWJF),
one key strategy to achieving this vision is creating healthier
and more equitable community environments.11 Of particular
importance is the built environment, which encompasses all
“physical features that have been constructed or modified by
people” (eg, food stores, sidewalks, streets, parks, and bike
lanes).12
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Existing research suggests that built environment features
are linked to obesity and related health behaviors, including
physical activity and eating patterns.13-17 However, most built
environment interventions to promote healthy eating and active
living have focused on urban and suburban settings.18-22
Applying existing intervention strategies to rural contexts can
be challenging due to the unique sociocultural norms and environmental characteristics of these areas.8,23-28
Rural communities tend to have fewer food stores and food
service places with healthful options, limited recreation facilities, and insufficient active transport infrastructure (eg, walking paths, bike lanes, safe street crossings).29-32 Residents of
rural communities often face additional challenges such as
geographic isolation, high poverty rates, and limited employment opportunities.3 As a result, people must travel further to
utilize available facilities and may be unable to afford those to
which they have access.33,34 Given the geographic disparities
in access to healthy food and physical activity resources, ruralspecific intervention approaches are needed.
Civic engagement, defined as the “collective actions designed
to identify and address issues of public concern,” is one promising
strategy for improving rural built environments and reducing
health disparities.35 For the purpose of this study, we refer to this
approach as civic engagement for built environment change
(CEBEC). CEBEC integrates resident-led data collection through
community assessments with stakeholder engagement and collaborative efforts to catalyze and monitor community-level change.
This approach aligns with RWJF’s second key strategy of fostering collaboration to improve well-being.11 CEBEC initiatives
build upon the positive aspects of rural life including longstanding social ties, shared life experiences, and norms of selfhelp and reciprocity.36 By acknowledging location-specific
resources and challenges, these resident-led initiatives are likely
to achieve greater success than efforts to replicate existing intervention strategies developed for urban settings.37
CEBEC initiatives, as defined above, parallel the practice of
community organizing and coalition building with the addition
of resident-led data collection and project monitoring. Community organizing refers to the process of mobilizing community
residents to “identify common problems or goals and develop
strategies for reaching these collective goals.”38(p. 1) This
approach to health promotion has been adopted by several
US public health organizations, such as the African American
Collaborative Obesity Research Network, which emphasize the
importance of engaging local residents in community interventions.39 Organizing efforts frequently involve building coalitions or partnerships between “people and organizations to
influence outcomes on a specific problem.”40(p. 141) Reviews
of health-focused coalitions suggest that collaborative partnerships hold potential in facilitating environmental change and
improving population health outcomes and may rely on several
factors (eg, group cohesion, leadership, membership diversity,
and agency collaboration) to function effectively.41,42
Community coalitions and organizing approaches have been
used to address a range of public health concerns (eg, substance
abuse)38; however, few initiatives have focused on improving

American Journal of Health Promotion XX(X)
obesity-related health behaviors through built environment
change. In some promising studies, CEBEC initiatives have led
to meaningful community environmental and policy changes
(eg, sidewalk repair programs, addition of shade trees to encourage walking, installation of pedestrian signals), including in rural
areas.37,43-48 CEBEC initiatives allow residents to engage in
community assessment, advocacy, and partnership development,
thus taking more ownership over community change efforts.43
This comprehensive approach also helps to foster the developmentof more relevant, feasible, and sustainable interventions.37,43,44 However, existing initiatives have relied primarily
upon facilitation from academic institutions, required significant
funding to implement, or targeted broader regions (eg, counties)
encompassing both urban and rural communities.37,43,44
To address these limitations, we designed a CEBEC curriculum—encouraging Healthy Eating and Activity in Rural
Towns (HEART) Club—to promote resident-led changes in
rural food and physical activity environments. This project was
first developed in 2010 by the lead author and colleagues in
collaboration with long-standing community partners. The
HEART Clubs (formerly known as change clubs) were subsequently formed in rural communities in 7 US states. At
12 months, all groups demonstrated success in engaging residents to identify an issue of concern, advocate for improvements, and create positive community change.37 These original
groups relied on researcher facilitation; to increase the potential for broader reach and sustainability, we adapted the
HEART Club approach by training local health educators to
guide residents through the curriculum. The purpose of this
pilot study was to assess the preliminary effectiveness and
feasibility of this modified CEBEC approach.

Methods
Conceptual Framework
Adapted from Brown and colleagues,45 the study conceptual
framework (Figure 1) outlines the pathways through which civic
engagement may affect behavior change using a socioecological
lens.49 At the individual level, civic engagement enhances
knowledge and awareness of built environment conditions and
self-efficacy for community change. At the social/collective
level, civic engagement fosters group efficacy through goal setting and enacting and monitoring changes.10 At the community
level, civic engagement promotes improvements in access to
healthy food and opportunities for physical activity. Changes
at each level (ie, individual, social, community) reinforce one
another to support changes in lifestyle behaviors.10

Design and Sample
To assess the feasibility of implementing the HEART Club
curriculum, the research team partnered with county extension
educators in 3 rural Northeastern towns (2 in New York and 1
in Pennsylvania) in 2014. These individuals were chosen as
project leaders based on their extensive health education
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Figure 1. Healthy Eating and Activity in Rural Towns (HEART) club conceptual framework. Seguin-Fowler, Cornell University, 2017 ©
rs946@cornell.edu

experience, strong local networks, and active community involvement. All leaders (n ¼ 3) attended a 1-day training session
conducted by the research team during which they received
instruction on leadership roles and responsibilities. During the
session, leaders participated in several curriculum activities (eg,
community assessment, team-building) and were offered techniques for effective facilitation. Overall project deliverables and
timelines were discussed in-depth (see Figure 2), and leaders
were asked to fill out a post-training evaluation.
Following this training session, leaders were provided with
a copy of the HEART Club curriculum, recruitment materials,
and a checklist of data collection items (eg, consent forms,
baseline surveys, attendance logs). Curriculum activities were
divided across four 90-minute meetings with additional action
items to be completed before or after each meeting. Leaders
were encouraged to schedule these meetings 1 week apart to
allow sufficient time to complete action items without losing
momentum. Each meeting included a detailed agenda of activities and action items, as well as materials needed for facilitation. Table 1 outlines the specific activities and action items
for each meeting.
In each of the 3 towns, leaders recruited 7 to 12 community
members to form a HEART Club. Leaders were advised to seek
out individuals who desired to lead healthy lives and were motivated toward improving their community, regardless of gender,
race, or ethnicity. The majority of participating members were
identified through personal networks or existing contacts with
local community organizations (eg, 4-H, Rotary, local college).
Additional recruitment strategies included posting flyers at local
venues (eg, community center, public library) and e-mailing community listservs, although these were found to be less effective.

Prior to the curriculum meetings, groups completed community assessments to identify environmental barriers to
healthy eating and active living in their town. These assessments were conducted in the form of facilitated walking and
driving tours, using a rural community audit tool developed by
the research team.50 This tool was designed to comprehensively capture built environment features that could influence
healthy eating and physical activity in rural settings. Leaders
led HEART Club members on a 1-mile walking route around
town and then split up into smaller groups for the driving tours
(approximately 3.5 miles). Groups were provided with maps
and written directions for both tours by the research team.
During the curriculum meetings, leaders guided participants
through a stepwise process of prioritizing, planning, and implementing built environment changes in their community. Groups
began by reflecting on the community assessments and identifying an issue related to the local food or physical activity environment that they could feasibly address. Each HEART Club
then defined an overall project goal (called a “noble purpose”),
developed an action plan, and established benchmarks for selfmonitoring of progress. Briefly, these benchmarks encompassed:
(1) choosing a strategy,(2) identifying stakeholders, (3) pilot
testing,(4) implementing, (5) monitoring and evaluation, and
(6) planning for expansion. Participants completed the following
activities to assist with project planning and execution: (1) personal and community asset mapping (documentation of individual strengths and community resources),51 (2) stakeholder
engagement (identification of local leaders and influential
groups), and (3) team building (Table 1).
To monitor progress, leaders were required to submit attendance logs after each curriculum meeting and provide
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Figure 2. Healthy Eating and Activity in Rural Towns (HEART) club study timeline.
Table 1. HEART Club Curriculum Components.
Curriculum
Session

Topics Covered

Action Items
(Homework)

Introduction HEART Club introduction
Recruitment steps and
strategies

Meeting 1

Meeting 2

Meeting 3

Meeting 4

Baseline survey
Premeeting awareness
activity
Community assessment
(iCHART)
Welcome and introductions Brainstorm potential
Group cohesion activity
stakeholders
Community walk about issue
selection
Identify personal and
Brainstorm action items
community assets
Identify community
leaders/stakeholders
Develop group’s purpose
Group cohesion activity
Define future success
Develop project benchmarks
Develop action plans and
delegate tasks
Group cohesion activity
Schedule follow-up
meetings
Create a unified message
Implement project
Develop a charter
Closing and continuation plan

Abbreviation: HEART, Healthy Eating and Activity in Rural Towns; iCHART,
Inventories for Community Health Assessment in Rural Towns.

documentation of their group’s noble purpose, benchmarks,
and action plan (Figure 2). After completing all curriculum
activities and action items, HEART Clubs spent the next 6
months working toward their project goals. Subsequent progress was determined by the specific project benchmarks developed by each group and was intentionally left unstructured.
However, groups were encouraged to continue meeting on regular basis to monitor progress and stay on track. All groups
were provided with $600 in seed funds to help facilitate their
efforts. The research team conducted monthly telephone calls
with leaders during this period to address questions and provide
support as needed.

Measures
Preliminary effectiveness and feasibility of the HEART Club
curriculum were evaluated using a pre–post quasi-experimental
design. Participants completed an online Qualtrics survey prior
to starting the curriculum meetings (baseline) and 6 months
after completing the curriculum (post-implementation). Survey
questions are presented in Online Appendix A.
Outcome measures included knowledge and awareness of
built environment barriers to healthy eating and physical activity as well as motivation, self-efficacy, and group efficacy for
community change (Online Appendix A). Knowledge, awareness, and motivation were each assessed through 2 items on a
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11-point Likert scale (from 0 to 10).52 Questions related to selfefficacy and group efficacy were adapted from Bandura selfefficacy scales.53 Each efficacy measure was assessed through
6 items on a 5-point scale. Information on the following demographic characteristics was also collected: age, gender, ethnicity, marital status, occupation, employment status, educational
attainment, and perceived health status.
Feasibility was assessed by attendance at curriculum meetings and achievement of project benchmarks. Six months after
implementation, leaders were asked to report on their group’s
progress toward each benchmark (ie, accomplished, partially
accomplished, or not accomplished). Additional measures of
feasibility (satisfaction, group dynamics, participation benefits,
and drawbacks) were adapted from the Partnership SelfAssessment Tool54 and included on the post-implementation
survey (Online Appendix A). Questions related to satisfaction
(n ¼ 2) and group dynamics (n ¼ 11) were assessed on a
5-point Likert scale. Participation benefits and drawbacks were
assessed through a series of dichotomous (yes/no) questions.
To gain a deeper understanding of the HEART Club implementation process, in-person focus groups were held with participants 6 months’ post-implementation. We chose to conduct
focus groups rather than individual interviews to facilitate discussion among participants and assess group dynamics. Sessions ranged from 45 to 60 minutes in length and were
facilitated by a trained member of the research team at local
community venues (eg, town hall). Attendees were offered a
brief introduction (ie, interviewer’s name, purpose of focus
group discussion) and asked for permission to audio record the
discussion. The semistructured focus group guide was divided
into 5 main topics: (1) community assessment experience, (2)
progress toward project benchmarks, (3) facilitators and barriers to project momentum, (4) successful qualities of HEART
Club leaders, and (5) personal engagement and satisfaction.
Probes were used to clarify attendees’ responses and elicit more
detailed information as needed. Once all topics had been
addressed, attendees were invited to provide final thoughts and
thanked for their participation.
All participants provided written informed consent upon
enrollment, and oral consent was obtained prior to recording
all focus groups. Study procedures and materials were
approved by the institutional review board of Cornell
University.

Analysis
Quantitative data from the baseline and post-implementation
surveys were analyzed using SAS, version 9.4. Wilcoxon
signed-rank tests were used to assess pre–post changes in knowledge, awareness, motivation, self-efficacy, and group efficacy,
among all participants. Demographic characteristics and feasibility measures (attendance, benchmark achievement, satisfaction, group dynamics, participation benefits, and drawbacks)
were summarized using means (standard deviations) for continuous variables and frequencies (%) for categorical variables.
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Table 2. Characteristics of HEART Club Participants.a
Characteristicb
Age, mean (SD)
Gender
Female
Male
Ethnicity
Non-Hispanic white
Hispanic
Not reported
Marital Status
Married
Cohabiting
Widowed
Divorced
Separated
Single
Not reported
Employment status
Full-time employed
Part-time employed
Retired
Student
Out of work/unable to work
Educational level
High school graduate/GED
Associate’s degree
Bachelor’s degree
Graduate degree
Not reported
Self-rated health status
Excellent
Very good
Good
Fair/poor
Not reported

55.7 (19.0)
21 (80.8)
5 (19.2)
24 (92.2)
1 (3.9)
1 (3.9)
22 (76.9)
1 (3.8)
1 (3.8)
0 (0.0)
1 (3.8)
2 (7.7)
1 (3.8)
9 (34.6)
1 (3.8)
11 (42.3)
2 (7.8)
3 (11.5)
5 (19.2)
3 (11.5)
9 (34.6)
8 (30.8)
1 (3.9)
0 (0.0)
1 (3.5)
6 (23.1)
16 (61.5)
3 (11.5)

Abbreviations: HEART, Healthy Eating and Activity in Rural Towns; SD,
standard deviation.
a
n ¼ 26.
b
Continuous data are expressed as means (SD) and categorical data are
expressed as n (%).

Qualitative data were thematically examined to identify barriers and facilitators to HEART Club progress. Focus groups
were transcribed verbatim, cross-checked, and coded using
NVivo version 11. Descriptive codes were created around main
focus group topics and iteratively adapted to reflect emergent
themes related to project implementation. Coding decisions were
discussed by 2 members of the research team and revised until
agreement was reached. All analyses were conducted in 2016.

Results
Each HEART Club consisted of 7 to 12 individuals (n ¼ 26),
ranging in age from 23 to 84 years. The majority of participants
were female (81%), non-Hispanic white (92%), and married
(77%). Additional demographic characteristics are presented
in Table 2. Town comparisons showed no observable differences in demographic characteristics except age. On average,
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Table 3. Pre–Post Changes in HEART Club Outcomes.a
Overall (n ¼ 15)
Outcome
Measure
Knowledge
Awareness
Motivation
Self-Efficacy
Group Efficacy

Town 1 (n ¼ 5)

Town 2 (n ¼ 4)

Town 3 (n ¼ 6)

Number
of Items

Scale
Range

Preb

Post

P Valuec

Preb

Post

P Valuec

Preb

Post

P Valuec

2
2
2
6
6

0-10
0-10
0-10
1-5
1-5

12.1 (5.2)
12.1 (5.8)
15.8 (3.1)
20.4 (7.7)
22.8 (3.3)

15.2 (4.1)
16.1 (2.6)
14.6 (2.5)
21.1 (5.9)
23.2 (3.9)

.1
.004
.4
.7
.3

11.4 (6.5)
12.0 (6.0)
17.2 (2.6)
22.6 (8.6)
23.6 (3.6)

15.6 (1.1)
15.4 (3.0)
14.2 (0.8)
18.0 (5.1)
20.5 (3.8)

.4
.2
.2
.06
.5

11.0 (6.6)
9.5 (9.0)
14.5 (4.4)
13.8 (4.5)
22.7 (2.3)

15.8 (5.1)
17.5 (3.0)
12.0 (2.3)
18.5 (4.1)
23.0 (4.8)

.5
.5
.6
.2
.7

Preb
13.5
13.8
15.5
23.0
22.0

(3.6)
(3.1)
(2.3)
(7.0)
(3.9)

Post

P Valuec

14.5 (5.4)
15.8 (2.1)
16.7 (1.8)
26.4 (4.4)
25.6 (1.8)

1.0
.1
.2
.6
.1

Abbreviation: HEART, Healthy Eating and Activity in Rural Towns
a
Data are expressed as means (SD). Boldface indicates statistical significance (P < .05)
b
Mean values based on scores of participants who completed both the baseline and post-implementation surveys.
c
Based on Wilcoxon signed rank tests for mean difference between pre- and post-outcome measures.

Table 4. HEART Club Accomplishments at 6 Months.

Site

Noble Purpose

Project

Progress

Promoting on-going community Increased publicity via newspaper,
walking events on a local trail
word of mouth, and other
organizations
Scheduled regular walks on trail and
indoor track
Partnered with Keystone College to
Develop a brochure and map
Town 2 Increase physical activity of
create brochure of places to
highlighting physical activity
residents by communicating
exercise
opportunities (“Get Out, Get
about what exists in the area
Distributed brochure to schools and
Active, Discover”)
displayed map in the town hall
Town 3 Increase physical activity year- Installing new play equipment and Created long-term plans to build a
Fun and Fitness Area
fitness stations at a local village
round of all individuals in the
Began intensive fundraising campaign
playground
community
Town 1 Encouraging healthy living
through increased physical
activity for the community

No. of
Total No. of Benchmarks
Benchmarks Achieved
8

4

7

4

7

3

Abbreviation: HEART, Healthy Eating and Activity in Rural Towns.

participants from town 3 were significantly older than participants from towns 1 and 2 (P < .05, data not shown).
Pre–post changes in HEART Club outcomes were only
assessed among individuals who completed both surveys
(n ¼ 15). Participants reported significant improvements in
environmental awareness (P < .01); however, no significant
differences in knowledge, motivation, self-efficacy, or group
efficacy for community change were observed (Table 3). There
were no significant demographic differences between participants who did and did not complete both surveys.
Overall meeting attendance was high (88%), and all group
members completed the community assessments and attended
at least 2 meetings. On average, 87% of group members were
present at each meeting. At 6 months, all HEART Clubs had
accomplished 3 or more benchmarks and reported successful
progress toward their project goals (Table 4). Groups focused
on improving their community’s physical activity environment using varied strategies. Two HEART Clubs chose to
increase awareness of existing resources by promoting group
walking events on a local trail (town 1) and developing a map
of places to be active in the community (town 2). The third
group chose to revitalize a local village playground by

installing new play equipment and adding fitness stations for
adults (town 3).
Overall, participants were very satisfied with their group’s
progress and their experience in the HEART Club (mean score
9.1 of 10, Table 5). Participants rated their HEART Clubs as
highly effective at communicating and working together (mean
score 48 of 55, Table 5). Individuals reported multiple benefits
as a result of participating in the HEART Club, such as building
valuable relationships, utilizing personal expertise, and making
positive contributions to their community. Although few drawbacks to participation were mentioned, some people felt that
their time was diverted away from other priorities and obligations (eg, family, work).
Survey findings were confirmed through the focus group
discussions. Participants described having a greater awareness
of the available resources and barriers to healthy living in their
community. Many felt that the community assessments were an
important strategy for building awareness. After completing
the assessment activity, groups were better able to identify
potential areas for improvement and find inspiration for their
projects. Through the HEART Club process, participants built
camaraderie with fellow group members and developed a
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Table 5. Post-implementation Feasibility Measures.a,b
Feasibility Measure
Satisfaction
Group dynamics
Participation benefits
Participation drawbacks

Number
of Items

Scale
Range

Maximum
Score

Overall (n ¼ 15)
Mean (SD)a

Town 1 (n ¼ 5)
Mean (SD)a

Town 2 (n ¼ 4)
Mean (SD)a

2
11
11
5

0-5
0-5
0-1
0-1

10
55
11
5

9.1 (1.3)
48.3 (8.0)
9.0 (2.2)
0.6 (0.8)

7.8 (1.5)
41.0 (10.4)
8.0 (3.3)
1.2 (1.1)

9.8 (0.5)
52.8 (2.6)
9.0 (0.8)
0.5 (0.6)

Town 3 (n ¼ 6)
Mean (SD)a
9.7
51.3
9.8
0.2

(0.5)
(3.0)
(1.6)
(0.4)

Abbreviation: SD, standard deviation.
a
Data are expressed as means (SD).
b
Mean is based on scores of participants who completed the post-implementation surveys.

Table 6. Facilitators of and Barriers to HEART Club Progress: Emergent Subthemes and Selected Quotes.
Subtheme

Selected Quotes

Facilitators of HEART Club Progress
Support from local
stakeholders

Effective leadership

Collective effort

Positive group dynamics

“We had incredible support, because we were able to take our idea, keep it local by going to . . . the college that’s in
our town, and having the graphics design class volunteer to actually come up with different versions of what we
were looking for . . . And then having our local printer, again in town, be able to print the map for us . . . everybody
was wonderful in helping us stick to our timeline and what our goal was and our project idea.” (Town 2)
“And I got a lot of support from the [director] of the retired senior volunteer program. And so he would send out
all the flyers to the churches in the county . . . all the volunteers in the county. (Town 1)
“[Leader] helped keep our focus. Everybody was allowed to . . . get their suggestions or offer ideas, she helped us
bring those ideas to a focus. Because that’s what sometimes gets difficult in a group . . . people have different
ideas that they want to do maybe as a goal, versus maybe someone else. And she was able to sort of take . . . a
group collectively, and . . focus all of our opinions and ideas.”(Town 2)
“We all know we have individual talents, but when you put them together, it blossom[ed] into [a] combined group
that’s . . . a strong network of people.” (Town 3)
“You have such a diverse . . . experience from the people that are involved . . . and it pulls it all together very
well . . . and everybody does what they’re comfortable with, and it works. And no one is feeling overwhelmed by
any particular part, because everything is shared. (Town 2)
“The more positive people you can bring together, the more positive your focus, and the more things you get done
that are going to have a positive impact on people . . . ” (Town 3)
“You give me your ideas and your energy, and then I think of something else and it’s like ‘My gosh, that’s pretty
cool’ . . . I like that . . . the energy of the group.” (Town 1)

Barriers to HEART Club progress
Competing priorities

Lack of community
engagement
Limited financial
resources

“It was very difficult [forming the HEART Club] because we had to be here for like a month every single Monday
[for meetings], and that is very hard, especially if you have a family.” (Town 1)
“It all comes down to balancing. So, you know, working full-time, being a mom, and this being one project . . . so it’s
finding that time to be able to commit to another project . . . being able to fit that into all of the other things.”
(Town 2)
“We haven’t had a whole lot of community outpouring of support or participation.” (Town 1)
“We’re going to do more work to feed [our project] out into our community and neighboring
communities . . . communication is the hardest thing” (Town 2)
“We’re a very poor area . . . people don’t have a hundred dollars right off the top of their hat to . . . give.” (Town 3)
“When you’re trying to start something, you need a large advertising budget . . . you can’t just say ‘Come to a walk!’
and expect everybody in the community to say, ‘Oh of course, I’ll be there.’” (Town 1)

Abbreviation: HEART, Healthy Eating and Activity in Rural Towns.

renewed connection to their communities. Most participants
were satisfied with the environmental changes they were enacting and hoped to embark on other community change initiatives in the future.
Key themes related to HEART Club progress that emerged
from the focus groups are presented in Table 6 along with

supporting quotes. Important facilitators of success included
local stakeholder support, effective leadership, collective
effort, and positive group dynamics. Many participants attributed successful project implementation to the ease of networking and accessing resources within a small community
setting. Groups found local stakeholders to be particularly
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receptive toward their efforts, which helped catalyze progress.
Leaders were also admired for their enthusiasm, dedication,
and ability to guide group efforts without dominating the
decision-making process.
The diverse talents and experiences of fellow members
allowed groups to achieve more than they could have accomplished individually. Being part of a group allowed for an
efficient division of tasks to suit each person’s skills and facilitated information-sharing to solve problems or generate new
project ideas. Participants also felt a sense of accountability to
fellow group members that helped keep momentum going. The
positive atmosphere experienced in meetings allowed for constructive discussion, productive involvement of members, and
ultimately, positive group outcomes.
Barriers to group progress included competing priorities,
lack of more widespread community engagement, and limited
financial resources. Balancing HEART Club activities with
existing commitments to family members, work, and other
local organizations was a notable struggle for many participants. Although the diversity of group members was highly
valued, it was more difficult to schedule meetings and ensure
consistent attendance, which ultimately detracted from project
momentum.
Despite strong support from local stakeholders, several participants found it difficult to encourage community participation in their projects. This lack of engagement was often
attributed to the challenge of publicizing HEART Club initiatives. Although groups advertised through multiple channels
(eg, flyers, newspapers, Facebook), they still struggled to draw
sufficient interest.
Lastly, securing the necessary funding to support project
goals was a common barrier to HEART Club progress. Projects
often cost more than anticipated and exceeded the seed funds
allocated to each group. Several participants reported compromising on certain project components due to limited budgets.
One group began an intensive fundraising campaign but found
it difficult to recruit donors from the community.

Discussion
The HEART Club curriculum provides a stepwise process for
rural residents to improve their food and physical activity
environments under the guidance of extension educators who
serve as the leaders of these groups. This approach is based on
the principles of community organizing and emphasizes the
importance of active community involvement in creating sustainable environmental change.38 Given the limited evidence
from rural settings, the present pilot study was designed to
evaluate the feasibility and preliminary effectiveness of this
CEBEC approach. Our findings suggest that resident-led
CEBEC initiatives that build upon local resources and establish
feasible goals can foster environmental change in rural
communities.
Extension educators successfully engaged individuals from
3 rural towns to form HEART Clubs and work toward a local
environmental issue of concern. Interestingly, all 3 groups
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focused on improving aspects of the physical activity environment. Although several barriers to healthy eating were identified during the community assessments and curriculum
meetings (eg, limited availability of fresh produce), participants felt that these issues were more challenging to address.
Incorporating examples of food environment changes and strategies for implementing successful initiatives (eg, working
with store owners to highlight healthy options rather than adding new products) may give groups more confidence to tackle
these issues in the future.
Participants reported improved awareness of local environmental conditions as a result of HEART Club participation. As
with previous studies, we found community assessments to be a
successful strategy for building awareness and setting priorities
for action.37,43 Despite encountering several barriers, groups
effectively leveraged existing resources and individual assets
to achieve project goals. Involving members who were connected to local organizations was a key factor in ensuring
success. Other facilitators of project success included local
stakeholder support, effective leadership, and positive group
dynamics. Competing responsibilities (eg, childcare, work),
lack of community support, limited financial resources, and
some pushback from stakeholders were cited as barriers to
project implementation. These factors may have contributed
to the slight decline in motivation observed among participants.
In particular, town 1 faced several roadblocks to implementing
their project (eg, walking permit delays, unsupportive
stakeholders), which led to feelings of discouragement and low
self-efficacy.
It is also important to note that we conducted extensive and
regular discussions with our leaders to assess the communitywide impact of each HEART Club project. As a result, we
learned that town 1 acquired a permit to host community walks
shortly after the focus group discussions, which helped restore
group morale. We also learned that the extent to which each
initiative reached local community residents varied according
to the nature of the initiative. For example, town 1 typically
engaged 10 to 15 residents to participate in their bimonthly
community walks. Town 2 distributed approximately 1000 brochures highlighting local physical activity opportunities at the
town elementary school and community events. Town 3 began
fundraising for a new community playground/fitness area
designed for residents of all ages and abilities to use. To date,
they have raised more than $80 000 in funds and hosted a community build to install new playground equipment and a series of
“smart” exercise stations, a significant accomplishment for this
small, underserved community.
Some limitations of this research should be noted. To evaluate feasibility and preliminary effectiveness, HEART Clubs
were implemented in 3 rural towns within a specific geographic
region. The small sample size limited our ability to detect
significant pre–post changes, and results should be interpreted
with caution. However, the positive trends observed for most
measured outcomes provides support for larger controlled studies. Although our sample consisted primarily of non-Hispanic
white individuals, this was reflective of the racial/ethnic
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composition of our study towns. The limited enrollment of male
residents may have been due to the fact that our program leaders
were women and more likely to know other female residents in
the area. Alternatively, it may have been due to gender differences in community participation in our study towns (ie, women
more commonly involved in volunteer/community services).
Given the diversity of rural areas, additional studies are needed
to assess the wider acceptability of this approach.
Secondly, HEART Club groups varied in size based on
community interest and success of recruitment efforts. However, the groups did not differ with respect to demographic
characteristics, except age. In addition, the main comparisons
for this study were pre–post changes among HEART Club
participants as a whole. Although pre–post changes were presented for each town (Table 3), between-group comparisons
were not conducted due to insufficient sample size. This suggests that the risk of selection bias was relatively low.
Despite lower than expected response rates on the postimplementation survey (58%), we had high attendance rates
across all 4 curriculum meetings (88%). This suggests that the
majority of HEART Club members completed all curriculum
activities and contributed to their group’s project. Additionally,
no significant demographic differences were observed among
participants who completed and those who did not complete the
post-implementation survey. Finally, we did not formally document the reach of HEART Club initiatives across each community or assess changes in health and behavioral outcomes
among residents. Determining the potential beneficiaries of
community environment changes would be a valuable component of future HEART Club evaluations.
This study adds to the small but growing body of literature
on built environment interventions to improve physical activity
and healthy eating in rural areas. Our findings are consistent
with civic engagement efforts in other rural settings.37,43,44 For
example, the Central California Regional Obesity Program
mobilized residents to conduct community assessments and
help develop interventions in partnership with county public
health departments.43 Future improvements to the HEART
Club curriculum include increased flexibility (eg, meeting
structure and frequency) and inclusion of outreach or community engagement strategies. Integration with existing community groups emerged as an important strategy for broader reach
and sustainability. In particular, HEART Club recruitment
efforts should focus on individuals from local organizations
or those with strong connections to community stakeholders.
By leveraging existing infrastructure and local partnerships,
groups may achieve greater success in creating built environment change and engaging residents in these efforts. Finally,
creating an online support platform for HEART Club groups to
share challenges, brainstorm solutions, and document positive
achievements could further enhance project sustainability.
By promoting environmental changes through civic engagement, the HEART Club approach can contribute to building a
culture of health in underserved rural communities. Previous
studies in urban settings have shown CEBEC initiatives to be
effective at shifting perceptions related to local built and social
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SO WHAT?
Implications for Research, Policy, and Practice
This study highlights the potential of CEBEC initiatives to
promote built environmental change in rural areas. In
particular, engaging rural residents in a stepwise process
involving community assessment, issue prioritization,
action planning, and team-building led to successful
achievement of project goals. Future studies should
assess the reach of HEART Club initiatives to determine
community-wide impact and evaluate the implementation of revised curricula across multiple geographic
regions. Policies that support ongoing assessment and
documentation of built environment resources and promote collaboration between local stakeholders and residents could further benefit these initiatives. Health
educators in rural settings should consider utilizing the
HEART Club curriculum to facilitate improvements in
local food or physical activity environments. Additional
dissemination efforts could inform new curriculum adaptations to enhance the sustainability of this approach.

environments. 45-48 For example, the Food Environment
Assessment using the Stanford Tool (FEAST) project engaged
senior citizens from San Mateo county in documenting their
food environment and advocating for changes in the prices of
healthy foods. Participating members reported increased usage
of community services (eg, Supplemental Nutrition Assistance
Program [SNAP] benefits) and information sharing with
friends, and later formed an advocacy group to improve the
quality of affordable senior housing.47 Although future studies
are needed to formally evaluate the sustainability and
community-wide impact of HEART Club initiatives, evidence
from previous studies and our discussions with HEART Club
leaders and participants suggest that this approach has the
potential to shift health-related values and practices over
the long term.
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Objective: The aim of this study was to evaluate a multilevel cardiovascular disease (CVD) prevention
program for rural women.
Methods: This 6-month, community-based, randomized trial enrolled 194 sedentary rural women aged
40 or older with BMI  25 kg/m2. Intervention participants attended 6 months of twice-weekly exercise,
nutrition, and heart health classes (48 total) that included individual-, social-, and environment-level components. An education-only control program included didactic healthy lifestyle classes once a month (six
total). The primary outcome measures were change in BMI and weight.
Results: Within-group and between-group multivariate analyses revealed that only intervention participants decreased BMI (20.85 units; 95% CI: 21.32 to 20.39; P 5 0.001) and weight (22.24 kg; 95% CI:
23.49 to 20.99; P 5 0.002). Compared with controls, intervention participants decreased BMI (difference:
20.71 units; 95% CI: 21.35 to 20.08; P 5 0.03) and weight (1.85 kg; 95% CI: 23.55 to 20.16; P 5 0.03)
and improved C-reactive protein (difference: 21.15 mg/L; 95% CI: 22.16 to 20.15; P 5 0.03) and Simple
7, a composite CVD risk score (difference: 0.67; 95% CI: 0.14 to 1.21; P 5 0.01). Cholesterol decreased
among controls but increased in the intervention group (27.85 vs. 3.92 mg/dL; difference: 11.77; 95%
CI: 0.57 to 22.96; P 5 0.04).
Conclusions: The multilevel intervention demonstrated modest but superior and meaningful improvements in BMI and other CVD risk factors compared with the control program.
Obesity (2018) 00, 000-000. doi:10.1002/oby.22158

Introduction
Cardiovascular disease (CVD) is the leading cause of mortality in
the United States, accounting for approximately one-quarter of all
deaths (1). People living in rural areas are more likely than those in
urban areas to be diagnosed with CVD and exhibit more CVD risk
factors, including smoking, having type 2 diabetes, having a BMI in
the overweight or obesity categories, and having a sedentary lifestyle (2,3). Rural women are also more likely to be uninsured, older,
and less educated and to have lower income and higher rates of
chronic health conditions—due, in part, to limited access to physical

activity opportunities, healthy foods, and health care resources (4-7).
Thus, women living in rural, medically underserved areas are a critical target population for CVD prevention efforts.
Didactic, education-only, individual-level approaches are common
among weight management and healthy lifestyle programs despite
the fact that experiential, hands-on learning techniques tend to result
in superior outcomes (8). Although the socioecological model is
often referenced in the context of health behavior change interventions and the Academy of Nutrition and Dietetics notes that
“interventions incorporating more than one level of the
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socioecological model and addressing several key factors in each
level may be more successful than interventions targeting any one
level and factor alone” (9), few programs have actively engaged the
individual, social, and environmental spheres of influence to help
support behavior change. In addition, a 2014 review found that
evidence-based interventions promoting physical activity and healthy
eating for adults are limited by a lack of high-quality, multilevel
intervention studies (10). This is likely due to the lack of clear, specific strategies for linking multiple socioecological levels (11).
The objective of Strong Hearts, Healthy Communities (SHHC) was
to address these gaps by 1) developing an innovative intervention
informed by the socioecological framework to target key behaviors
related to CVD prevention and overweight/obesity, bolstering social
and environmental support through civic engagement; 2) integrating
an experiential learning approach including core concepts of experience, observation and reflection, analysis and generalizations, and
application to future situations; and 3) conducting a pragmatic comparative effectiveness trial evaluating SHHC compared with an
education-only, minimal intervention control program, Strong
Hearts, Healthy Women (CON), on anthropometric and physiologic
outcomes. We hypothesized that there would be superior improvement in the full intervention program, resulting in significant and
clinically meaningful improvements in CVD risk factors.

Methods
Design
This randomized community intervention trial occurred in 2015 to
2016 in 16 towns in Montana and New York. All towns were rural
(based on Rural-Urban Commuting Area designations) (12) and
were designated as medically underserved areas or populations (13).
Population per town ranged from 470 to 5,900, with an average of
2,200 residents. Randomization occurred at the town level, with half
randomized to deliver the SHHC intervention program and half to
deliver the CON program. The study protocol has been previously
published (14). The study was approved by the Cornell University
and Bassett Healthcare Institutional Review Boards.

Participants
Participants were recruited by local health educators through word of
mouth, community advertising (e.g., posters/flyers at senior centers),
recruitment events (e.g., tables at grocery stores), newspaper ads and
articles, radio ads, Facebook, website posts, and targeted direct mailing.
Eligible participants were female, 40 years or older, with BMI  25 kg/
m2, sedentary (not meeting the Physical Activity Guidelines for Americans (15) or having an estimated total energy expenditure below 34 kcal/
kg per day, per the 7-Day Physical Activity Recall scale), and Englishspeaking, and they had their physician’s approval to participate. Participants with blood pressure >100 (diastolic) or > 160 (systolic), heart
rates of <60 or > 100, or cognitive impairments were excluded. All participants provided written informed consent.

Program educators
The 16 program educators who delivered the program were members of each local community, were affiliated with cooperative
extension offices or a local rural health care system, and had experience delivering health education programs to adults. They also had
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cardiopulmonary resuscitation certification, training in human subject ethics, and extensive training in research methods related to the
study and the curriculum to be delivered; trainings were conducted
through in-person workshops, webinars, and weekly phone calls.
Full details are described in the protocol manuscript (14).

Multilevel intervention program and minimal
intervention control program
The multilevel SHHC intervention program integrated three
evidence-based community programs—two targeting the individual
and a third targeting positive change in social and built environments (16-18). SHHC focused on behavior change through experiential learning in the following areas: dietary improvement, physical
activity and fitness, weight loss, and other relevant CVD-related prevention skills and strategies such as stress management. Grocery
store audits and community food and physical activity environment
assessments (e.g., local walking tour to identify barriers and facilitators to active living and healthy eating) included friends and family
members, as part of the social environment and HEART Club civic
engagement component. SHHC participants met twice weekly for 24
weeks (48 one-hour classes).
The diet component aimed to change dietary patterns through classroom skill-building activities (e.g., measuring true portion sizes,
label reading) and field-based learning (e.g., grocery store audits,
home food environment awareness activities); it was informed by
DASH (Dietary Approaches to Stop Hypertension) diet principles
(19), the Dietary Guidelines for Americans (20), and the Mediterranean dietary pattern (21). Nutrition behavioral aims included
increasing fruits and vegetables, replacing refined grains with whole
grains, and decreasing calories, desserts, processed foods, saturated
and trans fats, sodium, and sugar-sweetened beverages.
SHHC physical activities included aerobic exercise (e.g., indoor and outdoor walking, aerobic dance), starting at low to moderate intensity with
a transition to moderate to vigorous intensity; progressive strength training exercises for upper and lower body and core; and field-based learning with reflections (e.g., community walking tour). Goal setting, behavioral feedback and tracking, and motivational interviewing techniques
were used. Progressive, moderate-intensity aerobic exercise (typically
20-30 minutes), such as walking DVDs and aerobic dance, was included
in nearly all classes. Progressive strength training (typically 10-20
minutes; two sets of 10 repetitions) of major muscle groups, such as
squats, lunges, bicep curls, and chest press, was included in about twothirds of classes. Participants were encouraged to increase the intensity
of both exercise components throughout the program.
Curriculum content addressed the social environment’s influence on
heart-healthy behavior related to diet and exercise, social support for
heart-healthy behaviors, heart-healthy eating plans for friends and
family, social influences on sugar-sweetened beverage consumption,
and what to do when loved ones are unsupportive. Engagement and
reinforcement of these concepts occurred within HEART Club activities, which also formalized knowledge/awareness of built environment change opportunities to support healthy lifestyles in rural
towns, a novel feature of the intervention program. The HEART
Club used a formal, stepwise process with groups identifying a food
or physical activity environment issue they believed important and
feasible to address in their community to support healthier lifestyles,
followed by a system to articulate and evaluate action steps by the
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group (16). To facilitate HEART Club efforts and raise general
awareness of local resources for healthy eating and active living,
there were HEART Club community activities, designed by participants, based on the issue and action steps identified, with the goal
of participants acting as positive change agents for their families,
friends, and communities (22). As an additional component to support the multilevel approach of the intervention, Community Guides
were developed for each SHHC community with lists of and basic
information about local resources for healthy eating, physical activity, health care and wellness, and community change.
The Strong Hearts, Healthy Women control (CON) classes served as the
reduced-dose, education-only, minimal intervention control program.
The CON classes met for a 1-hour class once per month over 24 weeks
(six classes total). Classes provided evidence-based healthy lifestyle
information (e.g., current dietary and physical activity guidelines) presented didactically. Participants did not engage in physical activity, skill
building, or other active learning elements (e.g., reflection, monitoring)
or civic engagement during the class sessions.

Outcome assessments
Analysis for the current study includes baseline data and postintervention (outcome) data collected immediately after the 6-month intervention. Participants completed a demographic questionnaire at baseline
only, unless they indicated a change (e.g., marital status). Demographic
questions were derived from national surveys (e.g., US Census). Participants also completed behavioral and health-related questionnaires at
baseline and postintervention, including data on relevant diagnoses and
medications (e.g. hyperlipidemia, statin use). Qualtrics software (Provo,
Utah) was used for questionnaire-based data collection.
Anthropometric measures included height, weight, BMI (kg/m2), body
composition, and hip and waist circumference, all measured in duplicate
(only in triplicate if needed per study protocol). Freestanding Seca model
213 stadiometers (Seca GmbH, Hamburg, Germany) were used for
height measurements; Omron HBF-510W scales (Omron Healthcare,
Kyoto, Japan) were used for weight and body composition measures. A
retractable Gulick tape measure (Country Technology Inc., Gays Mills,
Wisconsin) was used for hip and waist circumferences. Physiologic
measures included blood pressure, resting heart rate, and fasting (overnight, 12 hours) blood draws to assess glucose, hemoglobin A1c, Creactive protein (CRP), and lipid panel with total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides. Anthropometric and physiologic measures were completed by independent, trained staff from Western Health Screening in Montana and Bassett Healthcare Network in
New York.
Simple 7 is a cardiovascular health metric composed of four health
behaviors (smoking, BMI, physical activity, healthy diet) and three
health factors (total cholesterol, blood pressure, fasting glucose) (23).
The classification scores determined by the American Heart Association are poor, intermediate, or ideal, which are correlated with prevalence of CVD events (24). The Simple 7 components for this study
were derived from a combination of self-reported (smoking, physical
activity by International Physical Activity Questionnaire (25), healthy
diet (26)) and measured (BMI, total cholesterol, blood pressure, fasting serum glucose) data. To calculate the Simple 7 score, the number
of ideal/intermediate/poor Simple 7 components for each participant
was counted. Ideal cardiovascular health is defined as having all seven
cardiovascular health metrics in the ideal range. Intermediate
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cardiovascular health is defined as having at least one intermediate
metric and no poor metrics. Poor cardiovascular health is defined as
having at least one poor health metric. Further details in Supporting
Information Table S1 describe each characterization for the poor,
intermediate, and ideal score as well as the data source for each measure included in the analysis for this study. In addition, 10-year risk
for atherosclerotic cardiovascular disease (ASCVD) was calculated
using the Pooled Cohort Equations (27).

Statistical analysis
Our sample size estimates were based on the StrongWomen—
Healthy Hearts study (17) in which intervention participants lost an
average of 2.1 kg (SD 5 2.6) compared with controls. We determined that a sample size of 34 people per group would allow us to
detect an effect size of 0.690 from a two-sided independent means
test with 80% power and type 1 error of 5%. Given the data were
clustered within towns, we assumed intraclass correlation of 0.025
(with clusters of 12 people) and 10% initial attrition, resulting in a
design effect of 1.275, yielding a sample size requirement of 48
people per group (96 total). To ensure adequate power, taking into
consideration the potential for additional attrition and possible subgroup analyses based on baseline characteristics, additional participants were recruited. For randomization, towns were paired based
on the closest match to rural (RUCA 2.0) designation and population
size (28). Following completion of participants’ baseline assessments, the statistician randomly assigned one town from each pair to
receive the intervention (SHHC) or control (CON) program.
Univariate descriptive statistics for the entire sample and by treatment group were compiled and tabulated. Comparison between baseline characteristics was completed using v2 (binary and categorical
variables) and t tests (continuous variables). Because observations
were clustered within towns, multilevel linear regression models
were used (Model 1). Site was treated as a random effect to examine
adjusted effects of the intervention on the primary outcomes (change
in BMI and body weight) and key secondary outcomes (physiologic
[e.g., blood pressure, lipids, CRP, hemoglobin A1c], anthropometric
[e.g., waist circumference], and aggregate [e.g., Simple 7, ASCVD
risk]) following a modified intent-to-treat analysis (29) wherein all
participants who completed data collection were analyzed according
to their randomized treatment assignment, regardless of their level
of intervention adherence (complete case analysis). The a priori multivariate participant model (Model 2) controlled for baseline values
of the outcome (30), age, marital status, and education as fixed
effects in addition to the treatment variable. Table 2 displays Model
1 and Model 2 as within-group pre- to postintervention change values and significance of those changes within each treatment group
(SHHC and CON). Table 3 displays Model 1 and Model 2 as the
between-group comparison of the pre- to postintervention change
values and significance of those change differences between the two
treatment groups. Multilevel ordinal logistic regression models were
used to assess the effect of the intervention on Simple 7. All tests
were two-sided, and P  0.05 was used as the cutoff for statistical
significance. In addition, we conducted sensitivity analyses in which
missing data were imputed and with the last observation carried forward (LOCF), which are included in Supporting Information Tables
S2 and S3. Sample sizes for the complete case analysis and LOCF
are noted in Figure 1 and in each of the tables. Analyses were conducted using the PROC MIXED command for multilevel analysis in
SAS version 9.4 (SAS Institute, Cary, North Carolina).
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Figure 1 CONSORT flowchart describing progress of participants through the study. CON, Strong Hearts, Healthy Women–Control; LOCF, last
observation carried forward; MT, Montana; NY, New York; SHHC, Strong Hearts, Healthy Communities-Intervention.

Results
A total of 194 participants consented to participate and were
randomized; 151 (78%) completed both baseline and outcome
assessments (Figure 1). There was a difference in two demographic
characteristics between the intervention and control groups; intervention participants had a larger household size (mean [SD] household size 2.5 [1.4] people vs. 2.1 [0.9] people, respectively) and a
greater number of children in the household (mean [SD] 1.4 [0.8]
children vs. 1.1 [0.5] children, respectively). There were no differences in baseline health measures between the intervention and
control group participants (P  0.05; Table 1). Analysis revealed
no differences in baseline characteristics among those for whom
outcome data were or were not available, with the exception of an
age interaction with Simple 7: the average age with a Simple 7
score was 59.8 years, while those for whom a Simple 7 score was
not available because of loss to follow-up or missing data was 56.9
years (P 5 0.04).
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Primary outcomes (body weight and BMI)
In the pre-post within-group multivariate analysis, only intervention
participants significantly decreased BMI (20.85 units, 95% CI:
21.32 to 20.39; P 5 0.001) and weight (22.24 kg, 95% CI: 23.49
to 20.99; P 5 0.002); there were no improvements among controls
(Table 2, Model 2). In the between-group multivariate analysis, the
intervention group lost significantly more weight (difference: 21.85
kg, 95% CI: 23.55 to 20.16; P 5 0.03) compared with the control
group (Table 3, Model 2). This equated to a significant BMI
decrease among intervention participants compared with controls
(20.71 units, 95% CI: 21.35 to 20.08; P 5 0.03).

Secondary outcomes
In the pre-post within-group multivariate analysis, only intervention
participants had a significant decrease in CRP (21.13 mg/L, 95% CI:
21.89 to 20.37; P 5 0.004), Simple 7 (0.88, 95% CI: 0.48 to 1.28;
P < 0.001), ASCVD risk (20.96, 95% CI: 21.49 to 20.43,
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TABLE 1 Baseline characteristics of participants by intervention condition

Age, mean (SD), y
Income, No. (%)
<$25,000
$25,000-$50,000
>$50,000
Marital status, No. (%)
In a relationship
Not in a relationship

Married
Member of an unmarried couple
Divorced
Widowed
Separated
Never been married

Educational level, No. (%)
High school or less
Technical or vocational school/some college
College graduate
Postgrad/professional
Household size (total), mean (SD)
Number of adults in the household, mean (SD)
Number of children in the household, mean (SD)
Racial/ethnic minority, No. (%)
Employment status, No. (%)
Employed for wages
Self-employed
Out of work for more than 1 year
Out of work for less than 1 year
Homemaker
Student
Retired
Unable to work
Smoking
BMI, mean (SD)a
Weight, mean (SD), kg
CRP, mean (SD), mg/L
Simple 7, mean (SD)
ASCVD risk, mean (SD)
Waist-to-hip ratio, mean (SD)
Body fat, mean (SD), %
Resting heart rate, mean (SD)
Diastolic blood pressure-automated, mean (SD), mmHg
Systolic blood pressure-automated, mean (SD), mmHg
Waist circumference, mean (SD), cm
Cholesterol (total), mean (SD), mg/dL
HDL cholesterol, mean (SD), mg/dL
LDL cholesterol, mean (SD), mg/dL
Triglycerides, mean (SD), mg/dL
Fasting glucose, mean (SD), mg/dL
Hemoglobin A1c, mean (SD)

Total, N
(range 5 174-194)

SHHC, n
(range 5 88-101)

CON, n
(range 5 86-93)

58.9 (9.5)

59.0 (9.4)

58.7 (9.7)

37 (21)
53 (31)
84 (48)

24 (27)
23 (26)
41 (47)

13 (15)
30 (35)
43 (50)

130 (70)
2 (1)
20 (11)
22 (12)
3 (2)
8 (4)

68
2
9
14
1
1

62
0
11
8
2
7

42 (23)
55 (30)
58 (32)
29 (16)
2.3 (1.2)
2.0 (0.7)
1.3 (0.7)
10 (5)

22 (23)
30 (32)
28 (30)
14 (15)
2.5 (1.4)
2.0 (0.7)
1.4 (0.8)
5 (5)

20 (22)
25 (28)
30 (33)
15 (17)
2.1 (0.9)
2.0 (0.7)
1.1 (0.5)
5 (6)

110 (59)
20 (11)
1 (1)
0 (0)
9 (5)
0 (0)
41 (22)
5 (3)
9 (5)
35.2 (6.5)
93.8 (18.1)
4.9 (4.3)
7.3 (1.9)
7.2 (9.3)
0.9 (0.1)
48.4 (5.0)
73.1 (9.2)
87.5 (20.4)
134.4 (17.1)
105.8 (12.7)
203.7 (41.3)
56.5 (14.5)
124.8 (35.5)
144.2 (72.7)
98.7 (22.0)
6.1 (0.8)

50 (52)
11 (11)
1 (1)
0 (0)
6 (6)
0 (0)
24 (25)
4 (4)
5 (5)
34.9 (6.1)
92.2 (16.8)
4.8 (4.6)
7.3 (1.9)
8.0 (10.7)
0.9 (0.1)
48.2 (5.2)
72.9 (8.8)
87.9 (27.1)
134.7 (19.0)
104.9 (13.3)
202.0 (44.2)
57.6 (15.3)
122.2 (37.4)
145.9 (78.1)
98.4 (19.7)
6.1 (0.8)

60 (67)
9 (10)
0 (0)
0 (0)
3 (3)
0 (0)
17 (19)
1 (1)
4 (4)
35.5 (6.8)
95.5 (19.5)
5.0 (3.9)
7.2 (1.9)
6.3 (7.3)
0.9 (0.1)
48.7 (4.9)
73.3 (9.7)
87.1 (8.3)
134.0 (14.9)
106.7 (12.0)
205.5 (38.0)
55.3 (13.5)
127.7 (33.3)
142.3 (66.7)
99.0 (24.3)
6.1 (0.9)

(72)
(2)
(9)
(15)
(1)
(1)

(69)
(0)
(12)
(9)
(2)
(8)

Boldface indicates statistical significance (P  0.05).
a
Calculated as weight in kilograms divided by height in meters squared.
ASCVD, atherosclerotic cardiovascular disease; CON, Strong Hearts, Healthy Women-Control; CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; SHHC, Strong Hearts, Healthy Communities-Intervention.

www.obesityjournal.org

Obesity | VOLUME 00 | NUMBER 00 | MONTH 2018

5

6

Obesity | VOLUME 00 | NUMBER 00 | MONTH 2018

0.02
0.49
0.47
0.98
0.46
0.22
<0.001

(26.10 to 20.68)
(25.43 to 10.79)
(21.75 to 3.61)
(25.47 to 5.63)
(220.49 to 9.94)
(21.57 to 6.89)
(20.40 to 20.16)

23.39
2.68
0.93
0.08
25.28
2.66
20.28

22.10
29.41
0.55
28.08
29.45
5.61
20.28

0.05

0.60
0.65
0.96
0.14
0.30
0.64
<0.001
0.25
0.009

(24.84 to 0.64)
0.12
(217.72 to 21.10)
0.03
(22.21 to 3.32)
0.68
(213.83 to 22.32)
0.009
(225.14 to 6.24)
0.22
(1.00 to 10.22)
0.02
(20.41 to 20.16) <0.001

24.14 (28.21 to 20.07)

<0.001 20.10 (20.49 to 0.29)
<0.001 20.23 (21.28 to 0.83)
<0.001 20.02 (20.84 to 0.80)
<0.001
0.32 (20.11 to 0.76)
0.004 20.32 (20.94 to 0.29)
0.36 20.003 (20.02 to 0.01)
<0.001 21.71 (22.21 to 21.20)
0.004 21.17 (23.18 to 0.83)
<0.001 24.53 (27.73 to 21.32)
0.003

(21.18 to 20.43)
(23.10 to 21.08)
(22.06 to 20.55)
(0.53 to 1.33)
(21.43 to 20.29)
(20.02 to 0.01)
(22.01 to 21.10)
(24.60 to 20.92)
(29.60 to 23.32)

26.57 (210.51 to 22.64)

20.80
22.09
21.31
0.93
20.86
20.01
21.56
22.76
26.46

(21.32 to 20.39)
(23.49 to 20.99)
(21.89 to 20.37)
(0.48 to 1.28)
(21.49 to 20.43)
(20.02 to 0.01)
(22.20 to 21.11)
(23.85 to 0.08)
(29.63 to 23.28)

23.23
3.92
1.81
0.99
23.39
3.42
20.26

(25.78 to 20.68)
(24.22 to 12.06)
(20.88 to 4.50)
(25.02 to 7.01)
(216.97 to 10.18)
(21.08 to 7.92)
(20.38 to 20.14)

25.91 (210.35 to 21.46)

20.85
22.24
21.13
0.88
20.96
20.01
21.65
21.88
26.45

Mean change baseline
to outcome (95% CI)

0.02
0.32
0.17
0.73
0.60
0.14
<0.001

0.01

0.001
0.002
0.004
<0.001
<0.001
0.24
<0.001
0.06
<0.001

P

Within-group change (SHHC)

(20.62 to 0.33)
(21.65 to 0.88)
(20.75 to 0.80)
(0.21 to 0.63)
(21.01 to 0.065)
(20.02 to 0.01)
(22.44 to 21.30)
(23.16 to 0.86)
(27.09 to 20.68)

21.83
27.85
0.54
26.55
26.79
5.06
20.28

(24.41 to 0.75)
(216.05 to 0.35)
(22.18 to 3.26)
(212.60 to 20.51)
(220.46 to 6.89)
(0.46 to 9.67)
(20.40 to 20.16)

23.85 (28.32 to 0.63)

20.14
20.38
0.03
0.21
20.47
20.002
21.87
21.15
23.89

Mean change baseline
to outcome (95% CI)

P

0.15
0.06
0.68
0.04
0.31
0.03
<0.001

0.09

0.53
0.53
0.95
0.32
0.09
0.80
<0.001
0.26
0.02

Within-group change (CON)

Multivariate Model 2,c N range 5 127-145

Boldface indicates statistical significance (P  0.05).
a
Calculated as weight in kilograms divided by height in meters squared.
b
Adjusted for site.
c
Adjusted for site, education, age, marital status, and baseline value of the outcome.
ASCVD, atherosclerotic cardiovascular disease; CON, Strong Hearts, Healthy Women-Control; CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SHHC, Strong Hearts, Healthy Communities-Intervention.

BMIa
Weight, kg
CRP, mg/L
Simple 7
ASCVD risk
Waist-to-hip ratio
Body fat, %
Resting heart rate
Diastolic blood pressure,
mmHg
Systolic blood pressure,
mmHg
Waist circumference, cm
Total cholesterol, mg/dL
HDL cholesterol, mg/dL
LDL cholesterol, mg/dL
Triglycerides, mg/dL
Fasting glucose, mg/dL
Hemoglobin A1c

P

Mean change baseline
to outcome (95% CI)

Mean change baseline
to outcome (95% CI)
P

Within-group change (CON)

Within-group change (SHHC)

Unadjusted Model 1,b N range 5 129-151

TABLE 2 Within-group changes in BMI, weight, and CVD risk factors
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Strong Hearts, Healthy Communities Seguin et al.

www.obesityjournal.org

Original Article

Obesity

CLINICAL TRIALS AND INVESTIGATIONS

TABLE 3 Between-group differences for changes in BMI, weight, and CVD risk factors

Unadjusted Model 1,b
N range 5 129-151

Multivariate Model 2,c
N range 5 127-145

Difference in change between
SHHC and CON

Difference in change between
SHHC and CON

Mean change baseline
to outcome (95% CI)
BMIa
Weight, kg
CRP, mg/L
Simple 7
ASCVD risk
Waist-to-hip ratio
Body fat, %
Resting heart rate
Diastolic blood pressure, mmHg
Systolic blood pressure, mmHg
Waist circumference, cm
Total cholesterol, mg/dL
HDL cholesterol, mg/dL
LDL cholesterol, mg/dL
Triglycerides, mg/dL
Fasting glucose, mg/dL
Hemoglobin A1c

20.71
21.86
21.29
0.61
20.54
20.003
0.15
21.58
21.94
22.44
21.29
12.09
0.37
8.16
4.18
22.95
0.001

(21.25 to 20.17)
(23.32 to 20.41)
(22.40 to 20.17)
(0.02 to 1.20)
(21.38 to 0.30)
(20.02 to 0.02)
(20.53 to 0.83)
(24.30 to 1.13)
(26.43 to 2.56)
(28.10 to 3.23)
(25.15 to 2.57)
(0.49 to 23.70)
(23.48 to 4.22)
(0.17 to 16.15)
(217.66 to 26.01)
(29.21 to 3.30)
(20.17 to 0.17)

P
0.01
0.02
0.02
0.04
0.21
0.76
0.67
0.25
0.37
0.37
0.49
0.04
0.84
0.05
0.69
0.35
0.99

Mean change baseline
to outcome (95% CI)
20.71
21.85
21.15
0.67
20.48
20.01
0.22
20.73
22.57
22.06
21.40
11.77
1.27
7.55
3.39
21.65
0.02

(21.35 to 20.08)
(23.55 to 20.16)
(22.16 to 20.15)
(0.14 to 1.21)
(21.19 to 0.22)
(20.02 to 0.01)
(20.50 to 0.94)
(23.33 to 1.87)
(26.95 to 1.82)
(28.14 to 4.03)
(24.96 to 2.16)
(0.57 to 22.96)
(22.39 to 4.94)
(20.62 to 15.71)
(215.03 to 21.82)
(27.60 to 4.31)
(20.14 to 0.19)

P
0.03
0.03
0.03
0.01
0.18
0.49
0.54
0.58
0.23
0.48
0.41
0.04
0.47
0.07
0.69
0.59
0.78

Boldface indicates statistical significance (P  0.05).
a
Calculated as weight in kilograms divided by height in meters squared.
b
Adjusted for site.
c
Adjusted for site, education, age, marital status, and baseline value of the outcome.
ASCVD, atherosclerotic cardiovascular disease; CON, Strong Hearts, Healthy Women-Control; CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SHHC, Strong Hearts, Healthy Communities-Intervention.

P < 0.001), systolic blood pressure (25.91, 95% CI: 210.35 to
21.46; P 5 0.01), and waist circumference (23.23 cm, 95% CI:
25.78 to 20.68; P 5 0.02); only the control group had a decrease in
LDL cholesterol (26.55, 95% CI: 212.60 to 20.51; P 5 0.04) and
increase in fasting glucose (5.06, 95% CI: 0.46 to 9.67; P 5 0.03;
Table 2, Model 2). Both groups had a decrease in body fat (intervention: 21.65, 95% CI: 22.20 to 21.11; P < 0.001; control: 21.87,
95% CI: 22.44 to 21.30; P < 0.001); diastolic blood pressure (intervention: 26.45, 95% CI: 29.63 to 23.28; P < 0.001; control: 23.89,
95% CI: 27.09 to 20.68; P 5 0.02); and hemoglobin A1c (intervention: 20.26, 95% CI: 20.38 to 20.14; P < 0.001; control: 20.28,
95% CI: 20.40 to 20.16; P < 0.001; Table 2, Model 2).
In the between-group multivariate analysis, intervention participants
had significant improvement in CRP and Simple 7 compared with
controls (difference: 21.15, 95% CI: 22.16 to 20.15; P 5 0.03 and
0.67, 95% CI: 0.14 to 1.21; P 5 0.01, respectively; Table 3, Model
2). In addition, the odds of an improvement in Simple 7 were more
than twice as likely in the intervention group compared with the
control group (odds ratio 2.45; P 5 0.004; not shown in table). Total
cholesterols levels improved among controls compared with intervention (difference: 11.77, 95% CI: 0.57 to 22.96; P 5 0.04; Table
3, Model 2). Primary and secondary outcome results were similar
between the site-only adjusted (Model 1) and multivariate models
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(Model 2) as well as the LOCF models (Supporting Information
Tables S2 and S3).

Class sessions and civic engagement
The average class size was 12 participants. Median class attendance
was 77% in the intervention group and 83% in the control group;
mean attendance was 74% and 68%, respectively. Analyses showed
that among participants who attended at least 75% of their classes,
intervention participants lost 1.01 more BMI units than controls
(95% CI: 21.83 to 20.194; P 5 0.04). Among participants attending
less than 75% of classes, there was no difference in BMI change by
group. For the HEART Club civic engagement, groups engaged in
community change projects and activities that included creating and/
or improving walking trails and park areas, organizing and implementing countywide health fairs, and helping local restaurants identify healthy food choices on their menus for customers.

Discussion
Rural women who participated in the multilevel, experiential, socioecological SHHC curriculum achieved greater weight loss and enhanced
improvements in CVD risk factors compared with the control program.
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The control group also benefited in several parameters, although to a
lesser degree; compared with the intervention group, they had more
improvement in terms of total cholesterol, but these changes lack explanation based on the data collected, such as changes in medication use.

benefits. For example, civic engagement can increase social, physical,
and cognitive activity among older adults (43). Volunteering is linked
to lower hypertension risk and a higher probability of achieving physical activity recommendations in older adults (43).

Our findings are similar to other community-based lifestyle interventions targeting CVD risk reduction among underserved (e.g., rural,
low-income) populations (31-34). For example, Devine and colleagues, using an experiential education approach aimed at fruit and
vegetable intake in low-income women, found significant increases
in intake in intervention versus control group participants (33). The
South Asian Heart Lifestyle Intervention also used both communityengaged and experiential learning approaches; intervention participants had significant weight loss and improved hemoglobin A1c
levels compared with controls at 6 months (34).

The Centers for Disease Control and Prevention recognizes the impacts
of built and social environments and recommends changing them to promote healthier living (44). Particularly important is the built environment, including food stores, sidewalks, streets, parks, and bike lanes.
Growing evidence links built environment features to obesity and related
health behaviors, including physical activity and eating patterns (45).
Changes in the built environment show potential in improving obesity
risk factors (46). It would be best to evaluate the effects of built environment change on community members—beyond the participants and their
friends and family members—through community audits and sampling,
particularly over the long term (e.g., 5 to 10 years).

In the current study, the odds of improvement in Simple 7 were
more than twice as high in the intervention group compared with
the control group. In the Atherosclerosis Risk in Communities
Study, with a mean follow-up of nearly 19 years, participants with
an ideal Simple 7 score had no CVD events, while CVD incidence
was 7.5 per 1,000 person-years for those with intermediate Simple 7
scores and 14.6 for those with a poor Simple 7 score (24).
Compared with other interventions of a similar length, weight loss was
modest. However, the goal of SHHC was stepwise, progressive (e.g.,
increased duration and intensity of aerobic exercise) lifestyle improvements to improve body weight and other CVD risk factors. Results of
the SHHC study are similar to comparable healthy lifestyle interventions. For example, at the midpoint of Arredondo and colleagues’ 2-year
physical activity intervention, the intervention group decreased their
BMI significantly more than the comparison group (20.43 units;
P 5 0.04), which is similar to the results of our 6-month study (20.71
units; P 5 0.03) (35). Furthermore, the focus on social and built environment knowledge and activities, such as in the HEART Club, do direct
time away from individually focused in-class activities such as exercise.
Revisions are being made to the intervention curriculum to supplement
the program’s classes with additional out-of-class support materials,
tools, and “assignments” to keep individual-level progress on track.
Relevant to this study are minimal versus enhanced intervention studies
and pragmatic comparative effectiveness studies. Some report no difference in BMI, blood pressure, or cholesterol between minimal interventions and enhanced interventions (36-38). However, similar to our findings, minimal interventions themselves may be robust enough to create
change; other 6-month behavior change interventions observed
decreased weight and blood pressure with monthly classes (39,40).
Monthly contacts following a 6-month intervention can yield superior
weight maintenance compared with those not receiving contact (selfdirected) (41). Additionally, a recent systematic review of multicomponent behavioral weight management programs suggested that when
researchers assume minimal intervention, control participants may lose
up to a kilogram by the end of the first-year follow-up (42).
Beyond the HEART Club civic engagement, additional activities were
directed at the social and built environment of participants. For example, the walking tour allowed participants to document environmental
opportunities and barriers to healthy eating and physical activity in
their community. Although independent effects of civic engagement
and the social and built environment components cannot be independently assessed with this design, they likely contributed additional
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Evaluation of SHHC, with its hands-on, experiential learning focus combined with the social, built environment and civic engagement components, makes a novel contribution to the field. Strengths of this study
also include integration of three evidence-based programs, randomization of participants after recruitment and baseline measurements, and the
inclusion of 16 rural, medically underserved communities with hard-toreach populations. Use of existing infrastructure of cooperative extension and rural health care systems is another notable strength of this
study, as these partnerships hold potential for national dissemination.
Given the focus on medically underserved rural populations, it is possible our findings would not generalize to urban populations, although certainly aspects of limited health care access have universal implications;
thus, this program may indeed be appropriate and should be further evaluated in new settings. Another possible limitation is that the women in
this study were more highly educated (48% with college education) than
the average female residents in these rural towns (approximately 20%).
Thus, the study population was not reflective of the overall town population in terms of education. However, 52% of the study population was
of lower educational attainment, and sensitivity analyses found no differential intervention effects by education, which provides some assurance
of the program’s relevance to the general population. Although the
SHHC intervention group addressed aspects of the social and community environment and HEART Clubs implemented changes through civic
engagement initiatives, it was not the objective of this study to evaluate
major built environment or policy changes. However, an important contribution to the field would be future studies specifically designed to
evaluate civic engagement’s independent and additive effects.

Conclusion
Rural woman face unique challenges to living healthy lifestyles and
are at greater risk for obesity-related CVD than other populations.
Designing and evaluating effective programs that incorporate
community-informed civic engagement initiatives hold important
potential for health promotion for the participants and the broader
community, as participants potentially act as powerful role models
and agents of change for their families, friends, and communities
(22). The SHHC curriculum was designed to meet this need,
informed by extensive, multilevel formative data and implemented
in partnership with local health educators in consideration of future
dissemination feasibility. These findings demonstrate a clear
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potential for a multilevel approach with an experiential learning
foundation. Future studies should include rigorous dissemination
evaluation in a range of settings and populations. Additionally,
longer-term follow-up and postintervention studies are needed to
understand the durability of observed benefits.O
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Abstract
Background: Despite increased risk for cardiovascular disease (CVD) and related conditions, evaluations of health
interventions indicate that Black/African American women are less likely to benefit than their white counterparts
and are not as likely to engage in behaviors that reduce CVD risk. The purpose of this study was to test the
feasibility and effectiveness of civic engagement as an intervention strategy to address heart health in Black/African
American women.
Methods: Using a quasi-experimental pre-post study design, civic engagement was tested by convening a
convenience sample of self-identified Black/African American women, ages 30–70 years, English-speaking, and
BMI ≥25.0 (n = 28) into “Change Clubs” in four churches. Feasibility was examined through adherence,
satisfaction, retention, and ability of Change Clubs to meet at least 50% of self-identified action steps for
community change. Effectiveness data included: dietary intake, measures of physical activity, cardiorespiratory
fitness, blood pressure, and anthropometrics. Psychosocial factors hypothesized to serve as the mechanisms by
which civic engagement enacts behavior change were also assessed.
Results: At baseline, the study sample (n = 28) had a mean age of 50.5 y; 53.6% had an associate degree or
higher; 60.7% had an income of $35,000 or higher; and 57.4% were employed full time. At the conclusion of
the study, all participants were satisfied with the progress of their Change Club and with the overall
experience and Change Clubs met their self-identified action steps for community change. The intervention
had a significant effect on finish time on the cardiorespiratory fitness test (p < 0.001) and systolic blood
pressure (p < 0.001).
Conclusions: Study results suggest feasibility and evidence of preliminary effectiveness of using a civic
engagement approach to address behavior change in a way that is appealing and acceptable to Black/African
American women.
Trial registration: NCT02173366
Keywords: Cardiovascular disease, Blacks/African Americans, Lifestyle behaviors Socioecological model, Health
disparities
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Background
The prevalence of diet- and behavior-related diseases
and conditions, such as overweight and obesity, hypertension, and cardiovascular disease (CVD), are higher
among Black/African Americans in comparison to other
racial groups [1]. For example, 82% of Black/African
American women age 20 years or older are overweight
or obese, compared to 61% of white women, and few
Black/African American women meet dietary or physical
activity guidelines [1]. According to the American Heart
Association, the prevalence of hypertension and CVD
among Black/African American females (≥20 years) is
46% and 48%, respectively [1].
Despite increased risk for CVD and related conditions,
Black/African American women are not as likely to engage in behaviors that reduce CVD risk [1], and evaluations of health interventions indicate that Black/African
American women are less likely to benefit than their
white counterparts [2–5]. These differences in effectiveness could be due to a variety of factors including, cultural appropriateness of interventions, time constraints
and adherence to interventions, and resources [2–5].
The relatively few interventions developed specifically
for Blacks/African Americans indicate that it is possible
to achieve significant improvements in risk behaviors
and biological parameters when culture, values, beliefs,
and unique barriers are taken into account [6–14]. Despite this evidence and the large disparities in CVD risk,
few gender- and culture-specific CVD prevention interventions exist [8, 11–15].
The African American Collaborative Obesity Research
Network (AACORN)—a collaboration of U.S. researchers, scholars, and community-based research partners dedicated to addressing weight-related concerns in
Black/African American communities—emphasizes the
importance of engaging community members in the
planning and implementation of interventions [16]. Specifically, the AACORN research paradigm recommends
an eco-social, community-engaged approach to behavior
change as most appropriate and effective in Black/African
American communities [16]. AACORN further asserts
that recognizing the historical and social contexts, cultural
and psychosocial processes, and the physical and economic environments that influence health behaviors
among the Black/African American population is essential
to effective health promotion in this population. Interventions should therefore not only embody the culture of
Black/African American communities (i.e., values of interconnectedness, religiosity, and importance of family), but
also be framed in the context of environmental and
policy-level factors [17]. An additional critical consideration noted by AACORN is the heterogeneity (i.e., ethnicity, socioeconomic status, and education) among the
Black/African American population and how an
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understanding of and responsiveness to this multidimensionality of the study population must underlie the development of programs and interventions if they are to be
effective [4].
The objective of this pilot study is to test the operationalization of the AACORN paradigm through a civic
engagement approach. Civic engagement, defined as “individual and collective actions designed to identify and
address issues of public concern” [18], is an innovative
approach to behavior change. In 2011, several members
of the research team conducted a preliminary project
examining this strategy for health promotion among
predominantly white women [19]. Participants gathered
in “Change Clubs” (also referred to as the civic engagement approach), and engaged in a community audit
designed to increase awareness about their food and
physical activity environments. They then self-identified
a specific community change objective, such as improving snacks in after school programs or advocating for
traffic calming measures to improve community walkability. Through the Change Club curriculum, groups
were led through a process of setting action steps and
monitoring progress. Seven of eight clubs were successful in meeting at least half of their benchmarks [19].
Although not evaluated in that project, this process may
also lead to change in individual health behavior.
Informed by the AACORN paradigm, our study framework (Fig. 1) depicts the mechanisms by which civic engagement may affect behavior change at each level of
the eco-social model (i.e., individual, interpersonal,
organizational, community, public policy) [20]. At the
individual level, civic engagement fosters self-regulation
(goal-setting and monitoring) and self-efficacy, which
are associated with healthier dietary behaviors, regular
physical activity, and weight status [21–27]. The study
framework also suggests civic engagement will decrease
perceived stress through empowerment, or acting in a
self-determined manner to effect change in the public
sphere [28]. At the group/collective level, by identifying
and changing environmental factors affecting community health, the group gains a sense of collective efficacy
to create collective change [29]. The group itself provides social support, known in the literature to positively
affect health behaviors [30, 31]. It is also anticipated that
there is a positive interaction between individual-level
changes and collective efficacy of the group by which
changes at each level reinforce the other [29]. At the
community/environment level, civic engagement is designed to promote environmental and policy changes
that further support personal and collective efficacy and
behavior change through reciprocal determinism [29].
Per the AACORN paradigm, the civic engagement
process reveals community strengths that can be leveraged for health promotion [16].
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Fig. 1 Study theoretical framework

It is hypothesized that the Change Club civic engagement approach would be culturally appropriate for
Black/African American women, since it places the focus
on collective health and builds on cultural strengths
such as interconnectedness, importance of community,
and care for others. The purpose of this study was to determine feasibility and preliminary effectiveness of civic
engagement as a way to affect changes in CVD-related
behaviors and outcomes in this population. The study also
aims to determine trends and obtain data to allow calculation of an adequately powered sample in a larger study.

Methods
Design, sample, and setting

A quasi-experimental pre-post study design was used
and the Tufts University Health Sciences Institutional
Review Board approved all study procedures.
Participants were recruited in collaboration with four
churches located in predominantly Black/African American neighborhoods in Boston, Massachusetts, United
States. Churches were selected based on geographic location and existing connections with these faith-based
institutions. Informational sessions in the format of presentations about the study were conducted at each of
the churches and promotional flyers were posted onsite.
The research coordinator screened potential participants
who expressed initial interest in the research study by
telephone. Inclusion criteria were self-identifying as
Black/African American; female; age 30–70 years;
English-speaking; BMI ≥25; currently sedentary (not
meeting Physical Activity Guidelines for Americans; and
safe to initiate moderate physical activity based on the
PARQ) [32]. Exclusion criteria included failure to provide
informed consent; for those who had any contraindications

to physical activity per the PAR-Q, failure to obtain
physician consent to participate; participation in any
other lifestyle modification program; current use of
either prescription or over-the-counter weight loss
medications; inability to communicate due to severe,
uncorrectable hearing loss or speech disorder; severe
visual impairment (if it precludes completion of assessments and/or intervention); planning to move
outside of area within 6 months; and self-reported
pregnancy, since weight loss is inadvisable [32].
Women who were eligible based on their responses
to the telephone screening, were invited to participate
in the study. Prior to the baseline assessments, each
participant reviewed and signed the informed consent
agreeing to participate in the study. Figure 2 depicts
the study flow and sample sizes.
Intervention

The 6-month intervention was developed from elements
of the Change Club and the StrongWomen – Healthy
Hearts curriculum, a community-based CVD prevention
program for midlife and older women [19, 33] (See
Table 1 for the Intervention Overview). The intervention
herein will be referred to as the Change Club civic engagement curriculum. The Change Club and StrongWomen – Healthy Hearts curriculum were adapted for
cultural appropriateness through the consideration of
food recommendations, language choice, and layout and
design of curriculum materials. Change Club members
met weekly for 6 months and participated in a step-by
step process using the civic engagement approach.
The first three months of the intervention (planning
phase) were facilitated by research staff at which time
the Change Clubs were guided through the process of
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Fig. 2 Study consort map

Table 1 Intervention overview
Planning Phase

Month General Overview

Civic Engagement Topic Covered

Nutrition and Physical Activity Topic Covered

1

Intervention introduction

Heart healthy food discussion

Togetherness and
Unity

Rapport building

Foods that contribute to and prevent heart disease

Establish purpose, group name, and
group norms

Discussions on added sugar, sodium, portion sizes,
hunger cues, and using a pedometer

Community walking tour and assessment
2

Determining the
Community Need

Interview skills training
Identification of community leaders
Importance of setting S.M.A.R.T. goals for
group project

Importance of setting S.M.A.R.T. goals around
nutrition and physical activity
Discussions on fruit and vegetables, heart healthy fats

Identify community needs
Define purpose of group
3

Planning for Next
Steps

Leadership skills within the group
Identification of assets, skills, and strengths
of group members

Discussions on eating whole grains, low fat
and non-fat dairy, heart-healthy proteins

Develop action plans to execute purpose
of the group
Task delegation and action items for each
group member
Implementation/
Action Phase

4

Action, Part 1

Execution of action plan
Review progress in meeting benchmarks
and major group accomplishments

5

Action, Part 2

6

Next Steps

Complete action steps
Summarize group accomplishments
Establish a plan for next steps
(if applicable)

Monitoring of nutrition and physical activity goals
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planning, visioning, stakeholder identification, asset
mapping, and goal setting (using action steps, or specific,
measurable action items toward goal attainment). For
example, Month 1 focused on building the rapport of
the group, identity formation, and establishing group
norms. Month 2 included identification and assessment
of community needs through interviews with key community leaders and community walkabouts and selecting
a central goal related to a nutrition or physical activity
issue of concern in their community. In Month 3, the
group created a plan of action to execute the selfidentified group project, including task delegation and
action items for each group member. During these three
months, research team members either facilitated or cofacilitated the Change Clubs. The facilitators each had
professional experience with group facilitation and the
Change Club civic engagement curriculum. Additionally,
at each session during this phase, participants received
basic nutrition education from the StrongWomen –
Healthy Hearts curriculum, designed to interweave with
the civic engagement approach. For example, as groups
participated in awareness activities focusing on food environments (i.e., accessibility and affordability of healthy
foods and produce) during Month 2, they also examined
and discussed their personal environments and circumstances (i.e., impact of work schedule and family dynamics
on eating habits).
The final three months of the intervention (the implementation/action phase) was facilitated by a self-selected
leader and included the period when the group implemented the identified project. The action steps and
benchmarks established during the planning phase of
the intervention guided the group’s activities. As a
process evaluation measure, research staff monitored the
fidelity to the curriculum through site visits during those
last 3 months.
Each participant received a $150 gift card at each assessment (pre- and post-), each participating church
(leadership and administration) received $200 for assistance in recruitment and provision of space, and the
Change Clubs received $1,000 each to support their
planned community activities.
Measures

Participants completed a questionnaire at baseline to
provide demographic information: age, marital status,
occupational status, education level, income level, and
household characteristics. Most questions were based on
those used in national surveys, i.e., the U.S. Census and
the Behavioral Risk Factor Surveillance System [34].
Feasibility of the Change Club study was measured by
rates of retention and adherence, with retention defined
as the percentage of those who completed the pre- postassessments (6 months), and adherence operationalized
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as the number of sessions attended during the first
3 months of the study. To provide further insight into
feasibility in terms of acceptability of the intervention
and group progress toward stated goals, the postassessment included acceptability and satisfaction
questions. The identified Change Club leader and one
other randomly selected participant from each group
also participated in key informant interviews (KIIs)
post-intervention. Interviews were conducted by two
research team members and were guided by a semistructured interview guide. Key topics included perceptions
of roadblocks and factors leading to success; feedback on
research team support; experiences with connecting and
communicating with political decision makers and stakeholders and others in the community; perceptions about
group dynamics and communication among members; and
thoughts about the overall experience. Data analysis is
described below.
Anthropometrics, psychosocial, physiological, and behavioral outcomes were collected within two weeks prior
to the start of the Change Club intervention (pre) and
again within two weeks following the conclusion of the
6-month intervention (post). Demographic variables
were only collected during the pre-assessment. See
Table 2 for a complete list of measures.
The assessed psychosocial factors hypothesized to
serve as the mechanisms by which civic engagement enacts behavior change per our study framework included:
self-regulation, collective efficacy, perceived stress
(proposed to be reduced through empowerment), selfefficacy, and perceived social support [35–40]. The
Civic Engagement Scale was used to measure civic
engagement [41]. Because of the hypothesized cultural
relevance of the civic engagement approach, data were
collected from the African American Acculturation Scale,
which measures dimensions of African American culture,
whereby a higher score means greater acculturation to the
African American culture [42, 43].
Dietary intake was based on two telephone-based, 24-h
dietary recalls conducted by trained research personnel,
either a registered dietitian or graduate students in nutrition, using the multiple-pass protocol [44]. The multiplepass method is a multi-step process designed to enhance
complete and accurate food recall and reduce respondent
burden [44]. Telephone recalls were unannounced. Data
were entered using the Nutrition Coordinating Center at
the University of Minnesota Food’s Nutrition Data System
for Research (NDSR) [45].
Physical activity was measured both objectively by
accelerometry (ActiGraph Model GT3X), worn for seven
consecutive days, and by self-report over the previous
7 days (International Physical Activity Questionnaire,
long form) [46]. Cardiovascular fitness was measured
using the Rockport 1-mile walk test, which has been
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Table 2 Assessed measures
Psychosocial
change
(pre and post)

Outcome

Method

Reliability and Validity

Self-regulation

Self-regulation (14-item)

Saelens, et al., 2000 [35]

Perceived stress

Perceived Stress Scale (14-item)

Cohen, Kamarck, & Mermelstein, 1983 [37]

Self-efficacy

Collective
change
(pre and post)
Behavior
change
(pre and post)

Weight Efficacy Lifestyle Scale (20-item)

Clark, et al., 1991 [65]

Exercise Self Efficacy Scale (5-item)

Marcus, Selby, Niaura, & Rossi, 1992 [39]

Civic engagement

Civic Engagement Scale (14-item)

Doolittle & Faul, 2013 [41]

Collective efficacy

Collective Efficacy scale (8-item)

Sampson, Raudenbush, & Earls, 1997 [36]

Social support

Sallis Social Support Scales for Eating and Exercise
Behavior (23-item)

Sallis, et al., 1987 [40]

Physical activity

Accelerometry GTX3

Fruit and vegetables

IPAQ, long form

Blair et al., 1991 [66]

24-h recall

Johnson, Driscoll, & Goran, 1996 [44]

Sodium
Physiological
(pre and post)

Demographic
(Covariates)
(pre)

Feasibility

Body weight

Digital floor scale (3 measurements)

Height (pre)

Portable stadiometer (Seca 214)

Lohman, 1992 [67]

Body fat percentage

Bioelectric impedance (Body Composition Analyzer)

Lopez, O’Connor, Ledoux, & Lee, 2011 [51]

Waist circumference

Retractable tape measure

Lohman, 1992 [67]

Cardiorespiratory fitness
(VO2 max)

Rockport 1-mile walk test

D’Alonzo, Marbach, & Vincent, 2006; [68] Kline
et al., 1987 [47]

Blood pressure

Automated blood pressure monitor (2 measures
within 5 mmHg)

Pickering et al., 2005 [69]

Age

Participation information survey

BRFSS and study-developed questions

Marital status

Participation information survey

Occupational status

Participation information survey

Education level

Participation information survey

Income level

Participation information survey

Household characteristics

Participation information survey

Acculturation

African American Acculturation Scale (47-item)

Retention

Post self-reported survey

Adherence (# of sessions
attended)

Post self-reported survey

Acceptability

Post self-reported survey

Klonoff & Landrine, 2000 [70]

Key informant interview

validated with racially diverse sedentary women [47].
Blood pressure was measured to the nearest 1 mmHg
using a validated American Heart Association protocol
[48, 49].
Body weight was measured using a digital floor scale
(Seca 876). Height was measured, using a portable stadiometer (Seca 214) according to the procedures of Lohman [50]. Waist circumference was measured using a
research-grade retractable tape measure (Seca 200), also
using Lohman procedures [50]. Percent body fat was
measured by bioelectric impedance (Body Composition
Analyzer MC – TBF-410, Tanita Corp., Tokyo, Japan)
and estimated using an equation developed and validated for Black/African American women [51].

Statistical analysis

Descriptive statistics of the demographic information
were composed and tabulated. Potential confounding
variables were selected from the following: age (year),
education (≤high school or > high school), annual income (≤US$35,000 or > US$35,000), partnered vs. not
partnered, employed full-time vs. part-time or not
employed, nativity (born in US or not), and the African
American Acculturation Scale score. Selections were
done through fitting each of these potential confounding
variables into the model with the pre-post indicator as
independent variables. Observations were made on how
much the estimate of the pre-post indicator changed.
Variables were categorized as a potential confounder if
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its inclusion caused the regression estimate of the prepost indicator to change more extreme than 10%.
Two regression models were performed for each outcome, an unadjusted model using only the pre-post indicator as the predictor; and an adjusted model that
controls for confounding variables identified by the
method described above. We opted for using mixed
models with individual identification numbers as the
random intercept so that each participant would have
her own intercept. We favored the mixed model approach over paired sample t-test because mixed model
can tolerate some degree of imbalanced data, which was
introduced by five participants who were lost to follow
up. Due to the low sample size, adjustments could not
be performed for the site (church) as a random effect
within which the individuals were nested as the models
failed to converge. Control for churches’ effect was carried out as a fixed independent variable. Stata Statistical
Software: Release 14 was used for the data management
and analysis [52]. While the a priori type I error rate
was set at 5%, this is a pilot study aiming to understand
feasibility and estimate effect size, therefore, the p-values
of this analysis should be evaluated with caution.
Qualitative data analysis

The research assistants digitally recorded and transcribed
the KIIs. Data were analyzed using the qualitative analysis
technique, inductive thematic analysis, in which meaningful patterns and themes were identified and examined
[53]. First, the team developed the initial codebook based
on emergent themes from the KII transcripts. The codebook was refined based on coding several initial transcripts. Inter-coder reliability was established at 80%
agreement or greater; in the few instances where this was
not achieved, researchers met to discuss discrepancies and
further refined the codebook to clarify code definitions.
The process was repeated until inter-coder reliability was
established. NVivo 10 software was utilized to assist in the
coding and analysis the process (QSR International,
Australia) [54].
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Table 3 Demographic characteristics of study participants at
baseline (N = 28)
Mean (SD)
Age, year

50.5 (9.4)
N (%)

Education
High school graduate/GED certificate or less

13 (46.4)

Associated degree or some college

3 (10.7)

College degree

6 (21.4)

Master’s degree/graduate degree

6 (21.4)

Income
Less than $24,999

7 (25.9)

$25,000–49,000

7 (25.9)

$50,000–74,999

5 (18.5)

Above $75,000

8 (29.6)

Living with a partner
No

16 (57.1)

Yes

12 (42.9)

Employment status
Not employed

5 (17.9)

Part time

7 (25.0)

Full time

16 (57.1)

Born in the U.S.
No

6 (21.4)

Yes

22 (78.6)

SD Standard deviation
Frequencies may not add up to 28 due to missing data

84.9). Participants self-reported 3325 MET-minutes per
week of physical activity and at baseline, the average
time for the walking test was 22 min and 6 s (95% CI
20.7, 23.4). Participants consumed an average of 1834
kcals/day (95% CI 1289, 1952), 2790 mg sodium/day
(95% CI 2239, 3342), 1.3-cup equivalents of fruit/day
(95% CI 0.8, 1.9) and 2.2-cup equivalents of vegetables/
day (95% CI 1.6, 2.7).
Feasibility

Results
Baseline

Baseline data were obtained for 28 women. Demographic characteristics of the sample are summarized in
Table 3. The sample had a mean age of 50.5 years; 53.6%
had obtained an associate degree or above; 60.7% had an
income of $35,000 or above; and 57.4% were employed
full time. As shown in Table 4, at baseline across the
four churches (n = 28) the mean weight was 204.8 lbs
(95% CI 190.4, 219.3, and mean body fat percentage was
45.6% (95% CI 43.5, 47.8). Mean systolic blood pressure
was 135.4 mmHg (95% CI 127.0, 143.7), and mean diastolic blood pressure was 81.2 mmHg (95% CI 77.5,

All participants were satisfied with the intervention:
100% responded they were “very satisfied” or “generally
satisfied” with the overall experience; and 100%
responded they were “very satisfied” or “generally satisfied” with the progress their Change Club had made
with respect to meeting self-identified action steps and
achieving their overall goal. All four Change Clubs met
all of their self-identified action steps for community
change within approximately 6 months. Study retention
was 82.1% and adherence was 79.0% supporting the
feasibility of the intervention. The Change Club initiatives included provision of organizing monthly cooking
demonstrations for the community, education and skills
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Table 4 Study outcomes
Pre-Intervention,
Mean (SD)

Post-Intervention,
Mean (SD)

Unadjusted coefficient
(95% CI)

Adjusted coefficient
(95% CI)

Weight, lb

204.8 (35.7)

206.7 (39.2)

0.513 (−2.112, 3.137)

0.544 (−2.069, 3.156)b

Waist circumference, cm

102.9 (12.9)

108.5 (16.2)

4.770** (1.555, 7.986)

-

a

Adjusted body fat, %

44.0 (4.8)

42.7 (5.0)

−0.644 (−1.613, 0.324)

-

a

Dietary energy intake, kcal/day

1834 (830)

1544 (416)

−249.1† (−542.3, 44.14)

−233.9 (−533.7, 65.85)d

Fruit intake, serving/day

1.3 (1.5)

1.5 (1.6)

.798† (−0.019, 1.616)

0.761 (−0.119, 1.641)c

Vegetable intake, serving/day

2.2 (1.4)

2.3 (1.9)

0.424 (−0.624, 1.472)

0.505 (−0.542, 1.553)f

Sodium intake, mg/day

2790 (1395)

2511 (706)

−256.0 (−855.9, 344.0)

−307.3 (−938.9, 324.2)g

MVPA time, min/day

13.0 (8.8)

12.6 (9.2)

0.882 (−2.331, 4.096)

0.700 (−2.464, 3.865)e

Total accelerometry count, 1000 counts/day

210.0 (74.3)

214.6 (94.6)

13.02 (−23.64, 49.67)

9.230 (−26.82, 45.28)b

3237 (3490)

4738 (4206)

1727* (379.98, 3416)

1619† (−62.49, 3302)b

22.1 (3.4)

20.2 (2.5)

−1.869*** (−2.892, −0.845)

-

a

Systolic blood pressure, mmHg

137.4 (23.8)

122.5 (11.9)

−12.73*** (−18.94, −6.512)

-

a

Diastolic blood pressure, mmHg

81.9 (10.5)

77.3 (9.6)

−3.312* (−6.407, −0.217)

−2.83† (−5.901, 0.244)c

Anthropometrics

Dietary intake

Physical activity

-a

IPAQ, MET.min.wk

Cardiovascular fitness
Time to finish VO2max test, min
Blood pressure

All models adjusted for unique church ID number as fixed effects and personal ID number as random intercept
†: p < 0.10; *: p < 0.05; **: p < 0.01; ***: p < 0.001
Pre-post differences may not be equal to the unadjusted coefficient due to slight imbalance in responses caused by missing data
a
No confounding variables identified
b
Adjusted for place of birth
c
Adjusted for place of birth and marital/partner status
d
Adjusted for age
e
Adjusted for place of birth, age, marital/partner status, education level, and employment status
f
Adjusted for place of birth, marital/partner status, and score on African American Acculturation Scale (AAAS)
g
Adjusted for age and score on African American Acculturation Scale (AAAS)

for healthier eating among food pantry patrons, compiling a cookbook and healthy lifestyle tips to support parents in providing healthy foods for their children, and
organizing a health fair (See Table 5).
Based on the qualitative analysis of the KIIs, emergent
themes included positive perceptions of the overall experience, appreciation of connecting with others in the
group, strengths and skills of the group members, the

barrier of time, and the challenge of managing different
viewpoints. See Table 6 for major themes and supporting
quotes. Participants and leaders felt their Change Clubs
were successful and attributed this success to effective
teamwork and a diversity of skills within the groups..
Study participants indicated overall satisfaction with the
support from the research team and expressed gratitude
for the opportunity for empowerment and cultivation of

Table 5 Group purpose, example action steps, and outcome of each change club
Group Purpose

Example Action Steps

Outcome

“To increase access to heart-healthy
food among those most in need”

Decide upon heart healthy recipe for each
cooking demonstration

Conducted a monthly heart-healthy cooking demonstration
for the community

“To increase access to and use of
healthy and culturally appropriate
foods in the community”

Decide on an appetizer and main dish to
prepare during the taste testing

Implemented taste testing and nutrition education to food
pantry patrons of the church

“To provide information to the greater Collect permission slips from parents of
church community to promote
children at the church-affiliated school to
healthier lifestyle”
use child’s pictures in cookbook

Developed a heart healthy cookbook for the parents of the
school affiliated with the church and healthy lifestyle
messages to include in the church's bulletin

“To inform and educate the
community in making healthy eating
and fitness choices “

Identify and contact vendors across multiple
Implemented a holistic wellness fair designed to serve the
disciplines (e.g., law enforcement, food industry, geographic catchment area of the church
health care and emergency services, physical
fitness, land conservation)

Brown et al. BMC Public Health (2017) 17:112
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Table 6 Key informant interview results
Theme

Supporting quotes

Overall Experience
• The overall experience was positive

“For the congregation, the people we spoke to, the people I spoke to, are very
enthusiastic with what we shared with them and that we are going to continue. We
were recognized as a group that had a successful six months”
“Knowledge. Not so much about the health. I think my eating habits have probably
worsened. But it made me care about my health. I use my pedometer and I want to
get fit. So those are the things. I learned patience. I am retired so it was interesting
working on a project like this and using all the skills that one acquires I guess.”

Civic Engagement Piece
• Many participants noted positive aspects related to connecting
with others in the group and being motivated by them
• Working within a familiar neighborhood and community (that
of the church) facilitated the group project
• Time was the biggest challenge to participation

“It was wonderful we worked together we were cooperative and everyone had
assignments and there was a leader basically but everyone had a strength in
something was how it worked for our group.”
“We met on Sundays and sometimes that time became a crunch time because some
of the members had other committee meetings to attend other members lived in
other places.”
“Quite a few people in our Change Club, at least two, are native Bostonians. Because
they’re native Bostonians then they know the area, they know people. I think out of
the group all of us are familiar with different segments, and I think all of us are …
voters, so I think all of us kind of knew where we could go.”

Group Dynamics
• Strengths that individual Change Club members brought to the
group were acknowledged and appreciated
• The group was at times viewed as greater than the sum of its
parts
• Positive social connections were made
• It was sometimes challenging to manage differing views
• There was concern about uneven participation by group
members

“The team itself we had a good coach and the individual people who participated
everyone was willing to share. And learn from each other and everyone had to
contribute everyone made a contribution.”
“We had one person who was like a walking encyclopedia—we don’t have
encyclopedias anymore, but—she was full of resources and I knew if we needed to
know anything, she would know.”
“Everybody knew that any idea was welcome on the floor and sometimes we ran up
on a solution that would not have come about if it weren’t for the freedom to
brainstorm, so I definitely think people communicated very well.”
“In the end I cared and I didn’t expect to care so much. You know ‘I’ll never see these
women again. Our lives are very different.’ And just move on, but it didn’t turn out
that way.”
“When people were pushed against the wall, or when questions were asked, I mean
people just shut down. Trying to engage everybody and bring them back in when
someone shut down because they didn’t agree with what was going or they felt
uncomfortable.”
“I think we had people who could be insensible. People who weren’t really
committed. At times I felt I was overbearing and over-dominating and very focused
on trying to get the task completed. There was gridlock sometimes, we had reach an
impasse and I had to call [our original facilitator] to intervene and run some things
past her.”

leadership skills. In terms of the civic engagement aspects of the intervention, emergent themes focused on
positive aspects, such as connecting with others in the
group and being motivated by them. Meanwhile, time
was the biggest challenge to participation. Key themes
for group dynamics included: acknowledgement and appreciation of the strengths that individual Change Club
members brought to the group, view that the group was
greater than the sum of its parts, establishment of positive social connections, challenge of managing different
views, and concern about uneven participation by group
members.

Psychosocial factors

All of the psychosocial variables (self-regulation, collective efficacy, self-efficacy, perceived social support), except perceived stress changed in the expected direction
[40]. However, none achieved statistical significance
(data not shown).

Outcome measure

Pre-post changes in dietary outcomes were in the expected direction, although none achieved statistical
significance. Total daily caloric intake decreased
(−233.9 calories, 95% CI −533.7, 65.8); mean daily intake
of fruits (0.76 cups/day, 95% CI −0.12, 1.64) and vegetables (0.50 cups/day, 95% CI −0.52, 1.55) increased; and
mean daily intake of sodium decreased (−307.3 mg/day,
95% CI −938.9, 324.2).
For physical activity, participants self-reported 3325
MET-minutes per week at baseline. Both the adjusted
and unadjusted estimates indicate significant pre-post
increases in physical activity (adjusted model: 1619, 95%
CI 40, 3416). Accelerometry data, however, did not show
significant changes although these outcomes (moderate
or vigorous physical activity time and total accelerometry count) were in the expected direction (9.23 1000
counts/day, 95% CI −26.82, 45.28).
The intervention had a significant effect on the finish
time of the 1-mile walk test (−1.89 min, 95% CI −2.89,
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−0.84, p < 0.001). The intention was to use the walk time
and final heart rate to calculate an estimated maximal
volume of oxygen uptake (VO2max) with a validated regression equation, however, the average walk times were
too long for the estimation formula to be applicable
[47]. Walk times are only reported. Heart rates were
within the targeted range for this age group, suggesting
that participants were exerting themselves adequately.
There were also significant pre-post changes in systolic
blood pressure (−12.73 mmHg, 95% CI −18.94, −6,51,
p < 0.001).
As shown in Table 4, although not significant, mean
body weight increased (0.54, 95% CI −2.07, 3.16), with a
pre-post range of 1.9 lbs for body weight. Mean waist
circumference increased significantly (4.77, 95% CI 1.56,
7.98, p < 0.05) with a pre-post range of 5.6 cm. Body fat
percentage, while not significant, changed in the expected direction (−0.64, 95% CI −1.61, 0.32).

Discussion
The findings suggest that a civic engagement approach
to behavior change among Black/African American
women demonstrates a level of feasibility and preliminary effectiveness. There are notable strengths and weaknesses of the study. One strength is the demonstration
of feasibility via several indicators. Observed rates of adherence and retention were comparable and in some
cases better than in previous weight loss interventions
that only included Black/African American women. For
example, in a review by Fitzgibbon et al., retention rates
ranged from 72% to 80%, and adherence was 83% in the
one quasi-experimental study that included this metric
[2]. In comparison, retention and adherence rates among
Black/African American women subjects in interventions including multiple races were as low as 37% and
41%, respectively [2]. Our study therefore further supports the literature suggesting that interventions may be
most acceptable to Black/African American women if
they are culturally appropriate and tailored. The results
should be interpreted with caution, however, given that
adherence was not measured for the last 3 months of
the intervention (discussed more below). Additionally,
the somewhat higher financial inventive designed to
compensate for the participant burden may have influenced the response rate, and the feasibility of sustaining
this incentive amount in future large studies should be
re-examined. Post-intervention results from both the
quantitative and qualitative sources indicate that the
study participants were highly satisfied with their
Change Club experience. For example, a key theme of
the KIIs was that the overall experience was described as
being positive. The KIIs suggested that the participants
believed they were successful in inspiring and motivating
their communities suggesting a positive influence of the
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empowerment and civic engagement. Study results also
indicate preliminary effectiveness, with pre-post improvements in dietary intake, physical activity levels, cardiovascular fitness, and blood pressure. Considering the prevalence
of hypertension among Black/African American women,
the significant decrease in systolic blood pressure is promising. While changes in blood pressure are often seen with
weight loss, interestingly these changes were present independent of changes in weight. Physical activity is considered
an independent contributor to lowering blood pressure,
and may have contributed to the reductions in systolic
blood pressure among study participants [55–57].
Despite the promising results, there are limitations
that should be discussed. It was not feasible to obtain attendance data for the final 3 months of the intervention
after the research facilitator stepped away. Additionally,
while the intervention was originally designed for the
Change Clubs to advocate for policy changes within
their communities, a study finding worthy of further investigation is the domain of influence and impact chosen
by the Change Clubs. Each Change Club identified a
community-level, programmatic intervention to implement over the 6-month study instead of reaching the
(arguably) more impactful policy-level domain. This
finding could be attributed to a greater confidence
within the Black/African American community of grassroots community processes and neighborhood-based programs rather than political advocacy and engagement with
historically disenfranchising political structures [58, 59].
For example, none chose to try to enact broader change
by engaging in political advocacy. The curriculum may
need to be enhanced to bolster the aspect of political engagement and activism. The Change Clubs, however, decided on manageable programs to implement within the
timeframe, and realized success at meeting their action
steps. This is supportive of the study framework, in that
setting and achieving realistic goals may have increased
self-regulation and self- and collective-efficacy, leading to
behavior change. Although not adequately powered to see
changes in the psychosocial outcomes, pre-post changes
in these factors are consistent with the study framework.
Anticipated future work will include a larger, randomized,
controlled trial adequately powered for mediation analysis
to best evaluate the hypothesized mechanisms.
Another noteworthy unanticipated outcome included
the increase in perceived stress post intervention, although the change was not statistically significant. This
was unexpected given the anticipated increase in empowerment, as well as the increase in social support and
camaraderie through group interactions. A possible explanation for this finding is that stress increased due to
the additional obligation of being a part of the Change
Club. This explanation is supported by the qualitative
data, in which the participants described time constraints,
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uneven participation by group members, and conflicting
commitments. Creative strategies to overcome barriers
and the stress of participation should therefore be explored in future studies. These might include the facilitation of off-site participation through conference calls and
video conferencing.
There is a growing body of evidence on culturally
adapted interventions specifically designed to improve
diet and weight outcomes for Black/African American
women. In a systematic review of interventions with culturally adapted strategies for this at-risk target population,
the authors categorized culturally adapted strategies as peripheral (targeted recruitment of Black/African Americans
in the media and community), constituent–involving (engagement of the community in the planning and implementation of the intervention), socio-cultural (address
themes such as spirituality, religiosity, faith, traditional and
cultural foods, social support, barriers, and body image),
and evidential and linguistic (consideration of scientific evidence and participant literacy levels) [60]. The review
found more significant changes in behavior and weight
when constituent-involving strategies were used, which is
the strategy utilized in the Change Club civic engagement
curriculum.
A finding also noted by Kong et al. and in the
AACORN paradigm is the need to consider ethnic diversity among the Black/African American population and
further examination of how this will influence the development of future interventions [16, 60]. In this study,
recruitment of foreign-born women was somewhat reflective of the state’s Black/African American population
(21.4% foreign-born in the study vs. 32.8% in the state)
[61]. Although data are not shown, score on the African
American Acculturation Scale was not found to be associated with place of birth. However, other results from
this study suggest the importance of place of birth in
predicting changes in weight, body fat percentage, diastolic blood pressure, and total accelerometry counts. As
Kong et al. described, involving the community in the
development and implementation of interventions is
particularly critical to better understand the target population and recognize the heterogeneity among the group
[60]. Future studies with larger sample size should pay
greater attention to how cultural variables and ethnicity
relate to study outcomes and possible mediation of the
influence of the intervention.
The intent of this pilot study was to determine trends
and obtain data that would allow for calculation of an
adequately powered sample in a larger study, should results prove promising. By design, the sample size was
small with a goal of recruiting 40 participants from four
churches. Due to unanticipated recruitment challenges,
however, the sample size was smaller, which is another
study limitation. Recruitment strategies, therefore, needed
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to be tailored for each church based on church culture,
internal systems, and leadership structure. Church leadership and potential study participants were nearly universally enthusiastic about the study, however recruitment
required more steps than anticipated, such as development of several different forms of recruitment materials
and presentation to and approval by the church’s governing body or health ministry. It therefore required more
time than anticipated, a key learning for future studies.
Overall, study results suggest the cultural appropriateness and efficacy of civic engagement as an approach to
behavior change of Black/African American women. Significant improvements in behavioral outcomes such as
self-reported physical activity, cardiovascular fitness, and
systolic blood pressure were realized. The small sample
size suggests that the results should be interpreted with
caution, however these noteworthy and promising results provide justification for a larger study. Interestingly,
subjective measures of physical activity improved significantly, objective accelerometry-based physical activity
data changed in the expected direction but was not significant. This could be due to an increased awareness in
physical activity habits as a result of participating in the
study. As shown in the significant decreases in their prepost walk times, the study participants also improved
their cardiorespiratory fitness. Overall, the study demonstrated positive impacts on dietary intakes, which counters the (albeit non-significant) pre-post increases in
weight. One possible explanation supports the fit and fat
concept, in which study participants became fitter
throughout the intervention, despite not losing weight
[62]. There was also an unexpected pre-post increase in
waist circumference, which was statistically significant.
A growing body of literature suggests an association between abdominal adiposity, obesity, and stress through
the action of increased cortisol, which could provide a
possible explanation for the observed results of increased perception of stress and waist circumference
[63, 64]. Future larger scaled studies may explore this
possibility given the prevalence of stress and stressrelated diseases in this population.
A major consideration in the interpretation of the results of this pre-post feasibility study is the lack of a comparison group and the small sample size. The changes
found therefore cannot be definitively attributed to the
intervention itself, given other possible contributing factors. Furthermore, participants received both the Change
Club civic engagement curriculum as well as nutrition
education based on an effective heart health program for
women [33]. However, only education was provided and
behavioral components such as skill-building and actual
physical activity were not included. It is therefore unlikely
that the education alone was responsible for changes in
outcomes. A larger, randomized, controlled trial with
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three study arms (control, nutrition education only, and
the Change Club civic engagement intervention) would
fully resolve this question.

Conclusions
Overall, this novel behavior change intervention involving civic engagement shows promise as an effective,
culturally-appropriate approach not only to implement
individual-level changes of the study participants but
also individuals of the broader community in order to
address heart disease among Blacks/African Americans
overall.
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Abstract
Objective: To describe our use of intervention mapping as a systematic method to adapt an evidence-based
physical activity and nutrition program to reflect the needs of rural Latinas.
Methods: An intervention mapping process involving six steps guided the adaptation of an evidence based physical
activity and nutrition program, using a community-based participatory research approach. We partnered with a
community advisory board of rural Latinas throughout the adaptation process.
Results: A needs assessment and logic models were used to ascertain which program was the best fit for adaptation.
Once identified, we collaborated with one of the developers of the original program (StrongWomen - Healthy Hearts)
during the adaptation process. First, essential theoretical methods and program elements were identified, and
additional elements were added or adapted. Next, we reviewed and made changes to reflect the community and
cultural context of the practical applications, intervention strategies, program curriculum, materials, and participant
information. Finally, we planned for the implementation and evaluation of the adapted program, Mujeres Fuertes y
Corazones Saludables, within the context of the rural community. A pilot study will be conducted with overweight,
sedentary, middle-aged, Spanish-speaking Latinas. Outcome measures will assess change in weight, physical
fitness, physical activity, and nutrition behavior.
Conclusions: The intervention mapping process was feasible and provided a systematic approach to balance fit
and fidelity in the adaptation of an evidence-based program. Collaboration with community members ensured
that the components of the curriculum that were adapted were culturally appropriate and relevant within the
local community context.
Keywords: Health promotion, Rural, Health behavior, Latina

Background
Obesity, physical inactivity, and diet are associated with
increased risk of, and morbidity and mortality from, a
range of chronic diseases and certain cancers [1]. In 2015,
only 21% of US adults met the 2008 US Physical Activity
Guidelines for both aerobic and muscle-strengthening
activities [2]. Latino adults were even less likely to meet
* Correspondence: perryci@ohsu.edu
1
School of Nursing Oregon Health & Science University, 3455 SW US
Veterans Hospital Rd, Portland, OR, USA
Full list of author information is available at the end of the article

these guidelines, with only 16% meeting the guidelines
compared to 23% of non-Hispanic white adults [2]. Overall, less women (18%) than men (25%) met the guidelines
[2]. Rural Latinos are more likely to be obese (OR = 1.47)
and inactive (OR = 1.2) than rural non-Hispanic whites
[3]. The majority of Latinos do not meet the US dietary
recommendations, which were developed to reduce individuals’ health risk [4]. Rural Latinos report being challenged by a traditional diet that can sometimes be
unhealthy (e.g. high carbohydrates and fats with limited
vegetables) and a mainstream US diet rich in processed
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and fast foods [5]. In 2015, there were just over 56 million
Latinos in the US, which was 17% of the US population.
This number is projected to increase to 119 million, 28%
of the US population, by 2060 [6]. Therefore, health
disparities within this population merit increased national
attention.
One approach to promoting physical activity and
healthy eating is the use of individually adapted behavior
change programs, which are recommended in The Community Guide (www.thecommunityguide.org). In order to
enhance the potential to promote change, behavior change
programs need to address differing social and cultural
contexts across communities. Implementing an evidencebased intervention (EBI) often involves adaptation in
order to fit the local context, including cultural, socioeconomic, and rural/urban factors, to resonate with the local
community and enhance effectiveness [7, 8]. Adapting an
EBI to meet the needs of a local community while ensuring the core evidence-based elements remain intact poses
challenges. Using a framework to guide this process can
assist in striking a balance between fit and fidelity. We
used a novel application of the intervention mapping
process to guide our adaptation of an evidence-based
physical activity and nutrition program. Intervention mapping, which has been widely used for the development of
new interventions, is a systematic and iterative process
that informs the development, implementation, and evaluation of health promotion interventions [9]. Applying the
intervention mapping process to program adaptation involved identifying an appropriate evidence-based program
that aligned with community needs and interests and
adapting the identified intervention without changing its
core elements [10].
The purpose of this paper is to describe our application of a method, intervention mapping to adapt an
evidence-based and widely disseminated physical activity

and nutrition program, StrongWomen – Healthy Hearts
[11, 12], for a rural Latina population.

Methods
Adaptation framework

The application of intervention mapping to program
adaptation consists of six steps: conducting a needs assessment; creating logic models of change and of the
program; reviewing theoretical methods and adding theoretical and practical applications to match new objectives; producing the adapted program; planning program
implementation; and, planning program evaluation
(Table 1). We describe how we completed each of these
steps within the results section of this paper. Steps 3
through 6 of this process occurred during 2015–2016.
This adaptation process was approved by Oregon Health
& Science University Institutional Review Board.
Community-academic partnership and setting

We used a community-based participatory research
(CBPR) approach and involved community members in
the adaptation process to ensure that the evidence-based
program was both sensitive and relevant to the local
community. For this project, we created a community
advisory board (CAB), consisting of five Latinas representing various constituencies in the community (e.g. parent of
young children, high school employee, local non-profit
worker). A community member who has worked with one
of the researchers for many years invited Latinas living in
the community to participate in the project and to be a
member of the CAB. In concert with the principles of
CBPR, researchers and community members shared equitably in the decision-making process and were involved in
all phases of the adaptation and research process.
The study took place in a town of nearly 16,000 residents within a rural, agricultural county of Washington

Table 1 Description of Intervention Mapping Steps for Adaptation
Step

Description

1: Needs Assessment

Assess community resources, barriers and facilitators for physical activity and healthy eating.
Inform the creation of logic models, identification of EBI and adaption of EBI to local context.

2: Logic Models

Create logic model for change that delineates how to promote physical activity and healthy
eating based on needs assessment. Create logic models of EBIs that most closely match
community context and goals. Compare logic models of EBIs side-by-side with logic model
to promote change to ascertain the EBI that needs least adaptation. Building from logic
model for the identified EBI, create logic model for adapted program by adding or deleting
program objectives of behavior change and specific strategies to achieve objectives.

3: Theoretical Methods

Ensure all theoretical methods and essential program elements remain. Add theoretical
methods (such as family involvement) and practical applications (such as family event) for
local context and population.

4: Producing the Adapted Program

Adapt structural elements, contextual elements, practical applications and specific intervention
strategies so that program is responsive to the local context and population.

5: Program Implementation Planning

Plan details of implementation.

6: Evaluation Planning

Plan evaluation of program.
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State with a population density of 52 people per square
mile and Rural-Urban Commuting Area Code (RUCA)
of 4.2, meaning a large rural area. In 2010, 82% of the
town residents were Latino, 30.5% were foreign born,
73% spoke a language other than English in the home,
and 49% had not earned a high school diploma [13]. The
median household income was $35,699, with 25% of residents living below the poverty level [13].

Results
We describe our application and results for each of the
6 steps in the invervention mapping.
Step 1: Needs assessment

Four focus groups were held with Latinas in the community over the course of a year (2011–2012) to elicit their
perspectives on determinants of physical activity and
healthy eating and to gather intervention ideas. Convenience sampling was used to recruit participants. Latinas
who participated in two informal walking groups in the
community were invited to participate in a focus group
after the completion of a walking group session. All Latinas in each of the two walking groups (11 women total,
six in one and five in the other) agreed to participate. The
trained facilitator who held the groups in Spanish took
notes during each of the 45-min focus groups. A qualitative researcher identified key determinants from the notes
and from a discussion with facilitator. Women whose children had participated in a research study assessing an after
school physical activity program were invited to participate in a focus group. Two focus groups were held in English with eight women in one group and six in the second
group. The qualitative researcher who led the groups took
notes during the groups and identified key determinants
from these notes.
The focus group resulted in some key findings, such as
exercising in a group was a motivator to engage in physical activity. Participants were uncomfortable exercising or
walking for exercise in public places, for example in parks.
Additionally, participants identified involving family members in exercise and exercising as a family as important.
Barriers identified included lack of time, lack of places to
be active, and lack of opportunities to be active. Some
stated that language was a barrier to using traditional exercise facilities. They wanted to exercise regularly; however, most did not exercise regularly and did not feel
confident that they could start and maintain a routine of
regular exercise. Participants identified several barriers to
healthy eating, including limited access to affordable
healthy foods, lack of time, and lack of knowledge in how
to prepare healthy meals. Some expressed the belief that
healthy foods are tasteless and that they would need to
give up the foods they enjoyed in order to be healthy.
They voiced interest in an exercise program that included
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information on healthy eating and, in particular, included
cooking classes with healthy recipes.
In 2014, we conducted environmental audits, using
the Nutrition Environment Measures Survey (NEMS)
[14] to assess the availability of healthy foods and the
Rural Activity Living Assessment (RALA) [15] to assess
the community’s physical activity friendliness. The 18
convenience/corner stores that were scattered in the
surrounding neighborhoods had very few healthy food
options, while the three grocery stores with healthier
food choices were situated along the town’s main thoroughfare. Although there are neighborhood parks and larger
more centrally located parks, they were rated of poor quality. Both public and private organizations offered group
exercise classes; however, neither offered low cost/sliding
scale group classes [16].
Step 2: Logic models

This step involved creating a series of logic models, a
visual depiction of the strategies and activities that will
lead to change [10]. From a literature search and review
of databases cataloging EBI, such as National Cancer
Institute’s Research Tested Intervention Programs, we
identified three possible EBIs to adapt. These were
StrongWomen - Healthy Hearts (SWHH) [11, 12], an
exercise and nutrition program developed for rural
women; Pasos Adelante [17–19], a heart health and diabetes prevention curriculum with an exercise component
designed for Latinos; and, a culturally tailored aerobics
intervention for low-income Latinas, which included both
exercise and nutrition education (no program name) [20].
First, we created a logic model of the problem (identifying the pathway from personal determinants of the behavior and behavioral and environmental factors → the
health problem). Next, logic models of change were
created (identifying the pathway from program objectives designed to invoke behavioral and environmental
changes → the change in behavior and the environment → the desired health outcomes) for the three
identified evidence-based programs. An additional
logic model was developed to delineate how to promote physical activity and healthy eating in this local
community. Next, we completed a side-by-side comparison of the logic models to determine which of the
three EBIs was the best fit for adaptation considering
determinants addressed, behavior change strategies,
culture, core elements that cannot be changed, content, delivery, level of evidence, and degree of adaptation needed.
Based on this step, SWHH was identified as the
most suitable program to adapt for this community
of rural Latinas. Pasos Adelante was not suitable, as
some of the elements that would need to be adapted
were core elements of the program. The culturally
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tailored aerobics intervention did not address many
of the determinants for physical activity and healthy
eating identified by the local community. Additionally, it had different performance objectives with the
main focus of the program being 60-min classes of
vigorous activity delivered three times a week for six
months. In comparison, the SWHH program addressed many of the same determinants for physical
activity and healthy eating (it was designed for rural
white women who identified many of the same determinants as rural Latinas); it contained similar performance objectives with a focus on both moderate
physical activity and healthy eating; and, its core elements (e.g. social support, enhancing knowledge)
matched key elements needed for the community to
change. Thus, SWHH most closely matched the
community’s matrix of change and, therefore, would
involve the least amount of adaptation to meet this
local community’s needs. An example of matching
change and performance objectives and behavioral
outcomes into a matrix is depicted in Table 2.
SWHH is a 12-week program of twice weekly classes. Each class lasts 60 min and consists of 30 min
of moderate-vigorous physical activity (e.g. aerobics)
and 30 min of hands-on preparation of healthy recipes and discussion of nutrition related topics.
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Step 3: Theoretical methods

The developers shared the SWHH curriculum (detailed
class-by-class guide) and program leader training manual.
Both the CAB members and researchers reviewed the curriculum from a broad perspective looking for key determinants. Next, we identified theoretical methods and
program elements or practical applications that needed to
be added or adapted [10]. For example, family engagement
was a program objective in the logic model for the local
community and this objective is not part of the SWHH
program. Thus, we incorporated this objective in the
adapted program through the addition of a family celebration at the end of the 12-week program. Social support
was also an important objective identified in the community logic model. While there are program elements or
practical applications that encourage social support in
SWHH, we determined it was important to enhance this
objective. Therefore, we added an additional six weeks of
informal sessions to strengthen group cohesion and support, while minimizing the need for additional resources.
In reviewing the translation of the theoretical methods
into practical applications we considered the conditions
under which the practical applications would be effective
and whether any changes were needed for the local context. For example, in order for the class leaders to serve as
role models, we determined that they needed to be Latina,

Table 2 Select Change and Performance Objectives and Behavioral Outcomes
Change Objectives

Select Performance objectives

Behavioral outcomes

Healthy diet

Prepare healthy meals
• Know what constitutes healthy diet
• Purchase healthy food
• Know how to cook healthy meal
• Try new recipes
Reduce fat & refined carb intake
• Purchase low fat options
• Learn how to read food labels
• Purchase lean meats
• Limit sweetened beverage intake
• Limit sweets (muffins, cookies, cake, etc.)
• Limit processed foods
Consume 5 fruits & vegetables per day
• Purchase fruit & vegetables
• Include a fruit and/or vegetable at each meal
• Eat fruits or vegetables as snacks
• Know how to cook fruit and vegetables so tasty & attractive
to self and family

• Prepare healthy meals
• Reduce refined carbs intake
• Reduce fat intake
• Consume 5 fruits & vegetables per day

Sufficient physical activity for health

Know amount physical activity needed for health
• Describe what type exercise, how long, how often, how hard
Determine if achieving moderate-vigorous physical activity
• Learn how to assess level of exertion
• Practice achieving moderate-vigorous level physical activity
Engage in daily moderate-vigorous physical activity for 30 min
• Feel confident can fit into daily life
• Feel confident on skills
• Understand the connection of values to daily physical activity,
• Notice change in energy level, sleep and mood
• Monitor progress
• Find exercise enjoyable
• Not be embarrassed by skill/fitness level

• Engage in 30 min of moderate-vigorous
physical activity per day
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of similar age, and from the community so that participants could relate to and identify with them.
Step 4: Producing the adapted program: Structural and
contextual elements and intervention strategies

In this step, the researchers held a series of meetings
with the CAB members to examine the class guides (curriculum), participant information sheets, recipes, and the
presentation of ideas and messages (including images) and
to provide feedback on necessary adaptations to align the
curriculum with the local community resources, needs,
and culture [10]. This feedback was recorded as comments on the curriculum and shared with the developers
of SWHH through a secure cloud-based file. The developers adapted the contextual and structural elements and
intervention strategies of the SWHH program materials in
response to the CAB members’ recommendations.
Throughout this process the researchers and the developers communicated by phone and email to clarify comments and answer questions.
The adaptations to the contextual and structural
elements took the form of developing and integrating
new participant information sheets (handouts), adding
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additional content to existing information sheets, replacing
recipes, increasing exercise options, updating images, and
translating all participant materials into Spanish. Each of
the individual adaptations fell into at least one of the six
adaptation domains: (1) Accessibility, (2) Nutrition Knowledge, (3) Health Knowledge, (4) Skills and Strategies, (5)
Address Barriers, and (6) Cultural Relevance (Table 3). For
example, CAB members articulated that participants might
have questions about how to determine which foods are
healthy. The CAB members noted that financial constraints
and lack of social support are potential barriers to healthy
eating and physical activity. Members of the CAB also identified foods and recipes in the SWHH program that would
likely be met with resistance or disinterest. They expressed
an interest in integrating healthier versions of cultural
dishes and familiar exercises, such as Latin dancing, into
the curriculum. Other changes to the SWHH curriculum
were included to address health risks that disproportionately affect Latinas, most notably type 2 diabetes. The CAB
members prepared some of the revised recipes to assess for
ease of preparation, ability to obtain ingredients, and taste.
Overall, they found the revised recipes acceptable. The
CAB members reviewed the revised curriculum, recipes,

Table 3 Domains, goals and specific examples of adaptations made to the SWHH curriculum for rural Latinas
Adaptation Domain

Goal of Adaptation

Specific Adaptation Examples

Accessibility

Improve program accessibility
and inclusiveness

• Translated all participant materials to Spanish.
• Added new and updated images within participant materials.
• Bilingual Community Advisory Board Members and staff of the
community partner facilitated recruitment
• Bilingual staff of the community partner will lead the classes and
facilitate recruitment.

Nutrition Knowledge

Increase nutrition knowledge and fill
potential gaps in knowledge base

Developed and integrated new participant informational sheets
(handouts) on topics related to healthy foods and foods commonly
found in cultural cuisine. Examples of topics include:
• The five subgroups of fruits and vegetables
• Nutrition information on familiar meats and cheeses
• Sugar-sweetened beverages and healthy alternatives

Health Knowledge

Provide information about health risks
that affect Latinas disproportionately

• Provided additional information on heart disease risk factors
• Developed and integrated a handout on type 2 diabetes

Skills and Strategies

Increase skills and strategies related to
making healthy choices

Provided additional or new information on the following skill-based topics:
• Selecting lean protein sources
• Comparing and selecting grains
• Storage of fruits and vegetables
• Reading and comparing nutrition labels

Address Barriers

Address potential barriers to nutrition
and exercise through skill-building

Developed and integrated skill-building information to overcome potential
barriers:
• Healthy eating on a budget (guidance on planning, shopping and meal
preparation)
• Getting support from family and friends
• Managing without sufficient social support

Cultural Relevance

Increase cultural relevance and appeal
of the program’s recipes and exercises

• Replaced guidance on culturally unfamiliar or potentially unappealing
foods with guidance on more culturally relevant foods.
• Added guidance on selecting and preparing familiar food items (e.g.
Tips on selecting and preparing chicken in heart-healthy ways)
• Introduced new healthy recipes that use familiar ingredients
• Provided recipes for healthier versions of foods commonly found in
cultural cuisine
• Added Latin dancing as exercise option
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and information sheets fully to ensure that the revisions accurately incorporated their feedback. During this review, a
few minor remaining editing changes were made.

to participate. Exclusion criteria include pregnancy
and presence of a health condition precluding moderate to vigorous physical activity.

Step 5: Program implementation planning

In planning for the implementation of the adapted program, Mujeres Fuertes y Corazones Saludables, we reviewed
the training and program protocol, taking into account
community resources and needs. We partnered with a local
nonprofit that serves immigrant and migrant women and
their families to implement the program. Sixty minute classes will be held twice weekly in the evening for 12 weeks
and will be followed by six weeks of informal sessions. In
the dissemination of the SWHH program, classes are led by
agricultural extension agents with educational training in
nutrition and physical activity; however, this was not feasible in this local community. Two local bilingual staff of the
community partner, who have intimate knowledge of the
local community and experience in community education,
will lead the classes. They completed online training on the
original SWHH curriculum and participated in a supplemental training, which focused on leadership skills, motivational interviewing and the adaptations specific to Mujeres
Fuertes y Corazones Saludables.
A pilot study will be conducted using a one-group design. Participants will be recruited using multiple approaches, including bilingual (Spanish and English) flyers,
newspaper advertisements, and radio announcements.
Members of the CAB will distribute recruitment materials
throughout the community (e.g. churches, schools) and
attend local events to advertise the program and recruit
participants. Inclusion criteria include Spanish-speaking
Latinas, ages 40–70 years, inactive (exercise two days
or less per week), BMI ≥ 24, and live in the local community.
Individuals who meet these criteria will then be
screened using the Physical Activity Readiness Questionnaire (PAR-Q), and those with a positive response will require health care provider permission

Step 6: Program evaluation planning

The main outcomes for evaluating the adapted program
are weight, cardiorespiratory fitness, physical activity,
and dietary behavior. These will be measured at two
time points: pre-program (T1) and post-program (T2).
Table 4 lists the main outcome and feasibility and fidelity
measures. Cardiorespiratory fitness will be measured with
the 6-min walk test [21]; physical activity will be measured
using an accelerometer worn for >10 h each day for 7 days
to provide a valid and reliable estimate of physical activity
[22]; and, dietary behavior will be assessed by the Food Intake Questionnaire [23].
Process evaluation will occur frequently and in multiple
forms throughout the study. After each class, participants
and leaders will complete a feedback survey to assess fidelity and feasibility of implementing the adaptations. The
leader feedback examines the percentage of participants
actively taking part in the exercise, class flow, and feasibility of covering added information during each class. For
participants, feedback allows them to share any barriers
they face in the class and to reflect on the appropriateness
of the adaptations and their receptiveness towards the
class curriculum. A mid-program evaluation will be given
to the participants to gain further insight into their experiences with the classes. At the start of each class, attendance will be recorded. If necessary, participants will be
contacted outside of class by one of the leaders to determine the reason for any reported absences or trends in
tardiness. The principal investigator and program leaders
will meet each week by phone to address any unanticipated challenges that arise and identify solutions. Results
of this pilot study evaluation will be reported separately
once completed.

Table 4 Study Measures
Outcome

Measure

Psychometrics or Source

Collection Times

Weight

Weight

Calibrated scale

T1, T2

Physical fitness

6-min walk test

Significant correlation with VO2 max = 0.90 [35]

Physical activity

Accelerometer (worn for 7 days) [22]

Test-retest reliability =0.85 Significant correlation
with VO2 max = 0.48 [36]

Dietary behavior

Food Intake Questionnaire

Positive correlation with obesity for restaurant fast
food (1.35), sugar sweetened beverage (1.04), full
portion meal (1.34) and negative for breakfast (.92) [23]

Fidelity and Feasibility

Participant Feedback Survey

Self-report survey about class content

Following each class,
except class 24

Leader Feedback Survey

Self-report survey about class content

Following each class

Attendance

Attendance log

Start of each class

Mid-program Evaluation

Self-report survey about likes/dislikes, changes to program

Class 11
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Discussion
We found it feasible to use the intervention mapping
process to engage the local community and guide the
adaptation of an evidence-based program aimed at obesity prevention through the promotion of physical activity
and healthy eating. Intervention mapping employed in
this unique way enabled the study team to identify core
aspects of the curriculum that needed adaptation while
retaining the essential core programmatic evidence-based
elements. The adaptations were designed to enhance
group cohesion and support for incorporating positive
daily nutrition and physical activity based changes within
participants’ lives, taking into account the cultural and
geographic context. Collaboration with the CAB ensured
that the aspects of the curriculum that were adapted were
culturally appropriate and relevant to the local community. By collaborating with one of the developers of the
original program, we were able to ensure that we maintained the core essential elements and did not alter the
underlying logic of the intervention. The intervention
mapping process allowed for a systematic and thorough
examination of the community context and the program,
and served as an effective approach for striking a balance
between adaptation to the local context and fidelity to the
original program.
Cultural adaptation is essential in order to reach and engage diverse cultural communities. A meta-analysis of cultural adaptation studies found that programs were most
effective in their treatment implementation when they had
a greater number of cultural adaptations targeted to the
background and traditions of the population [24]. However, adaptations made must be relevant to the particular
group characteristics, otherwise risking irrelevancy, cultural offense, and implementation failure [25]. Latino populations have been previously under-represented in health
research [26], yet face a real need for tailored programs
based on their high levels of inactivity. Obesity and diabetes rates among Latinos have been attributed to barriers
such as language, socioeconomics, and lack of cultural
relevance, which inhibit this population from utilizing
pre-existing health programs [27]. By using a CBPR approach in the adaption process, the community members
identified necessary cultural and linguistic adaptations in
the strategies, contextual and structural elements, and
materials.
While cultural adaption is critical given the diversity
within the US, adaptation of EBIs beyond cultural considerations have become increasingly important. Adaptation
enhances the relevance of a program, increases a program’s reach into the community and alignment with local
resources, and addresses barriers and facilitators unique
to the community [8]. Other dimensions of adaptation
have been considered, including cognitive-information
processing, affective-motivational characteristics and
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environmental characteristics [28], as well as program
characteristics, characteristics of the individual implementers and implementing entity, planning and implementation processes, organizational leadership, and external
factors [7, 29, 30]. In our adaption process we considered other dimensions (see Table 3) in addition to cultural relevance when adapting the theoretical methods,
structural and contextual elements, specific behavior
change strategies, and the implementation and evaluation processes.
There is an inherent tension between fidelity and adaptation, and various approaches for bridging this divide have
been used. Despite ongoing debate, maintaining the fidelity
of an intervention through the retention of essential core
elements has been shown to produce program outcomes
that are more similar to those of the original study [31].
There is currently no consensus on the most effective
adaptation model in the literature. There are other models
used to guide the adaptation process, such as the iterative
health-promotion program life cycle [7] and the planned
adaptation approach [32], as well as toolkits [33, 34]. The
intervention mapping process allowed for obtaining a balance between fit and fidelity because of the detailed and
systematic approach that involved assessing the community context, identifying evidence-based strategies of the
original program, and adapting to local context while
retaining evidence-based strategies.

Conclusions
Our use of intervention mapping as a systematic approach
for the adaptation of an EBI provided a guide for a deep
dive into the community context and a comprehensive
examination of all aspects of the EBI, including implementation and evaluation. This use of intervention mapping
contributes to the growing body of research on intervention adaptation by demonstrating that intervention mapping can be re-appropriated and effectively applied to the
intervention adaptation process using a communityengaged approach within a community-based setting.
Abbreviation
EBI: Evidence-based intervention
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Background. The repeated loss and regain of body weight, referred to as weight cycling, may be associated with negative
health complications. Given today’s obesity epidemic and related interventions to address obesity, it is increasingly important to
understand contexts and factors associated with weight loss maintenance. This study examined BMI among individuals who had
previously participated in a 12-week, evidence-based, nationally disseminated nutrition and physical activity program designed for
overweight and obese middle-aged and older women. Methods. Data were collected using follow-up surveys. Complete height and
weight data were available for baseline, 12-week program completion (post-program) and follow-up (approximately 3 years later) for
154 women (response rate = 27.5%; BMI characteristics did not differ between responders and nonresponders). Results. Mean BMI
decreased significantly from baseline to post-program (−0.5, 𝑃 < 0.001) and post-program to follow-up (−0.7, 𝑃 < 0.001). Seventyfive percent of survey respondents maintained or decreased BMI post-program to follow-up. Self-efficacy and social support for
healthy eating behaviors (but not physical activity) were associated with BMI maintenance or additional weight loss. Conclusions.
These findings support the durability of weight loss following participation in a relatively short-term intervention.

1. Introduction
There is evidence that even modest amounts of weight loss
can have beneficial effects on the health of obese individuals
[1] and results can be achieved using a range of approaches,
including programs that have focused on aerobic exercise [2],
yoga [3], nutrition [4], combined diet and exercise [5], and
mobile or electronic weight loss interventions [6].
It is important to note, however, that weight cycling—
the repeated loss and regain of body weight—may be associated with health complications such as excess body weight,
abdominal fat accumulation [7], type 2 diabetes [8], physical
limitations [9], and negative impacts on immune function
[10]. Arnold et al. [9] also reported a deleterious association
of weight cycling with mortality. Some researchers examining

methodological challenges in measuring the impact of weight
cycling point to reverse causality in these analyses, while others maintain that while this may be true, weight cycling can
be harmful for some populations [11]. Not surprisingly, those
with a history of weight cycling are at risk for regaining weight
[12]. However, a review of data on the prevalence of successful
weight maintenance revealed that maintaining weight loss
for at least 1 year is achievable by only approximately 20%
of overweight individuals who lost 10% of their initial body
weight [13].
Thus, it is important to understand the contexts in which
weight loss is occurring among at-risk populations and to
follow these individuals over time so that risk for weight
loss regain can be addressed in intervention planning as
well as future dissemination efforts [14]. Furthermore, the
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relationships between self-efficacy and social support and
long-term maintenance of weight loss are poorly understood.
This is due in part to a dearth of studies that examine
longer-term outcomes [15]. In some studies, social support
has been linked with greater effectiveness of interventions in
promoting healthy eating, physical activity, and weight loss
at 18 or more months [12, 15, 16]. However, in the Weight
Loss Maintenance Trial [17] and in other studies [18], social
support from family and friends appeared to hinder longterm maintenance of weight loss. Type of social support
received may help explain these contradictory findings [18].
Associations between self-efficacy and long-term maintenance of weight loss have been somewhat more consistent
[19–23].
This study was designed to examine the durability of body
mass index (BMI; defined as weight in kilograms divided the
square of height in meters) maintenance following participation in an evidence-based nationally disseminated program
[the StrongWomen–Healthy Hearts Program (SWHH)] that
targets cardiovascular disease risk reduction through dietary
behavior change and regular aerobic exercise. The 12-week
program demonstrated significant weight loss among overweight and obese women with a dose of hour-long twice
weekly classes, in both the original community randomized
trial (2007-2008) and the national dissemination (22 states)
conducted between 2010 and 2013 [24]. Here we address the
following research questions: (1) Among former participants
in the SWHH program, how does BMI change from the
time of program completion to follow-up (approximately
three years later)? (2) What is the trajectory of change in
BMI among women who maintained BMI versus those who
increased BMI? and (3) Is self-efficacy and/or social support
associated with follow-up BMI?

2. Materials and Methods
2.1. Data Collection, Participants, and Setting. From August
2013 to December 2013, 600 SWHH participants received
invitations to participate in this study, the StrongWomen
Follow-Up Study (SWFUS), in the form of an online or
paper-based survey. A total of 165 participant responses were
received (84 online and 81 on paper). Participants in this sample included women 40 years of age and older who lived independently, were sedentary, and had a BMI of 24 or higher at
baseline [24, 25]. The analytic sample for this study included
a total of 154 women (of the 165 respondents) for whom
complete body weight data (height and weight) were available
at all three points in time: baseline, post-program, and followup (approximately three years after baseline). The study was
approved by the Institutional Review Board at Cornell University. Written consent was obtained from each participant.
2.2. Constructs and Measures. At baseline, height in centimeters (cm) was measured; weight was measured in kilograms
at baseline and post-program. All measures were collected
in triplicate using standard procedures [26] and those results
have been previously published [24]. Follow-up height, in feet
and inches, and body weight, in pounds, were self-reported
by participants on the SWFUS survey. Height and weight
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were used to calculate BMI [27] for all points in time. For
some analyses, post-program and follow-up BMI also were
calculated as percentages of baseline BMI. Program BMI
change was the difference between post-BMI and pre-BMI;
follow-up BMI change was computed by follow-up BMI less
post-program BMI. For some analyses, BMI changes also
were calculated as percentages of baseline BMI. Baseline
BMI is divided into three categories: overweight or at-risk
of overweight (24.0–29.9), obese (30.0–34.9), and severely
obese (≥35.0). Also, a dichotomous variable was computed
for respondents as “yes, long-term BMI maintenance” if
BMI decreased or remained unchanged from post-program
to follow-up or “no long-term BMI maintenance” if BMI
increased from post-program to follow-up.
Social factors were self-reported in the follow-up survey.
Self-efficacy was measured by 16 items about self-efficacy for
healthy eating and 14 items about self-efficacy for physical
activity, adapted from Sallis et al. (1988) [28]. Scales for both
self-efficacy for healthy eating (alpha = 0.92) and self-efficacy
for physical activity (alpha = 0.95) ranged from 1 (not at
all confident) to 5 (completely confident). Social support for
healthy eating was measured by the validated Sallis Social
Support Survey for Diet [29]. Four scales were created:
family encouragement (alpha = 0.87), friend encouragement
(alpha = 0.87), family discouragement (alpha = 0.82), and
friend discouragement (alpha = 0.75), each of which ranges
from 1 (never) to 5 (very often). Social support for physical
activity was measured by the validated Sallis Social Support
Survey for Exercise Behaviors [29]. Two scales were created:
participation in physical activity among family (alpha = 0.88)
and participation among friends (alpha = 0.93), each of which
ranged from 1 (never) to 5 (very often). Baseline demographic data included age, race, marital status, education, and
employment.
2.3. Statistical Analysis. Preliminary t-test and chi-square
analyses were conducted to assess baseline demographic
and anthropometric differences between SWHH respondents
(with complete height and weight data for all three time
points) and SWHH respondents without complete height and
weight data for all three time points. The first analyses were
conducted to assess change in BMI among SWHH Program
participants, by comparing baseline BMI to post-program
BMI and post-program BMI to follow-up BMI, using paired
samples t-tests. The second analysis was conducted to test
association between program BMI change and long-term
maintenance of BMI (post-program to follow-up), using a
chi-square test. The third analysis used one-way analysis
of variance (ANOVA) to compare differences in program
BMI change and follow-up BMI change among baseline
weight status groups. In the final analyses, Pearson productmoment correlations and point-biserial correlations were run
to determine the relationships among self-efficacy and social
support for healthy eating and physical activity and “followup BMI change.”
Self-reported height is generally overreported, and body
weight underreported [30] by approximately 1.89 kilograms
(95% CI = 1.87, 1.91) among midlife and older women [31]. To
adjust for these biases, we conducted two sensitivity analyses.
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Table 1: Baseline characteristics and post-program BMI change by SWFUS response.
Characteristics at baseline
Mean age (±SD)
Race/ethnicity, %
White, non-Hispanic
Education, %
High school or less
Some college
Bachelor’s degree
Graduate training
Employed, yes, %
Household income level, %
<$50,000
$50,000–74,999
$75,000–100,000
>$100,000
Married, yes, %
Mean BMI (±SD), baseline
Mean BMI change (±SD), baseline to
post-program

No follow-up responsea (𝑛 = 446),
mean (±SD), or %

SWFUS respondentsb (𝑛 = 154),
mean (±SD), or %

60.1 (10.0)

58.9 (8.4)

92.6 (0.3)

88.1 (0.3)

𝑃 value
0.19
0.09
0.81

25.4
35.5
20.2
18.9
49.6

23.8
37.3
17.5
21.4
51.4

54.9
22.8
13.3
9.0
67.7
33.6 (6.1)

49.6
22.1
16.0
12.2
77.7
33.4 (6.1)

0.03∗
0.74

−0.50 (0.9)

−0.50 (0.9)

0.99

0.72
0.56

a

Sample size varied from 397 to 446 due to missing data.
Sample size varied from 126 to 154 due to missing data.
Differences across follow-up response were tested using Chi-square analyses and 𝑡-tests. Boldface indicates statistical significance (∗ 𝑃 < 0.05).
BMI, body mass index; SWFUS, StrongWomen Follow-Up Study.
b

First, we subsequently added the upper limit of this confidence interval to each respondent’s follow-up body weight
and recalculated BMI. Second, we also recalculated followup BMI using measured height from baseline. Mean “selfreport adjusted” follow-up BMI, using these two methods,
were compared to post-program BMI using a paired 𝑡-test,
and results are provided in the text.

3. Results
3.1. Demographics. Baseline characteristics of follow-up survey SWHH respondents with complete height and weight
data for all three time points (𝑛 = 154) and SWHH
nonresponders (𝑛 = 446) were equivalent, except for the
percentage married, which was higher among respondents
than nonrespondents (77.7% versus 67.7%, resp., 𝑃 = 0.03),
Table 1. There was no difference between mean age at baseline
among nonrespondents (mean = 60.1, ±SD = 10.0) and
respondents (mean = 58.9, ±SD = 8.4), 𝑃 = 0.19. The
majority of the respondents and nonrespondents were white
(𝑃 = 0.09) and had evenly distributed educational attainment
across the categories of “high school or less,” “some college,”
“bachelor’s degree,” and “graduate training” (𝑃 = 0.81).
There were no differences in the reported household income
levels of respondents and nonrespondents, with both groups
reporting household income levels less than $50,000 (𝑃 =
0.56). Importantly, baseline BMI was equivalent among nonrespondents and respondents (𝑃 = 0.74), as was BMI change

Table 2: Mean BMI at baseline, post-program, and follow-up (𝑛 =
154).
Baseline
Mean (±SD)
BMI
33.4 (6.1)
% of baseline BMI 100.0 (0.0)

Post-program
Mean (±SD)
32.9 (6.0)∗∗∗
98.5 (2.7)∗∗∗

Follow-upa
Mean (±SD)
31.6 (5.8)∗∗∗
94.8 (7.8)∗∗∗

a

Mean self-reported unadjusted follow-up BMI.
Boldface indicates statistical significance (∗∗∗ 𝑃 < 0.001) for paired t-tests
between this measure and the prior column.
BMI, body mass index.

from baseline to post-program among nonrespondents and
respondents (𝑃 = 0.99).
3.2. Change in BMI. The results in Table 2 show mean BMI
at baseline, post-program, and follow-up among participants.
Mean BMI decreased significantly from baseline to postprogram (−0.5 or 1.5% of baseline BMI, 𝑃 < 0.001) and from
post-program to follow-up (−1.3 or 3.7% of baseline BMI, 𝑃 <
0.001) which is approximately 3 kilograms. After adjusting
follow-up body weight for potential self-report bias, followup BMI (mean = 32.2, ±SD = 5.8) was still significantly lower
than measured post-program BMI (−0.7, 𝑃 < 0.001). After
recalculating follow-up BMI using measured rather than selfreported height, follow-up BMI (mean = 31.8; ±SD = 5.7)
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Table 3: Mean program and follow-up BMI change by weight status groups (𝑛 = 154).

Program BMI change
Program BMI change as % of baseline BMI
Follow-up BMI change
Follow-up BMI change as % of baseline BMI

Overweight (a) (𝑛 = 50)
Mean (±SD)
−0.43 (0.79)
−1.56 (2.93)
−0.30 (1.97)𝑏,𝑐
−1.07 (7.24)𝑏,𝑐

Weight status
Obese (b) (𝑛 = 53)
Mean (±SD)
−0.43 (0.89)
−1.35 (2.74)
−1.51 (2.27)𝑎
−4.52 (6.94)𝑎

Very obese (c) (𝑛 = 51)
Mean (±SD)
−0.64 (0.97)
−1.59 (2.42)
−2.24 (3.01)𝑎∗∗∗
−5.55 (7.47)𝑎∗∗

Note: a, b, and c indicate which means are significantly different from each other via post hoc tests (Tukey).
Boldface indicates statistically significant F-test at ∗∗ 𝑃 < 0.01 and ∗∗∗ 𝑃 < 0.001.
BMI, body mass index.

Table 4: Correlation between self-efficacy and social support for healthy eating and physical activity and BMI change.
Follow-up BMI change
(𝑛 = 153)

Follow-up BMI change
as % of baseline BMI

−0.17∗

−0.18∗

Family encourages

−0.05

−0.04

Family discourages

−0.04

−0.03

Self-efficacy and social support
Healthy eating
Self-efficacy for healthy eating
Social support for healthy eating

∗

Friends encourage

−0.20

−0.19∗

Friends discourage

−0.10

−0.03

−0.07

−0.08

Family participates

+0.05

+0.04

Friends participate

+0.06

+0.07

Physical activity
Self-efficacy for physical activity
Social support for physical activity

Boldface indicates statistical significance (∗ 𝑃 < 0.05).
BMI, body mass index.

was also still significantly lower than post-program BMI (−1.1,
𝑃 < 0.001).
There were no significant differences observed in BMI
change during the program period among the three baseline
weight status groups. However, a significant difference was
found in follow-up BMI change among weight status groups;
overweight participants lost less weight than did obese and
very obese participants (𝑃 < 0.01), Table 3.
Seventy-four percent of SWHH participants (𝑛 = 114)
maintained their post-program BMI (or lost additional body
weight) during the follow-up period, with a mean weight loss
of −5.16 kilograms (±SD = 5.72) while 26% gained weight
(𝑛 = 40), with a mean weight gain of +3.08 kilograms (±SD =
3.77) (𝑃 < 0.001); data not shown. These data also show that
72% of those who decreased their BMI during the program
maintained it post-program, and similarly 79% of those who
lost no body weight during the program also lost weight or
maintained their body weight post-program, a difference that
is not significant (chi-square = 0.43; data not shown).

There were statistically significant correlations between
self-efficacy for healthy eating and follow-up BMI change
(𝑟 = −0.17, 𝑃 = 0.04) and between friends encouragement
of healthy eating and follow-up BMI change (𝑟𝑝𝑏 = −0.20,
𝑃 = 0.02), Table 4. There were no associations between selfefficacy and social support for physical activity and follow-up
BMI change.

4. Discussion
This study aimed to understand BMI maintenance among
former SWHH program participants approximately three
years later as well as to examine relationships with BMI maintenance and social support and self-efficacy. Overall, SWHH
participants maintained their weight loss and, in some cases,
lost additional weight over the three years after the program
ended. On average, participants further reduced their weight
by more than three percent of baseline BMI, or about three
kilograms. According to results from a national sample of
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adults who successfully maintained weight loss for at least
one year, a little over half of the sample reported they had lost
weight through formal programs and the rest lost weight on
their own [32], but the data in this area are very limited.
On average, SWHH participants with higher baseline
BMI (obese and very obese categories) had significantly more
BMI reduction in the follow-up period than did participants
with lower baseline BMI (overweight category), despite
equivalent weight loss in the program period. This is possibly
due to response bias. One prior review found that successful
weight maintenance was associated with more initial weight
loss [12], but these data suggest otherwise.
Self-efficacy for healthy eating was associated with successful long-term BMI maintenance, similar to other studies
[33]. Social support for healthy eating was likewise associated
with long-term BMI maintenance. Results of other studies
that examine social support and weight loss maintenance are
inconsistent, although there is some evidence that compliments and active participation may be helpful while verbal
instruction and encouragement may be perceived negatively
[18]. To help elucidate the role of social support in weight
maintenance, future studies may use mixed methods in
which type of support is examined and qualitative data are
collected to determine how different types of support are
perceived. Contrary to other studies [22, 34], self-efficacy and
social support for physical activity were unrelated to maintenance; this is potentially the result of differences in study
populations, intervention strategies, and measurement of
self-efficacy. Maintenance of physical activity and/or dietary
behavior change is often not reported in weight maintenance
studies, according to a systematic review of the evidence [35].
One review found that successful weight maintenance was
associated with behaviors such as having a physically active
lifestyle, regular meal rhythm, control of over-eating, and
self-monitoring of behaviors [12].
There are some limitations of this study worth noting.
Height and body weight at baseline, and body weight postprogram were measured, whereas follow-up data collection
relied on self-reported height and weight. Relative to objective measures, self-reported height is generally overestimated
and body weight is underestimated [30]. There is some
evidence to suggest that reporting bias may have contributed
to declines in BMI observed during the follow-up period.
Higher baseline BMI was related to larger decreases in BMI
during the follow-up period but was unrelated to BMI change
during the program period. If larger decreases in BMI among
individuals with higher body weight were due to the relatively
larger amount of weight to lose, we would expect this
relationship to hold true during both time periods. Neither
of our two approaches to adjusting BMI for self-report
bias influenced our findings or their statistical significance,
suggesting that bias did not account for the entire observed
difference. Additionally, these data only represent one followup time point; it will be important to collect additional
data in the future to understand long-term maintenance and
possible weight cycling. It is possible that SWHH follow-up
study responders were more successful with weight maintenance than nonresponders. Nevertheless, even if responders
maintained their weight more often than nonresponders,
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responder weight maintenance rates are similar to, or higher
than, what other studies have reported [36].

5. Conclusion
These findings support the durability of weight loss following
participation in a relatively short-term intervention. Self-efficacy for healthy eating and social support for healthy eating
were related to successful BMI maintenance.
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Abstract
Purpose: Social environments exert an important influence on health behaviors, yet evidence from rural-specific contexts is limited. This study explored
how social relationships influence health-related behaviors among midlife and
older rural adults at increased risk of chronic disease.
Methods: Seventeen focus groups were conducted with 125 sedentary, overweight/obese adults (aged 40-91 years) residing in “medically underserved”
rural Montana towns in 2014. Groups were stratified by age (40-64 and ࣙ65)
and gender. Transcripts were examined thematically using NVivo software according to social influences on diet, physical activity, and tobacco use. Analyses
were conducted in 2015-2016.
Results: Attitudes and actions of family members and friends were key influences on health behaviors, in both health-promoting and health-damaging
ways. In these small, isolated communities, support from and accountability
to family and friends were common facilitators of behavior change and maintenance. However, expectations to conform to social norms and traditional
gender roles (eg, caregiving duties) often hindered healthy lifestyle changes.
Conclusions: These findings suggest that health behavior interventions targeting adults in rural settings need to consider and, if possible, integrate strategies to address the impact of social relationships in both supporting and sabotaging behavior change and maintenance.

Key words health behaviors, qualitative research, rural health, social
environment.
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Support and Sabotage of Rural Health Behaviors

Despite growing emphasis on reducing rural health disparities, adults living in rural areas remain at increased
risk of adverse health outcomes. Compared to their urban counterparts, rural Americans have higher rates
of chronic conditions, including obesity, diabetes, and
cardiovascular disease, and are more likely to engage
in health-risk behaviors such as tobacco use, poor dietary intake, and physical inactivity.1-3 Understanding
the factors that impact these lifestyle choices is essential to developing programs and policies to improve rural
health.
Research suggests that social ties can exert a powerful influence on health by shaping health behaviors; yet
evidence from rural-specific contexts is limited.4 Strong
social networks, community cohesion, and norms of selfhelp and reciprocity are frequently cited as positive social aspects of rural life.5 However, in small, geographically isolated communities, entrenched social-cultural
norms can significantly restrict people’s behavioral
choices.6,7
Previous studies in rural populations have focused
largely on environmental determinants of physical activity, highlighting facilitators, such as social support and
accountability, and barriers, such as family responsibilities and discouragement from others.8-12 Several qualitative studies have also posited both negative and positive
influences of social factors (eg, family support) on eating behavior, though most were conducted only among
women.6,10,11,13,14 Compared to physical activity and dietary practices, even less is known about the social factors influencing tobacco use in rural settings. However,
studies in rural Appalachian adults found encouragement
from friends and family to be a primary motivator of
smoking cessation, while frequent smoking in social circles hindered quitting efforts.15,16
Although existing research provides support for social
influences on rural health behaviors, most studies were
limited in geographic scope or restricted by age group,
gender, and behavior. In addition, the mechanisms by
which different social spheres (eg, family vs peers) act
to promote or hinder lifestyle choices have not been
well studied. The present study aimed to provide a better understanding of how social relationships influence
the adoption and maintenance of health-related behaviors among midlife and older rural adults in medically
underserved communities.

Methods
Study Design and Participants
This work was part of a larger formative research study
in rural Montana examining the individual, social, and
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Table 1 Age and Gender of Focus Group Participants by Town
Town

Focus Group 1

Focus Group 2

1

Female 65+
(n = 10)
Female 40-64
(n = 3)
Female 40-64
(n = 5)
Female 65+
(n = 3)
Female 65+
(n = 6)
Female 40-64
(n = 10)
Male 40-64
(n = 8)
Female 40-64
(n = 8)
Female 65+
(n = 8)

Male 65+
(n = 14)
Female 65+
(n = 4)
Female 65+
(n = 10)
Male 40-64
(n = 4)
Cancelled

2
3
4
5
6
7
8
9

Male 40-64
(n = 12)
Male 65+
(n = 12)
Male 40-64
(n = 5)
Male 40-64
(n = 3)

environmental influences on cardiovascular diseaserelated health behaviors.17 Seventeen focus groups were
conducted with midlife and older adults residing in rural
Montana towns in September and October 2014. Eligible
towns were required to have a Rural-Urban Commuting
Area (RUCA) code of 7 or higher and be designated as
a medically underserved area (MUA) or medically underserved population (MUP) by the Health Resources
and Services Administration.18,19 Participants were purposively sampled from 9 towns across the state (average population <2,000) to reflect diversity in age, gender,
and geographic location. We expected that participant responses would vary substantially such that separate focus groups based on age and gender were justified. Focus
groups were conducted at each site (2 in 8 towns; 1 in 1
town) and ranged from 3 to 14 participants, with an average size of 7-8. Table 1 presents the age and gender of
focus group participants by site.
Community-wide recruitment efforts were carried out
by National Institute of Food and Agriculture (NIFA)
Extension agents and their local partners at each site.
Strategies included press releases, flyers, word-of-mouth
referrals, and direct contact with community residents.
Overweight and sedentary individuals aged 40 and older
were specifically recruited because of their increased
risk of cardiovascular disease. To confirm eligibility,
potential participants were asked to report their age,
height, weight, and activity level using a brief survey
tool. Sedentary behavior was defined as participating in
no more than 1 bout of 30 minutes (or more) of physical
activity per week.
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Table 2 Focus Group Guide Questions
Environmental Influences on Behavior
Barriers and opportunities,
social support

Tell me about programs and physical and social aspects of your community that promote healthy eating. (Repeat
for physical activity)
Tell me about things that make healthy eating more difficult. (Repeat for physical activity)
What kind of roadblocks have you run into when trying to change your eating habits? What helped or would have
helped make those [dietary] changes become habit?
Imagine that you have decided to get more exercise. What would prevent you from doing it? Talk about the things
that would help you make those [activity] changes and help make them become habit.
What resources are currently available in your community for quitting smoking?

Normative beliefs

Would you consider your social community healthy? Tell me about that.
Think about [men or women] who are 40 years old or older. Describe the type of [men and women] in that age
group who get a lot of exercise.
In your community, are there many people who currently smoke? Are there many people who are former smokers?

Observational learning

Who in your social community influences your health behaviors?

Cognitive Influences on Behavior
Knowledge

Describe what it means to eat healthfully.

Supporting Behavioral Factors
Behavioral skills,
intentions

Think back to the past several years. Have you made any changes in how you eat? What prompted you to make
those changes?
Tell me about the types of physical activity that you do.
Tell me a little about your experience or the experience of others in your community that have quit smoking.

Procedure
Focus groups were stratified by age (40-64, 65+) and
gender to account for differences in perceived healthrelated influences. Sessions ranged from 60 to 90 minutes
in length and were facilitated by a single experienced and
trained interviewer at local community venues. The semi
structured interview guide that was followed for each discussion was framed around constructs of social cognitive
theory (SCT),20,21 with input from the research team and
an expert national rural health advisory board. Further
revisions to the guide were based on a pilot focus group
with rural residents.
Focus group questions asked about environmental,
cognitive, and behavioral influences on diet, physical
activity, and tobacco use. Environmental influences included the following SCT constructs: barriers and opportunities, social support, observational learning, and normative beliefs. Cognitive influences included the constructs of knowledge, self-efficacy, collective efficacy, and
outcome expectations. Behavioral influences included
the constructs of reinforcement and punishment, behavioral skills, and intentions. A subset of the focus group
guide questions, specific to the current study, is presented
in Table 2.
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At the start of each session, participants were asked to
complete a brief questionnaire that asked about demographic characteristics and health behaviors. All participants provided written informed consent and were compensated with a $50 Visa gift card. Study procedures and
materials were approved by Cornell University’s Institutional Review Board (Protocol #1402004505).

Data Analysis
Following verbatim transcription and cross-checking of
focus group audio files, transcripts were imported into
NVivo version 10 (QSR International Pty Ltd, Doncaster,
Victoria, Australia) for coding. An initial descriptive
coding framework22 was developed around main focus
group topics and emic themes and applied to all data. Following careful scrutiny of emergent themes related to the
present study, the relevant descriptive codes were split
into subcodes. Subcodes were applied by the primary author and coding decisions were systematically reviewed
by another member of the research team. Discussions
were held to resolve any differences in interpretation.
As additional concepts and themes were identified,
the subcodes were revised iteratively until agreement
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was reached, following procedures for team-based
qualitative analysis outlined by MacQueen et al.23 Quantitative survey data were summarized using SAS version
9.4 (SAS Institute Inc., Cary, North Carolina). Analyses
were conducted in 2015-2016.

Results
A total of 125 adults, ranging in age from 40 to 91
years, participated in the focus group discussions. Consistent with the demographic composition of rural Montana
communities, almost all participants identified as nonHispanic white (99.2%) and just over half were women
(57%). Participants had an average body mass index of
31.7 (range 24.3-54.1) and 40% were current or former
smokers. Table 3 presents additional socio demographic
characteristics by gender.
Findings from the focus groups are discussed in terms
of family and peer influences on the following healthrelated behaviors: diet, physical activity, and tobacco use.
Emergent subthemes within each social sphere are described in the text and highlighted in Table 4.

Family Influences on Diet
Food choice negotiations within the family emerged as a
key determinant of eating behavior. As the primary food
preparers, women frequently reported difficulties in reconciling their spouses’ food preferences with their own
desires to eat healthfully. Meat and potatoes were considered dietary staples, especially among men, and these
ingrained eating habits were hard to change without creating conflict.
For me, my husband doesn’t want to change the way
we’ve been eating. He likes the meat and potatoes. It’s
not a meal, unless it’s that. Like if I were to give him rice
and a nice salad, he would think he was bein’ punished,
you know. (Woman, 40-64)
However, many men attributed their healthier eating
habits to their wives’ food preparation and procurement
efforts (eg, home canning and gardening). Some women
also discussed successful compromises during family meal
times including serving smaller portions, making healthy
recipe modifications, and preparing separate meals.
Family health concerns were another driver of participant’s eating behaviors. Having a spouse or child diagnosed with a chronic condition motivated many people
to make supportive dietary changes. For others, watching
a family member’s health deteriorate came as a wake-up
call to change their own behavior.
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Table 3 Characteristics of Focus Group Participants by Gender (N = 125)
Characteristic

Total (n = 125) Men (n = 54) Women (n = 71)

Age (mean, SD)
64.5 (11.8)
BMI (mean, SD)
31.7 (5.9)
Age group
40-64
61 (48.8)
65+
64 (51.2)
Race/ethnicity
Non-Hispanic white
83 (66.4)
Other
1 (0.8)
Not reported
41 (32.8)
Household income
<$20,000
36 (28.8)
$20,000-$34,999
11 (8.8)
$35,000-$49,999
21 (16.8)
$50,000-$74,999
23 (18.4)
ࣙ$75,000
18 (14.4)
Not reported
16 (12.8)
Marital status
Married
78 (62.4)
Separated
2 (1.6)
Divorced
18 (14.4)
Widowed
15 (12.0)
Never married
11 (8.8)
Not reported
1 (0.8)
Employment status
Full-time employed
27 (21.6)
Part-time employed
17 (13.6)
Self-employed
12 (9.6)
Unemployed
3 (2.4)
Retired
47 (37.6)
Unable to work
9 (7.2)
Other
2 (1.6)
Not reported
8 (6.4)
Self-rated health status
Excellent
7 (5.6)
Very good
35 (28.0)
Good
54 (43.2)
Fair/poor
27 (21.6)
Not reported
2 (1.6)
Smoking status
Current smoker
13 (10.4)
Former smoker
37 (29.6)
Never smoker
73 (58.4)
Not reported
2 (1.6)

62.5 (11.1)
31.3 (4.7)

66.0 (12.1)
32.0 (6.7)

30 (55.6)
24 (44.4)

31 (43.7)
40 (56.3)

37 (68.5)
0 (0.0)
17 (31.5)

46 (64.8)
1 (1.4)
24 (33.8)

10 (18.5)
4 (7.4)
12 (22.2)
11 (20.4)
12 (22.2)
5 (9.3)

26 (36.6)
7 (9.9)
9 (12.7)
12 (16.9)
6 (8.4)
11 (15.5)

41 (75.95)
1 (1.85)
6 (11.1)
1 (1.85)
4 (7.4)
1 (1.85)

37 (52.1)
1 (1.4)
12 (16.9)
14 (19.7)
7 (9.9)
0 (0.0)

11 (20.4)
5 (9.3)
10 (18.5)
1(1.9)
18 (33.3)
5 (9.3)
0 (0.0)
4 (7.4)

16 (22.6)
12 (16.9)
2 (2.8)
2 (2.8)
29 (40.9)
4 (5.6)
2 (2.8)
4 (5.6)

3 (5.5)
13 (24.1)
27 (50.0)
10 (18.5)
1 (1.9)

4 (5.6)
22 (31.0)
27 (38.0)
17 (24.0)
1 (1.4)

5 (9.3)
24 (44.4)
24 (44.4)
1 (1.9)

8 (11.3)
13 (18.3)
49 (69.0)
1 (1.4)

My wife is pre-diabetic, so that changed her whole eating habits, which led to the rest of us [changing too], you
know. (Man, 40-64)
Several elderly women also discussed the negative consequences of living alone on their diets. Without family
members around, eating decisions were primarily based
on convenience and several participants reported having
no incentive to make dietary improvements at their advanced age. These effects were often exacerbated in the
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Table 4 Perceived Social Influences on Health Behavior: Emergent Subthemes, SCT Constructs, and Selected Quotes
Family Influences on Diet
Subtheme

SCT Construct

Selected Quotes

Food choice
negotiations

Barriers and
opportunities

Health concerns

Observational
learning

Living alone

Social support

“For me, my husband doesn’t want to change the way we’ve been eating. He likes the meat and
potatoes. It’s not a meal, unless it’s that. Like if I were to give him rice and a nice salad, he would
think he was bein’ punished, you know.” (Woman, 40-64)
“When your wife is staring you down, that’s pretty good motivation to like put the chips down, and
start, ya know, pick up the celery.” (Man, 40-64)
“My wife is pre-diabetic, so that changed her whole eating habits, which led to the rest of us
[changing too], you know.” (Man, 40-64)
“In our family, I mean it was imperative that we cut down salt because of my husband’s high blood
pressure. So I hardly, I never salt things. If people come to my house they have to get the salt
shaker if they need it. But I use more spices too.” (Woman, 65+)
“You’re not thinking of your heart; you’re just thinking of what you like to eat . . . And when you’re
our ages and you live alone, what else the hell is there?” (Woman, 65+)
“I’m often alone . . . and I don’t make a point to prepare healthy, I just open the fridge and what’s in
there I use.” (Woman, 65+)
Peer Influences on Diet

Food-centric
events

Normative
beliefs

Limited networks

Barriers and
opportunities

“This country out here has way too many lunches . . . everybody is so great about putting food out.
You know, when you go to visit they bring out cookies and bars, and all sorts of stuff . . . very
hospitable . . . until all you can do is put on weight.” (Woman, 65+)
“I think what we always stumble on is anything we do socially, we always do with some friends and
it’s either go to their house for dinner or go out for dinner . . . You know, when you go to
somebody else’s house, I mean, you just eat what’s . . . I mean, it’s rude to pick . . . So you know,
you’re doing well and all the sudden you get these roadblocks, and that’s hard for us.” (Woman,
40-64)
“[If] you wanna eat healthy . . . you pretty much have to change your friends at that point in time.
And like in [this town], who you gonna change your friends to? Ya know, it’s not like you have nine
hundred thousand other people that you can go out with and visit with.” (Man, 40-64)
Family Influences on Physical Activity

Family
obligations

Normative
beliefs

Pets

Social support

“I’ve seen some women that age that work all day and they’ll come home and change into their
exercise stuff and there’s kids at home and their husband’s coming home real soon or is home
and they just go. And I think, ‘How can they do that?’ I couldn’t, I couldn’t do it. I, I’d feel like, I have
to be here for my kids, we have to have supper.” (Woman, 40-64)
“Anyone who’s ever had a dog, or has a dog, especially—I had a Australian Shepard and I’ve had
dogs since before I could walk—but they’re gonna get you up and say, ‘It’s time to go for a walk,
come on.’ So it keeps you walking, it keeps you busy taking care of them, you know. They really
help.” (Woman, 65+)
Peer Influences on Physical Activity

Support and
accountability

Social support

Social connectedness

Barriers and
opportunities

“For me, myself, I find that I am more apt to exercise if I am in a group or have an organized program
rather than saying I’m gonna do it on my own. Because some days you do it and some days it’s
just very convenient not to do it.” (Woman, 65+)
“I had a friend and, you know, if I didn’t want to go, she did, and if she didn’t want to go, I did. So you
have some kind of network, if you will, to say, you know, ‘Let’s get. Quit your whining, get in the
car!’” (Woman, 40-64)
“That’s why I think the group would be kind of cool to get together with . . . to get together as a
group and just share some ideas and . . . And then you have to figure out in your day, ‘OK, instead
of climbing up the tractor once, I’ll do it 4 times.’” (Man, 40-64)
“To me, I do a lotta my walking in Bozeman, because the stores are big. And, just walking Albertsons
and Town and Country is not enough. I like to be where there’s other people. I don’t like to
exercise or walk alone.” (Woman, 65+)

(Continued)
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Table 4 Continued
Family Influences on Tobacco Use
Health concerns

Observational
learning

Role modeling

Observational
learning

“[My prompt] was just family members that smoked and had cancer, as far as just lung cancer. So
that is when I quit.” (Man, 40-64)
“My husband quit when our toddler daughter was gumming his cigarette butts. He said, ‘OK, I’m
done.’ And it was just, ‘OK, I’ll use that money for tools instead.’” (Woman, 65+)
“I mean my husband’s mother, she quit when she was 70 some years old. She quit smoking and my
husband, and my sister-in-law, his sister, they both still smoked. And finally one day she said, ‘Well
if my 70-year-old mom can quit, I guess I should be able to quit.’ And she did. And it wasn’t shortly
thereafter that my husband quit.” (Woman, 65+)
Peer Influences on Tobacco Use

Social pressure
and norms

Normative
beliefs

Support and
accountability

Social support

“And what I see which saddens me is there’s a younger community smoking rather than the older
community. I think that most of our age group and even probably for 40s on up have [quit] . . . I
don’t know if it was they were taught that or . . . But the young kids are getting now into the
smoking.” (Woman, 65+)
“It’s a lot easier to go through it (quitting) with somebody else, than by yourself.” (Woman, 40-64)

context of rural isolation, where companionship and motivation were dependent upon close proximity to family.
You’re not thinking of your heart, you’re just thinking of
what you like to eat . . . And when you’re our ages and
you live alone, what else the hell is there? (Woman, 65+)

Peer Influences on Diet
Participants described food-centric social events as a primary constraint to eating well. Limited entertainment options in these rural communities meant that most activities involved getting together for a snack or meal. Food
provision was regarded as a sign of “hospitality” and people felt obligated to eat whatever was offered in social
settings (eg, church, senior centers). These commensal
relationships often sabotaged participants’ efforts to eat
well because of the quality and quantity of food available. For example, several elderly participants who gathered for weekly meals at the local senior center found the
unhealthy offerings restrictive.
This country out here has way too many lunches . . . everybody is so great about putting food out. You know,
when you go to visit they bring out cookies and bars, and
all sorts of stuff . . . very hospitable . . . until all you can do
is put on weight. (Woman, 65+)
Participants reported that peer pressure to engage in
unhealthy eating behaviors was often difficult to overcome due to the close-knit nature of rural social circles.
In contrast, having tight social networks was viewed as
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beneficial if friends were “health-conscious” and acted as
positive role models. Several women cited peer support
as a primary motivator for maintaining healthy eating
habits.

Family Influences on Physical Activity
Family obligations emerged as a common barrier to being physically active. Women in these rural households
frequently assumed traditional caregiving roles and prioritized time with their kids and husbands over exercise. Some articulated concerns over abandoning family
responsibilities to fulfill their own needs.
I’ve seen some women that age (early adulthood) that
work all day and they’ll come home and change into their
exercise stuff and there’s kids at home and their husband’s coming home real soon or is home and they just
go. And I think, “How can they do that?” I couldn’t, I
couldn’t do it. I, I’d feel like, I have to be here for my kids,
we have to have supper. (Woman, 40-64)
Juggling busy family schedules and having to shuttle
children around to various activities also left little opportunity for activity. For instance, some parents noted how
attending children’s sporting events meant frequently sitting during the evenings. One group of women jokingly
referred to the consequences of these prolonged sitting
episodes as “bleacher butt.”
However, communal activity was viewed by some participants as a way to incorporate exercise into one’s daily
routine without sacrificing family time. This frequently
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took the form of outdoor activities such as biking, walking, or farm chores. In addition to reinforcing family
bonds, these participants felt that exercising with their
spouse or close family member provided the accountability needed to maintain good habits. For several participants, pets provided much needed companionship and
reason to be active. Pets appeared to be especially important motivators of physical activity for elderly individuals
living alone.
[Having a dog] it keeps you walking, it keeps you
busy taking care of them, you know. They really help.
(Woman, 65+)

Peer Influences on Physical Activity
Multiple women and a few men described peer exercise
groups or “buddies” as strong motivators to staying active. Fitbits and other fitness trackers were mentioned by
younger participants as a useful social networking tool
to boost exercise morale. Exercising with others created
a sense of accountability and allowed people to “share
ideas” for incorporating fitness into their daily lives. Several participants expressed the need to exercise with people at their fitness level to avoid feeling discouraged.
Without this peer support, participants were less likely
to engage in exercise or maintain a consistent routine.
That’s why I think the group would be kind of cool to get
together with . . . to get together as a group and just share
some ideas . . . And then you have to figure out in your
day, “OK, instead of climbing up the tractor once, I’ll do
it 4 times. (Man, 40-64)
In these small rural towns, social interaction appeared
to be an important facilitator of active lifestyles, particularly for women. Organized group activities, such as
walking, were viewed as an opportunity to socialize with
friends and connect with the community. Building these
networks increased enjoyment and gave people more incentive to engage in activity.
To me, I do a lotta my walking in Bozeman because the
stores are big. And, just walking Albertsons and Town
and Country (2 grocery stores) is not enough. I like to be
where there’s other people. I don’t like to exercise or walk
alone. (Woman, 65+)
In contrast, men were less likely to view structured
group exercise as a social activity. Many preferred outdoor pursuits (eg, hunting, fishing) with friends or felt
that they could stay active through farmwork and household chores.
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Family Influences on Tobacco Use
Family health concerns were a primary reason for quitting smoking or chewing tobacco. Several people discussed stopping to protect their children while others quit
after having family members diagnosed with smokingassociated conditions.
[My prompt] was just family members that smoked and
had cancer, as far as just lung cancer. So that is when I
quit. (Man, 40-64)
For other individuals, family health issues could not
help them overcome their tobacco addiction. Participants
often discussed how being surrounded by family members who smoked or chewed tobacco made it more difficult to quit or abstain. Conversely, encouragement and
support from family members was viewed as a strong motivator for smoking cessation. For some, pleas from children and grandchildren were especially effective; for example, 2 participants reported quitting for a grandchild’s
high school graduation. Watching a spouse or close family member quit also enhanced some people’s willpower
and empowered them to follow suit.

Peer Influences on Tobacco Use
Although smoking was perceived to be less socially acceptable than in the past, many participants felt that it
was still a common practice in the community. Chewing tobacco remained highly prevalent among ranchers
who were unable to smoke while working due to the dry
and windy conditions. Being surrounded by tobacco users
was frequently cited as a barrier to quitting or abstaining, especially by men. These negative influences were
difficult to avoid due to small social networks and limited opportunities for social interaction. Several participants also expressed concern that smoking norms were
being increasingly reinforced among youth. In contrast,
positive peer pressure was a key facilitator of smoking
cessation. Several participants mentioned the need for
“constant support” or “badgering” from friends in order
to follow through with cessation attempts.
It’s a lot easier to go through it (quitting) with somebody
else than by yourself. (Woman, 40-64)

Discussion
The present study provides the first exploration of social influences on health-related behaviors among midlife
and older rural adults in the western United States. In
the context of geographic isolation, we found the actions
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and attitudes of family members and friends to be key
influences on diet, physical activity, and tobacco use behaviors, with both positive and negative consequences.
The importance of social influences was consistent across
age and gender; however, the nature of influence varied for different groups. Consistent with SCT,20,21 our
findings emphasize the need for public health programing in rural areas to consider the ways in which social connections can be leveraged to improve program
outcomes.
Family interactions dictated many of the health-related
decisions people made inside and outside the home.
Shared family meals were a common occurrence, with
women bearing the primary responsibility for food provision. Many women found it difficult to accommodate
family dietary preferences during meal times, which was
seen as a barrier to behavior change. However, those
with higher self-efficacy were able to negotiate these
conflicts and promote healthy eating habits. Participants
noted that it was much easier to make dietary changes
when spouses and other family members were supportive. These themes of gendered food roles and family meal
sharing have been echoed in previous studies and highlight the need for rural dietary interventions that involve
both women and their families.24-27
Positive role modeling and encouragement from family members also emerged as important facilitators of
physical activity and smoking cessation. This supportive
team mentality provided the motivation and accountability needed to stick with lifestyle changes. Lifestyle interventions that emphasize supportive family relationships
have the potential to engage rural adults in healthier behaviors; however, existing efforts have focused primarily
on children.28-30
Normative beliefs about family obligations commonly
hindered health behavior change, particularly among
women. Forgoing family responsibilities for personal benefit was viewed with disapproval. For example, caregiving duties and busy family schedules often restricted
adults’ engagement in physical activity. This finding is
consistent with previous research in rural women who
often shoulder most of the child-rearing and elder care
responsibilities.8,10,31,32 For some, communal activities
with spouses or children helped balance competing demands by allowing people to stay active without sacrificing family time.
The presence of strong family ties amplified the influence of family health concerns on health behavior
changes. Participants frequently attributed improved eating habits or successful attempts at tobacco cessation to a
family member’s chronic illness diagnosis. These changes
were driven by the observation of negative health
consequences, which heightened participants’ sense of
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perceived risk and desire to protect their loved ones.
Conversely, living alone left many older women with
little motivation to take care of their health. Previous
research has highlighted poorer dietary habits among
older men living alone, suggesting that inadequate cooking skills and poor nutrition knowledge leave them less
able to cope independently.33 In our study, elderly rural women reported similar struggles due to difficulties
adapting cooking habits for one and feelings of isolation.
An absence of familial support was particularly isolating
for rural seniors because they had limited options for social contact. For some, having a pet was a buffer to social isolation and promoted physical activity. The healthpromoting benefits of pet ownership have been described
elsewhere, with pets providing companionship and purposeful physical activity.11,12,34,35
In these small rural communities, peer networks were
also important determinants of health behavior. Participants expressed a strong desire for social contact; however, most community events revolved around food.
Cultural norms of meal sharing and hospitality often undermined healthy eating efforts, although people had few
alternatives for socializing. Several studies have examined the role of relationships in shaping food choices and
suggest that sociability can both positively and negatively
affect these processes.24,36,37 In our study, several women
described the dietary benefits of having supportive and
health-conscious friends. Yet, normative preferences for
generous portions and calorically dense foods in rural
areas often factored prominently into commensal situations. Given the centrality of food to social life in rural
areas, interventions should consider the choices available
in social settings without overlooking the value of food
sharing.
Beneficial forms of social interaction included walking groups or exercise programs. In line with previous
studies limited to rural, Midwestern women, participants
discussed the importance of peer support and accountability and viewed exercise partners with similar fitness
abilities to be desirable.10,31,32 Conversely, the absence of
peer support groups deterred people from engaging in
physical activity. While women favored regular participation in organized fitness groups, men preferred lessstructured outdoor activities such as hunting and fishing.
However, several men acknowledged the value of peer
groups for sharing active living strategies (eg, strengthtraining, stretching between farm chores). Ferrand and
colleagues provide a possible explanation for these differences, finding that women appreciate the emotional support and encouragement offered by group activities while
men emphasize informational support through the exchange of skills and knowledge.38 Gendered preferences
for social support need to be factored into the design of
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community-based programs to effectively promote activity in rural areas.
Some limitations should be considered in interpreting
the results of this work. First, we cannot generalize to rural populations in other areas of the country. In addition,
our sample purposefully included overweight, sedentary
adults whose health attitudes and behaviors likely differ from their healthier counterparts. It is important to
also note that social desirability bias is an inherent limitation of focus group research but efforts were made to
encourage open and honest communication. Additional
strengths include the participation of men and women
across a wide age range, use of a single focus group facilitator, and multiple checks for data consistency and
accuracy.

Implications
Findings of this study highlight the ways in which social connections can support or sabotage health-related
behaviors among rural Western midlife and older adults.
Important social differences emerged between age groups
and genders, such as feelings of isolation among the elderly and women’s heightened sense of family responsibility. The pervasiveness of traditional gender roles meant
that women were more likely to initiate or support family lifestyle changes while men were more likely to resist
these efforts. As women were bound by caregiving duties, they often experienced disparate impacts of negative
family influences.
Future interventions should emphasize positive role
modeling and foster social support by integrating family members and peers and addressing age- and genderspecific needs. Efforts should also recognize normative influences on health behavior in rural communities and
work to shift these beliefs. Opportunities include promoting family fitness activities, providing healthy meals
at senior center gatherings, and offering health-focused
community events with minimal emphasis on food. Initiatives that target women should acknowledge their role
as predominant caregivers and meal providers and offer
ways to incorporate lifestyle changes into family routines.
Leveraging interpersonal relationships in these ways can
enhance the impact of health promotion efforts in rural,
underserved settings.
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Abstract: Rural populations in the United States have lower physical activity levels and are at a
higher risk of being overweight and suffering from obesity than their urban counterparts. This
paper aimed to understand the environmental factors that influence physical activity among rural
adults in Montana. Eight built environment audits, 15 resident focus groups, and 24 key informant
interviews were conducted between August and December 2014. Themes were triangulated and
summarized into five categories of environmental factors: built, social, organizational, policy,
and natural environments. Although the existence of active living features was documented by
environmental audits, residents and key informants agreed that additional indoor recreation facilities
and more well-maintained and conveniently located options were needed. Residents and key
informants also agreed on the importance of age-specific, well-promoted, and structured physical
activity programs, offered in socially supportive environments, as facilitators to physical activity.
Key informants, however, noted that funding constraints and limited political will were barriers to
developing these opportunities. Since building new recreational facilities and structures to support
active transportation pose resource challenges, especially for rural communities, our results suggest
that enhancing existing features, making small improvements, and involving stakeholders in the city
planning process would be more fruitful to build momentum towards larger changes.
Keywords: physical activity; rural health; triangulation; mixed methods; built environment;
obesity; prevention

1. Introduction
More than half of Americans do not achieve the current recommended levels of physical
activity [1], and rural populations are even less likely to meet the guidelines compared to their
urban and peri-urban counterparts [2,3]. Geographic disparities in physical activity may be driven
in part by environmental factors in rural communities that limit opportunities to be active, including
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poor quality, limited availability, and inadequate access to recreational facilities, as well as geographic
and topographic features that inhibit active living and transportation [4,5].
In the past decade, there has been a proliferation of interest in understanding the relationship
between built environments and physical activity [6–8], and identifying effective strategies to promote
active living [9–12]. However, much of the evidence supporting policy and environmental strategies
to encourage active living comes from research in non-rural settings [6,9–11]. Rural communities
have several features relevant to the built environment that set them apart from more densely
populated areas [13,14], including more dispersed populations, longer distances between destinations,
lack of public transportation, distinct social norms and cultural practices, and different recreational
environments. Further, rural communities have higher poverty rates and lower income levels
than urban areas [15], which impacts individual opportunities, as well as tax revenues and funds
available for improving active living structures. Given the unique physical and contextual challenges
faced by rural communities, special considerations should be given to them when developing
strategies to enhance physical activity participation in rural settings [14]. Existing policies and
strategies to support active living through environmental changes, however, are mostly urban-oriented.
For example, although national recommendations, such as the Common Community Measures
for Obesity Prevention (COCOMO) published by the Centers for Disease Control and Prevention
(CDC), are in place to guide the improvement of physical activity engagement, many of them are not
applicable to rural communities [14]. These published strategies largely relate to proximity to schools,
enhanced walking and biking infrastructure, improvement of public transportation, mixed-land use,
and improved personal and traffic safety where people are usually physically active [16].
Physical activity is a multifactorial behavior and is influenced by a wide range of factors
related to a person’s surroundings [17]. Objective aspects of the environment as well as individuals’
perceptions of their environment are likely to be important influences [17]. As rural communities
are highly heterogeneous, factors influencing rural physical activity vary substantially across rural
built environment studies, depending on the geographic and social contexts of the population being
studied [8,18–21]. Given this, it is advantageous to use a variety of data sources to understand the
various dimensions and support a more nuanced interpretation of barriers and facilitators. Focus
groups with residents are an effective way to explore a variety of issues in a community that influence
behavior [22], while interviews with key informants can be used to gather additional information and
provide further insights [23]. Data from objective environmental audits can elucidate complementary or
contradictory aspects of the issues identified from focus groups and key informants’ interviews [24,25].
Therefore, the purpose of the present study was to gather information from built environment
audits, resident focus groups, and key informant interviews, to capture different factors that influence
rural adults’ physical activity engagement. As building new active living infrastructures often poses
resource challenges to rural communities, our hope is to identify strategies that could potentially
leverage rural communities’ exiting assets and resources to improve rural health.
2. Materials and Methods
Figure 1 shows the overall data collection and analysis process. Data were collected and
analyzed between 2014 and 2017 as part of formative research for the Strong Hearts, Healthy
Communities trial, a rural community-based cardiovascular disease prevention program [26] in eight
government-designated medically underserved rural Montana towns [16]. The study was approved
by the Cornell University Institutional Review Board (Protocol #1402004505).
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2.2. Built Environment Audits
In each town, we used a reliable community asset inventory tool [31], Inventories for Community
Health Assessment in Rural Towns (iCHART), to assess active living characteristics related to physical
activity opportunities. The tool organizes built environment characteristics into 11 categories: the
presence of retail business, professional services, community services, town amenities, physical activity
facilities, town aesthetics, condition of sidewalks, condition of the town center, condition of street and
intersections, street and intersection safety features, and biking facilities. As mixed land use and active
living characteristics are associated with physical activity [8,11], the assessment of these characteristics
allows the understanding of the strengths and weaknesses of the built environment of the study towns.
We also assessed the presence of stray animals given previous research indicating their relevance to
outdoor activity safety in the midwest United States [18]. The iCHART tool contains a checklist of
items that the researcher looks for and documents during the audit. Table S1 shows the individual
items assessed within each built environment category.
In all towns, Meredith L. Graham (MLG) and either a local National Institute of Food and
Agriculture (NIFA) extension agent or another research team member conducted the audits on different
days. The audits were completed in two steps: (1) a one-mile walking tour from town center and
(2) a four-mile “windshield” tour. The windshield tour allowed for identification of built environment
features that were difficult to observe on foot or may not be within walking distance. Discrepancies
between audits were discussed for consensus.
2.3. Resident Focus Groups
NIFA extension agents and their local partners recruited overweight (body mass index
(BMI) ≥ 25.0) and sedentary (<30 min of physical activity per week) adults aged ≥40 years to take
part in focus group discussions. Recruitment strategies included press releases, flyers, website posts,
word-of-mouth referrals, and direct contact with community residents. To confirm eligibility, we asked
potential participants to complete a screening survey with questions about age, height, weight, and
physical activity level.
Focus groups were stratified by age (40–64, 65+) and gender, as different responses were expected
according to different age and gender groups. Discussions lasted between 60 and 90 min and
were facilitated by MLG, an experienced qualitative researcher. The discussion guide was based
on an ecological framework [32] (pp. 465–486) and developed by Meredith L. Graham (MLG),
Sara C. Folta (SCF), and Rebecca A. Seguin (RAS) to explore participants’ attitudes, perceptions,
barriers, and facilitators to physical activity. Prior to use, the discussion guide was pilot-tested and
refined. Participants provided written informed consent and completed a brief demographic and
health behavior questionnaire. Sessions were digitally recorded for transcription. Participants were
compensated $50. Table 2 shows a sub-set of the focus group guide questions that were relevant to the
present study.
Table 2. Focus group guide questions related to physical activity.
Topic

Questions

Community understanding

Tell me about programs and physical and social aspects of your community
that promote physical activity.

Attitudes & Perceptions

Barriers
Facilitators

Would you consider your community healthy? Tell me about that.
Tell me about the types of physical activity that you do.
Describe the intensity of the type of exercise that you do.
What makes you choose the type of exercise that you do?
Tell me about things that make physical activity more difficult.
What would prevent you from getting more exercise?
Tell me about the things that would help make exercising become habit.
What would help you to get more exercise?
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2.4. Key Informant Interviews
In each town, we conducted phone interviews with three key informants (n = 24) identified by
NIFA extension agents. Key informants represented diverse areas of community leadership, including
recreation, local government, public health and healthcare, social services, community programming,
and business. Because of the inherent confidentiality concerns in conducting research in small rural
communities, key informant characteristics will not be reported in detail. The interview guide focused
on locally relevant environmental influences on physical activity. As with the focus groups, we piloted
and revised the interview guide prior to use. Most interviews lasted between 45 and 60 min and all
were digitally recorded and transcribed verbatim. Key informants provided verbal consent and were
compensated $25. Table 3 shows a sub-set of the interview guide questions that were relevant to the
present study.
Table 3. Interview guide questions related to physical activity.
Topic
Community understanding

Attitudes & Perceptions

Barriers
Facilitators

Programming

Questions
What do you see as the biggest overall problems or issues facing your
community currently?
Would you consider your community healthy? Tell me about that.
What do you like most about your community?
What are your least favorite aspects of your community?
Tell me about policies, physical or social aspects in this community that
make physical activity more difficult.
Tell me about programs, policies, physical and social aspects in this
community that promote physical activity.
In your opinion, what could be done to improve the environment that
would make it easier for people to be active?
What types of opportunities or programs to improve their health might
people in this community be interested in?

2.5. Analysis
We enumerated items identified through the built environment audits by category (Table S1).
Brian K. Lo (BKL) and Emily H. Morgan (EHM) performed thematic analysis of the qualitative
data [33]. Guided by an ecological framework [32] (pp. 465–486), we developed an initial codebook
using a “lumping” technique to look for overarching themes and coded transcripts into three broad
categories of influences related to physical activity participation: individual, environmental, and
socio-cultural influences [34]. Brian K. Lo (BKL) then used a “splitting” technique to look for
more detailed themes or smaller categories within the three broader categories of influences [34].
A subsequent codebook relevant to the present study was then developed and it was continuously
discussed and refined among the research team. Brian K. Lo (BKL) and a research assistant
independently coded a subset of the data using the refined codebook with an observed agreement
>90% between the coders. Any discrepancies were then discussed among the research team to reach
consensus. Data were then recoded using the final codebook.
We first analyzed the focus group and interview data separately to identify major and minor
themes in each dataset, and then compared and contrasted emerging themes. We organized themes into
five categories of environmental factors guided by the Ecological Model of Active Living, developed
by Sallis et al. [32] (pp. 465–486): built, social, organizational, policy, and natural environments. To
facilitate data triangulation, we transformed results from the built environment audits into qualitative
narrative summaries and then compared them with the themes identified in the focus group and
interviews. We used NVivo (Mac 11, QSR International Pty Ltd., Doncaster, Victoria, Australia) to
assist coding and analysis.
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3. Results
3. Results
A total of 118 adults, aged 40–91 years, participated in the focus group discussions.
A total of 118 adults, aged 40–91 years, participated in the focus group discussions. The
The socioeconomic characteristics of participants broadly aligned with the composition of the
socioeconomic characteristics of participants broadly aligned with the composition of the
communities in which they lived. Although all participants were sedentary and outside of the
communities in which they lived. Although all participants were sedentary and outside of the
optimal BMI range (mean BMI = 31.9 ± 5.77), three-fourths (75.4%) rated themselves having “good” to
optimal BMI range (mean BMI = 31.9 ± 5.77), three-fourths (75.4%) rated themselves having “good”
“excellent” health.
to “excellent” health.
Figure 2 below summarizes the sub-themes identified with each data source.
Figure 2 below summarizes the sub-themes identified with each data source.

Built Environment Audits
Facilitators
• Presence of retail business,
professional services, community
services, outdoor physical activity
facilities, outdoor lighting, town
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Barriers
• Lack of indoor recreational facilities, continuous
and even sidewalks, street intersection safety
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Resident Focus Groups
Facilitators

Environmental
Factors
Influencing
Physical
Activity

• Natural assets of Montana
• Some active living features
• Social familiarity

Key Informant Interviews
Facilitators
• Natural assets of Montana
• Some active living features
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•
•
•
•
•
•
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•
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•
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Social awkwardness
•
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Poor maintenance
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Barriers
• Extreme weather
• Poor walkability
• Competing priorities
& schedules
• Lack of age-appropriate
opportunities
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• Lack of funding
• Lack of political priority
• Limited facilities nearby

Figure 2.
2. Sub-themes
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3.1. Interpretation
Interpretation of Built Environment Audits, Focus Groups, and Interview Data
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to the
Representative
quotes
are are
presented
in Table
4. 4.
the observed
observedbuilt
builtenvironment
environmentcharacteristics.
characteristics.
Representative
quotes
presented
in Table
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Table 4. Built, social, organizational, policy, and natural environment influences on physical
activity engagement.
Environmental Influences

Representative Quotes
Facilitators:
“Well, there are walking trails. They have a new trail downtown and up in the
mule pasture. There’s (a) trail up there. And of course there‘re trails out in the
forest all over.” (Town C, Men 40–64)
“We do have some nice parks with parks, meaning jungle gyms and swing sets.”
(Town H, Key Informant #1: Healthcare Provider)

Built Environment

Social Environment

Barriers:
“If we could come together as a community and try and build some sort of
recreation center that would be open year round and that would be free to get into,
or very minimal cost . . . I think that would really be helpful.” (Town H, Key
Informant #1: Healthcare Provider)
Town H participant A: “It was mentioned the other day at the Senior Center how
dangerous the sidewalks and streets are around here.”
Town H participant B: “Yeah, and on top of that, (Town H) never used to plow their
roads . . . ”
(Town H, Women 65+)
Facilitators:
“For me, myself, I find that I am more apt to exercise if I am in a group or have an
organized program rather than saying I’m gonna do it on my own.” (Town B,
Women 65+)
“I think a lot of people are interested in doing [a group program] because they’re
exercising with their peers, they’re not exercising at the local gym where there
could be any age. I think these guys are all older and they really tailor to the older
crowd and it’s all their buddies and somebody knows somebody in there on the
treadmill or on the bike or whatever and I think if they had something like that
available people would be more willing [to exercise].” (Town H, Key Informant #1:
Healthcare Provider)
Barriers:
Town G participant A: “They opened up the gym, but it’s more of a young
kids thing.”
Town G participant B: “The adults go in there, you kinda feel outta place.”
(Town G, Men 40–64)
“We’re lacking some opportunities for adults to gather together and to participate
in sporting endeavors.” (Town D, Key Informant #2: Political Leadership)
Facilitators:
“If we had the facility to have a health club or whatever, where you could go when
it was convenient for you, not when it was convenient for somebody else. And you
could set your time and do it.” (Town F, Women 65+)
“The school has an activity center and it’s free to community members. You just
have to get a password and . . . you can go in and they have weight lifting and
elliptical machines and treadmills.” (Town E, Key Informant #3: Local Leadership)

Organizational Environment

Barriers:
“You know, what the access is like . . . In our schools because I think they’re really
busy, like gym and auditorium time is taken up with [school] sports.” (Town A,
Key Informant #3: Healthcare Provider)
“The weight gym . . . is a really a poor place. You know, there’s no TVs. You know,
little cheap stereo like this, and the equipment’s older than me.” (Town C,
Men 40–64)
Facilitators:
“The city has done some revamping of the streets . . . when they had redone the
curb, they didn’t put in accessible curbs and, but now more recently they have
done some other streets and they have done it and actually they’re very nice and
very well done. And so, as far as accessibility, that has also improved. So I guess
that is, yeah, that’s a good thing.” (Town A, Key Informant #3: Political Leadership)

Policy Environment

Barriers:
“[Improving sidewalks] has been a concern of mine for years and I know it’s on the
front of our city, but . . . It’s all about money.” (Town E, Key Informant #2:
Educator)
“I’m sure there are lots of ways [to make physical activity easier], but, I mean, I
think the city could promote more public park space.” (Town H, Key Informant #3:
Community Health Provider)
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Table 4. Cont.
Environmental Influences

Representative Quotes

Natural Environment

Facilitators:
“Because of the [natural] resources, we have available—downhill skiing, cross
country skiing, snowshoeing, hunting, camping, hiking, fishing—you know,
there’s a lot of opportunity for people to be active in this community and this
area.” (Town H, Key Informant #2: Community-based Organization)
“We’ve had a lotta people that’ve come in for, obviously, the trails and the
hiking and the fishing and the skiing in the winter and the snowmobiling.”
(Town H, Men 40–64)
Barriers:
“It’s hard to go for a walk when the wind’s blowin’ 50 miles an hour.” (Town G,
Men 40–64)
“Being where we’re at, weather can be a challenge. So, you may have weather
during some of the months that may be warm enough, but with the winds that
we get in this rural area . . . with the wind chill and just the wind, period,
makes it difficult.” (Town D, Key Informant #3: Community Health Provider)

3.1.1. Built Environment
In all focus groups, participants described the presence of physical activity facilities, such as
sports fields, recreation centers, swimming pools, or gyms, confirming the findings of the built
environment audits. Focus group respondents in several communities also described the common use
of non-traditional or mixed-use spaces for physical activity, such as school athletic facilities and hotel
swimming pools, although personal connections with facility management were sometimes required.
For those who lived outside of town, distance hindered facility use. Focus group participants and
key informants commonly expressed a desire for larger and more diverse recreational centers with a
broader range of physical activity opportunities, especially in the winter.
Many participants specified that walking was the preferred form of physical activity. Participants’
comments reflected findings of the built environment audits that variation existed in the presence,
condition, and safety of the sidewalks and streets in town centers. Several focus group and interview
participants felt that investment was needed in pedestrian-friendly features, and that the lack of
sidewalks, poor sidewalk quality, and the presence of stray animals were major barriers to walking
outside. In addition, town walkability was subject to weather conditions, especially in communities
where sidewalks were not adequately cleared of snow.
3.1.2. Social Environment
The audit tool did not capture social environments, but the focus groups identified them as
crucial to rural residents’ usage of the available physical activity resources. The social environments
at recreational facilities influenced some residents’ physical activity behaviors. Some participants
perceived sports fields and gyms as youth spaces, and felt out of place in these spaces.
Several participants described a desire for fitness opportunities with people of a similar age and
fitness levels. Some said that they felt uncomfortable exercising with younger and more physically fit
people, while others referenced the camaraderie of a peer atmosphere. The desire for age-appropriate
opportunities was supported by key informants’ complaints about the lack of adult-specific programs
and activities in rural communities. The benefits of structured exercise classes with peers was discussed
more commonly in focus groups with women than in groups with men. To some women, a socially
familiar environment provided a sense of safety for physical activity.
3.1.3. Organizational Environment
Facility and program schedules strongly influenced use and engagement. People who worked
business hours or lived far from facilities reported that operating schedules often did not meet their
needs. When multiple users shared facilities, access for children and youth was viewed as the priority.
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To some male residents, the quality of facilities was an important factor, and outdated
equipment was cited as a barrier to use. Further, both residents and key informants agreed that cost
(e.g., membership fees, class fees) was a barrier to participating in some activities. For example, several
participants reported that they enjoyed skiing, but found regional ski resorts to be cost-prohibitive.
In addition, information dissemination influenced participation in scheduled physical activity.
Many participants described social networks—friends and family—as the means by which coordinated
opportunities, such as pick-up basketball games and fitness classes, were promoted most often. Some
described feeling excluded because they were less connected to networks in which this information
would be shared. In addition, although many residents were able to identify local programs and
opportunities, they were not always aware of specific schedules or content. Key informants suggested
that the greater promotion of existing opportunities for physical activity would be helpful.
3.1.4. Policy Environment
Residents cited poor city planning and lack of maintenance of existing facilities as barriers to
physical activity. These comments often were related to perceptions that local governments do not
have funding or interest in promoting physical activity to adults. In some towns, key informants also
expressed this belief. However, although several key informants criticized the lack of sidewalks and
sidewalk quality, in one community, the key informants reported improvements in these features,
suggesting differences in political agenda and priorities between jurisdictions.
3.1.5. Natural Environment
Although seasonal factors and the natural geography were not captured in the built environment
audits, the natural geography of Montana, including its diverse terrain, open spaces, and water features,
was raised in all focus groups, and in some interviews as an important facilitator for leisure-time
physical activity, including hiking, running, skiing, hunting, and fishing. However, while the warmer
months favored outdoor activities, extreme winter weather was described by focus group participants
and key informants as a significant barrier to outdoor physical activity.
4. Discussion
The aim of the present study was to use information gathered from built environment audits,
resident focus groups, and key informant interviews to understand factors that influence physical
activity among sedentary, overweight, midlife and older adults living in rural communities. While
built environment audits provided a blueprint of the characteristics of the built environment, resident
focus groups and key informant interviews provided critical contextual information on how the rural
built environment encourages or discourages physical activity.
In the eight towns sampled in this study, spaces for physical activity were available but were
not always perceived to be “activity-friendly” for adults. For example, although some residents
expressed their desire to use the athletics facilities at schools, these spaces are usually prioritized for
use by youth sports. Competition for physical activity spaces in rural settings has not been discussed
extensively in the literature, but suggests a need for shared- or open-use policies with schools outside
school hours to enable structured physical activity programs that are tailored to adults [14,35,36].
In the focus groups and interviews, we commonly heard about the use of “non-traditional” spaces
for physical activity. Through community audits, we identified a range of other possible spaces that
potentially could be utilized for hosting physical activity programs, such as churches, libraries, and
municipal buildings. Other studies have found that non-traditional facilities, such as community
centers, churches, and worksites, often are used for both planned and spontaneous physical activities
in rural communities [19,37]. As funding for new construction and facility management is limited,
attention towards optimal utilization of existing facilities is warranted.
Although previous studies have found social support, such as accountability to family and
friends, company from pets, and peer influences, to facilitate engagement in physical activity among
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rural adults [18,38], triangulation of our findings adds to the literature that social networks also play
a critical role in promoting physical activity opportunities among rural residents. Events, classes,
and activity groups often are organized informally and publicized by word-of-mouth and social
media. Participants also described that local connections and promotions for access to physical
activity equipment at private facilities, such as those in hotels and hospitals. Finding ways to broaden
promotion of existing and emerging opportunities and to support the operators of private physical
activity spaces in expanding access should be considered.
Previous research has found the aesthetics of rural towns to be associated with physical activity
levels [39,40]. All the rural towns in this study had vibrant town centers with pedestrian-friendly
features and facilities for physical activity. Nonetheless, poor city planning and inadequate
maintenance of facilities were perceived to be barriers for using existing indoor and outdoor spaces. For
people living outside of town, geographic dispersion and a lack of transportation hindered utilization
of available assets in town centers. Instead, many favored outdoor activities in the countryside, such
as hiking, skiing, hunting, and fishing. These findings suggest that land-use policies affecting spaces
both within and outside of towns are critical for the promotion of physical activity. Active and early
engagement of residents in local planning and management processes may help improve coherence
between resident demands and policy decisions [41].
This study also identified several important considerations for future built environment research
in rural communities. First, we found the qualitative research extended the findings from the built
environment audits and enriched our understanding of how communities perceive and interact with
existing built environment features. As rural physical activity is complex and multifactorial, using a
single assessment approach may limit the breadth and application of findings.
Second, our findings suggest that some constructs in the built environment audit tool are not
relevant to all rural towns. For example, some street and intersection safety features, and biking
facilities were not observed, and were not mentioned in either the focus groups or the interviews. This
differed from what has been identified in other rural studies [42,43], and could be attributable to the
composition of our participant sample. Our findings also suggest a benefit to collecting more details
about recreational facilities and their operational characteristics (e.g., distance to residents’ homes,
hours of operation, and quality of equipment), because of the important role of these factors in facility
utilization [35,37]. Additionally, in locations where outdoor activity is popular, it may be helpful to
gather data on natural geography features that provide opportunities for exercise such as trails, lakes,
rivers, and mountains.
Third, there may be a benefit to adapting rural built environment audit tools to capture more
places where residents are physically active. For example, we observed good to excellent condition
of sidewalks in all town centers, but learned from local residents that sidewalk maintenance and
availability was often suboptimal in certain areas of town where they felt it was needed. It is possible
that the community audits could be enhanced by separately assessing features in town centers and
outside of town (rather than combining the results of the walking and windshield tours) or by
consulting local residents about the places and spaces that they go before creating the community maps.
The present study has few limitations. First, data collection was limited to rural Montana.
However, we believe that our purposeful selection of diverse towns likely improved the relevance
of the findings to rural communities in regionally proximate states, such as Idaho, North Dakota,
South Dakota, and Wyoming, where population characteristics are similar. Second, our research
focused on mid-life and older sedentary adults. It is likely that younger and more active residents
may have different perceptions of physical activity opportunities and may interact differently with
the environment. Third, as our study was cross-sectional, it is possible that some seasonal factors
may have been missed. Finally, because we did not specify the full range of types of physical activity
(e.g., recreational, functional, leisure, etc.) that we wanted to learn about to study participants, they may
have limited their discussions to the types of activity that are most often discussed in the popular press.
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5. Conclusions
Our findings suggest that rural communities have a number of built environment assets
that promote active lifestyles but that their potential may not be fully realized. Given resource
constraints and competing priorities, building new recreational facilities and structures to support
active transportation is unlikely in many rural communities. However, enhancing existing features
(e.g., current facilities and natural assets) and identifying opportunities to maximize their use, such
as increasing the promotion of classes and available spaces, and revisiting scheduling, could support
physical activity and help build momentum towards larger changes. Involving residents along with
other stakeholders in the city planning process should be a priority. Our experience suggests that future
rural active living research would benefit from use a triangulation approach to enhance understanding
of unique characteristics of rural communities and identify relevant strategies for improving physical
activity opportunities.
Supplementary Materials: The following is available online at www.mdpi.com/1660-4601/14/10/1173/s1,
Table S1: Individual item availability for the built environment audits.
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Abstract
Background: Rural men are known to have poor health behaviors, which contribute to their elevated burden of
cardiometabolic disorders in the United States. Although regular physical activity, healthy eating, and avoiding
tobacco can reduce cardiometabolic risk, little is known about how to engage rural men in health promotion
programs. To bridge this gap in evidence, we investigate knowledge of modifiable cardiometabolic risk factors
among rural men in the western United States, identify their concerns related to heart health and motivation to
reduce risk, and explore individual, social, and community-level influences on heart-healthy behaviors, specifically
diet, physical activity, and tobacco use.
Methods: We conducted seven focus groups with 54 sedentary, overweight/obese men (mean body mass index
[BMI] = 31.3 ± 4.6) aged 43–88 residing in government-designated “medically underserved” rural Montana towns in
September and October 2014. All sessions were audio-recorded and transcribed verbatim. Transcripts were coded
and analyzed thematically using Nvivo software. Participants also completed a brief questionnaire about personal
characteristics and health behaviors. These data were explored descriptively.
Results: Despite being classified as overweight/obese and sedentary, no participants reported to be in poor health.
Many men described health relative to self-reliance and the ability to participate in outdoor recreation; concern
with health appeared to be related to age. Participants were generally knowledgeable of heart-healthy behaviors,
but many felt fatalistic about their own risk. Catalysts for behavior change included a serious medical event in the
household and desire to reduce aging-associated functional decline. Barriers to adopting and maintaining healthy
eating and physical activity habits and abstaining from tobacco included normative beliefs around masculinity and
individual liberty, the limited social universe of small towns, winter weather, time constraints, and preferences for
unhealthy foods. Facilitators included behavioral self-monitoring, exercising with a partner, and opportunities for
preferred activities, such as hunting and team sports.
Conclusions: These findings provide important insight about influences on rural men’s health behaviors and
provide guidance for possible intervention strategies to promote cardiometabolic health.
Trial registration: ClinicalTrials.gov NCT02499731. Registered 1 July 2015.
Keywords: Men’s health, Rural health, Cardiometabolic disorder, Cardiovascular disease, Diabetes, Prevention,
Qualitative research
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Background
Cardiometabolic disorders, including cardiovascular disease and type two diabetes, are the leading causes of disability and death globally. In the U.S., approximately one
in every three adults has cardiovascular disease [1] and
more than one in ten has diabetes [2]. Persons living in
rural areas in the U.S. are more likely to be diagnosed
with these diseases than persons living in urban areas.
Data from the U.S. Centers for Disease Control and Prevention’s (CDC’s) 2008 Behavioral Risk Factor Surveillance System revealed that prevalence rates of coronary
heart disease – the most common form of cardiovascular disease – and diabetes were 38.8 % and 8.6 % higher
among rural respondents compared to urban respondents [3].
Geographic inequalities in health have widened in recent decades [4–6] and represent an important public
health challenge. For instance, in the last half century,
residents in urban areas experienced faster declines in
mortality and larger gains in life expectancy than those
in rural areas [4, 5]. Prevalence of risk factors for cardiometabolic disorders, including obesity [7], physical inactivity [8], poor dietary habits [7, 9], and tobacco use
[10, 11], tend to be higher in rural areas. Cardiometabolic risks may be further elevated among rural men.
Compared to women, men tend to have lower cardiovascular knowledge and perception of risk [12], are more
likely to be overweight or obese [13] yet consider themselves to be healthy weight [14], and are more likely to
engage in a range of behaviors that may adversely affect
cardiometabolic health [15].
Evaluation of successful health behavior change interventions has provided evidence on effective strategies to
improve physical activity levels, dietary habits, and tobacco behaviors; yet men have been underrepresented in
the research [16–18] and the lessons learned may not,
therefore, be generalizable to them. To date, there has
been little research addressing how to engage rural men
in chronic disease prevention programs, and the evidence that does exist for U.S. populations focuses mainly
on African American and Latino men in the South or
Northwest [19, 20]. Little is known about how best to
engage those living in other regions of the country and
this gap in the literature hinders the development of effective interventions.
The purpose of this study was to determine knowledge
of modifiable cardiometabolic risk factors among men
living in Montana, identify their concerns related to
heart health and motivation to reduce risk, and explore
individual, social, and community-level influences on
heart-healthy behaviors, specifically diet, physical activity, and tobacco use. Montana is the fourth largest state
by area in the U.S. and one of the most rural. The most
recent U.S. Census documented 6.8 persons per square
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mile compared to the national average of 87.4, with
44.1 % of residents living in rural areas (clusters <2500
people) [21]. The state’s poverty rate is comparable with
the national average (16.5 % compared to 15.8 %) [22]
and approximately one in eight adults works in natural
resources, construction, or maintenance occupations
[23]. The long-term goal of this study is to inform the
development of a cardiovascular disease and diabetes
prevention program specifically targeting rural men.

Methods
We conducted seven focus groups in six governmentdesignated medically underserved [24] rural Montana
communities (average population <2000, Fig. 1) in
September and October 2014. These data were collected as part of formative research for the Strong
Hearts, Healthy Communities trial. This trial aims to
reduce cardiovascular disease, improve quality of life,
and reduce cardiovascular disease-related health care
costs in rural communities [25].
At each site, National Institute of Food and Agriculture
(NIFA) Extension agents recruited a purposive sample of
overweight, sedentary men aged 40 and older, using a variety of community-based strategies, including press releases, flyers, and website posts. We determined eligibility
using a brief screening tool that asked men to self-report
age, height, weight, and activity-level. We defined sedentary as participating in no more than one bout of 30 min
(or more) of physical activity per week, on average, over
the past three months. Focus groups were held at local
community sites and stratified by age (40–64, 65+).
An experienced focus group facilitator (MLG) led
the sessions, which lasted between 60 and 90 min.
The discussion guide was informed by the socioecological model and developed by MLG, SCF, and
RAS (public health researchers with extensive qualitative methodology experience). The questions explored
awareness and knowledge about factors related to cardiometabolic risk; access to health care services and
information; attitudes, perceptions, barriers, and facilitators to heart-healthy behaviors; and understanding
community in a rural environment. We conducted a
pilot focus group in Ithaca, NY and subsequently refined the guide to improve question comprehension
and discussion flow. In addition to participating in
the discussion, we asked participants to complete a
brief questionnaire that asked about demographic
characteristics and health behaviors. Participants received $50 compensation. The Institutional Review
Board at Cornell University approved all protocols
and materials (Protocol # 1402004505) and all participants provided written consent to take part.
Focus groups were transcribed verbatim and EHM
reviewed transcripts against audio-files for accuracy. All
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Fig. 1 Geographic representation of the study sample. This figure shows the location and population of the rural communities in Montana where
focus groups were conducted in September and October 2014

transcripts were imported into NVivo version 10 (QSR
International Pty Ltd) and coded by question. We developed an initial descriptive coding framework based on
the main focus group topics and themes that emerged
during transcript reviews. Two people independently
coded a subset of the data and reviewed coding decisions line-by-line. Inter-rater reliability was high, with
observed agreement >95 % and prevalence- and biasadjusted kappa >0.90. We resolved differences in interpretation by discussion and added additional emergent
themes to the framework. EHM, who has expertise in
qualitative analysis, then recoded all transcripts using
the revised framework. Further coding was an iterative
process grounded in the data. Data were triangulated by
comparing the comments of participants within and between groups and analyzed by descriptive and thematic
analyses. Survey data were tabulated using SPSS, version
22. We conducted all analyses in 2015.

Results
In total, 54 men, aged 43–88 years, participated. All
were White, non-Hispanic and, reflecting the demographic characteristics of the communities, most were
married and had a household income under $75,000
(Table 1). Over one third reported no physical activity
outside of their jobs in the past month and about half
were current or former smokers, but none reported to
be in poor health.

Findings from the focus groups are divided by research
objective. Themes and subthemes that emerged are described in the text and illustrated with quotes.
Knowledge of modifiable cardiometabolic risk factors

Across the study communities, participants were generally
aware of the modifiable risk factors for cardiometabolic
disorders, particularly weight status, smoking, and stress.
The men described several types of physical activity that
were good for their hearts, including walking, mowing the
lawn, chopping firewood, sex, and caring for livestock.
While some mentioned structured exercises, such as running, fitness classes, or weight lifting, most felt “anything
that gets your heart rate up” was beneficial.
Participants in all focus groups identified a number of
foods as heart-healthy, particularly fruits, vegetables,
whole grains, and lean meats. Locally produced foods,
including beef, wild game, and vegetables from home
gardens were considered particularly nutritious. However, several men said that they felt confused about
which foods are healthy due to conflicting media
reports.
“You ever watch the Dr. Oz show? Boy, he’s good.
But, God-dang, every other day it’s, ‘This is better, this
is better, you know the red, the white, the green, the
purple, this fruit, that fruit – you know this [is] where
you get your antioxidants, and, you know, this is way
too fattening, don’t put any salt, don’t put no sugar,
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Table 1 Participant characteristics (n = 54)
a

Age (mean, SD)

62.3 (10.9)

Body mass index (mean, SD)a

31.3 (4.6)
n (%)

Household income
≤ $25,000

10 (18.5)

$25,000-34,999

4 (7.4)

$35,000-49,999

12 (22.2)

$50,000-74,999

11 (20.4)

≥ $75,000

12 (22.2)

Unknown or not reported

5 (9.3)

you can get lots better…’ You know, I’m goin’, ‘Oooh,
wasn’t it just last week that it was the other way
around?’” (Community C, 40–64)
Participants were well-informed about the cardiometabolic risk associated with smoking and emphasized the
role of information campaigns and knowing someone
with a smoking-related health condition in raising
awareness. In four focus groups, men discussed the link
between stress and heart attack risk. Self-employment in
agriculture was described as demanding and unpredictable, and managing stress was considered critical for
maintaining heart health.

Marital status
Now married

41 (75.9)

Separated

1 (1.9)

Divorced

6 (11.1)

Widowed

1 (1.9)

Never married

4 (7.4)

Not reported
Employment status

1 (1.9)
b

Employed full-time

11 (20.4)

Employed part-time

5 (9.3)

Self-employed

13 (24.1)

Retired

20 (37.0)

Unemployed (looking for work)

2 (3.7)

Student

1 (1.9)

Unable to work

6 (11.1)

Not reported

1 (1.9)

Race/ethnicity
White, non-Hispanic

54 (100.0)

“[My dad was] 42 years old when he had his first
heart attack. And then he had another one at 43. He
was overweight and smoked a pipe all his life.
Probably had bacon and eggs most every morning for
breakfast… And stress: both times he had a heart
attack, it was right in the middle of harvest and, you
know, it was a stress-related thing too.” (Community
A, 40–64)
Concern related to heart health and motivation to reduce
risk

Despite being knowledgeable of modifiable cardiometabolic risk factors, many participants were fatalistic regarding their risk of a heart attack or stroke, often
attributing it to family history or luck. In six focus
groups, men shared personal experiences or anecdotes
of people they knew who had a cardiac event despite living a healthy lifestyle or of people who had high-risk behaviors and nonetheless enjoyed long, seemingly healthy
lives.

Physically active outside of work
Yes

33 (61.1)

No

20 (37.0)

Not reported

1 (1.9)

Self-reported health status
Excellent

3 (5.6)

Very good

13 (24.1)

Good

27 (50.9)

Fair

10 (18,5)

Poor

0 (0.0)

Not reported

1 (1.9)

Smoking status

a

Current smoker

5 (9.3)

Former smoker

22 (40.7)

Never smoked

26 (48.1)

Not reported

1 (1.9)

Based on available data from 52 participants
b
Participants could choose more than one option

“I’m morbidly obese, but when I go in and get a
check-up, the doctors all come out and remark that
they wish they had my lipid profile… But I have a
niece who got left a widow with two small children
and her husband was 32 years old when he died, a
farmer, died of a heart attack, and no previous evidence of trouble. And here turns out his dad died at
32 years of age… so, you know there was something
there, in that, you know, in their genetics or their
makeup of their heart that it just didn’t have that
many miles in it, and you know bang it’s, it broke.”
(Community D, 40–64)
Health was a priority for some but not all participants and concern appeared to be related to age. Several men said that they were motivated to change
their behavior following a serious medical event (e.g.,
heart attack) or disease diagnosis (e.g., diabetes)
within their household; they also were motivated by a
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desire to reduce aging-associated functional decline.
Several participants expressed admiration for older
men who were capable of strenuous work, particularly
chopping their own wood and hunting on foot – activities that were closely associated with fitness and
health – and an aspiration to be able to carry out
those activities as they aged.
“Ya know, when the doctor said, “Guess what, you’re a
diabetic,” then you really don’t have any choice but to
change the way you eat, because if you go and eat a
big old slice of cheesecake or something, your blood
sugar is not going to be under control. Sorry.”
(Community F, 40–64)
“I had ‘ta work really hard in losing more weight,
because… I had a total knee replacement, and, for my
age that I had it at, you know, the average knee lasts
maybe 10 to 12 years… and I’m tryin’ to get the most
out of my knee.” (Community C, 40–64)
“For me, [my greatest health concern is] just getting
old… The things that I do today, I’d like to be able to
do when I’m 75 or 80. And that’s what kind of
motivates me to try to take care of myself right now,
but whether that’s going to pay off, who knows.”
(Community A, 40–64)
Influences on heart-healthy behaviors
General influences

Men expressed a great degree of pride in their communities and culture. Popular perceptions of western
men as rugged, stubborn, and self-reliant were emphasized and interrelated with thoughts on public
health measures. Government involvement in daily activities was generally unpopular. Social norms were
represented as fundamentally at odds with health promotion. In fact, many participants boasted about their
rejection of healthy behaviors, such as avoiding medical care. Persevering through pain and illness appeared to be venerated and could actually increase a
man’s status. For example, in one group, participants
expressed respect for a community member who has
“got cancer real bad” but is “still getting out in the
woods.”
“In different places I worked, you know long after
they banned smoking… [they] had a sign in the back
[of the] bar, you know, that said ‘Montana, where you
could still drink in your car and smoke in the bar.’
And, and that was true for a long time until Montana
finally got forced to get on board with the open bottle
law. I mean you could never legally drive drunk, but if
you weren’t drunk, you could have an open can of
beer in the truck out on the prairie or somethin’.”
(Community D, 40–64)
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“Now I think folks that live like in this kinda country
and Montana in general are relatively independent by
nature, so if somethin’ does come up it makes you a
bit bullheaded, like, ‘I could tough it out.’ And, that’s
not the best answer, always, to tough it out.”
(Community B, 40–64)
Some men related how, with few chances to meet new
people, making a major behavior change could have profound implications on their social and professional lives.
For example, men in one group said avoiding bars – a
key location for social and business activity in town –
could result in isolation and lost income.
“I wanna clean my body out, I wanna quit smoking,
ya know, I wanna quit drinking. Well, I mean, to be
able to do stuff like that you pretty much have to
change your friends at that point in time. And like in
this town, who [are] you gonna change your friends
to? Ya know, it’s not like you have 900,000 other
people that you can go out with and visit with.”
(Community F, 40–64)

Physical activity influences

Montana’s natural environment was characterized as an
outdoor playground with endless opportunities for physical activity in the warm months. Many participants reported enjoying outdoor activities that they believed had
a purpose beyond simply leisure, particularly hunting
and fishing. However, winter was described as a major
barrier to being active. Although men in most communities identified at least one indoor space suitable for physical activity, these often were described unfavorably.
“To improve my health, for me, personally, exercise
would be a big one. In the winter… I think all of us
are pretty active in the fall and one of the things that
attracts us here and keeps us here is hunting and
fishing. But, you know, Thanksgiving weekend, that’s
all done for the year, and ya get [a] pretty bad case of
cabin fever about the end of January…” (Community
D, 40–64)
Despite some groups discussing how increasing
mechanization on farms made their work less physically
demanding, ranching was still juxtaposed with sedentary
“desk jobs.” Participants said that they did not have time
or interest in participating in structured exercise, which
was described by some as a leisure activity for rich, single men, typified as “trust fund guys.” Instead, physical
activity was viewed as a natural part of daily routines
and could be increased by finding ways to build more
activity into their usual schedule, possibly by learning
techniques from each other. In one group, two men
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suggested that self-monitoring using an activity tracker
could be helpful.
“I have an app on my smartphone for your pace, you
know, steps you do. And I look at that periodically
through the day. Because I have a goal I set on that…
You know, I’m a farmer and so, you know, instead of
just taking the four-wheeler, I just walk, you know,
just to get my extra steps or something.” (Community
A, 40–64)
Several men said that they disliked structured exercise
or did not have the “willpower” to do it. However, getting in shape to participate in preferred activities
emerged as a motivation for exercise.
“[Hunting] starts pretty early in the year – unless you
want to shoot gophers – and then it starts up again in
September, so a lot of us who like to hunt have to get
ready for it. So it’s a way of exercising at least.”
(Community B, 65+)
Some men also indicated that a group context incorporating an element of competition would be motivating. Men in one group said that working out in a
group would encourage them by increasing “accountability to somebody else” and allowing them to “share
some ideas” with each other, but would make them
feel uncomfortable if the group was not targeted to
their fitness level.
“I participated in a working out [group] when they
were over here by the school. And, I don’t know,
working out… First I forgot that the individuals that I
was working out with were a generation or so
younger than me and I thought ‘Oh man, I’m working
out with all of these good looking women.’ Well, after
five minutes into it I didn’t care. All I wanted to do
was get the hell out of there and not die or throw up.
(Group laughs.) So, it would be kind of interesting to
have, I don’t know, some kind of organization for
folks in our general shape, in our age bracket, you
know, without a drill-master with a whip on us to give
us some direction on how to properly work out and
so forth and so on.” (Community A, 40–64)
Living out of town emerged as a barrier to participation to group-based physical activity. Many men who
lived outside of town did not want to travel to town to
participate in something on a regular schedule. Participants in one group suggested that men might be more
inclined to take part in a program that met less frequently, but integrated at-home activities that couples
could do together.
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“A lot of us live out of town, so the idea of coming
back to town twice a week isn’t really appealing,
unless there was a program that could be designed
that is compatible for a man and wife to kinda try to
do together. That might work for a big part of our
community, ‘cuz of the distance and inconvenience of
coming back and forth to town or something.”
(Community A, 40–64)
Healthy eating influences

Participants often indicated a preference for caloriedense, animal-source foods and expressed the opinion
that “healthy” foods are less tasty. For instance, in describing a heart-healthy diet, men in three focus groups
cited the adage, “if it tastes good, spit it out.” Participants considered meat, generally accompanied by potatoes, to be the most important meal component. While
some articulated the benefits of increasing consumption
of fruits and vegetables, this generally did not imply a
shift away from meat-based meals. In addition, healthy
eating was associated with giving up favored foods and
more laborious food preparation.
“A steady diet of just beef is not good, but a
vegetarian diet is not living life.” (Community C, 40–
64)
Hunting and fishing were described as major sources
of meat and, in four groups, men reported that they or
their wives were involved with growing their own vegetables and fruits during the summer months. However,
local grocery and restaurant options for fresh produce
were described as limited, overpriced, and of poor
quality.
“My wife gardens. You know, we eat a lot of fresh
vegetables just because we would rather grow our
own if we can, so we know where it came from.”
(Community A, 40–64)
“Sometimes the lack of choice at the local market can
be kind of challenging. [The store owner] knows the
market real well, so I don’t blame them for not
putting things on the shelf that are going to rot and
they end up throwing them away.” (Community A,
40–64)
Some men felt that healthy eating in a social context
was challenging, because of few healthy choices and the
social expectation that they would accept food that was
offered to them.
“Like I said, you know, my wife. I always said that. I
mean, she does the grocery shopping. I mean, she
makes my lunch every day and makes breakfast and
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kind of, you know, I don’t say much, ‘cuz she could
say, ‘Well, if you don’t like it, make it yourself.’”
(Community A, 40–64)

do smoke when you’re trying to quit, it’s very hard.”
(Community B, 65+)

Cooking was described as a highly gendered activity
carried out almost exclusively by women. However, participants in two groups indicated that they enjoyed cooking and would be interested in taking cooking classes.
Some men reported participating in a state-wide dietary behavior change program and said that they found it
to be helpful in changing eating habits through its emphasis on tracking and self-monitoring total fat intake.
One participant specified that, to be credible, dietary educators should be “bigger around than my little finger.”

“Four or five years after I quit smoking, the salesman
come and was talking insurances and stuff. He handed
me a cigarette, I had it in my mouth, and he’d lit his,
and he’d started to reach over there for mine, and I
thought, “What!” I pulled that cigarette out of my
mouth and it was just as normal as the day I quit
smoking to get that thing and oh boy. (Laughs.)”
(Community E, 65+)
Several participants said that it was common for men
in their communities to start using smokeless tobacco as
a strategy to quit smoking, or to start smoking to quit
chewing. Some participants also talked about eating a lot
of candy after giving up smoking.

“In terms of healthy eating, I went through the
[Healthy Lifestyles Program]… and I find that [it] did
stick with me and it was very simple. All I had to do
was count grams of fat and keep them to a pre-set
number based on my size, blah, blah, blah. And it
worked… I’m still monitoring fat intake basically to
this day and that was probably two years ago, or at
least for me, it was probably two years ago. So, that
definitely made a difference. And it’s not that easy to
just cut fat out of your diet. It’s the good stuff, it’s the
good-tasting stuff.” (Community A, 40–64)
Tobacco use influences

Men described tobacco use as common in their communities and associated chewing tobacco with ranching. Although most felt rates of smokeless tobacco (e.g.,
chewing tobacco) use remained high, participants agreed
that smoking had declined in recent years and attributed
this shift to increased awareness and the state-wide indoor smoking ban. However, a few participants suggested that tobacco use may be rising among youth.
“[In] the ranching community, there’s a lotta chewers,
I think. Just,’cuz, when you’re out in the wind in this
country, you can’t light up a cigarette, you know, and
smoke. Or when you’re handling hay, you’re workin’
in the barn, you can’t smoke, but you can chew…”
(Community D, 40–64)
Many men talked about the addictive properties of tobacco products and detailed their own struggles or those
of their friends and family in quitting smoking or chewing. Quitting smoking was framed around an individual’s
“willpower,” although living or socializing with smokers
were acknowledged to be barriers.
“I quit smoking when I was 21 years old. The problem
was not the quitting smoking, it was the friends that
still smoked, ‘cuz [when] you get around people that

“I started smokin’ to quit chewin.’ It helped me quit
chewin’. I’ve been chewin’ since I was 12 years old.”
(Community D, 40–64)

Discussion
This study examined the factors that influence physical
activity, diet, and tobacco use behaviors in rural men, a
group at elevated risk for cardiometabolic disorders. To
our knowledge, this study is the first in-depth exploration of knowledge, concerns, and influences on hearthealthy behaviors for rural men in the western U.S. The
results
suggest
this
population
is
generally
knowledgeable about modifiable cardiometabolic risk
factors, but skeptical about the degree to which risk
could be reduced by adopting healthy behaviors and
confronted by considerable barriers to taking action. We
believe these findings are relevant not only to rural men
in Montana, but also to those in the bordering states of
Idaho, North Dakota, South Dakota, and Wyoming,
where demographic characteristics are similar [23], large
proportions of residents live in rural areas [21] and agriculture remains critical to rural economies [23]. Differences were not observed between men in the midlife
focus groups and men in the older-aged groups, probably because age variation was modest, with most participants aged 50 to 70 years. Figure 2 depicts factors at
multiple levels of the socioecological model influencing
behaviors that may affect cardiometabolic health among
rural men. By identifying specific factors and their level
of influence, this research highlights potential targets for
intervention.
Overall, strong normative beliefs around rural masculinity clashed with public health goals. Rural men were
characterized as “tough guys,” who work with their
hands, hunt their own food, struggle against the odds to
keep their farms and ranches viable, and consider seeking help a sign of weakness. Consistent with previous
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Fig. 2 Socioecological model depicting influences on cardiometabolic risk behaviors for rural men in this study. This figure depicts factors at
multiple levels of the socioecological model influencing cardiometabolic risk behaviors among rural men in this study

research [26, 27], an underpinning theme was that masculine men have more important things do to than to
obsess over their health or bodies. These findings support and extend existing research linking normative
rural masculinity and the adoption of risky or unhealthy
behaviors [28]. A major health concern among men in
this study was that they would develop a condition that
would incapacitate them and limit self-reliance. This
suggests that health messages that focus on cardiovascular disease and diabetes as disabling illnesses may help
persuade rural men to adopt healthy behaviors by leveraging cultural ideals of masculinity.
We found participants to oppose being told what to
do and to resist restrictions on their behavior, but open
to making changes if those changes were on their own
terms. For instance, tracking and self-monitoring diet
and activity were considered acceptable and appear to
have been helpful to participants who have trialed them.
Health was considered an individual responsibility and
behavior change was perceived to be feasible by anyone
with sufficient motivation. These sentiments should be
taken into account when designing interventions targeted at rural men. However, participants’ acknowledgement of the critical role of their social environment in
influencing health behaviors suggests a need to also engage rural men’s friends and family in promoted activities. Contrary to previous research with rural Latino
and African American men [19, 20], participants in this

study did not report churches or church leaders as an
important influence on health behaviors.
Despite increasing mechanization in agriculture, participants generally felt that they had sufficient opportunities to build physical activity into their daily routines.
They overwhelmingly preferred to get their exercise
from outdoor activities – particularly hunting and fishing – and cited winter as a major barrier to being active
year-round. Group-based exercise was perceived more
favorably than individual activity, in part because it provided scope for competition and social accountability.
However, participants stressed that they would not take
part if they felt uncomfortable or if frequent travel was
required. Messaging focused on preparing your body to
be in optimal shape for hunting or to participate in a
team sport may be appropriate and effective for this
population.
Taste preferences and social norms around meat consumption emerged as major barriers to dietary behavior
change. The popular perception that men need meat to
complete a meal [29–31], was firmly held by men in this
study. Raising and hunting animals for meat was central
to participants’ identities and they strongly objected to
the idea that meat consumption should be limited.
Given these beliefs and attitudes, health promotion
strategies that emphasize reducing consumption of meat
and other animal products are unlikely to be successful.
An alternative approach could be highlighting the
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benefits of fruit and non-starchy vegetable intake, with a
focus on locally-available produce. As widely documented by others [29, 32], we found food-related activities to be highly gendered, with women largely in
control of food content and preparation. This suggests a
need to include both genders in dietary intervention activities, even if the primary target group is rural men.
Men in this study clearly understood the benefits of
avoiding tobacco and perceived smoking cessation to be
socially desirable. However, many doubted that they
could stop smoking and successfully abstain from tobacco, especially when continuing to socialize with tobacco users. Although prevalence of smoking has
dropped substantially in recent years, several states continue to have high rates of smokeless tobacco use, including Montana and each of its bordering states [33].
In fact, in Montana, prevalence of smokeless tobacco
use increased by 12.7 % between 2011 and 2013, nearly
paralleling the decline in cigarette smoking. This suggests a need for strategies specifically targeted at helping
men develop the self-efficacy to quit smoking or chewing without switching to another form of tobacco or to
candy.
Our findings must be interpreted in light of several
limitations. While men were recruited from the community, they self-selected to participate, and thus may
not be representative of all overweight, sedentary
rural men in terms of their understanding of and
ideas related to cardiometabolic health. In addition,
the screening tool relied on self-report measures of
weight, height, and physical activity, and research suggests men tend to under-report weight and overreport height [34] and adults tend to overestimate
physical activity [35]. Within the groups, men’s contributions may have been influenced by socialdesirability pressures that made them feel the need to
promote their masculinity, especially given the small
and tight-knit nature of the communities. Further, the
facilitator and research team were all female and this
may have influenced participant responses, coding,
and interpretation. However, the sample was purposive and resembled the population in the geographic
area of interest, and the use of the same facilitator
for all focus group discussions strengthened measurement consistency. Finally, collection of the data in
September and October – when fresh foods are readily available and the weather is mild – may have also
influenced participants’ responses.

Conclusions
The results of this study suggest that individual preferences, normative beliefs related to masculinity, and limited access to healthy food and activity options during
the winter are important determinants of health
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behaviors in rural men in the western U.S. These findings provide guidance for possible intervention strategies
to promote cardiometabolic health in this population.
Future public health interventions could leverage messages that resonate with rural men, such as the benefits
of healthy behaviors to maintaining physical function,
foster family and peer support for positive behavior
change, and support policies and programs that improve
the accessibility and affordability of healthy foods and
group exercise classes for men. For example, low-cost
exercise sessions that focus on self-monitoring and keeping one’s body in shape for hunting and working outside
may be of interest to this population. Overall, more intensive efforts are needed to engage men, particularly
rural men, in chronic disease prevention interventions,
and to design programs that suit their needs and
preferences.
Availability of data and materials
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Abstract
Background: Cardiovascular disease is the leading cause of death in the United States and places substantial
burden on the health care system. Rural populations, especially women, have considerably higher rates of
cardiovascular disease, influenced by poverty, environmental factors, access to health care, and social and cultural
attitudes and norms.
Methods/Design: This community-based study will be a two-arm randomized controlled efficacy trial comparing a
multi-level, community program (Strong Hearts, Healthy Communities) with a minimal intervention control program
(Strong Hearts, Healthy Women). Strong Hearts, Healthy Communities was developed by integrating content from
three evidence-based programs and was informed by extensive formative research (e.g. community assessments,
focus groups, and key informant interviews). Classes will meet twice weekly for one hour for 24 weeks and focus on
individual-level skill building and behavior change; social and civic engagement are also core programmatic
elements. Strong Hearts, Healthy Women will meet monthly for hour-long sessions over the 24 weeks covering
similar content in a general, condensed format. Overweight, sedentary women 40 years of age and older from rural,
medically underserved communities (12 in Montana and 4 in New York) will be recruited; sites, pair-matched based
on rurality, will be randomized to full or minimal intervention. Data will be collected at baseline, midpoint,
intervention completion, and six-month, one-year, and eighteen months post-intervention. The primary outcome is
change in body weight; secondary outcomes include physiologic, anthropometric, behavioral, and psychosocial
variables. In the full intervention, engagement of participants’ friends and family members in partnered activities
and community events is an intervention target, hypothesizing that there will be a reciprocal influence of physical
activity and diet behavior between participants and their social network. Family members and/or friends will be
invited to complete baseline and follow-up questionnaires about their health behaviors and environment, height
and weight, and attitudes and beliefs.
Discussion: Strong Hearts, Healthy Communities aims to reduce cardiovascular disease morbidity and mortality,
improve quality of life, and reduce cardiovascular disease-related health care burden in underserved rural
communities. If successful, the long-term goal is for the program to be nationally disseminated, providing a feasible
model to reduce cardiovascular disease in rural settings.
Trial registration: ClinicalTrials.gov Identifier: NCT02499731 Registered on July 1, 2015.
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Background
Despite declines in heart disease mortality in the United
States since 2000, it remains the leading cause of mortality
in both men and women—accounting for about one-third
of all deaths in the U.S. Costs related to cardiovascular
disease (CVD) place a substantial financial burden on
the health care system, accounting for an estimated
$320 billion in 2011 [1, 2]. In addition, there is considerable disparity in CVD risk among individuals living in
rural settings, particularly medically underserved rural
areas and populations [3]. The combination of poverty,
environmental factors (such as geographical distances and
limited access to healthy foods and physical activity resources), as well as social and cultural attitudes and norms
are important contributors to these rural health disparities
and collectively compound the problem [4–8].
Another important consideration is gender disparity.
Women living in rural areas tend to be uninsured, older,
poorer, less educated, and have higher rates of chronic
health conditions, and disabilities than their urban counterparts [9]. Rural midlife and older women are often
isolated, without access to appropriate physical activity
opportunities, affordable healthy food, and healthcare
services [6–8, 10–26]. Importantly, women are also 20 %
more likely than men to die of heart disease; despite this,
many women are unaware that they are at risk for CVD
[27]. Fortunately, lifestyle modifications can reduce CVD
risk among all age groups, including midlife and older
women [28]. Women living in medically underserved
areas are a critical target population for CVD prevention
efforts. These women can act as powerful role models
and agents of change for their families, friends, and
communities [29, 30].
There is limited knowledge about how programs and
services can move beyond commonly used individuallevel approaches, which have limitations in terms of cost,
impact, reach, and sustainability, to effectively reduce
rural CVD health disparities using an integrated, multilevel, community-engaged approach.
Program background and development

In 2002, the community-based StrongWomen Strength
Training (SWST) program was developed, based upon
two decades of clinical and community research that
demonstrated the benefits of progressive strength training on midlife and older women’s health—specifically
muscular strength and mass, bone health, heart disease,
diabetes, frailty, falls, arthritis, depression, and sleep
[31, 32]. A national dissemination initiative began in
2003 and there are now approximately 3,000 educators in 48 states trained to implement the SWST classes in their communities, with hundreds of classes
operating throughout the U.S. and Canada [33]. In followup program evaluations, SWST participants demonstrated
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improvements in multiple domains of physical fitness (i.e.
lower and upper body strength; lower and upper body
flexibility; aerobic fitness; and agility) as well as body
image and general physical activity behaviors [34, 35].
Ongoing feedback and collaboration with the educators leading those community-based classes catalyzed
the development and testing of the StrongWomen
Healthy Hearts (SWHH) physical activity and nutrition
program. SWHH was tested in a randomized controlled
efficacy trial with overweight and obese midlife and
older women in Arkansas and Kansas. Results demonstrated significant reductions in body weight and improvements in diet and physical activity behaviors. The
program has also been disseminated nationally [36–38].
The most recent addition to the StrongWomen programs is the StrongWomen Change Club (SWCC),
which was developed, implemented, and evaluated in
2010–2011. The goal of this program was to promote
community-level food and physical activity environment
changes in non-urban communities through strategic
civic engagement and capacity building activities [39].
One-year follow-up data with eight communities across
the U.S. demonstrated the success of residents to
identify an issue of concern in their community and
work together in a step-wise process to gain broader
community support and positively address the issue
identified [39].
The Strong Hearts, Healthy Communities (SHHC)
program, to be tested in this study, incorporates key elements from these three core StrongWomen curricula as
the foundation of a new community-based program
targeting CVD risk reduction for rural communities,
specifically the strength training and aerobic exercise
components from SWST and SWHH, respectively; nutrition education components and behavioral strategies
from SWHH; and civic and social engagement strategies
and activities from SWCC (also known as and referred
to herein as the HEART Club, which is the name now
used in this study and others).
Furthermore, to ensure a robust, appropriately tailored
intervention, the development of the comprehensive
SHHC approach incorporates partnerships with local
health educators to conduct community assessments,
focus groups, and key informant interviews with members of key groups to gather in-depth information about
CVD awareness, economic, healthcare, and social/cultural issues, as well as barriers and facilitators to healthy
eating, active living, smoking cessation, stress management, and other relevant topics. In addition, engagement
of SHHC participants’ friends and family members in
partnered activities and community events is an intervention target, hypothesizing that there will be a reciprocal influence of physical activity and diet behavior
between participants and their social network [29, 30].
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Methods/Design
To best support sustainability, a CVD program for rural
women living in medically underserved areas should be
appropriately tailored and incorporate engagement and
capacity building. Thus, the overall objectives of SHHC
are to address the gap in knowledge and practice of approaches beyond individual-level change by testing a
comprehensive program designed to: a) improve diet
and physical activity behaviors, b) promote local built
environment resources, and c) shift social norms about
active living and healthy eating through civic engagement,
capacity building, and community-based programming.
Specific aims and related approaches
Aim 1: Facilitate broad community engagement, build
capacity, and conduct formative research; and
Aim 1.1: Develop and refine the SHHC curriculum

Community assessments provide an in-depth look at area
conditions, characteristics, features, and structures, such
as housing, other buildings, schools, public spaces, parks,
physical activity facilities, culture/entertainment, street
use, commercial activity, signage, media, land use, public
transportation, traffic, noise, faith services, health care facilities, community services/organizations, supermarkets,
grocery stores, restaurants, and other food venues. The
purpose of community assessments for this project is
two-fold: 1) To provide community members and researchers with a "360 degree" perspective on the community strengths, resources, needs, and issues of concern;
and 2) To develop a "Strong Hearts" resource guide for
intervention communities. Information and experiences
from the assessment are also important program sustainability tools, given that economic barriers often limit development of new community resources (e.g. parks), and
seeing the community through a "new lens" helps identify
existing resources that can be improved upon or "marketed." The overall goal of the assessment and resource
guides is to address CVD risk factors (e.g. healthy eating,
physical activity, preventive services, smoking cessation,
stress management). The study team members, including
the community health educators, will conduct walking
and windshield tours of each community site. The windshield and walking tours are needed to provide detailed
contextual information essential to development of the
SHHC curriculum, and eventually to facilitate engagement
and build capacity within the community.
Focus groups will occur in each of the study communities. We expect responses to key topic areas to vary
substantially such that separate groups based on age and
gender are justified. Groups will be stratified as such:
age groups 40–64 and 65+; and male and female. Focus
group participants (8–12 per group) will be recruited
and screened by local health educators using a variety of
community-based strategies, including press releases,
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flyers, and website posts. For focus group participants,
there are three sources of data: 1) a screening form
which will ask about age, BMI, sedentary lifestyle, employment status, and type of health insurance; 2) the
focus group discussion, which covers awareness and
knowledge about factors related to CVD risk; access to
health care services and information; attitudes, perceptions, barriers, and facilitators to physical activity and
eating heart-healthy diet; and understanding community
in a rural environment; and 3) a short survey to be completed prior to the discussion designed to assess barriers
related to attending intervention sessions, medical care
seeking behaviors, meal patterns, smoking, and household size and income.
Key informant interviews will occur in study communities, with a total of 30 individuals. The goal is to confirm
and extend findings from the community assessments and
focus groups, and to provide in-depth perspectives from
the communities. Topics will include perceptions of community risk and of environmental, policy, and community
social/cultural factors that serve as barriers and facilitators
to heart health behaviors. A purposive sample of approximately three key informants per town, representing health
educators, practitioners, local leadership, or other stakeholders specific to a community as identified by extension
educators will be selected for interviews.
The development of the SHHC and SHHW curricula
will be informed by the community assessment, focus
group, and key informant interview data and feedback
from the local health educator partners along with a systematic content analysis and mapping to fully integrate
the three foundational StrongWomen curricula. A national advisory board plus local health educator partners
will also provide feedback and input during development
of the curricula.
Aim 2: Evaluate the efficacy of the SHHC intervention in a
24-week community-based randomized controlled trial; and
Aim 2.1: Evaluate changes in behavior, attitudes, and
knowledge among participants’ social network

We will evaluate the efficacy of the SHHC intervention
on anthropometric, physiologic, behavioral, and psychosocial parameters among overweight and obese women
aged 40 and older living in medically underserved rural
communities. Sixteen communities, and approximately
12 women per community (N = 192) will be randomized
to either SHHC (8 communities) or the Strong Hearts,
Healthy Women (SHHW; 8 communities), a minimal
intervention control program (described below). There
will be six intervention and six control communities in
Montana and two intervention and two control communities in New York.
For Aim 2.1, study participants will be asked to identify 1–5 of their closest family members and/or friends,
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who will then be invited to complete baseline and followup questionnaires. To evaluate changes among participants’ social network members, we will collect pre- and
post-intervention information about their health behaviors
and environment, self-reported height and weight, attitudes and beliefs, and demographic variables.

and English-speaking. They must also have their physician’s approval and be willing to be randomized to either
group. ‘Currently sedentary’ is defined as not meeting
Physical Activity Guidelines for Americans or having an
estimated total energy expenditure below 34 kcal/kg per
day, per the 7-day Physical Activity Recall (PAR).

Participants
Towns/Communities

Exclusion criteria

To be eligible, communities must be classified as Rural–
urban Commuting Area (RUCA) code 7 or higher and
be designated as a medically underserved area (MUA) or
population (MUP) by the Health Resources and Services
Administration [40–42]. Within each state, communities
are paired and geographically separate to reduce possible
contamination effects. Additionally, the median household income of the selected communities must be at
least 15 % lower than for the corresponding state [43].
Professionals delivering the intervention

The local educators/coordinators who will lead implementation of the intervention, herein referred to as program leaders, will either be county extension educators/
agents (http://nifa.usda.gov/extension) or health educators affiliated with the local healthcare system. These
program leaders will have extensive experience delivering similar programs to members of their communities.
Program leaders and their coordinators will be trained
in the study protocol and procedures; they will recruit
and screen participants, as well as deliver the program
to which they are randomized.
Recruitment

Program leaders and their coordinators will recruit women
via flyers, community bulletin boards, social media, radio,
direct mail postcards, and newspapers, as well as through
churches, health care providers, human services, and “word
of mouth.” Recruitment of Aim 2.1 subjects will occur directly following the Aim 2 subjects’ baseline assessment.
Screening and eligibility

Potential participants will be screened to ensure that they
are in the target population using an Institutional Review
Board (IRB)-approved screening form. All women who
are eligible based upon initial screening will be required to
obtain a signed healthcare authorization form from their
healthcare provider indicating that exercise is safe and appropriate before they can begin. Once enrolled, subjects
will discontinue the study if there are any changes in medical status that would make exercise unsafe.
Inclusion criteria

To qualify, participants must be female, 40 years old or
older, have a BMI of 25 or greater, be currently sedentary,

Women will be ineligible to participate if they do not
provide informed consent or permission from their
healthcare provider, are hypertensive, have a heart rate
less than 60 or greater than 100, have cognitive impairment, or are unwilling or unable to complete online
questionnaires.
Intervention curricula
Strong hearts, healthy communities

The Strong Hearts, Healthy Communities (SHHC) intervention curriculum is the integration of three evidenceinformed community programs—two of which target
primarily the individual level and a third that targets social and civic engagement. SHHC participants will meet
twice per week for hourly sessions for 24 weeks (48 classes), as well as attend out-of-class monthly HEART club
meetings (most of which are to be determined and designed by the group). The intervention programmatic
components will focus on behavior change in the following areas: physical activity and fitness, weight loss, dietary
improvement, and other CVD-related prevention skills
and strategies such as stress management [34, 38, 44].
The diet component will include educational elements,
aimed at changing dietary patterns informed by DASH
(Dietary Approaches to Stop Hypertension) diet principles [45–48], the Dietary Guidelines for Americans [49],
and the Mediterranean dietary pattern [50] focusing on
practical, skill-building activities both in class (e.g. cooking
skills, measuring true portion sizes, label reading) as well
as field-based learning (e.g. grocery store audits and food
environment assessments). The program’s physical activities will be a combination of progressive aerobic exercise
and strength training. There will also be out-of-class materials and assignments designed to involve friends and family members in program-related activities [29, 30].
The intervention’s social and civic engagement components will include having SHHC groups work to identify
a food or physical activity environment issue they believe
is important and feasible to address in their community
[39]. This could include adding crosswalks, signage, or
bike lanes; it could include creating a healthy after-school
or at-work food policy. To support their efforts, and to
raise general awareness of local resources for healthy eating and active living, there will also be monthly meetings
[39]. SHHC class members will help program leaders plan
and implement these events. Example focus areas might
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include supporting local agriculture and farmers (e.g.
healthy local food tasting expo at county fairs); recreation
venues and assets for physical activity (e.g. town walkabout at a local park/trail); or health/wellness screening
services (e.g. community cholesterol and blood pressure
screening).
Strong hearts, healthy women

Participants in the minimal intervention program, called
Strong Hearts, Healthy Women (SHHW), will meet six
times—once per month for an hour for the six month
time period. In this program, the nutrition and physical
activity content and recommendations will be the same
as the SHHC curriculum. The SHHW curriculum does
not include a civic engagement component and the participants will not engage in in-class physical activity. It is
expected that this minimal curriculum will provide the
information to help improve knowledge, but will not provide the same level or amount of social support nor the
stimulation for collective impact that SHHC provides.
Staff training

Program leaders will attend a 1½-day training workshop
focused on the general research protocol and will attend
a ½ day follow-up intervention training for either
SHHC or SHHW directly following randomization. Weekly

implementation support calls will be held for all program
leaders randomized to SHHC; monthly implementation
support calls will be held for all SHHW program leaders.
Data collection and outcomes

Outcome assessment is planned across anthropometric,
physiologic, behavioral, and psychosocial parameters. The
study team at Cornell will oversee all online questionnairebased data collection, including dietary recalls and accelerometry data. An independent agency (Western Health
Screening, described below) will travel to the Montana
sites to collect the anthropometric and physiologic outcome data; in New York, this will be completed by locally
trained staff affiliated with the healthcare system. The
schedule for data collection, which occurs at baseline,
midpoint (12 weeks), intervention completion (24 weeks)
and six-month, one-year, and eighteen months postintervention, is shown in Table 1. Subjects in Aim 2.1
(family and/or close friends of Aim 2 subjects) will also
complete items as indicated in Table 2. All study activities
are reviewed and approved by the Cornell IRB (file #
1402004505) and Bassett Medical Center IRB (file #2022).
Measures

Simple 7 and Framingham risk score Simple 7 is a cardiovascular health metric comprised of four health

Table 1 Data collection schedule: Aim 2 (SHHC and SHHW participants)
Assessment

Before
Baseline Midpoint
Final
baseline visit
assessment assessment
visit
(12 weeks) (Post-intervention/
24 weeks)

Informed consent form

X

Demographics

X

All questionnaires

X

Follow-up
assessment 1
(6 months
post-intervention)

Follow-up
assessment 2
(12 months
post-intervention)

X

X

X

X

Follow-up
assessment 3
(18 months
post intervention)

X

X

HBEQ questionnaire only

X

Adverse event form

X

Midpoint satisfaction survey

X

Program satisfaction survey

X

X

X

X

7-day Accelerometer

X

7-day 24-hour Dietary recall

X

X
X

X

X

X

X

X

X

Blood draw

X

X

X

X

Skin scan

X

X

X

All anthropometric measurements:
Waist and hip circumferences,
weight, height (baseline only),
body fat, bone density, body
composition, blood pressure,
and heart rate

X

X

X

X

X

Selected anthropometric
measurements: Waist and hip
circumferences, weight
Physical function tests
(arm curl, chair, two minute step)

X
X

X

X

X

X

X
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Table 2 Data collection schedule: Aim 2.1 (Social network members)
Assessment

Baseline assessment

Informed consent form

X

Demographics

X

Self-reported height and weight (Height at baseline only)

X

Final assessment
(Post-intervention/24 weeks)

Follow-up assessment
(6-months post-intervention)

X

X

Self-reported physical activity

X

X

X

Self-reported diet

X

X

X

Attitudes and beliefs toward healthy eating and physical activity

X

X

X

behaviors (i.e. smoking, body mass index, physical activity,
healthy diet) and three health factors (i.e. total cholesterol,
blood pressure, fasting glucose) [51, 52]. They are characterized on a scale of poor, intermediate, or ideal health,
which is correlated with prevalence of CVD events [53, 54].
We will use this approach to determine a Simple 7 cardiovascular health score at baseline and all post-intervention
time points [54]. The Framingham Risk Score will also be
calculated from questionnaire and physiologic data at baseline and post-intervention [55, 56]. Age, smoking status,
total cholesterol, HDL cholesterol, and systolic blood pressure are used to calculate the Framingham Risk Score.
Health behaviors environment, and quality of life
This comprehensive questionnaire includes items related
to nutrition and physical activity behaviors; environmental
and social factors; other health behaviors (e.g. smoking);
and limitations of activities due to health [4, 5, 57–65]. In
addition, physical activity and sedentary behaviors will be
measured using the 7-item International Physical Activity
Questionnaire [66] and fruit and vegetable intake will be
measured using the National Cancer Institute’s Fruit and
Vegetable Questionnaire [67].
Social support and self-efficacy Social support and
self-efficacy for physical activity and diet will be measured using adapted versions of the Sallis tools [68–72].
Depression anxiety, stress, and resilience Depressive
symptoms will be measured using the 8-item Patient
Health Questionnaire (PHQ-8) [73]. The 7-item Generalized Anxiety Disorder scale (GAD-7) will be used to
measure anxiety [74]. Stress will be measured using the
10-item Perceived Stress Scale (PSS) [75–77]. Resilience
will be measured using the Brief Resilience Scale [78].

that includes basic demographic variables (e.g. age, race/
ethnicity, education, income, household size). Questions
will be derived from national surveys (e.g. U.S. Census).
Anthropometric and physiologic measures

Anthropometric and physiologic data, including blood
draws, will be collected by Western Health Screening
(WHS) in Montana and by locally trained staff affiliated
with the healthcare system in New York, with logistical
support from program leaders and the study team. Blood
will be drawn by trained, experienced phlebotomists.
Anthropometric, physiologic, and dermal measures will
all be taken at baseline and outcome assessments. For
anthropometric and physiologic data, weight, hip circumference, and waist circumference measurements will
be taken at the midpoint assessment (12 weeks).
Anthropometric measures These measures will include
height, weight, BMI, body fat, bone density, hip circumference, waist circumference, and body composition.
Freestanding height boards will be used for height measurements, and balanced scales will be used for weight
calculations. The Omron HBF-306 will be used to measure body composition by electrical impendence. The
Achilles Express and Insight will be used to measure
bone density. A retractable Gulick tape measure will be
used for hip and waist circumferences, rounded to the
nearest 0.125 inch. Height, weight, and hip and waist circumferences will be measured in duplicate, unless specified criteria are not met for the two measurements. In
that case, a third measurement will be taken. These anthropometric measurements are primary outcomes for
the study.

Eating behaviors The 21-item Three Factor Eating
Questionnaire (TFEQ-R21) will be used to measure three
eating behaviors: cognitive restraint, uncontrolled eating,
and emotional eating [79–83].

Physiologic measures These measures will include blood
pressure, resting heart rate, and fasting blood draws to assess 12-hour fasting glucose, hemoglobin A1C, C-reactive
protein, and lipid panel including direct LDL cholesterol,
total cholesterol, HDL cholesterol, cholesterol/HDL ratio,
and triglycerides [84].

Demographic variables (baseline only) Program leaders
and all SHHC subjects will complete a questionnaire

Dermal measures As an objective measure of fruit and
vegetable intake, study staff will use a Pharmanex
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Physical activity, diet, and functional fitness measures

supplies, and travel; and staff training will be collected
from program leaders. Information on time costs (participants’ time at hourly wage rate), travel costs, and time
spent exercising and planning/preparing meals will be
collected from participants.

Measures of physical activity, diet, and functional fitness
are secondary outcomes of the study.

Randomization

BioPhotonic Scanner at baseline and outcome assessments, which non-invasively measures carotenoid levels
in skin tissues using Raman Spectroscopy [85].

Physical activity Objective measurement of physical activity will be obtained using the ActiGraph Model GT3XE
accelerometers worn for seven days at baseline, midpoint
(12 weeks), outcome (24 weeks), one year, and eighteen
months.
Diet Dietary and supplement/vitamin intake will be
collected and analyzed using seven automated selfadministered 24-hour dietary recalls (ASA-24) [86]. At least
one weekend day recall will be collected and at least three
weekday recalls will be collected at all study time points.
Functional fitness The chair test, bicep (arm curl) test,
and 2-minute step test will follow the Senior Fitness Test
protocol and be completed at baseline, 12-week, outcome (24 weeks), six months, and eighteen months [87].
The chair test and arm curl test consist of counting
stands and arm curls completed in 30 seconds [87]. The
2-minute step test evaluates the number of times
stepped in two minutes [87].
Process evaluation

Leader and participant-level process evaluation Leaders
will complete questionnaires after each class session related to attendance, as well as program delivery and fidelity [88, 89], and for SHHC sites they will report on
subjects’ participation in HEART Club meetings and related activities. All SHHC participants will be provided
with a Fitbit, a wireless activity tracker worn on the
wrist, to enhance self-monitoring; they will be asked to
share their Fitbit data with the study and that data along
with the participant logs will provide on-going reported
and objectively measured physical activity data. Participants will also be asked to complete a civic engagement
questionnaire designed to assess awareness of local resources and civic engagement participation (past and
current). Civic engagement attitudes and behaviors will
be measured using the Civic Engagement Scale [90]. The
questionnaire will be administered to all subjects at
baseline and post-intervention.
Economic evaluation Standard economic evaluation
methods will be used to compare the value of the resources used in the SHHC project to the health consequences. Information on salaries, wages and benefits;
cost of facilities (office space and utilities); equipment,

The study statistician will determine randomization assignment based upon a matched RUCA and region classification such that, for paired towns, one will be
randomized to SHHC and the other will be randomized to
SHHW. Following baseline assessments, town randomization assignments will be revealed to program leaders and
subjects.
Data management and analytic plan

Sample size calculations Based upon the most recent
findings from the SWHH study [38], in which participants lost 2.1 kilograms (SD = 2.6) over twelve weeks, it
was determined that a sample size of 34 people per
group will allow us to detect an effect size of 0.690 with
a 2-sided test and a power of 80 %, conservatively allowing for a standard deviation of 3. Given that the data are
clustered within counties, we also assumed intra-class
correlation of 0.025 (with clusters of 12 people) and
10 % attrition [88], yielding a sample size requirement of
48 people per group (96 total) to obtain 80 % power.
This sample size will also allow us to have sufficient
power to detect an effect size of 0.690 among secondary
outcomes, such as blood pressure. For example, based
on prior exercise intervention research with overweight
and obese midlife and older women [91], an effect size
of 0.690 would correspond to a 10 % difference in systolic blood pressure with a standard deviation of approximately 24.
Quantitative analysis Data will be collected online or
double-entered into SPSS Data Builder by trained research personnel when needed. Univariate descriptive
statistics for all variables will be examined. Problematic
cases with outliers will be investigated and possibly rectified. Descriptive statistics by treatment groups will be
compiled and tabulated. Comparison between conditions
will be completed using chi-square test (binary and
categorical variables), t-test (continuous variables), or
non-parametric Wilcoxon Signed-rank test (continuous
variables unsuitable for t-test). Since the observations
are clustered within communities, we will use multilevel linear regression models to examine the unadjusted
and adjusted effects of the intervention on the primary
outcome (change in body weight) and secondary outcomes [physiologic (e.g. blood pressure, lipids, c-reactive
protein, hemoglobin A1C); anthropometric (e.g. waist circumference); behavioral (e.g. 7-day accelerometry); and
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psychosocial (e.g. quality of life)] parameters using intentto-treat analysis. The community will be entered in the
model as a random effect. Adjusted models will control
for baseline values of the outcome, age, education level,
marital status, smoking status, and other relevant covariates as fixed effects in addition to the treatment variable.
Interactions between the treatment variable and other covariates will also be tested. Potential mediating effects of
behavior, psychosocial, and community awareness/participation variables will be examined. In addition to the direct
effect of the intervention on the primary outcome, the indirect effects of the intervention on anthropometric and
physiologic outcomes through behavior, psychosocial, and
community awareness/participation outcomes will be investigated. Multiple regression and/or structural equation
modeling will be used to assess the contribution of various
indirect and the direct effect of the intervention.
To address Aim 2, change variables for outcomes of
interest (e.g. BMI) will be created by subtracting the
measurement at 24 weeks from the corresponding baseline measure. A multilevel model will be used, as the observations are nested within communities. To account
for the non-independence between observations from
members of the same town, workplace, or household, a
community and workplace/household ID will be entered
in the model as a random effect. Intervention will be entered as a fixed independent variable. The model will
control for baseline values of the outcome, age, education, marital status, smoking status, and other relevant
covariates as fixed effects. Interaction terms will also be
tested.
Economic analysis Standard economic evaluation methods
will be used to compare the value of the resources used in
the SHHC project to the health consequences. As a first
step, a cost analysis to identify and measure the direct,
tangible costs of the resources used in program administration and implementation will be conducted. Important
cost categories are salaries, wages, and benefits; facilities
(office space and utilities); equipment, supplies, travel, and
staff training. The cost analysis will be conducted from
the narrow program perspective and from the broad societal perspective. For the program perspective, the focus
will be on costs directly incurred by the agencies that administer and implement the program. These costs will include both direct payments and the value of in-kind
contributions, such as the value of contributed office
space. The results of the program-perspective cost analysis
will provide information to judge whether and where the
SHHC can be disseminated. For this purpose, it will be
important to distinguish the costs of different components
of the SHHC, for example, the costs of SHHC program
development as distinct from the costs of the SHHC intervention. The detailed results will allow groups considering
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dissemination to develop cost predictions tailored to their
specific context.
A preliminary cost-effectiveness analysis (CEA) of the
SHHC intervention will be conducted. The CEA will
build on the cost analysis conducted from the broad societal perspective. From the societal perspective, costs
include not only the costs included in the programperspective cost analysis, but also the opportunity cost
of all resources used as a result of the intervention.
Costs to participants are an important cost of the opportunity costs included from the societal perspective. Participants give up time that could have been used in
other valued ways such as labor market work, household
work, or leisure activities. Standard practice of measuring the value of participants’ time based on the relevant
wage rates will be followed. The incremental costs of the
SHHC intervention will be compared to the incremental
effectiveness estimated from the controlled trial. The incremental cost-effectiveness ratio (ICER) will be calculated
by dividing the incremental costs of the intervention by
the incremental effectiveness. The calculated ICER in
terms of the primary outcome will provide an estimate of
the costs per unit change in body weight. This ICER allows the direct comparison of the cost-effectiveness of the
SHHC intervention to alternative approaches to reduce
body weight. The ICER will also be calculated in terms of
standardized health outcomes including life years and
quality-adjusted life years (QALYs). Epidemiologic models
will be used to map the effects measured in the controlled
trial (body weight, physiologic measures) to predict impact
on life years and QALYs. The calculated ICER in terms of
QALYS will allow the cost-effectiveness of the SHHC to
be compared to a wide range of other health interventions
for which QALY-based CEAs have been performed. An
important goal of the preliminary CEA is to demonstrate
feasibility and identify important issues to be addressed in
more complete economic analyses.

Discussion
There are notable disparities in risk for obesity, hypertension, diabetes, and CVD for people living in rural settings,
particularly underserved rural areas. These disparities are
driven by complex factors such as socioeconomic disadvantage, geographical distances/barriers, social and cultural issues, and limited access to healthcare, healthy
foods, and/or physical activity opportunities due to environmental constraints, affordability, and availability. Moving beyond individual-level programs toward integrated,
multi-level, community-engaged approaches may more effectively reduce rural CVD health disparities.
The novel integration of a multi-level, communityinformed program combined with civic engagement and
capacity building focused on local resource awareness
and enhancement has the potential to effect clinically
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meaningful improvements among participants, as well as
their families, friends, and communities. This innovative
approach will also help sustain positive changes by linking
behavior, social support, and the community environment.
If successful, SHHC could be nationally disseminated, providing a feasible model for underserved rural communities
across the nation to improve health, well-being, and quality of life and reduce CVD and other chronic diseases.
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National Dissemination of StrongWomen–Healthy Hearts:
A Community-Based Program to Reduce Risk of
Cardiovascular Disease Among Midlife and Older Women
Sara C. Folta, PhD, Rebecca A. Seguin, PhD, Kenneth K. H. Chui, PhD, Valerie Clark, MS, RD, Marilyn A. Corbin, PhD, Jeanne P. Goldberg, PhD, RD,
Eleanor Heidkamp-Young, MS, Alice H. Lichtenstein, DSc, Nancy Wiker, MEd, and Miriam E. Nelson, PhD

Cardiovascular disease (CVD) is the leading
cause of death for women in the United States,
and heart disease, stroke, and hypertension are
among the leading causes of disability.1 CVD
currently incurs costs of over $300 billion per
year,1 with continued increases expected as the
US population ages. It has been clearly demonstrated that in older adults, the risk and
progression of atherosclerotic CVD can be
reduced through lifestyle change.2---4
One public health approach to reducing
CVD risk for midlife and older women is to
implement educational and behavioral programs through community organizations that
have established mechanisms for outreach and
recruitment, such as hospitals, recreation departments, or cooperative extension ofﬁces.5
Such programs can be designed to adapt to the
needs of unique populations and to physical
locations6 and can provide opportunities for
social and peer support, which has a positive
impact on short- and long-term behavior
change.7---9
Several community-based lifestyle programs
have been shown to promote behavior change
to reduce CVD risk among women,10---14 but
very few have been widely disseminated.
StrongWomen---Healthy Hearts is a 12-week,
evidence-based community program developed to improve CVD risk factors in midlife
and older women who are overweight or obese
and currently sedentary. It is designed for
implementation within the US National Institute of Food and Agriculture (cooperative
extension) network of state, regional, and
county ofﬁces. The effectiveness of the program was tested in a randomized, controlled
trial conducted in Arkansas and Kansas.15
Compared with the control group, the intervention group achieved signiﬁcant decreases in
body weight (> 4 lb in 12 weeks); a reduction in
intake of overall calories, saturated fat, and
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Objectives. We describe the national dissemination of an evidence-based
community cardiovascular disease prevention program for midlife and older
women using the RE-AIM (reach effectiveness adoption implementation maintenance) framework and share key lessons learned during translation.
Methods. In a 2010 to 2014 collaboration between the StrongWomen program
and the National Extension Association of Family and Consumer Sciences, we
assessed reach, adoption, implementation, and maintenance using survey methods,
and we assessed effectiveness using a pretest–posttest within-participants design,
with weight change as the primary outcome.
Results. Overall reach into the population was 15 per 10 000. Of 85 trained
leaders, 41 (48%) adopted the program. During the 12-week intervention, weight
decreased by 0.5 kilograms, fruit and vegetable intake increased by 2.1 servings
per day, and physical activity increased by 1238 metabolic equivalent (MET)minutes per week (all P < .001). Average fidelity score was 4.7 (out of possible 5).
Eleven of 41 adopting leaders (27%) maintained the program.
Conclusions. The StrongWomen–Healthy Hearts program can be implemented
with high fidelity in a variety of settings while remaining effective. These data
provide direction for program modification to improve impact as dissemination
continues. (Am J Public Health. 2015;105:2578–2585. doi:10.2105/AJPH.2015.
302866)

cholesterol; and an increase in number of steps
per day.
Effective dissemination is critical to reaching
larger numbers of women. As a ﬁrst step, we
conducted a rigorous, prospective, mixedmethods program evaluation in Pennsylvania16
using the RE-AIM framework.17 RE-AIM encompasses 5 components: reach, effectiveness,
adoption, implementation, and maintenance.
Next, we used the RE-AIM components to
optimize design as the program was disseminated nationally. In this article, we report
ﬁndings related to each component of the
RE-AIM framework during national dissemination and provide key lessons learned when
translating an evidence-based intervention. We
also describe the characteristics of the program’s leaders, since previous studies have
suggested that leaders’ contributions help determine how well a program succeeds,18---20 as

well as the resources available to leaders,
including physical facilities, equipment, supplies, funding, and time.

METHODS
This dissemination study leveraged a longterm collaboration between the StrongWomen
program and the National Extension Association of Family and Consumer Sciences
(NEAFCS), a professional organization for cooperative extension educators. Cooperative
extension is a national network of experts
afﬁliated with land-grant universities who provide education, including health programming,
to meet public needs at a local level.
To begin national dissemination, we conducted a training workshop in conjunction with
the NEAFCS 2010 annual meeting. Extension
educators were recruited through the NEAFCS
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TABLE 1—Characteristics of Trained Leaders (n = 85): The StrongWomen–Healthy
Hearts Program, United States, 2010
No. (%) or Mean 6SE

Characteristic
Self-efficacy: can recruit enough for class
Not at all confident

3 (3.5)

Somewhat confident

9 (10.6)

Moderately confident

30 (35.3)

Very confident
Completely confident

35 (41.2)
8 (9.4)

Self-efficacy: can recruit low-income participants
Not at all confident

10 (11.8)

Somewhat confident

23 (27.1)

Moderately confident

36 (42.4)

Very confident

11 (12.9)

Completely confident

5 (5.9)

Self-efficacy: can recruit minority participants
Not at all confident

20 (23.5)

Somewhat confident

22 (25.9)

Moderately confident

25 (29.4)

Very confident

15 (17.7)

Completely confident

3 (3.5)

Hispanic origin
Yes

1 (1.2)

No
Missing

82 (96.5)
2 (2.4)

Race
White

81 (95.3)

Black or African American

3 (3.5)

American Indian/Alaska Native

1 (1.2)

Asian

0

Native Hawaiian/Pacific Islander

0

Education
High school graduate

0

Some college or technical school

0

Bachelor’s degree

13 (15.3)

Graduate or professional degree

72 (84.7)

Missing

0

Continuous characteristics
Time in current position, y (median = 10.2; range = 40.7)

13.1 61.1

Age, y (median = 53.0; range = 45.0)
BMI, kg/m2 (median = 26.5; range = 25.6)
Self-efficacy as a leader scorea (median = 4.0; range = 2.7)

50.1 61.2
28.1 60.7
3.9 60.1

Note. BMI = body mass index. The overall study spanned the years 2010 through 2014. The data in this table were collected
just prior to the leader training in 2010.
a
Self-efficacy scale ranged from 1 (not at all confident) to 5 (completely confident).

network, and 85 extension educators from 30
states attended. The workshop consisted of
a series of seminars on all aspects of the program. All attendees received a copy of the

printed curriculum, which included a detailed
class-by-class guide, and on-line access to these
materials. Prior to this workshop, registered
leaders attended a Webinar describing the
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dissemination research, including their role and
the assessment methodology.

Participant Sample, Intervention, and
Recruitment
Once trained, leaders who chose to adopt the
StrongWomen---Healthy Hearts program
recruited participants for their classes. The
participant eligibility requirements were as
follows: female, aged 40 years or older, sedentary (engaging in physical exercise less than
once per week), without contraindications to
exercise,21 body mass index 24 or higher (BMI;
deﬁned as weight in kilograms divided by the
square of height in meters), and not participating in another lifestyle change program.
The StrongWomen---Healthy Hearts program is designed to take place 2 days per week
for 12 weeks. Thirty minutes of each 1-hour
class includes aerobic dancing to a DVD created for the project or walking outside. The
other 30 minutes includes leader-directed discussion and hands-on activities to improve
dietary intake patterns, as well as weight
control strategies. The eating pattern encouraged was designed to be consistent with
American Heart Association guidelines22 and
the 2010 Dietary Guidelines for Americans.23
The theoretical basis for the intervention is
social cognitive theory.24 Thorough formative
research helped inform development of the
curriculum.25 The program is listed on the
National Cancer Institute’s Research-Tested
Intervention Programs Web site.26
We provided template recruitment materials
to leaders, including a newspaper article, ﬂyer,
trifold brochure, postcard, and a letter or
e-mail. Responding to a monthly questionnaire,
leaders documented their recruitment activities
and the approximate number of participants
reached by each method.

Measures
Leader and site characteristics. We measured
leader and site characteristics using a questionnaire administered prior to the leader training
workshop. It included basic demographic information, self-reported height and weight,
length of time at current position, and 3 selfefﬁcacy questions related to recruitment: conﬁdence in being able to recruit (1) at least 10 to
15 women in the target population, (2) some
women of low income, and (3) some women
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TABLE 2—Characteristics of the Individual Study Sites as Reported by Trained Leaders
(n = 85): The StrongWomen–Healthy Hearts Program, United States, 2010
Characteristic

No. (%) or Mean 6SE

Median (Range)

Competing priorities on leader’s timea
Present, and clearly noted

37 (61.7)

Present, but program is priority

14 (23.3)

None reported

5 (8.3)

Vague response
Continuous characteristics

4 (6.7)

Space availabilityb

3.8 60.05

Estimated cost,c US$

263 642

20 (1070)

Likelihood to cover the costsd

3.2 60.1

3.3 (3.3)

Likelihood for costs to prevent the programe

1.0 60.1

1.0 (4.0)

Facility pleasantnessf

8.0 60.2

8.3 (8.0)

Accessibilityg

3.4 60.1

3.7 (2.5)

Equipment availabilityh
Time availabilityi

3.1 60.1
3.2 60.1

3.0 (2.0)
3.5 (3.0)

4.0 (1.0)

Note. The overall study spanned the years 2010 through 2014. The data in this table were collected just prior to the leader
training in 2010.
a
Leaders were asked an open-ended question about competing priority areas of their work that would serve as a barrier to
running the program. Responses were coded into these categories by the study team.
b
Sum of 4 binary indicators for sitting space, space for dancing, kitchen, and outside walking route.
c
Sum of estimated rent and cost of foods.
d
Average of three 5-level scales on abilities to cover rent, food costs, and printing; the range was 0 to 4, with 4 being highly
likely.
e
Average of two 5-level scales on likelihood of rent and food cost being prohibitive; the range was 0 to 4, with 4 being highly
likely.
f
Average of two 10-level scales on pleasantness of outside and inside of the facility; the range was 1 to 10, with 10 being
most pleasant.
g
Average of three 5-level scales on categorized distance from downtown, and accessibilities by public transport and by car;
the range was 0 to 4, with 4 being most accessible.
h
Sum of 4 binary indicators (availability of DVD, cooking equipment, pedometers, and storage place); the range was 0 to 4,
with 4 being best equipped.
i
Average of two 5-level indicators on likelihood of being able to devote 5 hours per week to preparation and likelihood of this
amount of time impeding ability to adopt the program (reversed coding); the range was 0 to 4, with 4 representing having
adequate time for preparation.

from ethnic or racial minority groups. It also
included 4 self-efﬁcacy questions related to
running a class: conﬁdence in overcoming
challenges related to logistics, communications,
social and interpersonal factors, and physical
demands.19 We averaged responses to create
an overall value for self-efﬁcacy for each
leader. For all self-efﬁcacy questions, we based
the format on valid and reliable scales.27---29
To characterize site resources and characteristics, the leader questionnaire collected information about the physical facility, including
space for group discussions and dancing, outdoor walking routes, kitchen facilities, outside
and inside pleasantness, accessibility, and
availability of equipment. We also asked extension educators about estimated ﬁnancial
and time costs related to running the program,
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the likelihood of being able to cover costs, the
likelihood that these costs would prevent them
from running the program, and their ability to
prioritize the program.
The questionnaire was pilot tested with 21
extension educators in Kansas and Arkansas.
We calculated test---retest reliability on the
basis of the questionnaire’s readministration
2 weeks later. The reliability was 83% across
all extension educators and questions.
RE-AIM components. We calculated reach in
a target population by dividing the number of
eligible women who began a program run by
an adopting leader by the total number of
women aged 40 years or older in that leader’s
county.30 To determine representativeness, an
aspect of reach, participants completed a basic
demographic questionnaire (education,

income, race, marital status, and work status).
We tested the proportions of each attribute
against those of the same age and sex cohort in
the US 2010 Census and the 2010 American
Community Survey30 of comparable geographic units (same county or state) using a v2
goodness of ﬁt test. A score of 1 was given if the
test concluded that the sample and population
proportions were not different. By summing
scores on the basis of the 5 demographic
factors, we compiled a representativeness score
ranging from 0 to 5 (0 indicating very little
similarity and 5 representing high similarity).
Pre---post program change in body weight
was the primary measure of effectiveness.
Program leaders measured participants’ weight
in triplicate to the nearest 0.5 kilograms using
a digital ﬂoor scale. Secondary measures were
fruit and vegetable consumption, assessed with
the validated 5 A Day for Better Health 7-item
screener,31 and physical activity, assessed with
the International Physical Activity Questionnaire (IPAQ; short form).32---34 We compiled
fruit and vegetable intake scores according to
National Cancer Institute criteria.35 Metabolic
equivalent (MET) scores, which we compiled
according to the IPAQ’s Guidelines for Data
Processing and Analysis,36 represent METminutes per week. We determined MET levels
according to the Compendium of Physical
Activities.37
We calculated the overall adoption rate as
the percentage of trained extension educators
who ran the program within 1 year of receiving
institutional review board approval. To determine implementation, we asked extension educators who ran the program to complete
a brief on-line survey monthly. They were
asked about adherence to the overall class
structure (twice per week for 1 hour), as well as
to the physical activity, cooking, and nutrition
education sections of the curriculum. Two research team members independently rated
responses regarding these components on
a 1-to-5 scale (with 5 representing the highest
level of ﬁdelity). We determined interrater
reliability using Cohen j, and we discussed
items that scored lower than 0.8 until consensus was reached. We calculated the overall
ﬁdelity score by averaging ratings from all
4 components. Additionally, we asked class
leaders to provide data on participant attendance and to estimate class preparation time
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TABLE 3—Characteristics of Class Participants (n = 345): The StrongWomen–Healthy
Hearts Program, United States, 2010–2014
Characteristic

No. (%) or Mean 6SE

Hispanic origin
Yes

18 (5.2)

No

306 (88.7)

Missing
Race
White
Black or African American

21 (6.1)
290 (84.1)

and cost of the program. Cost is considered
a signiﬁcant determinant of program ﬁdelity.17
To improve the accuracy of the cost estimates,
we prompted leaders to recall costs by speciﬁc
categories: space rental, groceries, supplies, and
equipment. We then summed these to achieve
an overall estimate of cost.
We calculated maintenance of the program
among adopters as the percentage of extension
educators who ran the program for a second
time within 1 year of their ﬁrst program.

23 (6.7)

American Indian/Alaska Native

6 (1.7)

Analysis

Asian

0

Native Hawaiian/Pacific Islander

0

Multirace

5 (1.5)

To assess pre---post change in effectiveness
outcomes, we ﬁrst computed participant-level
weight differences and then tested the mean
against zero. However, because each leader
could be linked to multiple participants, we
adjusted descriptive statistics for leader-level
clustering using a mixed-effects linear regression model, with leader’s unique identiﬁer included as a random intercept and compound
symmetry as the covariance structure. Because
we only estimated the adjusted mean, we
speciﬁed that the model contained only the
intercept and no other independent variable
(PROC MIXED, SAS version 9.3; SAS Institute,
Cary, NC). No dependent variables required
transformation. Although MET-minutes per
week was highly skewed at each cross-section,
their difference across time points, which is
what we included in the analysis, was reasonably symmetric; therefore, we opted for using
the original scale. We assessed the other
components of RE-AIM at the leader-level and
analyzed them without adjustments.
We compared leader and site characteristics
between adopting and nonadopting leaders. We
used a v2 goodness of ﬁt test to compare
categorical characteristics. In the case of low
expected cell counts, we used the Fisher exact test.
We used an independent-samples t test to compare continuous characteristics and a Wilcoxon
rank sum test to compare ordinal ones.

Other

3 (0.9)

Missing
Education

18 (5.2)

Less than high school

7 (2.0)

High school graduate

54 (15.6)

Some college or technical school

93 (27.0)

Associate’s degree

44 (12.8)

Bachelor’s degree

70 (20.3)

Graduate or professional degree

58 (16.8)

Missing
Marital status

19 (5.5)

Married

215 (62.3)

Widowed

36 (10.4)

Divorced

42 (12.2)

Separated
Never married
Member of an unmarried couple
Missing
Employment
Employed for wages or self-employed

4 (1.2)
21 (6.1)
6 (1.7)
21 (6.1)
149 (43.2)

Out of work

19 (5.5)

Homemaker

25 (7.2)

Student

1 (0.3)

Retired

123 (35.7)

Unable to work

6 (1.7)

Missing
Household income, $

22 (6.4)

< 25 000

67 (19.4)

25 000–74 999

163 (47.3)

75 000–149 999

66 (19.1)

> 150 000
Missing

43 (12.5)
Continued
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RESULTS

6 (1.7)

Evaluation of national dissemination included the 85 leaders trained in 2010 and the
345 women who enrolled in the ensuing
StrongWomen---Healthy Hearts classes during
the adoption phase between 2010 and 2013.
Maintenance was monitored through 2014.
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TABLE 3—Continued
Continuous characteristics
Age, y (median = 60.0; range = 54.0)

60.2 60.5

BMI, kg/m2 (median = 32.6; range = 29.9)

33.1 60.3

Baseline fruit and vegetable servings/day (median = 5.1; range = 25.1)

6.0 60.2

Baseline MET-min/wk (median = 330; range = 6453)

728 661

Note. BMI = body mass index; MET = metabolic equivalent. The overall study spanned the years 2010 through 2014. The
adoption phase, when these data were collected, occurred between 2010 and 2013.

Leader and Site Characteristics
The majority of the trained leaders were
White (95%) and had a graduate or professional degree (85%) (Table 1). On average,
leaders were midlife (mean age = 50.1years)
and had been in their position for over a decade (mean = 13.1 years). Their mean BMI was
28.1; 28% were in the overweight or obese
category. The majority (86%) were at least
moderately conﬁdent in their ability to recruit
10 to 15 women for a class, although fewer
expressed conﬁdence in their ability to recruit
either low-income women (61% were at least
moderately conﬁdent) or minority women
(51% were at least moderately conﬁdent).
They had a fairly high level of overall leadership self-efﬁcacy (mean = 3.9 on a 1---5 scale),
although this was lower among nonadopters
than adopters (median = 3.8 vs 4.0; P = .02).
No other characteristics differed signiﬁcantly
between adopting and nonadopting leaders.
For site characteristics, trained leaders indicated that they had reasonably pleasant and
accessible facilities available for exercising,
cooking, and holding group discussions (Table 2).
They generally had good equipment availability
(mean score = 3.1 on a 0---4 scale). At baseline,
leaders estimated that rent and food costs would
be $263 for the 12 weeks. They indicated that
they would likely be able to cover program costs
(mean likelihood = 3.2 on a 0---4 scale) and that
cost was unlikely to be a barrier to adoption
(mean likelihood of costs being prohibitive = 1.0
on a 0---4 scale). More than half of the respondents (62%) indicated that competing job priorities might be a barrier to running the program;
however, they also indicated that they would
likely have enough time to prepare for classes
(3.2 on a 0---4 scale). The median score for time
availability was lower for nonadopting leaders
than for adopters (3.0 vs 4.0; P = .008). No other
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site characteristics were signiﬁcantly different
between adopting and nonadopting leaders.

RE-AIM Components
A total of 345 women (mean age = 60.2 years)
in 22 states participated in StrongWomen--Healthy Hearts classes (Table 3). The majority
were White (84.1%) and had at least a high
school education (92.5%, with 37.1% completing
at least a bachelor’s degree). Most were either
employed (43.2%) or retired (35.7%), and approximately half (47.3%) had an income between
$25 000 and $74 999. Sixty-two percent were
married. At baseline, their average BMI was 33.1.
Across all sites, reach, or the proportion of
eligible women in the county’s target population (i.e., women aged ‡ 40 years), was 0.15%
(Table 4). The mean representativeness score
was 3.7 out of 5. Participants’ mean change in
weight was –0.5 kilograms (SE = 0.07;
P < .001). Mean increase in daily servings of
fruits and vegetables was 2.1 (SE = 0.3;
P < .001) and the mean increase in physical
activity was 1238 MET-minutes per week
(SE = 123; P < .001).
Of the 85 trained cooperative extension
leaders, 41 ran a program, for an adoption rate
of 48% (Table 4). We contacted nonadopting
trained leaders to understand their reasons for
nonadoption. Of the 24 that responded, commonly reported reasons included a change in
job or retirement and running a program outside of the 1-year a priori deﬁnition of adoption. The average ﬁdelity score at all adopting
sites was 4.6 out of 5 at 4 weeks and 4.7 at
8 and 12 weeks (Table 4). All 4 components
of the ﬁdelity score (class structure, physical
activity, cooking, and nutrition education)
achieved an average of 4.5 or better across all
time points, with class structure scoring slightly
lower than the other components (average

score = 4.5 at 4 weeks and 4.6 at 8 and
12 weeks). Mean reported cost of running the
12-week program was $448 (range = $68--$3047). The greatest variance in cost was
related to equipment purchases. Some leaders
purchased pedometers for participants, small
kitchen equipment, or a scale and stadiometer
for assessments. On average, leaders reported
that it required 7.3 hours per week to prepare
for and run the program. Class attendance data
were provided by 31 of the 41 adopting
leaders. The overall attendance rate across sites
was 73.4% (range = 55.1%---88.6%). Eleven of
41 adopting leaders (27%) maintained the
program by running a second class within
1 year of running their ﬁrst one (Table 4).

DISCUSSION
Overall, in this ﬁrst wave of national dissemination, the StrongWomen---Healthy Hearts
program was successfully disseminated in
22 states, reaching approximately 350 women.
The RE-AIM framework allowed for the identiﬁcation of strengths and areas needing
improvement as national dissemination continues. It also helped identify relevant lessons
for similar programs.
Overall reach into the population was low, at
15 in 10 000. Although the denominator included a large catchment area (the county), the
numerator was bounded by class size limits,
which leaders placed to ensure a meaningful
class experience. Reach nationally was higher
than in the Pennsylvania dissemination study,16
possibly because the national training included
a description of effective recruitment strategies
used in Pennsylvania. Overall representativeness was moderate. A higher proportion of
retirees were recruited, an appropriate target
audience for the program. The goal to recruit
and retain minority women was not reached
and remains a challenge, indicating the possible
need for culturally adapted versions of the
program, or for recruiting leaders with demonstrated experience in recruiting minority
women. To improve representativeness, it may
be necessary during the leader trainings to
provide feasible strategies for establishing
connections within the community to reach
different subpopulations of women, or to target
community organizations with ties to those
populations.
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TABLE 4—Descriptive Statistics of the RE-AIM Indicators: The StrongWomen–Healthy
Hearts Program, United States, 2010–2014
No.a (%)

Mean (SE)

Median
(Range) or 95% CI

Leader’s reach, %

41

0.15 (0.03)

0.06 (0.82)

Leader’s representativeness score

26

3.7 (0.2)

4.0 (3.0)

Participants’ mean weight change, kg

323

–0.5 (0.1)

–0.7, –0.4

Participants’ mean fruit and vegetable consumption change, serving

324

2.1 (0.3)

1.5, 2.7

Participants’ mean physical activity change, MET-min/wk

266

1238 (123)

997, 1480

4.8 (1.5)

Characteristic
Reach

Effectivenessb,*

Adoption
No. adopted/no. trained

41/85 (48.2)
Implementation

Average fidelity score
4th wk

41

4.6 (0.1)

8th wk

40

4.7 (0.1)

4.8 (1.3)

12th wk

38

4.7 (0.1)

4.9 (1.0)

Maintenance
No. maintained/no. adopted

11/41 (26.8)

Note. CI = confidence interval; MET = metabolic equivalent.
a
Number of leaders or participants.
b
Means, SEs, and 95% CIs are adjusted for clustering at the leader level.
*P < .05 for pre–post change in all outcome measures.

The StrongWomen---Healthy Hearts program demonstrated effectiveness overall.
Although weight change was modest, each
kilogram of weight lost is associated with decreased blood pressure38 and diabetes risk.39
Furthermore, any weight loss counters strong
secular trends toward weight gain through
adulthood.40 The program also signiﬁcantly
increased fruit and vegetable consumption, by
2 servings per day. A single additional daily
serving has been associated with reductions in
risk of ischemic heart disease and ischemic
stroke.41 The program led to an increase in
physical activity of approximately 1200 METminutes per week, enough to net the health
beneﬁts associated with meeting public health
guidelines.42
Adoption was moderate in this evaluation.
Common reasons for nonadoption were related
to changes in the job status of leaders. The
main potential barrier to adoption noted on the
pretraining survey was competing priorities on
the leader’s time, and nonadopters scored
somewhat lower than adopters on time availability. On the other hand, leaders expressed

few other barriers. They indicated conﬁdence
in being able to recruit for the program, good
availability of an appropriate space, and an
ability to cover the costs of the program
(through small grants, extension funds, or
charging a small fee for the class). Adoption
may be considered an indicator of the organizational “ﬁt” of a program. Taken together,
these data suggest that the program was a reasonable ﬁt, but that the time to run it may need
to be reduced given the many priorities and
expectations placed on extension educators. As
a result, we are considering a model whereby
the nutrition education section is presented in
a short video format, requiring little or no
preparation time for this aspect by leaders.
Implementation scores were high throughout the 12 weeks, which likely explains the
preservation of effectiveness during this fairly
broad dissemination. It also suggests that basic
features of the training and the curriculum
should be preserved in future iterations, as they
were effective across leaders and settings. We
observed slightly lower ﬁdelity scores for the
class structure component. In communicating
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with class leaders, this resulted mainly from
altering the twice-per-week class schedule occasionally because of holidays and other special events; dated attendance sheets conﬁrm
these minor schedule adjustments. Although
we did not systematically collect ﬁdelity data
when leaders ran the program a second or
subsequent times (maintenance), our interactions with leaders suggest that a high level of
ﬁdelity was sustained. Participant adherence
(attendance) was reasonably high on average,
although there was variability among sites. At
a number of sites, leaders indicated that attendance was affected by unusual weather patterns that took place in spring 2011.
Maintenance of the program was fairly low
overall. Communications with leaders suggested that, as with adoption, job changes
including retirement were responsible for failure to maintain the program. Additionally,
feedback from leaders suggested that maintenance might have been related to the ﬁnancial
and time costs to run the program. Average
cost per site for running the program, beyond
compensation for the leader’s time, totaled
approximately $450 for the 12 weeks. Equipment represented the highest variability in cost.
Although pedometers were optional, many
leaders purchased them for participants. We
provided information on how to obtain pedometers at low cost, as well as resources that
may provide free ones; however, since pedometers are considered important by leaders
and are well-liked by participants, it may
enhance the program to identify a consistent
source of low-cost pedometers. Grocery costs
averaged $175 over the 12 weeks. To provide
options to reduce both cost and preparation
time, in addition to selecting among the recipes
on the basis of resources and group preferences,16 we have also created short videos
demonstrating how to prepare recipes that may
be used instead.
There were several limitations to this study.
Height and weight were measured by program
leaders, who had an interest in the success of
their programs. However, weight was measured by digital scale, an objective measure.
Diet and physical activity were measured by
self-report, which is subject to recall and social
desirability biases. However, we chose measures that have been previously validated and
widely used. All measures were pre---post with
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no comparison group, and outcomes might
have changed as a result of external inﬂuences.
Cost of running the program was estimated on
the basis of leader self-report, rather than more
objectively through the collection of sales receipts. Finally, because we lack data on longterm individual outcomes, maintenance at the
individual level cannot be determined. It will
be important to evaluate this in future studies.
In conclusion, the RE-AIM framework was
valuable in evaluating dissemination and provided several key lessons learned. First, the
examination of representativeness was critical
since it identiﬁed an area in need of improvement if the program is to help alleviate rather
than contribute to health disparities. We have
been able to use these data both to implement
strategies within program training and to obtain additional funding to learn how to best
adapt the program for Black women, a group
that faces the highest disparities in CVD outcomes.1 Second, this study provides an example
of a program that is a reasonably good ﬁt within
the culture of the disseminating organization;
to improve adoption and maintenance, however, the cost and time required to run it will
need to be minimized. These efforts must be
balanced with the need to retain features that
lead to effectiveness. Finally, these data suggest
that our initial investment in robust formative
research, which included input from leaders
and women in the target population,25 helped
result in a curriculum that was implemented
with high ﬁdelity and that continued to demonstrate effectiveness when translated to a national program. j
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Abstract
Dissemination of evidence-based programs is needed to
reduce CVD risk among midlife and older women. The aim
of this study is to examine the public health impact of
StrongWomen–Healthy Hearts in Pennsylvania using the
RE-AIM framework. Reach, adoption, implementation, and
maintenance were assessed using qualitative and
quantitative measures; effectiveness was assessed using
a pretest-posttest within-participants design. Reach into
the target population was 5 in 100,000. Compared to the
target population, a greater percentage of participants
were white, married, middle-class, and had a graduate
degree. Effectiveness was demonstrated (weight loss
−2.0 kg, p<0.001). Adoption among trained leaders was
high (83.3 %), as was fidelity in implementation (average
score 9.3 of 10). No leaders maintained the program. To
increase impact of the StrongWomen–Healthy Hearts
Program, it will be important to lower the costs and modify
the recruitment and training strategies to better reach lowincome and minority women. Such strategies may also
improve program maintenance.

Keywords

Dissemination, RE-AIM, Cardiovascular disease,
Women, Physical activity, Nutrition
INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of
death and disability for women in the USA, claiming
approximately 400,000 female lives a year [1]. The
annual direct and indirect costs of CVD and stroke are
estimated to be nearly $300 billion [1].
Although CVD develops over decades and prevention is important early in life, lifestyle modifications
reduce risk at any age, even in older adults [2]. One
public health approach to address this problem is
educational and behavioral programs tailored to midlife and older women that can be implemented widely
by community organizations. Few such programs currently exist.
StrongWomen–Healthy Hearts is a 12-week, evidence-based community program addressing CVD
risk factors that has demonstrated effectiveness in a
controlled, randomized trial conducted with midlife
and older overweight and obese women in Arkansas
page 94 of 102

Implications
Practice: Even when a program is a good fit with
an organization’s mission and current activities,
time and cost must be carefully considered so that
the an organization’s ability to maintain it over
time is not hindered.

Research: Quantitative and qualitative methods
are essential to RE-AIM evaluation, with both providing key information necessary to direct changes
to enhance future dissemination.
Policy: Class costs and accessibility must be deliberately considered to help ensure that underserved
women are able to participate, so that programming serves to reduce and not enhance existing
health disparities.

and Kansas [3]. The intervention group saw an average weight loss of more than 4 lb, a decrease in overall
caloric intake, saturated fat and cholesterol intake, and
an increase of over 1600 steps per day, all of which
were significant compared to the control group. The
program classes are conducted by local health educators herein referred to as “leaders.”
To make any type of impact on CVD risk among
the target population, it was essential that the
StrongWomen–Healthy Hearts Program move beyond the limited trial to reach larger numbers of
women. We designed a blueprint for dissemination
in Pennsylvania and utilized the RE-AIM framework
[4] to conduct a rigorous, prospective evaluation using
mixed methods (quantitative and qualitative). REAIM encompasses the components Reach (participation rate and representativeness), Effectiveness (impact on outcomes), Adoption (participation rate
of intervention leaders), Implementation (consistency of delivery by intervention leaders and
costs), and Maintenance (continuing to offer the
intervention over time).
Despite the increasing use of the RE-AIM framework to report on dissemination efforts, few studies
were designed to rigorously evaluate each of its
TBM
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components [5, 6]. This study, specifically grounded in
RE-AIM framework, sought to gain extensive information on best practices for the StrongWomen–
Healthy Hearts Program’s in Pennsylvania to inform
national dissemination so that the program would
have maximal possible impact in reducing CVD burden. The purpose of this paper is to report these
findings and to provide key lessons learned related to
the process of translating an effective intervention into
widespread programming to reduce the risk of CVD
among women.

METHODS
Design
Reach, adoption, implementation, and maintenance
were assessed using both qualitative (key informant
interviews and observation) and quantitative (survey)
measures, while effectiveness was assessed using a
pretest-posttest within-participants design. Study procedures were reviewed and approved by the institutional review boards at Pennsylvania State University
and Tufts University.
Sample
This dissemination study leveraged a long-term
collaboration between Tufts University and Pennsylvania State University’s Cooperative Extension
Service (herein referred to as Penn State University or Penn State Extension). Penn State Extension educators comprise a statewide network of
experts who provide information and services,
including health programming, to meet public
needs at a local level. The original focus of the
collaboration was the StrongWomen Strength
Training Program, which was designed to increase women’s access to regular strength training
opportunities [7]. In addition to this history of
successful collaboration, Pennsylvania was chosen
because it is demographically similar to the overall US population and offered an opportunity to
explore both rural and urban settings [8]. In
Pennsylvania, the age-adjusted death rate from
CVD is 271.4 per 100,000, slightly higher than
the national average of 262.7 [10].
To begin the dissemination process, 33 Penn State
Extension educators who had been involved with the
StrongWomen Strength Training Program were invited to attend a full-day training at Penn State University, University Park, PA, which took place in March
2010. Eighteen leaders attended. The workshop
consisted of a series of seminars to train leaders on
both the program and the assessment methods. All
attendees received a copy of the curriculum which
includes a detailed class-by-class guide.
Trained leaders who decided to run the program recruited participants for their classes. The
participant sample, per eligibility requirements,
was female, aged 40 years or older, sedentary,
without contraindications to exercise (determined
TBM

by the Physical Activity Readiness Questionnaire
[9] or physician approval), had a body mass index (BMI) of 24.0 or higher, and was not participating in another lifestyle change program.
Intervention
The StrongWomen–Healthy Hearts Program is designed
to take place 2 days per week for 12 weeks. Thirty
minutes of each class includes aerobic dancing to a
DVD created for the project or walking outside if location and weather permit. The other 30 min includes
leader-directed and hands-on discussion and activities to
modify dietary intake patterns, as well as weight control
strategies such as portion control and keeping food logs.
The Program emphasizes an eating pattern that is consistent with current American Heart Association guidelines
and the Dietary Guidelines for Americans. The theoretical basis for the intervention is Social Cognitive Theory
[10]. Thorough formative research helped inform development of the curriculum [11]. The program
(ClinicalTrials.gov #NCT01439477) is listed on the National Cancer Institute’s Research-Tested Intervention
Programs (RTIPS) website (http://rtips.cancer.gov/rtips/
programDetails.do?programId=1194691). More information about the program itself and an on-line training
for qualified leaders are available at strongwomen.org.
Recruitment
We sought initial IRB approval for a broad range of
recruitment methods that we knew were typical in
StrongWomen programming and the materials to support these methods. These included newspaper articles, flyers, announcements on the county extension
websites, mailings through current contact listings, and
verbal announcements. During the recruitment period, every leader completed a weekly questionnaire to
provide up-to-date information on their recruitment
strategies and the approximate number of potential
participants reached by each method.
Measures and analyses
Reach—Reach into the target population was calculated as the number of eligible women who
began the program divided by the total number
in the target population in Pennsylvania (women
age 40 and over, per US Census data [12]) multiplied by 100. For race, education, and employment, data for women age 45 and over was used
as the basis for the target population since this
was the categorization provided by the Census.
For income level, census data specific to age and
gender were not available, so we used overall
state income levels instead. We also determined
percent response to recruitment, as the number
in the target population who responded to recruitment divided by the estimated number exposed to recruitment multiplied by 100. We calculated percent eligible as the number eligible
among those who contacted the program leader
multiplied by 100, and percent participation
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among those eligible as the number who participated and completed the program among the
number eligible multiplied by 100.
Representativeness—Representativeness was determined
at the state level by comparing the state population
(from the 2010 Census and 2010 American Community Survey [12]) with StrongWomen–Healthy Hearts
participants, who had completed a basic demographic
questionnaire. A chi-square test was used for analysis.
Qualitative methods—Thirty-eight women who
responded to recruitment and who screened as eligible
declined to participate in the study. All of these 38
women were subsequently sent a letter inviting them
to participate in an interview. Structured telephone interviews were conducted by the Penn State Project Coordinator (JLT). Thirteen granted full interviews and 3
responded by email. The interview guide asked about
reasons for nonparticipation and barriers to participation. Phone calls were digitally recorded and then transcribed by the Penn State Project Coordinator.
Data were analyzed using the NVivo program
(QSR International, version 10.0) using standard techniques for qualitative analysis [13]. A senior research
team member with expertise in qualitative methods
(SCF) was primarily responsible for coding and data
analysis. An initial coding framework was developed
based on the questionnaire structure, and in an iterative process, any additional codes were created as they
emerged from the data. Themes were developed from
these data and discussed with the Penn State research
collaborators to help confirm findings.
Effectiveness—Body weight was the primary measure of
effectiveness. Trained program leaders measured participants’ weight in triplicate to the nearest 0.5 kg using
a digital floor scale (Seca 880, self-calibrating with a
200-kg capacity). Secondary measures were fruit and
vegetable consumption, assessed using the validated 5
A Day for Better Health 7-item screener [14]; and
physical activity, assessed using the International Physical Activity Questionnaire (IPAQ) [15–17]. The fruit
and vegetable intake scores were compiled according
to the NCI criteria [18]. Metabolic equivalent (MET)
scores were compiled according to the IPAQ’s guidelines for data processing and analysis [19] and represent MET-minutes per week, defined as MET level
multiplied by minutes of activity per day multiplied
by days per week. MET levels were determined according to the Ainsworth standards [20].
The pre- and post-program means and standard
errors of the three major outcomes—changes in weight,
fruit and vegetable intake, and MET minutes per
week—were compiled and tabulated. One-sample
t tests were used to examine if changes in the three
outcomes were significantly different from zero at each
site, separately. The program in a specific site was
deemed effective if the associated p value of the
change in an outcome within a site was less than
0.05. For the overall changes, we pooled all data and
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examined whether mean changes were different from
zero. We used SAS PROC MIXED to control for the
clustering effects introduced by the sites, using SAS
software version 9.2 (SAS Institute Inc., Cary, NC,
USA).
Adoption—The overall adoption rate was calculated as
the number of extension educators who ran the program within 1 year of being trained divided by the
total number of extension educators invited to the
training, multiplied by 100. We also determined the
adoption rate among those trained as the number
trained who ran the program in 1 year divided by the
total number trained, multiplied by 100.
We collected qualitative data to gather detailed information about barriers to adoption. All three trained
extension educators who failed to adopt the program
granted a telephone interview, which was conducted
and analyzed using methods described under reach.
Implementation—Extension educators were asked to
complete a brief on-line survey weekly once they
started running a StrongWomen–Healthy Hearts program to capture adherence to both the physical activity
and nutrition sections of the curriculum, participant
attendance and level of engagement with the material,
estimate costs associated with the program, and estimated time to prepare for and run the classes. Tufts
and Penn State research personnel independently rated fidelity-specific questions from the survey on a 1 to
5 scale (with 5 representing the highest level of fidelity)
based on leader responses. Interrater reliability was
determined using Cohen’s kappa, and all items that
scored lower than 0.8 on this statistic were discussed
until consensus was reached. We compiled extension
educators’ weekly reports and summed costs for the
12 weeks. We calculated the average cost per site.
Site visits were also conducted by the Penn State
Project Coordinator, who observed one class at each
site that adopted the program, during weeks 4–8 of the
12-week program. The class was rated using a fivepoint scale [7] on questions related to fidelity to the
curriculum. Interviews were conducted with all 15
program leaders in conjunction with the site visits to
explore any changes that were made to the curriculum
and reasons for the changes. These qualitative data
were analyzed as described above for reach.
We calculated an overall fidelity score by summing
ratings from both the implementation surveys and the
site visits. Fidelity was also categorized by four components: Physical activity (Did they exercise as
planned, both days? At the right intensity? For the
right amount of time?), Cooking (Did they do the
cooking activity? Did they omit or change any recipes?), Discussion (Was enough time allotted? Did they
use the handouts provided?), and Structure (Were the
classes conducted in order? Were they conducted
independently—not combined?).
Maintenance—Maintenance of the program among
adopters was calculated as the number of extension
TBM
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Table 1 | Percent reach by site and for Pennsylvania overall

Site

# who began program

Adams
Allegheny
Beaver
Clearfield
Greene
Lancaster
Lebanon
Mercer
Northumberland
Sullivan
York
Pennsylvania Total
a

6
15
25
20
8
42
5
7
7
19
28
182

# in target populationa

% Reach

27,397
344,022
50,921
22,412
9,997
130,949
36,177
32,972
26,900
2,037
113,482
3,387,629

0.022
0.004
0.049
0.089
0.080
0.032
0.014
0.021
0.026
0.933
0.025
0.005

Based on the 2010 US Census

educators who ran the program for a second time within
1 year divided by the number of initial adopters, multiplied by 100. All nonmaintainers were invited to participate in key informant interviews, and five granted interviews. We asked about reasons for nonmaintenance
and about barriers to maintenance. Data were analyzed
using the process described above for reach.

RESULTS
Reach—Reach varied considerably, ranging from 9 in
1000 in the smallest county to 4 in 100,000 in the
largest (Table 1). The county with the highest overall
reach (Sullivan) used the full variety recruitment
methods. In Pennsylvania overall, the response to
recruitment was approximately 1.5 %. Of those who
responded by contacting the program leader, 62.0 %
were eligible; and of those eligible, 72.5 % participated
in the program through completion. The primary reason for ineligibility was regular participation in physical activity (not currently sedentary).
Compared to women in the target population in
Pennsylvania overall, a greater percentage of participants were white, married, middle-class, and had a
graduate degree (chi-square tests, p<0.05; Table 2).
The employment status of participants did not differ
from the overall Pennsylvania population.

Four of the 16 eligible women interviewed who did
not participate in the program cited employment-related
scheduling as the primary reason for nonparticipation
(Table 3). Other reasons included an inability to pay
class fees at all or all at once (three women); medical
issues that would preclude participation, despite the fact
that they had passed the screening procedure (three
women); personal issues (three women); and distance
to the class, already fairly active, and unwillingness to
commit to 12 weeks (one woman each).
Effectiveness—Ten of 15 programs were effective at promoting statistically significant weight loss (Table 4).
Overall weight loss was 2.0 kg (95 % CI 1.6, 2.4;
p<0.001). Five of 15 programs achieved a statistically
significant increase in fruit and vegetable intake
(MyPyramid cup equivalents/day). In the pooled analysis, the program was associated with an increase of one
serving of fruits and vegetables per day (95 % CI 0.6,
1.4; p<0.001). For physical activity, data were somewhat inconclusive since many women chose a “Don’t
Know” response option on the IPAQ, which per protocol excluded them from analysis [19]. We detected a
significant increase in MET minutes per week at only 3
of the 15 sites. However, in the pooled analysis, the
intervention was associated with a 1337.3 unit increase
in mean MET minutes per week, nearly double that of
baseline (95 % CI 529.7, 2144.9; p=0.003).

Table 2 | Representativeness of StrongWomen–Healthy Hearts participants compared to Pennsylvania overall

Demographic characteristic
a

White
Marriedb
Bachelor’s degree or highera
Income 25-100 K/yearc
Employeda
a

StrongWomen–Healthy Hearts participants
97.8 %*
73.0 %*
35.9 %*
68.7 %*
45.2 %

Pennsylvania
86.3 %
55.0 %
21.1 %
56.0 %
44.3 %

Because of Census data categorization, StrongWomen–Healthy Hearts participants are compared with women ages 45 and older in Pennsylvania

b

Does not include those who are separated

c

StrongWomen–Healthy Hearts participant income level is compared with overall state household income level (not specific to women age 40+)

*Significantly different than Pennsylvania overall (p<0.05)
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Eligible nonparticipants

Nonadopters

Adopting leaders

Nonmaintainers

Adoption

Implementation

Maintenance

Key informants

Reach

RE-AIM component

Factors that could have facilitated maintenance included adequate
training, enjoyment of the program during the initial run, and
supportive supervisors
The major barriers to maintenance were a change in position, cost to
run the program, time necessary to run the program, and not
enough interest within the community

Common changes to the curriculum: use of a non-program DVD for
some portion of the program; providing additional information;
adding visuals that complemented the lesson
Changes to recipes were few and minor

Barriers to participation: employment-related scheduling; inability to
pay class fees at all or all at once; medical issues that would
preclude participation; personal issues; distance to the class;
already fairly active; and unwillingness to commit to 12 weeks
Barriers to adoption: inability to recruit a new cohort within the same
general geographic area; competition with other programs; focus
on weight loss in recruitment rather than cardiovascular health
Team-teaching is a good model

Major themes

Table 3 | Themes and representative quotes from key informant interviews

“I also work part time, and at the time that I had called I didn’t
believe I was going to be working those days. And it ended up that I
was. [The fee] is probably reasonable…It’s kinda hard for me just to
pay that all at once.”
“A lot of health organizations in the area were running health
programs at the time, and some of them less expensive, I think there
was one free program in the area at the time.”
“It just works so, so much better because you have two heads, and
when one person is maybe not enthusiastic that day, the other one is.
And you just go back and forth and it just keeps the enthusiasm, the
information going.”
“We did another Leslie Sansone DVD… This is the one with she did
in conjunction with the American Heart Association. Or, I mean, it
had their name up there, so she talked a lot about heart health, so it
was a very good. It went right along with this material, this
curriculum. It was good.”
“And I always take the soda bottles telling us how much sugar’s in
them, and I measure that sugar out into a glass or a jar, to show them
exactly when it says 33 g in sugar, that’s exactly how much it is…I
think seeing these things makes them more aware of what they’re doing
then. So that was something I added to that lesson.”
“But when we tried to run it again, I don’t remember what time we
were shooting for, but it didn’t fly in the fall. So, I haven’t tried it
again since then. I just don’t have any more time in my schedule. I
have to cut programs. Not add them.”
“You’re pulling at people that can’t afford it in other words…So we’d
have to run that with scholarships or grant funding and I didn’t even
try that at this point because I just didn’t have any time to apply for
that.”

Representative quotes
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n*

Weight in kg, mean (SE)
Pre
Post

Weight

No
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes

−2 (1.0)
−2.1 (0.7)
−2 (0.4)
−2.2 (0.7)
−2.8 (1.1)
−1.4 (0.5)
−3.9 (0.6)
−0.3 (0.4)
−2.8 (0.5)
−1.8 (0.7)
−2.0 (0.2)

MET score (MET-minutes per week) is defined as MET level × minutes of activity/week × days/week

MyPyramid cup equivalents, since the curriculum reflected national guidelines at the time

No
No
Yes
Yes
Yes

−0.1 (0.5)
−2.6 (1.8)
−2 (0.4)
−2.5 (0.9)
−2.9 (0.9)

Change

p<0.05

15

6
8
20
14
5
5
5
16
16
9

6
11
23
7
6

n*

2.6 (0.1)

2.1 (0.6)
2.4 (0.5)
2.6 (0.4)
2.4 (0.4)
4.6 (0.5)
1.4 (0.2)
2.7 (0.5)
2.7 (0.4)
2.2 (0.3)
2.9 (0.7)
3.6 (0.2)

2.7 (0.5)
3 (0.8)
4.5 (0.6)
4.4 (0.7)
4.9 (1.1)
3.1 (0.9)
4.4 (0.7)
2.8 (0.3)
3.8 (0.6)
3.7 (0.7)

2.5 (0.5)
4.7 (1.3)
2.8 (0.4)
3.7 (0.7)
3.4 (0.6)

1.0 (0.2)

0.6 (0.4)
0.6 (0.8)
1.9 (0.6)
2 (0.5)
0.2 (0.8)
1.8 (1)
1.7 (0.3)
0.1 (0.4)
1.6 (0.6)
0.7 (0.4)

−0.4 (0.9)
1.7 (1.2)
−0.1 (0.4)
1.1 (0.5)
1.9 (0.6)

Yes

No
No
Yes
Yes
No
No
Yes
No
Yes
No

No
No
No
No
Yes

15

3
2
14
9
5
3
3
8
9
6

3
8
18
6
5

1364.7 (184.5)

937 (724.1)
1053 (333)
1028.5 (319.4)
1553.3 (524.2)
1897.6 (964.8)
2974 (1045.4)
1127.8 (505)
1794 (1259.5)
928.7 (454.7)
98.6 (34.8)

1473 (973.1)
850.2 (423.1)
1373.1 (451.7)
2841.8 (1226.4)
1836.2 (979)

2807.4 (379.1)

3058 (1804.1)
5121 (2775)
1513.6 (203.1)
3563.4 (775.7)
4764 (1775.8)
2075.5 (1284.3)
6299 (2717.5)
1744.1 (557)
1411.6 (540.5)
989.5 (321.1)

2011 (1046.3)
4593.4 (1136.9)
1710.9 (400.9)
2833 (1414.6)
4026 (1790.6)

MET scoreb, mean (SE)
Pre
Post

2.9 (0.9)
2.9 (0.5)
3 (0.3)
2.6 (0.5)
1.5 (0.6)

Physical activities
n*

F&V scorea, mean (SE)
Pre
Post
Change
p<0.05

Fruit and vegetable intakes

*The n’s in each site represent total number of effective sample (i.e., class size), while the n’s for the “Total” row represents the total number of sites, which is 15

b

a

Adams
6
84 (10.1)
83.9 (10.6)
Allegheny
11
97.6 (9.5)
95 (8.1)
Beaver
23
91.9 (3.3)
89.9 (3.3)
Clearfield-Brisbin
7
82.5 (5.9)
80 (5.8)
6
86.6 (7.4)
83.6 (6.8)
Clearfield–
Curwensville
Clearfield–Dubois
6
88.9 (8)
87 (7.3)
Greene
8
91.3 (5.5)
89.2 (5.6)
Lancaster 1
20
87.3 (3.7)
85.3 (3.6)
Lancaster 2
14
88.8 (4.4)
86.6 (4.4)
Lebanon
5
112.5 (10)
109.8 (9.1)
Mercer
5
94.8 (5.6)
93.4 (5.8)
Northumberland
5
81.7 (5)
77.8 (4.4)
Sullivan
16
87.3 (3.8)
87 (3.8)
York 1
16
89.8 (4.1)
87 (4.2)
York 2
9
88.9 (6.6)
87.1 (6.7)
Overall change (from mixed effects regression)
Total
15
89.9 (1.5)
87.9 (1.4)

Site

Table 4 | Effectiveness of the StrongWomen–Healthy Hearts Program at changing weight, fruit and vegetable intake, and physical activity

1337.3 (377.4)

2121 (2215.1)
4068 (3108)
485 (303)
2010.1 (1051.4)
2866.4 (916.5)
−898.5 (448.6)
5171.2 (2250.4)
−49.9 (1140.1)
482.9 (741.6)
890.9 (340.3)

538 (1506.8)
3743.2 (1119.4)
337.8 (444.7)
−8.8 (2293.7)
2189.8 (2198.9)

Change

p<0.05

Yes

No
No
No
No
Yes
No
No
No
No
Yes

No
Yes
No
No
No
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Adoption—The overall adoption rate among leaders invited to the training was 45.4 % (15 leaders ran a program of 33 invited to training). The adoption rate among
those trained was 83.3 % (15 of 18 trained). Leaders ran
programs in counties that represented both reasonable
geographic distribution throughout the state and diversity with respect to population density. Half of them
were from counties with a slightly higher poverty rate
than the state overall; however, 14 of the 15 leaders who
ran a program lived in counties that were >90 % white,
compared to the state average of 81.9 % [12].
All trained nonadopters had co-taught with another
site leader. In the key informant interviews, they indicated that the main reason for nonadoption was an
inability to recruit a new cohort within the same geographic area (Table 3). However, other than this issue,
they felt that team-teaching was a good model. Competition with other programs, such as hospital-based
programs, also contributed to an inability to recruit.
Leaders felt that it would be helpful to be able to
recruit women of any BMI and emphasize cardiovascular health more than weight loss.
Implementation—The average overall fidelity score,
representing a sum of scores from self-report and direct observation, was 9.3 (out of 10), ranging from 8.7
to 9.8 (Table 5). Based on key informant interviews
(Table 3), leaders most commonly made changes to
the physical activity component by using a non-program DVD for some portion of the program. Changes
to recipes were few and minor. The most common
change to the discussion component involved providing additional information, typically handouts from
the StrongWomen Strength Training Program and
from other extension programming. Another common change was to add visuals that complemented
the lesson, for example, models depicting atherosclerosis. Estimated overall attendance based on leader
report in the weekly implementation questionnaires
was high (89 %, excluding those who dropped out).
Cost averaged $344 per 12-week program, ranging
from approximately $100 to $900; or $35.89 per participant per 12-week program, ranging from $6.27 to
$85.45. Costs included copies of handouts, groceries
for cooking exercises, space rental, and equipment.
Most of the variation in cost was accounted for by
whether space rental was necessary and whether pedometers were purchased. Most program leaders
charged participants a fee of $30 to $100 for the entire
12-week session.

Table 5 | Implementation of the StrongWomen–Healthy Hearts
Program in Pennsylvania—fidelity scoring

Component
Overall fidelity
Physical activity
Cooking
Discussion
Structure
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Score (out of 10) and range
9.3 (8.7 to 9.8)
9.0 (8.0 to 9.9)
9.4 (8.1 to 10.0)
9.7 (9.3 to 10.0)
9.8 (9.3 to 10.0)

Maintenance—The overall maintenance rate was 6.7 %
(1 of the 15 leaders maintained the program). A major
barrier to maintenance was related to a funding crisis
that occurred in the state, which resulted in job elimination for four leaders. The nonmaintaining leaders
who granted interviews indicated that they had been
adequately prepared to run the program during the
training, that the program was well received when they
initially ran it, and that their supervisors were supportive (Table 3). The main barriers were a change in
position, cost to run the program, time necessary to
run the program, and not enough interest within the
community.

DISCUSSION
This study confirms that the StrongWomen–Healthy
Hearts Program is appropriate for community dissemination. The RE-AIM framework allowed us to identify strengths as well as areas that might be improved
to achieve better public health impact as the program
is introduced nationally. It also provides a number of
lessons for the translation of similar programs.
Overall reach into the population was low. One
consideration is that leaders had limited resources to
promote the program. Also, typically in other studies,
reach is based on a more bounded denominator such
as church membership [21] or worksite employment
[22]. Based on definitions of RE-AIM [4] and our
dissemination model and philosophy, we used a metric
designed to capture the entire target population within
each county and the state overall. However, this conservative measure should be interpreted cautiously for
several reasons. For example, the numerator was
bounded by class size limits, which leaders placed to
help ensure a meaningful class experience. Furthermore, the reach denominator, which included all
women age 40+ in the county, was not always reflective of appropriately limited recruitment efforts. For
example, in Allegheny County, the recruitment catchment by design included only the major urban area
within that county. Finally, not all women age 40+ in
the county or state would have screened as eligible.
Among those who contacted a program leader in
Pennsylvania, two-thirds were eligible. Among those
eligible, there was a high rate of participation to program completion, suggesting that the screening procedure was effective at identifying women for whom the
program would be safe and appropriate. We intend to
maintain this procedure with modifications as described below throughout future dissemination.
The programs attracted participants that were white
and of a higher socioeconomic status than the overall
state population. Leaders who ran a program represented counties that had a higher percentage of white residents than the state overall, and it is possible that the
curriculum is more appealing to leaders whose constituents are mainly white. This suggests the possible need
for culturally adapted versions of the curriculum to
attract leaders who serve other racial/ethnic groups.
TBM
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Financial issues, including an inability to pay the class
fee, emerged as a barrier to participation for eligible
nonparticipants. Accessibility may have been an issue
as well, since most leaders kept costs lower by holding
classes in facilities where they would not need to pay
rent, which were not always conveniently located.
Taken together, our findings suggest that to increase
public health impact of the StrongWomen–Healthy
Hearts Program, it will be important to further reduce
the cost of the program, to examine the effect of location
and accessibility, to modify recruitment and training
strategies, and possibly to adapt the curriculum to better
enable leaders to reach low-income and minority women. We intend to continue to monitor representativeness
as the program is disseminated nationally, identify
leaders who are more successful at achieving it, learn
their strategies, and incorporate these best practices into
future leader training workshops. We may also need to
consider other modes of delivery of the program to help
address scheduling, accessibility, and cost issues. Technology-based interventions are a potential solution to
overcoming these barriers for low-income women that
also allows for the possibility of customization and adaptation to the needs of different groups [23].
The program demonstrated effectiveness at promoting weight loss overall and at the majority of sites. The
magnitude of weight loss achieved in this community
translation overall was essentially the same as that
achieved in the original, more tightly controlled study
[3]. Although there was some variability in effectiveness
across sites, the program was effective among leaders
who had been in their positions for varying lengths of
time, from 2 years to over 30 years. It was also effective
in a variety of communities, including rural, small town,
small city, and urban locations, and at sites that varied
with respect to resources available, such as access to
kitchen facilities and outdoor walking routes.
The changes in weight, while modest, likely have
public significance since 1 kg of weight loss has been
associated with reductions in systolic and diastolic blood
pressure of approximately 1 mmHg [24] and a 16 %
reduction in diabetes risk [25]. Furthermore, any weight
loss counters strong secular trends toward weight gain
through adulthood [26]. To further determine public
health significance, it will be important to conduct costeffectiveness analysis in future studies. If reasonably costeffective, this may also enhance adoption by providing
information to help key decision-makers choose the program. This analysis may also promote maintenance by
providing compelling data to help class leaders convince
potential outside funders to support the program.
Overall adoption rate among those invited to train
was moderate; among those trained, it was high. This
suggests that trained leaders had adequate confidence,
resources, and support to run the program the first
time. It is notable that all trained “nonadopters” actually did teach the program, partnering to provide programming at another leader’s site. Leaders indicated
that co-teaching made implementation more manageable. Based on this, both the training and the curriculum now encourage the co-teaching model.
TBM

The program was almost universally implemented
as intended, which likely explains the preservation of
effectiveness during dissemination. The universally
high fidelity scores suggest that the training adequately
prepared leaders and that we had met the goal of
providing a curriculum that served as a useful guide
in running the program. These findings suggest that
features such as the basic format of the curriculum
should be preserved. However, based on implementation feedback, we did make several minor changes. We
added suggestions for visuals to enhance the lessons,
and suggested that leaders should feel free to select
among the recipes based on the resources available to
them and group preferences.
Maintenance was problematic for the
StrongWomen–Healthy Hearts program in Pennsylvania. Fundamentally, maintenance is a measure of
“fit” within an organizational structure and also of
public health impact over time. Both adoption and
implementation suggest that the organizational fit
was probably reasonable. Larger factors unrelated to
the program itself played a major role in the low
maintenance rates, which is an ongoing challenge with
public health programming that relies on community
partnerships. However, the data provided some evidence for strategies to address barriers that are within
our control. We have taken measures to reduce program costs by making some of the cooking optional as
described above, and by making pedometers optional.
We made inclusion criteria more flexible by modifying
the screening form to include tiered mandatory, highly
recommended, and recommended criteria. For example, highly recommended criteria include BMI,
reflecting a focus on weight control in the curriculum
but allowing for flexibility and leader discretion.
A recent systematic review of studies using the REAIM framework found that only 44 of 71 articles
reported on all five dimensions and that qualitative
methods were used very infrequently to provide additional evaluation and understanding [5]. A strength of
this study is that the research team received funding
just when we were poised to begin major dissemination efforts, and these resources were critical to our
ability to evaluate all RE-AIM components using multiple methods. It should be noted, however, that even
with substantial planning and resources, our study falls
short of meeting all 34 items used to evaluate RE-AIM
[5]. For example, we were unable to examine maintenance at the individual level.
Two other studies have described the use of the REAIM framework for prevention of CVD among women [27, 28]. These studies demonstrated that it is feasible to use the framework to evaluate dissemination of
programming for low-income women, Latina women,
and postmenopausal women with diabetes, and that
doing so provided a richer understanding of program
success. Our study extends the literature by uniquely
examining the public health impact of a program that
is primarily focused on a lifestyle program run through
a community-based organization to reduce CVD risk
among all mid-life and older women.
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There were several limitations to this study. Height
and weight were measured by program leaders, who
had an interest in the success of their programs. However, weight was measured by digital scale, essentially
an objective measure. Diet and physical activity were
measured by self-report, which is subject to recall and
social desirability biases. Other methods, such as 24-h
recall or accelerometry, were not feasible. To mitigate
potential concerns, we chose measures that have been
previously validated and widely used. All measures
were pre-post with no comparison group, and the
possibility that outcomes changed as a result of external influences cannot be ruled out. However, we monitored for the presence of other major initiatives, and
none were reported. Finally, because we lack data on
maintenance at the individual level, sustained health
impact of the program cannot be determined. It will be
important to evaluate this in future studies.

CONCLUSION
This study provides evidence for the external validity
of the StrongWomen–Healthy Hearts program in
Pennsylvania. Based on these data, the program has
demonstrated that it can be readily implemented with
high fidelity in a variety of settings while remaining
effective. These data also provided information on
how to modify recruitment, training, and the curriculum itself to improve public health impact as it is
disseminated nationally.
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Objective. Studies demonstrate that people’s food and physical activity (PA) environments influence behavior, yet research
examining this in rural communities is limited. Methods. Focus groups of 8–15 women were conducted in rural communities
in seven US states. Questions were designed to identify factors within residents’ food and PA environments they felt helped or
hindered them from eating healthfully and being physically active. Results. Participants were aged 30–84 years; mean (SD) = 61 (14)
(𝑁 = 95). On average, communities had fewer than 5,000 residents. Limited time, social norms, and distances from or lack of
exercise facilities were common PA barriers. Facilitators for PA included social support, dog walking, and availability of affordable
facilities. Healthy eating barriers included the perception that healthy foods were too expensive; calorically dense large portion
sizes served at family meals; and frequency of eating foods away from home, which were perceived as generally unhealthy. Healthy
eating supports included culture/value around local food gathering (e.g., hunting and gardening) and preservation (e.g., canning
and smoking). Friends and family were frequently identified as key influencers of eating and PA behavior. Conclusions. Targeting
both social and built environment factors, particularly those unique to rural locales, may enhance support for healthy eating and
PA behavior change interventions.

1. Introduction
The consequences of obesity are well known. They include
risk of developing chronic diseases such as cardiovascular
disease, hypertension, diabetes, and several types of cancer
[1]. The prevalence of obesity is higher in adults who live
in rural areas compared to those who reside in urban areas
[2, 3], and rural adults are less likely to meet physical activity
guidelines than urban residents [1].
The influence of the built environment on physical
activity and healthy eating behavior is an important issue,
with the Centers for Disease Control, Institute of Medicine,
and World Health Organization all prioritizing changes in
built environment as one of the top recommendations for
increasing physical activity [4–6]. Many aspects of built
environment barriers to physical activity and healthy eating
are common to both rural and urban areas, including cost

of accessible food and recreation, access to healthy foods,
and the “walkability” and “bikeability” of communities [7–
10]. However, rural residents may face additional obstacles,
such as travel distances from recreational facilities and lack
of facilities themselves [11, 12]. Research also suggests that
people in rural areas who aim to exercise outside (as a remedy
for the lack of or distance from exercise facilities) may face
barriers such as weather extremes and safety issues such as
busy roads, lack of sidewalks and lighting on streets, loose
dogs, and the presence of hunters during hunting season
[13–22]. Likewise, access to healthy, affordable foods may be
a problem in rural areas: in small grocery, convenience, or
village stores there may be a lack of high-quality, healthy
options or high costs. Stores and restaurants with more
nutritious selections may be a long distance away [16, 23–25].
Despite these unique considerations, research examining
barriers and facilitators of physical activity and healthy eating
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in rural communities is limited. Much of the emphasis has
been on youth [26–39] and areas with large population
groups [9, 12]. Additionally, research in rural areas has often
included participants from only one or two communities
and/or limited geographic scope [14–16, 21, 40]. The present
study aimed to better identify and understand common rural
barriers to healthy eating and active living in a geographically
diverse, rural sample.

2. Methods
The research team traveled to seven rural communities in
seven states in the USA as part of a larger project, called
the StrongWomen Change Club project (manuscript currently in review). StrongWomen Change Clubs (SWCC) were
developed through an academic-community research partnership guided by community-based participatory research
principles. Local leaders, all cooperative extension educators
with whom our research team has been working for the
past decade, each recruited 10–15 residents to undertake a
project to improve some aspect of the nutrition or physical
activity environment. Most SWCC participants had limited
(or no) experience in civic engagement and/or policy work.
At 6- and 12-month after implementation, the research team
conducted key informant interviews with each SWCC leader
to capture their perceptions of program process, benchmark
achievement, and self-efficacy. The first step in implementing
the project was to better understand barriers and facilitators
to healthy eating and active living among residents in those
rural townships, defined as a population of fewer than
15,000 people. Focus groups were conducted with community
members in each of the following states: Alaska, Arkansas,
Kansas, Missouri, Montana, Pennsylvania, and Wisconsin
(Figure 1).
Seven focus groups (one in each location, with SWCC
participants) were conducted (by RAS or MEN), lasting
approximately 45–60 minutes per focus group. Researchers
asked open-ended questions about factors that influence
physical activity and healthy eating among residents. They
asked residents to think about both the barriers and facilitators that contribute to their exercise and eating habits
in their community. In addition to participating in the
focus groups, participants were asked to complete a brief,
self-report questionnaire that contained demographic and
health behavior questions derived from standard inventories
(e.g., Behavioral Risk Factor Surveillance System (BRFSS)).
All materials and procedures were approved by the Tufts
University Institutional Review Board. All study activities
were conducted with the understanding and consent of the
study subjects.
2.1. Analysis. Qualitative data analysis was conducted by
LMC and RAS between May and October 2013. Transcript
files were entered and coded using NVivo (QSR International,
version 9.0, 2011), led by LMC with a subset of double coding
and agreement checks between RAS and LMC. Manifest
content analysis was used to analyze the data, employing
the following process: verbatim transcription; transcription

Figure 1: Geographic representation of study sample.

review by multiple coauthors; development of and connection between codes and themes (based upon the main focus
group questions and the addition of emergent subthemes);
and data interpretation and review by the research team in an
iterative process until agreement was reached. Quantitative
(survey) data were analyzed by RAS using SPSS version 21.

3. Results
The main focus group questions informed the initial development of the coding structure with the original questions serving as the main themes: (1) barriers to physical activity; (2)
facilitators to physical activity; (3) barriers to healthy eating;
and (4) facilitators to healthy eating. Reoccurring subthemes
were identified through an iterative process and confirmed
for agreement. Themes and subthemes are displayed in
Table 1.
Demographic characteristics of participants are displayed
in Table 2. Focus groups contained 8–18 female participants
(𝑁 = 95) per focus group. The average (SD) age of the 95
women was 59.3 years (14.0). The majority of the women were
white (94.7%), married (68.1%), and educated beyond high
school (92.6%). Focus group participants (82.4%) described
the area they lived in as very rural or mostly rural. The average
population size of the seven towns was 4,747 residents.
Demographic characteristics of participants were compared
to the overall population using census data for each town
(American Community Survey 2010).
Survey responses related to physical activity and nutrition
are displayed in Table 3. Survey responses indicated that
more than half of the women were overweight or obese
(57.9%) based on self-report height and weight (shown as
body mass index (BMI)). Women self-reported their health
status as excellent (20.0%), very good (49.5%), or good
(28.4%), based upon a 5-point Likert scale. The majority of
participants (63.2%) considered themselves active, defined as
“generally active daily and exercise two or more times per
week.” Exercising was usually performed in a combination of
settings including inside at home, outdoors, and/or inside at a
facility (71.0%). Most participants (51.6%) engaged in physical
activity in a combination of ways including alone, with one
other person, and/or in a group or class. Thirty-eight percent
of participants reported excellent access to physical activity
facilities and 22.3% reported excellent access to healthy foods
within their neighborhood or community.
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Table 3: Survey responses of focus group participants (𝑁 = 95).

Table 1: Themes and subthemes identified through focus groups.
Barriers to physical activity
Lack of time and competing priorities
Competition with activities that promote sedentary behavior
Social norms and stigma
Built environment barriers and geographic isolation
Facilitators to physical activity
Building physical activity into daily routines
Social support
Affordable and accessible fitness venues
Barriers to healthy eating
Lack of time and competing priorities
Cost of healthy food
Adjusting habits to favor a healthier diet
Food environment barriers and geographic isolation
Difficulty avoiding unhealthy food at community venues or
gatherings
Facilitators to healthy eating
Ability to grow and produce food
Access to farmers’ markets and farm shares

Table 2: Demographic characteristics of focus group participants
(𝑁 = 95).
Age (mean, SD)
Married
Race
White
African American
American Indian/Alaskan Native
Education
High school
Some college/technical school
Associate’s degree
Bachelor’s degree
Master’s degree or higher
Graduate or professional
Rural classificationa
Very rural
Mostly rural
Suburban
Somewhat urban
a

59.3
𝑁
64

14.0
%
68.1

89
1
4

94.7
1.1
4.3

7
19
8
26
30
5

7.4
20.0
8.4
27.4
31.6
5.3

24
51
4
12

26.4
56.0
4.4
13.2

BMI
Underweight, ≤18.5
Normal, 18.5–24.9
Overweight, 25–29.9
Obese, ≥30
Missing
Health status
Excellent
Very good
Good
Fair
Poor
Diet
Very healthy
Mostly healthy
Sometimes healthy, sometimes unhealthy
Somewhat unhealthy
Unhealthy
Physical activity
Very active
Active
Sometimes active
Mostly inactive
Inactive
Physical activity habitsa
Mostly alone
Mostly with one other person
Mostly in group or class
Combination
Physical activity venuesa
Mostly inside at home
Mostly outdoors
Mostly inside at facility
Combination
Excellent access to physical activity facilitiesb
Excellent access to healthy foodsb
a
b

1
34
34
21
5

1.1
35.8
35.8
22.1
5.3

19
47
27
1
1

20.0
49.5
28.4
1.1
1.1

10
55
30
0
0

10.5
57.9
31.6
0.0
0.0

17
60
17
1
0

17.9
63.2
17.9
1.1
0.0

17
7
21
48

18.3
7.5
22.6
51.6

5
12
10
66
36
21

5.4
12.9
10.8
71.0
38.3
22.3

𝑁 = 93.
𝑁 = 94.

physical activity. Very busy schedules often made exercising
at the end of a work day seem impossible.
. . .people work constantly to make ends meet.

𝑁 = 91.

3.1. Perceived Barriers to Physical Activity. Barriers to physical
activity included lack of time and competing priorities;
activities that promote sedentary behavior; social norms and
stigma; and built environment barriers.
Lack of Time due to Busy Work Schedules and Competing
Priorities. Time emerged as a major barrier to engaging in

Whatever I do has to be at the end of the day. And
some days, at the end of the day, all I want to do
is go home. . .ya know, because my day has been
busy.
Several women describe a tradeoff between engaging in
physical activity and forfeiting some of their already limited
sleep time when exercising in the morning is their “best
option.”
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Because if I do not (exercise in the morning) I can
think of a million excuses.
Yeah, cause being active for me means less sleep,
which means getting up in the morning and doing
it and that is hard to give up.
. . .we are not talking giving up from like eight
hours of sleep or ten hours of sleep, we are getting
like five hours of sleep, so you are giving up from
that, so now you are getting four hours of sleep so
that you can exercise.

Competition with Activities That Promote Sedentary Time.
Women discuss how sedentary activities that they enjoy like
watching television and reading consume their time and
make it difficult to engage in activity outside of the household.
. . .the television is on all of the time, there is always
this stimulation we do not necessarily need with
the television in our bedroom and umm, just kind
of being addicted to. . .having this tube speak at
you or speak around you all of the time, it keeps
us kind of in the house.
. . .I think that screen time, computer time, any
kind of sedentary time has become a big part of
our lives.
Social Norms and Stigma. Using active transport, such as
bicycling to work, had a negative stigma associated with it.
One woman suggests that cycling to work must be caused
from losing a driver’s license.
So this is my question, if I get a bicycle and start
riding it to work, are you all going to think that I
lost my driver’s license? I go by this house and this
man evidentially, bless his heart, lost his driver’s
license for several years, because I have driven
that route before and I have seen him riding (his
bicycle) for over a year.
Built Environment Barriers and Geographic Isolation. Furthermore, cycling and walking in some communities were
considered unsafe due to fast traffic, busy roads, and poor
street safety features. Rural residents often have to travel long
distances to access exercise facilities due to the separation
between commercial areas and residential housing.
. . .it has been several months now, but we did have
a high school kid (driving a car) hit a woman on
a bicycle.
. . .that is one of the problems too, getting a route
from my house to work that is safe.
I do not want her (my daughter) to walk by herself
because she has to cross a four lane highway and I
am not ready for that to happen yet.

On the other hand, if you live a long ways out, are
you gonna get up, come in town, exercise, get all
hot and sweaty, drive back home, shower, and get
yourself back to work, I am not going to do that.
When we moved here forty years ago, the post
office was in the middle of town, the shopping
A&P was, you could walk. Those days I walked,
pulled a little wagon with the kids in it, cannot do
that anymore.
3.2. Perceived Facilitators to Physical Activity. Facilitators to
physical activity included building physical activity into daily
routines; social support; and affordable and accessible fitness
venues.
Building Physical Activity into Daily Routines. Building physical activity into daily routines was reported by many of
the women. Women reported that they received a lot of
their physical activity through yard work, gardening, and
household chores. Some women consciously modified their
normal habits to actively incorporate more physical activity
into their daily lives.
. . .I try to get up every commercial and go do
something. . .you would be amazed at how much
you can get done if you get up and do it during
those three to five minute segments. You can
almost clean your entire house in a few hours.
I volunteer at the hospital and I have tried to walk
up and down the stairs as much as I can.
. . .park a couple of blocks down the street when
you are on Main Street from where you want to go
and walk the whole Main Street.
In the summer, I swim on my lunch hour. And
when I started doing that, I told my bosses that
that was what I was going to do, and I would come
back with wet hair and it wasn’t an issue, it wasn’t
an issue for them at all, which was good.
Social Support. Many people report that their pets keep
them active. In addition, living in a small community allows
interaction among people who have common interests which
further promotes physical activity.
I walked before I had a dog, but the dog made
me walk even more. And then I met more people
when I was walking the dog and then we kind of
all walked together.
And I had some old guy who is retired now who
stopped once; he used to ride his bicycle around.
He stopped once. . .(A friend) and I walked every
morning, and he stopped to tell us that he was
going to be gone on vacation, so we wouldn’t worry
if we did not go by him.
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. . .you have to have that encouragement from
somebody else.
Affordable and Accessible Fitness Venues. Access to affordable
physical activity venues contributes to the promotion of
physical activity within communities.
I did think about our community as a whole and
how much healthier our community has gotten
since they put the fitness club in, since they have
offered these physical activities.
And they open it (fitness center) up. . .you do not
have to be a member; you can just come once and
pay three dollars.
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Cost of Healthy Food. The cost of fresh food was identified
as a barrier to eating healthy, especially among low-income
members of the community. Purchasing produce at the local
farmers’ market was costly and the Supplemental Nutrition
Assistance Program (SNAP) benefits were not accepted at
most markets. Furthermore, offering a healthier substitute is
a great way to promote healthy eating; however, when the
healthier option is more costly, it can be seen as a barrier.
And what is adequate access for some of us does
not mean that it is for everyone. Some of us have
more resources than a lot of the community.
But like our farmers’ market does not do EBT
(electronic benefit transfer) cards and things like
that.

. . .they are making it affordable and a lot of people
are taking. . .their spinning classes were all full
from what I understand.

The farmers’ market here is more expensive then
supermarket food sometimes.

(A friend’s) insurance pays for her to go to fitness.

. . .the soft drink comes free (with the meal), if I
want to get them (kids) milk, that costs me extra.

3.3. Perceived Barriers to Healthy Eating. Barriers to healthy
eating included lack of time and competing priorities; cost of
healthy food; adjusting habits to favor a healthier diet; and
geographic isolation.
Lack of Time and Competing Priorities. The time required
to shop and prepare food was identified as a major barrier
for people who already struggled with busy family and work
schedules. Commute time for people who reside in rural
communities compounded the issue. Eating out or relying on
quick microwave meals often took the place of eating a homecooked meal.
. . .all of the handy dandy little things that you can
buy and have in the cupboard and then your kid
can just pop in the microwave and they got their
own dinner in just a minute, ya know? I think that
that is a barrier for people. . .the convenience.
I think that our restaurants are a big challenge, ya
know, because of my work schedule, we do eat out
once or twice a week sometimes.
I have worked a lot with people with kids that
are very active with school activities, tons of after
school activities. These parents run constantly.
Family time for these families is in the car on the
way to a ball game eating something from a fast
food place.
And part of it in the rural areas is if you have kids
active in sports, you are not driving to facilities
in the same town, you are driving thirty miles,
an hour away for these ball games. You get off
work, you get in the car, and when you get home
that night, you are not putting something in the
crockpot for the next night. And so ya know, all of
the driving and distance we have.

Difficulty Adjusting Habits to Favor a Healthier Diet. Adjusting long-term habits of cooking and eating was difficult for
many women. Women reported cooking large, high calorie
meals for their husbands that farmed or engaged in physically
demanding labor. As men got older and duties on the farm
subsided, adjusting for the reduction in calorie requirements
was difficult.
. . .some of us here were raised on a farm and when
four men have been out working all day and so
even though my husband does not farm fulltime
now, I think I have to cook. . .and so that mindset
is really hard to get through, and I can blame it on
my husband, but it is really my mindset.
That was the way with me, we lived on a farm for
years and we had mashed potatoes, chicken, gravy,
sometimes twice a day, and then ya know, as you
get older, you do not feel like you need all that, or
you should not.
Food Environment Barriers and Geographic Isolation. Access
to healthy food options is often limited by the long distances
that residents from rural communities must travel to get to
these sources.
I wouldn’t say that we have excellent access, I
would say we have adequate access. There are a
lot of things that you cannot get in (small city) that
you can get in (larger city) which is forty minutes
away.
But again, they (farmers’ markets) are not everywhere, you have to drive to them. That’s just our
ruralness, I understand that too, but. . .
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Difficulty Avoiding Unhealthy Food at Community Venues
and Gatherings. Making the decision to select a healthy
option is not always easy. Furthermore, it can be difficult
to avoid unhealthy food at community events or through
organizations that offer food as rewards or incentives.
A lot of the churches cook and people go and eat at
the church. And so you eat what they offer because
you do not have to cook it. But it is lasagna and
things of that type, chicken pot pies.
The bank is a barrier for me. Cause there are
fresh cookies on the inside. . .and I have three small
children who know that.
3.4. Perceived Facilitators to Healthy Eating. Facilitators to
healthy eating common to focus group participants included
ability to grow and produce food and access to farmers’
markets and farm shares.
Ability to Grow and Produce Food. Several women reported
growing and producing their own food. They not only had
access to fresh food, but were able to control the production
process as well.
I raised one hundred chickens this summer, but I
pumped only what I wanted into them.
I have a 105 (square) foot asparagus patch and
blueberries.
Access to Farmers’ Markets and Farm Shares. Participants felt
that having access to local farmers’ markets and having the
opportunity to join a community farm share have supported
healthy eating.
You sign up (for the CSA-Community Supported
Agriculture) in the beginning of the year and you
pay for kind of a share of the farm. . .and they have
a wonderful newsletter, which for me is useful for
recipes on how to use this stuff.
I think we have accessibility too to fresh meats,
meats that are locally grown.
We also have some farmers doing options now
where you get combined things in bulk. They were
doing those two or three times a week during the
summer.

4. Discussion
Much of the research examining barriers and facilitators to
active living and healthy eating among residents in rural
communities has only focused on one geographic location
[15, 16, 22, 40]. This study aimed to gather perspectives from
a broad geographic range—from Alaska to Pennsylvania and
in between.
Interestingly, there were findings that are similar to
what has been reported in studies not focused on rural

locales—particularly lack of time and competing priorities to
exercising and eating healthfully.
Our study also supports and expands upon existing
research related to barriers to physical activity and healthy
eating specific to rural communities such as busy roads and
fast traffic, poor access to fitness facilities, expensive costs of
healthy food, difficulty adjusting eating habits like consuming
large portions, lack of variety and quality of food at local
stores, and difficulty avoiding unhealthy food at community
events and gatherings [14–16, 22, 24, 40]. Primary facilitators
to active living and healthy eating in this study also confirm
prior findings, highlighting factors such as accessible and
affordable fitness facilities, social support, and access to fresh
and local food [15, 24, 40].
Participant and community characteristics from prior
studies differed from our sample of participants with respect
to gender [24, 40], education [24, 40], geographic location
[14–16, 22, 24, 40], and race [15, 40]. This suggests that
similar barriers and facilitators exist around healthy eating
and active living in rural communities and across a range of
demographic characteristics.
A major theme that was discussed in four of the seven
focus groups was the attempt to build physical activity into
daily routines. In some instances, this meant that participants
proactively sought ways to increase their activity such as
waking up early to work out, parking further away from
destinations, taking the stairs when an elevator is an option,
and engaging in activity on lunch breaks. In other cases,
physical activity was naturally a part of daily routines like
housework, laundry, gardening, and walking the dog.
Several themes identified may be specific to rural communities. A unique finding that emerged from the focus
groups is the stigma associated with being physically active
in some of these small rural communities. If a person was
routinely seen riding a bicycle or walking to work it might
be assumed that he/she had lost his/her driver’s license. This
finding may be specific to rural communities where active
transport is not common and residents in the community can
easily identify one another.
Changing dietary habits is difficult and the reduction of
perceived barriers, increased overall health concern, social
modeling, and self-efficacy may be necessary to take action
and maintain change [41]. Our findings suggest that making
dietary changes can be difficult, especially when women are
accustomed to preparing large portions of high-caloric food
for men who have physically demanding jobs such as farming
and field labor. As these men age and transition away from
these physically demanding occupations, adjusting cooking
practices can be a difficult challenge unique to rural and
farming households.
As documented in other studies, rural residents may have
improved access to healthy foods due to the availability of
fresh and local produce offered through farmers’ markets and
roadside stands [24, 40]. Our participants discussed in detail
how they produced their own food. Joining farm shares and
acquiring local meats and produce were commonly reported
as well. Although access to healthy foods may be limited in
traditional food stores, other alternative options to acquiring
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fresh produce and meats are available and may be more
common among rural communities.
Many of the subthemes identified in our study were
interconnected across other subthemes and main themes
illustrated in this project. For example, living in a rural
community may require long distance travel to access food
or physical activity venues which may put a strain on budgets
and time. Our participants identified the cost of healthy food
and lack of time as barriers to engaging in physical activity
and healthy eating. The interconnection among these themes
may amplify the barriers that rural residents face. In prior
research, Wilcox et al. found that many of the facilitators
identified in focus groups were opposite to the barriers and
vice versa [15]. Some of our results indicated a similar pattern.
For example, access to farmers’ markets and farm shares was
identified as a facilitator to eating healthfully, while long
distances from food outlets was discussed as a barrier. Social
support was viewed as a positive contributor to engaging in
physical activity while social norms and stigma acted as a
barrier to engaging in active transport such as cycling.
The main limitation to this study is the inclusion of
primarily white, educated women, which hinders the generalizability of our findings. However, the women were
generally representative of the communities visited. Also, we
identified several common barriers and facilitators in this
work compared to past research that suggests that key themes
are stable across demographic groups. Another limitation
is the lack of urban comparison groups. Because of this,
we are not able to conclude that the themes that emerged
are specifically associated with rural communities. Lastly,
social desirability bias may have occurred if focus group
participants felt that they could not express personal barriers
or if they overreported or exaggerated positive physical
activity or healthy eating behaviors.
Overall, this study fills an important gap in knowledge
related to barriers and facilitators to physical activity and
healthy eating in rural communities. Future intervention
strategies should target the identified factors and place
specific emphasis on the overlapping themes that emerged
from our study and past studies. In addition, addressing
stigma related active transport, adjusting cooking practices
and habits, and increasing awareness of local food options
could be of particular interest when working with rural
communities.
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Introduction. The epidemic of obesity is a multifaceted public health issue. Positive policy and environmental changes are needed to
support healthier eating and increased physical activity. Methods. StrongWomen Change Clubs (SWCCs) were developed through
an academic-community research partnership between researchers at Cornell University and Tufts University and community
partners (cooperative extension educators) in rural towns in seven U.S. states. Extension educators served as the local leader and
each recruited 10–15 residents to undertake a project to improve some aspect of the nutrition or physical activity environment.
Most residents had limited (or no) experience in civic engagement. At 6 and 12 months after implementation, the research team
conducted key informant interviews with SWCC leaders to capture their perceptions of program process, benchmark achievement,
and self-efficacy. Results. At 12 months, each SWCC had accomplished one benchmark; the majority had completed three or
more benchmarks. They described common processes for achieving benchmarks such as building relationships and leveraging
stakeholder partnerships. Barriers to benchmark achievement included busy schedules and resistance to and slow pace of change.
Conclusion. Findings suggest that community change initiatives that involve stakeholders, build upon existing activities and
organizational resources, and establish feasible timelines and goals can successfully catalyze environmental change.

1. Introduction
Obesity is understood to be the result of complex socioecological factors and interventions that target multiple levels of
the socioecological framework, including individual, social,
built environment, and policy factors, are more likely to be
successful [1–3].
Civic engagement is one approach to create support for
environmental change. However, the effectiveness of civic
engagement projects and/or coalition work to address obesity
is difficult to measure, primarily because goals and activities
differ between communities [4]. In a comprehensive review
examining community coalitions focused on a range of health

promotion initiatives, Zakocs and Edwards report inconsistent results when examining factors associated with coalition
effectiveness; some factors associated with success were
group cohesion, leadership, agency collaboration, member participation, and diversity [5]. Similarly, Roussos and
Fawcett reported that while findings are insufficient to make
strong conclusions, community-level coalitions aimed at
changing systems and/or behavior hold potential in affecting population-level health outcomes [6]. Other research
indicates that individuals engaged in community coalitions
perceived benefits including improved physical fitness, nutrition, self-confidence, self-esteem, sense of personal empowerment, and social relationships [7]. Overall, the literature
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suggests that civic engagement is appropriate for initiating
changes that can improve community health, but there is still
much to be learned.
The socioecological model was the foundational theory
for the design of the StrongWomen Change Club (SWCC)
project’s curriculum which aimed to engage individuals to
identify an issue relevant to them in their community context
and facilitate implementation of an action plan that would
affect social, cultural, environmental, and political factors
within each of their seven communities. The aim of this paper
is to describe the processes by which the research team (RAS,
SCF, MS, MEN, EY, MF, and BJ) engaged community partners
(each SWCC and its leader) to improve their nutrition and
physical activity environments. We provide a starting point
for understanding best practices related to civic engagement
as a means of creating communities in which the healthy
choice is the easier choice.

2. Methods
This study was derived from a partnership of approximately
ten years of collaboration between researchers at Tufts University’s StrongWomen Program (SWP) and community
health educators/leaders with the National Institute of Food
and Agriculture (NIFA) Cooperative Extension Programs [8–
11]. The research team designed the SWCC project and supporting curriculum as a vehicle for an academic-community
civic engagement partnership focused on creating local
change in active living and healthy eating.
The research team partnered with NIFA cooperative
extension educators, who are active and well-connected local
leaders, to most effectively identify both relevant community
issues and to realistically assess community resources to best
facilitate interventions [12]. We chose existing StrongWomen
exercise groups as the partner for the SWCC initiative
because they demonstrated a baseline level of interest and
readiness to engage in issues of community health and wellness.
To identify the seven communities, we worked with state
level StrongWomen Ambassadors and focused on finding
small communities (ideally, fewer than 15,000 residents)
where there was a StrongWomen leader (all cooperative
extension agents) who would be interested and willing to
serve as a SWCC project leader. Once identified, we corresponded with these leaders over several months to prepare
for in-person workshops by outlining expectations, starting
to discuss the community’s particular challenges, identifying
potential community stakeholders, and providing guidance
on formation of the “Change Clubs.”
The SWCC was defined as a group of approximately 8–15
committed community members, often current and former
SWP participants, who were interested in undertaking a
project to create positive environmental change relevant to
nutrition or physical activity within their respective communities.
2.1. Approach. Study procedures were reviewed and approved
by the Institutional Review Boards at Fred Hutchinson
Cancer Research Center and Tufts University (note: RAS was
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formerly of Tufts University and is now at Cornell University).
Written consent for the survey was obtained by SWCC
leaders and participants at the in-person workshop; oral consent was obtained by phone during follow-up interviews.
Individuals did not receive a research stipend/participant fee,
but each SWCC group was provided $1,000 to help support
their group’s identified issue of focus.
Study activities took place September 2011–December
2012. As a first step, leaders received a formal introduction
packet that outlined the roles and responsibilities of the
leader, the change club rationale and purpose, tentative timeline and schedule, and sample agenda for the three-day workshop that would be conducted at each site. A second step was
a “get to know your town interview” conducted via telephone
by a research team member (MEN, EY, and BJ), designed to
illuminate potential barriers and facilitators to healthy eating
and/or physical activity within each town, including features
such as the presence or lack of sidewalks and crosswalks or the
availability of fast food versus fresh produce. SWCC leaders
also received a packet of information on recruiting members,
holding interviews with community stakeholders, holding
the first meeting, and choosing their area of change/focus.
For a period of eight weeks, two or more members of the
research team (RS, EY, MEN, and SF) traveled to seven small
communities located in Alaska, Arkansas, Kansas, Missouri,
Montana, Pennsylvania, and Wisconsin. The research team
facilitated interactive workshops with the SWCC leader and
all participants in each community that lasted three to four
days. The researchers’ primary role during these visits was
to facilitate a structured planning and visioning process and
guide team building exercises with the newly formed SWCC.
During the workshops, researchers provided educational
materials and conducted awareness activities focusing on
food and physical activity environments, personal habits, and
potential areas for improvement. Each SWCC defined an
overarching project goal (called a Noble Purpose), identified
strategic community stakeholders, and developed action
steps. Once this visioning process was complete, researchers
assisted SWCC members in establishing specific, measurable
benchmarks for goal attainment in the coming year. The
SWCC curriculum, developed by the research team, guided
each step in the process.
The year following the workshops represented the implementation and follow-up period for the SWCCs, during
which the research team was minimally involved in the interventions. Researchers conducted brief monthly calls with
the SWCC leader over six months to provide guidance and
problem solving as necessary.
The first round of outcome assessments began six months
after the workshop visit. A research coordinator conducted
an hour-long key informant interview with the SWCC leader.
The purpose of the interview was to (1) gauge the groups’
progress on individual quantitative benchmarks, (2) understand any unintended consequences or ripple effects in the
community as part of this project, and (3) to assess the leaders’
self-efficacy and feelings of empowerment as community
change agents as a result of this project.
The second round of outcome assessments was conducted
at 12 months post-visit, again using telephone interviews. In
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addition to being asked to rate progress on each benchmark
using a 5-point scale ranging from “did not accomplish” to
“successfully accomplished,” these interviews also captured
more extensive qualitative data on leaders’ perceptions of the
implementation process, overall perceptions of success, and
facilitators and barriers to achievement.
By way of summary, the interview guide’s primary topics
and example questions were as follows.
(i) Achievement of Benchmark(s)
Example Question. In your opinion, has the Change Club
accomplished (this) benchmark?
(ii) Factors That Contributed to Successful Benchmark Achievement
Example Question. Please describe how your Change Club
went about achieving this benchmark.
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Table 1: Demographic characteristics of StrongWomen Change
Club workshop participants [𝑁 = 107].
Characteristics
Female
Married
Mean age
Mean BMI
Highest level of education
High school graduate
Some college/associate’s degree
Bachelor’s/graduate degree
Race
White
Hispanic
Black
Alaska native

𝑁 (%)
107 (100.00)
75 (70.75)
58.92 (range = 22–85)
26.36 (range = 18–49)
6 (8.45)
28 (39.44)
36 (50.70)
101 (95.28)
2 (1.90)
1 (0.94)
4 (3.77)

(iii) Barriers to Benchmark Achievement

BMI: body mass index.

Example Question. What have been the major barriers that
your Change Club has experienced when engaging in this
type of work?

Purpose goal (Table 2) to work toward. Childhood obesity
emerged as a primary concern for most of the groups,
although each SWCC tackled this issue with a different
focus. Two communities worked on the food environment,
one worked on the physical environment, and four were
focused on both. Many SWCCs also identified the need for
better education and support for total community health.
Each community was asked to assess its own capacity
and resources as part of the benchmark development process.
Benchmarks ranged from conducting strategic reviews of
available local physical activity resources to changing the food
menus at local community events. Some SWCCs identified
the need for education as paramount, while others focused
on creating new or improving existing infrastructure. All
communities established at least three benchmarks, and some
communities established as many as six. Quantification of
benchmark achievement was assessed during the follow-up
interviews, and results are shown in Table 3.

(iv) Individual Achievements Resulting from Participation in
Change Club
Example Question. Please tell me about any other activities or
actions (ripple effects) that you can think of that have happened since we left your town?
(v) Leader’s Perception of Ability to Effect Change Using the
Change Club Model
Example Question. On a scale of 0 to 10, where 0 to 2 stand for
none or a little and 8 to 10 stand for a great amount, to what
extent do you consider yourself a change agent role model for
others?
2.2. Analysis. Qualitative data analysis was conducted by SF
and MS between May and October 2013. Transcript files
were entered and coded using NVivo (QSR International,
version 9.0, 2011), led by MS with a subset of double coding
and agreement checks between MS and SF. Manifest content
analysis was used to analyze the data, employing the following
process: verbatim transcription; transcription review; development of and connection between codes and themes (based
upon the main interview topics); and data interpretation and
review by the research team in an iterative process. Quantitative (survey) data were analyzed using SPSS version 21.

3.1. Implementation Process Themes. Several of the key
themes discussed in the follow-up interviews with SWCC
leaders were related to the process in which each group
employed to accomplish benchmarks and Noble Purposes.
For example, community and/or stakeholder involvement
was crucial to implementation of all SWCC projects. Multiple
SWCCs needed to collaborate with school officials to work
toward their Noble Purpose, which often involved changing
school nutrition policies.

3. Results

Leaders talked about the benefits of working together to
accomplish goals they would not have attempted or achieved
individually.

Each SWCC initially included 8–15 female participants (𝑁 =
107), mean age 59 years, SD 14 (range = 22–85 years). Demographic characteristics of SWCC participants are shown
in Table 1. Each SWCC collaboratively identified a Noble

I’m working with the food service director, the
wellness coordinator, a P.E. teacher and . . . the
health department. (Wisconsin Leader)

Our StrongWomen Change Club was excited and
enthusiastic and wanted to be part of the change
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Table 2: Noble Purposes and an example benchmark for each community [𝑁 = 7], 2011.

Noble Purpose
“To increase physical activity in the community using the resources we have with
the goal of changing the social norms around physical activity.”
“To support the optimal health of children in Ouachita County by providing
increased structured activity and wholesome snacks in the afterschool
environment.”
“To provide healthy food and beverages and increase time spent in active play for
children in afterschool programs.”
“To create and support a healthier community across generations with the goal of
creating a sustainable wellness and education center that supports and is connected
to other resources in town.”
“To positively shift the food culture by improving food offered at public and
community gatherings.”
“To improve the health and wellness of school children by (1) increasing active
transport to and from school and (2) implementing a healthy food environment
and policy.”

Example of benchmark
Improve signage and bridge safety for pedestrians
Inventory and select afterschool programs for
partnership
Meet with school administration and discuss
initiative
Scout locations for community wellness center
Refine talking points and develop a unified
message
Assess number of children walking and biking to
school
Partner with 4–6 restaurants to offer healthy
options on their menus

“To foster an environment where the healthy food choice is the easy choice.”

Table 3: Benchmark success assessment reported by Change Club leader (reported as percent of total participating groups)a .
Benchmark

Successfully accomplishedb

#1
#2
#3

85.71%
71.43%
57.14%

#1
#2
#3

85.71%
71.43%
71.41%

a
b

Partial success
6-month interview
(—)
14.29%
14.29%
12-month interview
14.29%
14.29%
14.29%

Marginal success

Did not accomplish

14.29%
(—)
14.29%

(—)
14.29%
14.29%

(—)
(—)
14.29%

(—)
14.29%
(—)

First three benchmarks used for standardization.
Definition of “success” based on key informant’s opinion.

in the community. And they feel good about what
they’ve done. You know, so that made the difference I think. (Pennsylvania Leader)
Leaders also mentioned the waning commitment of
SWCC members regarding potentially working on the project
beyond the year they had committed as well as having participation gaps in the process.
. . . we pulled these people from the current StrongWomen program and took them a step further
in their commitment to wanting to improve the
nutrition in the community. I think they’ve done
a great job. They’ve stuck with us, but I also think
that we did not intend to carry this project on
for an extended period. You know, we told them
that we were doing this for a year. (Pennsylvania
Leader)
SWCCs were interested in making the community aware
of their project. Some had followed through with this, while
others planned to in the future. Some SWCC enjoyed the
support of local media in increasing community awareness
of their SWCC’s activities and goals.

3.2. Achievements. In the first six months, seven out of eight
communities self-reported that they had successfully accomplished their first benchmark; some also reported partial success on additional benchmarks. At the 12-month assessment,
all communities reported success on their first benchmark;
all but one community reported at least partial success on
additional benchmarks (see Table 2).
A strong theme in the post-interview was that in addition
to their progress in achieving benchmarks, clubs had realized
success in building awareness of the food and physical activity
environments within communities.
It had all those problems, but yet all those people
came together . . . because of the Change Club bringing it to their attention . . . we feel of anything
that we’ve done all year long—that is our greatest
accomplishment. (Alaska Leader)
SWCC members, teachers, and children were mentioned
specifically as changing or thinking about changing behaviors
after becoming aware of SWCC activities and problems with
the local food and physical activity environment.
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Multiple teachers have come up to me about active
classrooms, about concessions, about the school
wellness policy, about research on recess, so I think
there’s a lot more open communication and you
can kind of tell the teachers are really gonna be
engaged and I think I didn’t have access to that
before. (Wisconsin Leader)
3.3. Factors That Supported and Hindered (or Slowed) Benchmark Achievement. Leaders indicated that being viewed by
the community as a group that was accomplishing change
helped spur further change.
The Change Club is viewed aspeople who can get
things done. (Alaska Leader)
Networking and that professional connectionmaking is huge and it takes a long time to lay that
groundwork but it’s hugely beneficial once you’re
no longer sort of just this side group, but this group
that has gotten something accomplished and that
has been wonderful to work with and I think that’s
not to be underestimated. (Alaska Leader)
Difficulties included lack of “buy-in,” limited capacity,
slow pace of community change, and waning interest of club
members. Buy-in of key people in institutions or from the
community in general may be necessary for successful attainment of SWCC goals. Change Clubs experienced difficulty
when there was a lack of support, commitment, or interest
from people or groups necessary to implement new projects.
We had a hard time working with the food director
within the school district because she was very
resistant to change. (Kansas Leader)
I’ve been in city council about three times and had
asked to be on a committee to discuss it and the
person in charge of that said that they had bigger
fish to fry. (Pennsylvania Leader)
When there was a personnel change in key positions, new
relationships had to be established before proceeding with
project objectives.
There is a new director for the program this year
. . . So, we’ve kind of had to not start totally fresh,
but in a sense we have. Just to kind of start our
relationship with the new person and get a feel for
what she would like us to do and what she does
not want us to do. (Kansas Leader)
Another barrier to successful achievement of benchmarks
was the limited capacity of teachers and SWCC leaders to
devote time to new projects due to existing job duties or other
commitments.
We cannot educate the teachers anyways because
they’re already overwhelmed. (Wisconsin Leader)
Some Change Club leaders mentioned program implementation taking longer than they initially anticipated.
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It was like an overwhelming thing to do at first,
but it’s exciting and we haven’t let our sight wane
at all. In the next two to five years, you will be
buying a plane ticket to come back (to see the
project completed). (Missouri Leader)

4. Discussion
The Centers for Disease Control, World Health Organization
(WHO), and Institute of Medicine all recognize and recommend environmental change as a key factor in “making
the healthy choice the easy choice” or the “default choice”
[3, 13, 14]. The WHO recommends community participation,
empowering communities to set priorities, and implements
strategies to achieve better health, noting that community
participation can draw on the energy and enthusiasm that
exist around specific community needs [15].
The SWCC project implemented a novel approach to
community-based health interventions by employing the
Change Club model in seven rural communities across
the United States. Local cooperative extension leaders were
successful in creating groups of 8–15 women to participate
in a local change project. All groups experienced a degree
of benchmark success and many leaders expressed increased
awareness and feelings of empowerment. However, it should
be noted that during each of the initial SWCC workshops,
it was clear to the research team that some groups appeared
to be further along in terms of readiness to implement
change. As this was not a formal component of the evaluation,
no correlation between that assessment and benchmark
achievement was examined, but that would be important for
future studies.
Leaders that identified their benchmarks as successful
or partially successful indicated that community/stakeholder
engagement, SWCC dynamics, and community outreach
were instrumental to success. Engagement in local politics
was a recurring, key theme with leaders recognizing that key
community leaders, staff, and boards (e.g., public works,
school administrators) are often instrumental to implementing true socioecological changes. But such entities, or their
policies and procedures, are not necessarily well-suited to
rapid change. Thus, many groups found it difficult to keep
members fully engaged beyond a year because of the substantial time and energy required for this work. Also, it may
be valuable to establish short-term goals (e.g., start a bicycle
education program) and longer-term targets (install bike
route signage and roadway markings) to maintain member
energy and enthusiasm beyond the initial undertaking.
There are limitations of this research that should be
mentioned. First, in this project we wanted an in-depth
understanding of the processes, facilitators, and barriers, and
assessments were largely qualitative. Future studies should
consider additional quantitative outcomes. It may be helpful
to assess intermediate factors such as psychosocial markers
(e.g. empowerment, self-efficacy) and whether these can be
linked to community factors and related outcomes. It would
be especially valuable to explore specifically how community
groups can effectively influence local elected and appointed
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leaders, staff, and policies. However, the findings from this
study can be used to help inform quantitative assessment in
future studies. In addition, while this study included communities from across the U.S. and thus provides some degree of
geographic diversity, the focus was on rural communities and
it is a relatively small sample size. Future studies should focus
on adapting the Change Club model for micropolitan and
metropolitan areas. With learning from additional outcome
assessments, as well as implementation of the Change Club
in more diverse settings, a subsequent step will be to consider
sustainability of Change Club groups and mechanisms for
curriculum dissemination on a broader scale.

5. Conclusions
Overall, these findings are consistent with previous studies
that found leveraging strong local leaders to be important
to the success of health and wellness projects [16]. The barriers identified by SWCC leaders were also consistent with
barriers to obesity prevention and reversal highlighted by the
socioecological model, specifically social and environmental
supports for behavior change [17, 18]. This project illustrates
that it is possible for Change Clubs to implement local health
and wellness projects based on a visioning and planning
process facilitated by an academic partner.
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Abstract
The effect of strength training on body image is understudied. The Strong Women Program, a 10-week,
twice weekly strength-training program, was provided by Extension agents to 341 older rural women
(62±12 years); changes in body image and other psychosocial variables were evaluated. Paired-sample
t-test analyses were conducted to assess mean differences pre- to post-program. Strength training was
associated with significant improvements in several dimensions of body image, health-related quality of
life, and physical activity behaviors, satisfaction, and comfort among rural aging women—an often
underserved population that stands to benefit considerably from similar programs.
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Purpose
Physical activity is essential to maintaining health, wellness, and physical function, particularly as
people age, yet individuals over the age of 50 are more sedentary than any other segment of the
adult population (Haskell et al., 2007; He & Baker, 2004; Nelson et al., 2007; von Bonsdorff &
Rantanen, 2011). Strength training participation, in particular, is an important element of physical
activity for midlife and older women because it helps women maintain muscle and bone mass and
reduces risk for numerous chronic diseases.
Research indicates that exercise confers benefits to many dimensions of health, including physical,
emotional, intellectual, and social wellness, such as improved sleep, quality of life, and mental health
(Penedo & Dahn, 2005; Singh, Clements, & Fiatarone, 1997a, 1997b; Stephenson, 2012). However,
much of the exercise research has focused on aerobic activity rather than strength training, and few
studies have specifically focused on body image among aging women.
Poor body image is commonly reported among younger women, but research suggests that body
image perceptions may also be low in older women (Peat, Peyerl, & Muehlenkamp, 2008). Poor body
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image and body dissatisfaction are of concern in older women as evidenced by their association with
disordered eating, dieting, smoking, and cosmetic surgery (Grogan, Fry, Gough, & Conner, 2009;
Haas, Champion, & Secor, 2008; Peat et al., 2008). Dieting and restrained eating may also lead to
slower cognitive performance, which is of particular concern in older populations (Green & Rogers,
1995). A more positive body image is associated with better self-esteem, quality of life, physical and
emotional well-being, social competence, and self-care and with decreased rates of depression and
anxiety (McLean, Paxton, & Wertheim, 2010; Slevec & Tiggemann, 2011). In addition, negative body
image can be a barrier to participation in physically active leisure activities (Allender, Cowburn, &
Foster, 2006).
Research also shows that social support and access to locations and opportunities, as well as many
other factors, are important in engaging rural older adults in physical activity (Kruger, Murray, &
Zanjani, 2011; Fitzgerald & Spaccarotella, 2009; Wilcox, Castro, King, Housemann, & Brownson,
2000). Thus, increasing opportunities for rural aging women to participate in supportive, communitybased exercise programs hold substantial potential to affect positive changes in many dimensions of
health (physical, mental, and emotional) among this population (Pratt & Bowman, 2008; Kang &
Russ, 2009).
The Strong Women Program (SWP) is an evidence-based, community strength training program
specifically targeted to women aged 40 and older, with the goals of helping them maintain their
strength, function, and independence (Seguin et al., 2008). The SWP focuses on increasing women's
access to regular strength training opportunities and increasing their knowledge about the
importance of regular strength training (Seguin et al., 2008). SWP has been successfully
implemented by local Extension Family and Consumer Sciences agents whose expertise is providing
research-based, community wellness programs (Pratt & Bowman, 2008; Young, Weinert, & Spring,
2012).
Prior research with SWP participants has demonstrated significant pre-post changes across several
parameters of physical fitness, including strength, agility, aerobic fitness, and flexibility (Seguin,
Heidkamp-Young, Kuder, & Nelson, 2012). The present research aimed to evaluate pre-post changes
in body image, other psychosocial variables, and physical activity behavior to further understand the
range of potential benefits among rural aging women.

Methods
Participants
Participants were 341 female residents (94% Caucasian) from nine Montana counties. Their age
range was 23-87 years (mean±SD = 62±12). Four percent of the women were under the age of 40,
37% were 40-59, and 59% were 60 years old or older. Average population density of the nine
counties is approximately 13 people per square mile, compared to an average national county
density of 86 people per square mile (USDA Economic Research Service, 2009).

The Program
©2013 Extension Journal Inc.
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The SWP classes last approximately 1 hour and consist of 5 minutes of warm up (e.g., walking,
marching in place), 40 minutes of strength training, 5 minutes of balance training, and 5 minutes of
cool down (i.e., stretching and flexibility exercises). It is recommended that SWP sessions ideally last
8 to 12 weeks, with two 60-minute classes per week on nonconsecutive days with encouragement
for participants to engage in the activities at home once weekly (Seguin et al., 2008; Seguin et al.,
2012). For the study reported here, the SWP was taught by Montana State University Extension
Family and Consumer Sciences agents at 14 sites across the nine counties. The length of sessions
varied from 4 to 12 weeks, with the majority running 10 weeks. The number of participants per
county also varied; some counties offered one session, while others offered multiple sessions.
Participants per country ranged from seven (one site, one session) to 94 (several sites, multiple
sessions), with an average of 32 participants per country.

Measures
At pre- and post-session individual appointments, participants completed questionnaires designed to
collect information on several outcomes of interest: psychosocial factors, including body image, and
physical activity behavior. Tufts University, in close collaboration with partnering institutions across
the U.S. (in the case of the study reported here, Montana State University), conducts ongoing
research related to the StrongWomen Program. All materials and procedures for the research were
approved by the Tufts University Human Investigation Review Board (#7049).
The Multidimensional Body-Self Relations Questionnaire (MBSRQ) assesses multiple attitudinal
aspects of body image (Andresen, Fouts, Romeis, & Brownson, 1999; Brown, Cash, & Mikulka,
1990). This validated self-evaluation measure was designed to assess cognitive, behavioral,
perceptual, affective, and subjective views about one's body (Thompson, Heinberg, Altabe, &
Tantleff-Dunn, 1999). The six subscales (36 total items) used included the following:
Fitness Evaluation (3 items)
Fitness Orientation (13 items)
Health/Illness Evaluation (6 items)
Health/Illness Orientation (8 items)
Weight Preoccupation (4 items)
Self-Classified Weight (2 items)
For Fitness and Health/Illness statements, participants respond using a 5-point scale ranging from 1
(definitely disagree) to 5 (definitely agree). For Self-Classified Weight statements, respondents
choose from 1=very underweight, 2=somewhat underweight, 3=normal weight, 4=somewhat
overweight, 5=very overweight. The Weight Preoccupation question asks about frequency of crash
diets, with the following answer options 1=never, 2=rarely, 3=sometimes, 4=often, 5=very often.
©2013 Extension Journal Inc.
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Health-related quality of life was measured using the Centers for Disease Control and Prevention
(CDC)'s four-item set of HRQOL questions (Centers for Disease Control and Prevention, 2000). The
four HRQOL questions are: (1) "Would you say that in general your health is excellent, very good,
good, fair, or poor?"; (2) "Now thinking about your physical health, which includes physical illness
and injury, for how many days during the past 30 days was your physical health not good?"
(physically unhealthy days); (3) "Now thinking about your mental health, which includes stress,
depression, and problems with emotions, for how many days during the past 30 days was your
mental health not good?"(mentally unhealthy days); and (4) "During the past 30 days, for about
how many days did poor physical or mental health keep you from doing your usual activities, such as
self-care, work, or recreation?" (activity-limiting days). The "unhealthy days" measures have been
validated in several population studies (Andresen et al., 1999; Moriarty, Zack, & Kobau, 2003;
Ounpuu, Krueger, Vermeulen, & Chambers, 2000). They have also been used by the CDC in the
Behavioral Risk Factor Surveillance System (BRFSS) surveys since 1993 and in the National Health
and Nutrition Examination Survey since 2000 (Moriarty et al., 2003).
Additionally, participants answered questions about comfort level with exercise (2 items).
Specifically, they are asked (1) if they are comfortable with their current level of physical activity
and (2) if they are comfortable increasing their level of physical activity. The comfort scale,
developed by Cardello and colleagues, ranges from -100 (greatest imaginable discomfort) to +100
(greatest imaginable comfort) (Cardello, Winterhalter, & Schutz, 2003).
The Physical Activity Questionnaire, previously used in the Steps to a New You program was used to
assess physical activity behavior and satisfaction (Pelican, Paul, Raidl, Gossett, & Lanting, 2006). The
first three questions ask about times per week participants engaged in moderate physical activity,
stretching, and strength-training, with seven possible answers ranging from 0 to 7 times per week.
The two statements "I enjoy being physically active" and "I get as much physical activity as I need"
are scored on a five-point scale ranging from 1 (strongly disagree) to 5 (strongly agree).
Additionally, there are two questions related to sedentary behavior; these ask about the number of
hours per weekend day and per weekday of television viewing. The 5-point scale for these questions
ranged from 1 (8 hours or more) to 5 (1 hour or less).
Exercise logs were used by women during each session to keep track of the amount lifted for the six
exercises for which hand weights (dumbbells) or adjustable ankle weights were used. Progression is
an important component of a strength training program. Participants in the SWP are encouraged to
slowly and safely increase the intensity of the exercises (or the amount of weight they are lifting) to
help them continue to improve strength and related benefits.

Analysis
Individual pre- and post-program evaluation scores were used to calculate pairwise t-tests for each
dependent variable (DV). The pre- and post-program group means, mean change, 95% confidence
interval and p-value associated with each DV are shown in Tables 1-3, where p-values < 0.05 are
considered significant.

Results
©2013 Extension Journal Inc.
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Average percent attendance of the classes was 74±19. Although 341 women participated, not every
participant completed pre- and post-program questionnaires and/or exercise logs. Overall, the
women progressed in terms of intensity in the exercise program, and they improved across several
behavioral and psychosocial outcomes following participation in the 10-week community-based
exercise program.
Participants significantly increased the weight lifted for all exercises in which hand weights or
adjustable ankle weights are used. The complete list of exercises, the order in which they were
completed, and the participants' pre-post weights lifted are shown in Table 1.
Table 1.
The Exercise Program and Amount of Weight Being Lifted
Strength Training

Pre-Test (lbs)

Post-Test (lbs)

Change (lbs)

(Mean)

(Mean)

(±SD)

Wide leg squat*

-

-

Standing leg curl

2.1

4.7

Exercise

95%

p-

N

CI

value

-

-

-

-

2.6 (± 2.4)

218

2.3,

<0.001

3.0
Knee extension

2.1

4.8

2.7 (± 2.5)

209

2.4,

<0.001

3.1
Standing side

2.1

4.6

2.4 (±2.5)

228

hip/leg raise
Biceps curl

2.1,

<0.001

2.7
2.6

5.4

2.8 (± 2.1)

261

2.5,

<0.001

3.0
Overhead press

2.6

4.9

2.3 (± 2.0)

252

2.0,

<0.001

2.5
Bent forward fly

2.3

3.9

1.6 (± 1.6)

225

1.5,

<0.001

1.9
Toe stand*

-

-

-

-

-

-

* These two exercises use body weight instead of dumbbells or adjustable ankle weights; they are
shown here to be inclusive of all exercises that are completed. All exercises in the program are
shown above in the order in which they are completed in the program.
Six categories from the MBSRQ were assessed in the study, as shown in Table 2. At the conclusion
of the program, the women had significantly improved on body image scores for Health Orientation,
Subjective Weight, Fitness Orientation, Fitness Evaluation, and Health Evaluation. There was no
change in Weight Preoccupation. Participants also reported a small but significant improvement in the
General Health measure within the HRQOL (pre-test score=3.45; post-test score=3.55; p=0.02);
there were no changes in the other measures of the HRQOL (data not shown).
©2013 Extension Journal Inc.
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Table 2.
Multidimensional Body-Self Relations Questionnaire
Body Image
Dimension
Health

Pre-Test

Post-Test

Change

(Mean)

(Mean)

(± SD)

3.69

3.74

0.06 (±

Orientation*
Subjective

3.76

3.64

3.20

3.44

3.18

3.28

value

254

0.00,

0.048

0.12 (±

0.11
224

0.24 (±

0.10 (±

3.65

3.73

0.07 (±

223

2.74

Preoccupation‡

0.01 (±

0.001

0.19,

<0.001

0.30
227

0.02,

0.017

0.18
226

0.43)
2.75

0.05,
0.19

0.61)

Evaluation*
Weight

CI

0.44)

Evaluation*
Health

N

0.54)

Orientation*
Fitness

p-

0.45)

Weight†
Fitness

95%

0.02,

0.009

0.13
225 -0.06,

0.55)

0.811

0.08

* Higher or increasing score is better for this scale.
†A score of 3 is "normal"; thus, change in the direction of a score of 3 is a
positive change.
‡ Lower or decreasing score is better for this scale.
Participants also reported engaging in significantly more frequent moderate physical activity,
stretching, and strength training compared to when they started the program. They reported
significantly higher levels of physical activity satisfaction—feeling increased levels of enjoyment for
physical activity and feeling that they are getting enough physical activity (Table 3). Shown in Figure
1, there was a statistically significant positive increase in comfort with current level of exercise preto post-test (item 1). The magnitude of the change was about 30 scale points. In the case of
comfort with increasing exercise level (item 2), on the other hand, there was a small but statistically
significant decrease in comfort from pre- to post-test. In this case, the decrease was from a
relatively high level of positive comfort (59.37) to a slightly lower, but still positive, level (55.01).
Despite the fact that on average item 1 tended to increase while item 2 tended to decrease (from
pre- to post-test), these scores were strongly positively correlated (r=0.284, p<.001).
Table 3.
Physical Activity Behaviors and Satisfaction
Pre- Test
©2013 Extension Journal Inc.
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(Mean)

(± SD)

N

95% CI

value

4.26

0.72 (±

235

0.53, 0.92

<0.001

235

0.092, 1.36

<0.001

235

1.19, 1.60

<0.001

234

0.03, 0.20

.012

234

0.38, 0.59

<0.001

Physical Activity Category (times/week)
Moderate Physical Activity

3.53

1.52)
Stretching

1.79 1.08

2.93 2.47

1.14 (±
1.73)

Strength Training

1.08

2.47

1.39 (±
1.57)

Physical Activity Satisfaction (1=strongly disagree, 5=strongly agree)
I enjoy being physically

4.30

4.42

active
I get as much physical

0.113 (±
0.68)

2.36

2.85

activity as needed

0.485 (±
0.83)

Figure 1.
Change in Participants' Comfort with Exercise Level

Discussion
Prior research has demonstrated fitness benefits of this community-based strength training program
targeted to midlife and older women (Seguin et al., 2012). The present study is the first to
demonstrate improvements in body image, health-related quality of life, personal satisfaction, and
comfort about physical activity levels as well as physical activity behaviors.
Both experimental and observational studies indicate that exercise has a positive impact on
©2013 Extension Journal Inc.
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dimensions of body image, including perceived physical appearance, body self-concept, and social
physique anxiety (Campbell & Hausenblas, 2009; Hausenblas, Janelle, Gardner, & Hagan, 2003;
Tiggemann, 2004). A 2007 meta-analysis by Reel and colleagues also found that weight training
more positively affected body concerns than aerobic-type exercises (Reel et al., 2007). Although prior
studies examining the effects of strength training on body image have demonstrated improvements,
the majority of these studies have been conducted with pre-adolescents, adolescents, or young
adults (Ahmed, Hilton, & Pituch, 2002; Caruso & Gill, 1992; Duncan, Al-Nakeeb, & Nevill, 2009;
Lubans & Cliff, 2011; Lubans, Sheaman, & Callister, 2010; Martin Ginis, Eng, Arbour, Hartman, &
Phillips, 2005).
Only three studies were identified that have examined the effects of strength training programs on
body image in middle aged and older adults, with mixed results. Tucker and colleagues found that
middle-aged women who participated in a resistance training program improved their body image
perceptions significantly more than those in a walking program (Tucker & Mortell, 1993), and more
recently, a study by Speck and colleagues reported that twice-weekly strength training for 1 year
resulted in significantly greater improvement in body image in a strength-training versus control
group among female breast cancer survivors (Speck et al., 2010). However, Shaw and colleagues
found no differences in perception of physical appearance between the exercise and control group
participants following nine months of strength training (Shaw, Ebbeck, & Snow, 2000). Collectively,
these studies indicate that strength training may improve body image among aging women, but the
data are not conclusive, and the number of studies is quite limited. Thus, data from the present
study add to this literature, demonstrating that several dimensions of body image are sensitive to
change among older rural women, including positive shifts in attitudes and beliefs about their weight,
fitness, and health.
We know that small increases in time spent being active cumulatively add up to important health
benefits (Haskell et al., 2007). Analysis of data from the 2001 BRFSS survey found that adults who
engaged in recommended levels of physical activity were significantly less likely to report 14 or more
unhealthy days for each of the unhealthy day measures compared to physically inactive adults.
These associations were observed across all age groups, although the associations tended to be
stronger in adults aged 45 years or older (Brown et al., 2003; Brown et al., 2004). In the present
study, data from three physical activity behaviors—general physical activity, stretching, and strength
training—all improved, which is a positive indication of healthy lifestyle progress in this population.
Future research may benefit from using objective pre-post measures (e.g., accelerometers) of
physical activity behavior change during and following strength training program participation in
similar populations.
Another important element of change in the present study is the positive shift towards enjoying
exercise more. The women still report only moderate success (post-test: 2.85 out of 5) in terms of
getting enough exercise, but it is an improvement in the right direction. This finding is reinforced by
participants' reported feelings of comfort about their current physical activity level pre and post
program, which increased 30 points (out of 200). Mentally, they are feeling more positive about
exercise and more positive about themselves in terms of how much exercise they are participating
in. We also know that it can be difficult for people to initiate change and maintain it (Seguin et al.,
2008). The retention rate was nearly 80%, and the program clearly provided important knowledge
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and tools to help the women move towards being more active in general, enjoying exercise more,
and feeling more comfortable with physical activity. The high retention rate also lends support to the
benefits of social settings, including exercising with others and a positive learning environment
created by the program facilitators.
Quality of life during the later years has also been found to be as important as duration of life for
many older individuals (Branch, 1985). In the study reported here, women improved significantly
only on the "General Health" category of the HRQOL. Although this is a positive improvement, there
was no change in the other subcategories (i.e., physically unhealthy days, mentally unhealthy days,
and activity-limited days). However, the overall number of unhealthy days among this population at
baseline was already quite low (with less than 3 days per month, on average, across the three
categories at baseline). Thus, the possibility to observe significant improvement was somewhat
limited. It is also possible that the intensity or duration of the program was inadequate to elicit
change in the other categories. Further studies should include program sessions lasting longer than
ten weeks as well as aim to conduct follow-up with participants to examine the durability of
benefits.
It is important to note that the present study was limited by the pre-post design; a randomized
controlled intervention trial would be preferred but was not possible. Also, there are more robust
measures for assessing behavior (e.g., accelerometry, as previously mentioned) as well as additional
psychosocial measures that could have been added. However, considerations related to cost as well
as the content and length of the questionnaires were critical components of feasibility in the
community study. Despite these limitations, the present study makes important contributions to the
literature in the area of positive psychosocial improvements, such as body image perceptions, as well
as physical activity behavior change and attitudes among aging women. It also lends further support
about the feasibility of community-based exercise program implementation and outcome evaluation.
Perhaps most important, more than 340 women from nine rural counties in Montana were included in
the research—a group of individuals who are inadequately represented in the existing literature.
Access to safe and affordable physical activity opportunities are greatly needed in rural communities,
and aging women remain one of the most sedentary segments of society. Thus, targeted, evidencebased community exercise programs, which include key social support elements, are free or very low
cost, and are feasibly implemented in rural areas (Seguin et al., 2008) hold great promise for
improving multiple dimensions of physical, emotional, and mental health among a population with
great need that is commonly underserved and understudied. The Family and Consumer Sciences
program area of Extension is an ideal organization to implement community-based strength-training
programs, such as the Strong Women Program.
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Abstract
Background: Leadership is critical to making changes at multiple levels of the social ecological model, including
the environmental and policy levels, and will therefore likely contribute to solutions to the obesity epidemic and
other public health issues. The literature describing the relative leadership styles and strengths of women versus
men is mixed and virtually all research comes from sectors outside of public health. The purpose of this qualitative
study is to identify specific leadership skills and characteristics in women who have successfully created change
predominantly within the food and physical activity environments in their communities and beyond. The second
purpose of this study is to understand best practices for training and nurturing women leaders, to maximize their
effectiveness in creating social change.
Methods: Key informant interviews were conducted with 16 women leaders in the public health sector from
November 2008 through February 2010. The sample represented a broad spectrum of leaders from across the
United States, identified through web searches and through networks of academic and professional colleagues.
Most were working on improving the food and physical activity environments within their communities. Questions
were designed to determine leaders’ career path, motivation, characteristics, definition of success, and challenges.
The initial coding framework was based on the questioning structure. Using a grounded theory approach,
additional themes were added to the framework as they emerged. The NVivo program was used to help code the
data.
Results: Respondents possessed a vision, a strong drive to carry it out, and an ability to mobilize others around the
vision. Their definitions of success most often included changing the lives of others in a sustainable way.
Persistence and communications skills were important to their success. The mentoring they received was critical.
Challenges included fundraising and drifting from their original mission.
Conclusions: These findings may be used to help develop or inform a model of women’s leadership in public
health and to improve the training and nurturance of leaders who promote health in their communities and
beyond.
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Background
Leadership and public health

Historically, obesity prevention efforts have focused on
individual behavior change, yielding marginal results and
limited sustainability [1,2]. To be effective, solutions will
likely need to address the problem more broadly. From a
social ecological perspective, it will be necessary to create change at multiple levels, including addressing environmental and policy factors that influence behavior [26]. Leadership is one of the major factors in creating
change at these levels. For example, leadership has been
a critical element in creating policy and shifting social
norms around tobacco use and breastfeeding [7].
Leadership has been identified as a key component of
community capacity building [8-16], which has emerged
as an effective approach for achieving environmental
and policy changes to improve health [10,11,17-19].
Within the public health realm, community capacity has
been defined as the “characteristics of communities that
affect their ability to identify, mobilize, and address social and public health problems” [20]. Notably, enhancing leadership has been a successful strategy for
increasing community capacity in underserved populations, including ethnic minority and rural communities
[13,15-17], implicating it as a promising approach for reducing health disparities.
In 1998, Goodman et al. [8] reviewed the evidence
related to leadership characteristics of individuals that
contribute to community capacity in the context of public health. This review suggested that successful leaders
have a democratic decision-making style; help make it
possible for all members of a community to participate;
are responsive and accessible; and are well-connected to
other leaders [8]. Three studies published subsequently
were identified that specifically examine the leadership
characteristics related to community capacity. A study of
coalition factors that foster community capacity within
the Fighting Back Initiative (which addressed substance
abuse) used key informant interviews and surveys with
project staff, advisory council members, project directors, and steering committee members to identify characteristics associated with greater organizational capacity
among the study sites [18]. In this study, higher performing sites had leaders with a more collaborative style,
compared to lower performing sites where leaders had a
more autocratic style.
In a qualitative study, Goodman [16] explored the
components of capacity most relevant to public health
initiatives in communities that were predominantly
inhabited by racial and ethnic minorities. Group interviews with the core members of each initiative were conducted using an open-ended guide. Cross-site qualitative
analysis identified the characteristics of leaders in initiatives that realized successful outcomes, such as improved
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and expanded health and social services, compared to
those in initiatives that failed to achieve goals. Leaders at
successful sites were visionary, selfless, persuasive, fearless, and respected. Leaders at sites where initiative goals
were not attained were overloaded, overwhelmed, unresponsive, self-interested, and passive. Participatory and
team-oriented leadership styles were also found to be
more successful than top-down approaches.
A study of the community initiatives to increase physical activity that were part of the Active Living by Design
Program defined successful partnerships by positive outcomes such as changes in the community physical environment or in policies related to physical activity [19].
Synthesis of the lessons learned from the 25 communities that participated in the program indicated that leadership was important to success, and that local leaders
in the most successful partnerships were visionary, flexible, willing to mentor others, and able to nurture effective partnerships.
Taken together, studies exploring community capacity
paint a picture of effective community leaders as visionaries who have the skills to recruit others to a common
goal, and to carry out a plan for realizing a vision using
a collaborative and democratic leadership style. This is
consistent with a transformational leadership model,
described by Burns as a model in which leadership is not
based on a charismatic personality or access to traditional sources of power, but rather occurs “when one or
more persons engage with others in such a way that leaders and followers raise one another to higher levels of
motivation and morality” [21]. This type of leadership
contrasts both with transactional leadership, which
encompasses traditional management practices (setting
goals, providing feedback, and exchanging rewards for
achievement), and laissez-faire leadership, which is characterized by a lack of involvement in managing [22].
Consistent with the studies described above, social and
interorganizational networks have been identified as a
dimension of community capacity [8]. Explorations of
interorganizational work as part of the solution to the
childhood obesity epidemic have begun [23]. A body of
work has examined an integrative leadership framework
in public health, which can be defined as “fostering collective action across boundaries to advance the common
good” [24]. The focus is on leadership that cultivates collaboration among multiple levels of the social ecological
model and multiple sectors within each level. Integrative
leadership scholarship investigates the ways that leadership can foster collaborations that are most effective at
creating synergy and change. Crosby and Bryson [25]
suggest that eight capabilities are necessary for effectiveness, including an understanding of the social, political,
and economic contexts; understanding and deploying
personal assets on behalf of beneficial change; nurturing
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humane and effective organizations; and creating and
communicating a shared vision.
Leadership and women

Although there has been much speculation on the relative leadership styles and strengths of women versus
men, the literature is mixed [26,27]. In 2002, Eagly and
Karau [28] proposed a role congruity theory, suggesting
that there is a perceived incongruity between the female
gender role, in which communal characteristics (nice
and compassionate) are valued, and qualities traditionally associated with successful leadership (assertive and
competitive). In a meta-analysis of literature comparing
men and women leaders by Eagly et al. [29], mainly in
the business and educational sectors and defined as
supervising or directing the work of others, women were
more likely to have a transformational leadership style.
The authors suggest that women may favor this style of
leadership because it is both effective and consistent
with the female gender role, thus providing a way of
overcoming role incongruity [29]. Though groundbreaking and highly informative, virtually all of this research
comes from sectors outside of public health [29].
Women leaders in public health

There is a need for studies that examine female leadership specifically within the public health sector, especially with increasing recognition of the importance of
changing environmental and policy factors to improve
health and the role of leaders in creating these changes.
The primary purpose of this study is to identify specific
leadership behaviors and characteristics in women who
have successfully created change focused predominantly
on improving the food and physical activity environments within their communities. In this way, we will
begin to elucidate a model of female leadership in public
health and determine whether or not it differs from
existing models in other sectors. The secondary purpose
of this study is to understand best practices for training
and nurturing women leaders, to maximize their effectiveness in creating social change.

Methods
Design and approach

This qualitative study used semi-structured key informant interviews with women in public health settings.
This methodology was chosen because it allowed us to
examine their self-described behaviors and practices,
their experiences as leaders, and their perceptions of
leadership. Our approach was to identify women who
were enacting significant changes within their communities and beyond, with an understanding that creating
change involves the ability to exert significant influence
over others, which is central to leadership. We therefore
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identified participants based on their actions and impact,
so that their leadership characteristics and behaviors
would emerge from the data rather than being influenced by a definition of leadership that was based on
these factors.
Recruitment

The research team on this project specializes in community-based research, partnering with organizations such
as cooperative extension, state and local governments,
and local non-profits to implement and evaluate programming related to physical activity, nutrition, and
obesity prevention. To begin the recruitment process,
the research team identified academic and professional
colleagues across the U.S. who conduct similar community-based research and requested assistance in identifying women leaders age 21 or older, who had been
successful in promoting health in their communities and
possibly beyond. Two criteria were used as measures of
successfully enacting change. The first was demonstration of impact on either the community environment or
on policy related to health issues, as determined by the
research team. We judged this by factors such as number of people reached, number of years the leader’s
organization had been operating and its growth, dissemination of her successful strategies to other organizations, and policies passed by local, state, or national
governments that were tied directly to her work. The
second criterion for success was achieving recognition
through an award for her organization or for her leadership, and/or garnering significant media coverage (in
many cases national coverage) that highlighted the impact of her work. We indicated that the leader’s work
could be related to any aspect of positive health behavior
change. To expand the list of potential interviewees, we
additionally conducted a web search using the terms
“women” and “leadership”. Since the women initially
identified through colleagues were engaging in entrepreneurial activities such as founding a non-profit
organization, we added “social entrepreneur” to the web
search terms, although we did not limit potential subjects to this category. Through both colleague contacts
and the web search, we generated an initial list of approximately forty women. We then gathered information
about each potential participant’s organization to ensure
that its mission was related to public health. We also
gathered additional information about the potential participant and her role within the organization. Through
this process we excluded women whose organizations
did not clearly have public health as their primary mission or who did not meet our criteria for successful leadership. Our final sample included twenty potential
participants, who were sent a recruitment letter or email
that described the nature and purpose of the research
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and requested their participation in the study. Two
never responded to the initial invitation for unknown
reasons. Seventeen women provided written informed
consent, and sixteen completed the interviews. The
leader who did not complete the interview had a conflict
arise at the scheduled time and attempts to reschedule
were unsuccessful. Of the sixteen women interviewed,
nine were identified from professional networks and
seven from the web search. Women were asked to
complete a short questionnaire to obtain demographic
information as well as additional background on their
community work. All study materials and protocols were
approved by the Tufts University Health Sciences Institutional Review Board.
Interview guide and procedures

One member of our research team (SCF) with expertise
in qualitative research methods conducted individual
interviews with the sixteen women over sixteen months
(November 2008 to February 2010), four in person and
12 by telephone. Once they agreed to participate, leaders
were sent an informed consent form and asked to review
it, present the research team with any questions, and return it by mail or fax prior to the interview. At the start
of the interview, we reviewed the purpose of the study
and the confidentiality procedures, and participants were
given another opportunity to ask questions.
We used a semi-structured interview guide (see Table 1
for major topics and questions). The entire research
team, which included expertise in both community leadership and qualitative methods, provided input on the
questioning route. The first question was designed to
elicit narratives of the women’s paths that led them to
the work they were doing. The purpose was to understand more fully how their current work fit into the context of their lives overall and how they perceived the
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factors that had shaped them as change agents. A secondary purpose was to establish that we were interested
in in-depth responses that reflected their personal meanings and experiences. The rest of the interview guide
included open-ended questions designed to explore the
women’s thoughts and perceptions about the characteristics of a good leader, steps they had taken to improve
their leadership skills, and the role of mentors. In
addition, women were asked to describe their motivations, definitions of success, and strategies for overcoming challenges. Interviews lasted 45–60 minutes and
were audio recorded. We concluded data collection after
16 interviews. We had achieved reasonable representation in terms of geographic location, age, and race/ethnicity, and preliminary analyses suggested that we had
reached a saturation point with respect to key themes
[30].
Analysis

Research assistants transcribed recordings of the interviews verbatim. The investigator who had conducted the
interviews reviewed the transcripts for accuracy and
conducted the primary analysis by coding them. This investigator and two others who had reviewed the transcripts extensively conducted the final analysis by
reviewing and discussing the key themes.
Since the first question was designed to elicit narrative,
analysis involved examining the responses as a whole
(structure, form, and self-representation) rather than
breaking them down by coding [31]. Analysis focused on
the transformative experiences within the path to the
participants’ current work, since these offer information
on how to nurture future leaders. The remaining questions were analyzed according to standard qualitative
practices, based on grounded theory [30]. The initial
coding framework reflected the questioning structure.

Table 1 Interview guide: major topics and questions
Topic

Questions

Career path

I would like to hear your story about what led you to do the work you’re doing. You can start as early or late in your life as you think
is relevant. What started you on this path, and what was the path?

Leadership

When you think about the word “leadership”, what comes to mind?
Describe the characteristics of a good leader.
Which of those characteristics do you believe you have?
Tell me about things you have done over the years to improve your leadership skills. (Prompts: attended a seminar, taken a course,
read books on leadership).
Tell me about any mentors you have had.

Motivation

What specifically motivated you to do this work?
What keeps you motivated?

Defining
success

There are many ways to define success, and many different yardsticks to measure it by. How do you define success in terms of your
work? Describe as best you can anything that has helped you become successful, by your own definition.

Challenges

Think back to a time when you faced a significant obstacle or challenge in doing this work. Please describe the obstacle for me.
How did you overcome it?
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As coding proceeded, several additional themes emerged
and were added to the framework. Coding was therefore
an iterative process, grounded in the data. The NVivo
qualitative data analysis software (QSR International
LTD, version 8.0 for Windows) was used to help code
the data.

Results
The sixteen women ranged in age from 32 to 67 years
(Table 2). Twelve were white, three were African American,
and one was Asian. Six resided in the northeast region of
the United States, while three lived in the Midwest, three in
the South, and four on the West Coast. Twelve had
founded non-profit organizations. Of the other four, two
had served as Executive Directors of their organizations,
and the remaining two as directors of a program within a
larger organization. Therefore, although we had originally
intended to use a broader definition of community change
agent, our sample consisted predominantly of women who
created change through the establishment of a new nonprofit organization.
To preserve confidentiality, we discuss their community activities in very general terms. Seven were working
to promote physical activity; four were working on programming to help provide access to healthy, affordable
food; and five were promoting health more broadly
within specific populations (Table 3). Seven of the
women have organizations with national reach; of these,
five had started at the community level and expanded,
and the other two have major community-level components. Four organizations have regional impact and five

Page 5 of 12

Table 3 Organizational characteristics
General organizational focus

N

Physical activity promotion

7

Access to healthy, affordable food

4

Health more broadly

5

Current reach of organization

N

National

7

Regional

4

Community

5

Size (# official staff)*

N

1

5

2–10

7

>10 (range 22–38)

4

Primary target sub-population

N

Low-income families

4

School-age children

3

Those in poverty/homeless

3

Adolescent African American girls

2

All community members

2

“Tween” girls

1

Older adults

1

*Does not include unofficial, volunteer staff.

are at the community level. Their primary target subpopulations within the community ranged from young
children, to families, to older adults. Their organizations
range in size (number of official staff ) from 1 to 38. All
organizations also have a number of associated unofficial
(volunteer) staff.
The path to leadership

Table 2 Leader characteristics
Race

N

White

12

African American

3

Asian

1

Age in years at interview

Range 32–67; mean 49.8; median 48.0

Geographic location (U.S.)

N

Northeast

6

Midwest

3

South

3

West

4

Highest level of education

N

High school

1

Bachelor’s degree

6

Graduate or professional degree

9

Role in organization

N

Executive Director and Founder

12

Executive Director, not Founder

2

Program Director

2

The investigators analyzed the women’s stories for transformative events and experiences. Seven of the women
spoke of experiencing a fairly sudden flash of insight, or
“epiphany”, that led to their successful community leadership. For one woman, the epiphany involved a sudden
sense of her own power and how that might be used in
the world (“Once I’d touched on that kind of strength
and internal power, I had to do something with it.”)
(Founder/Executive Director, South, age 48). Three realized immediately that this epiphany would lead them
down a difficult path; the insight was therefore almost
an unwelcomed addition to their lives (“This was going
to put me out there in a way that is really hard for me,
and it still is hard, still is.”)(Founder/Executive Director,
Northeast, age 58). For two, the epiphany took the form
of a sudden clear vision of how things could change.
The discussion guide contained no questions about
spirituality, yet in seven of the sixteen interviews this
subject arose spontaneously. One woman discussed the
concrete actions involved in growing her organization
entirely within a story arc describing her steady spiritual

Folta et al. BMC Public Health 2012, 12:383
http://www.biomedcentral.com/1471-2458/12/383

evolution. Spiritual growth, in terms of a closer relationship with a higher power and greater self-realization and
improvement, led to new aspects of her community
work and vice versa. The work was also a vehicle to support the overall growth of others. Another woman also
described her path in mainly spiritual terms, as an ability
to listen to her intuition, even though this meant that
she usually lacked a concrete plan. She realized this was
not a traditional path, and that it may even seem unwise,
but she credited it with her success in changing her own
life and that of others.
“I really felt like I was hurling myself off the Grand
Canyon. But I chose to take the leap, which I think
is a key pivotal point for most people and it really
goes against human nature to sort of throw yourself
off the Grand Canyon and freefall to possibly your
death, into this vast unknown, and that’s where I
think most people get stuck. To move forward, to
move on to the next level of their spiritual path
let’s say. But any way I did it.” (Founder/Executive
Director, Midwest, age 47)
For eight of the women, the change occurred more
slowly, either through a series of experiences that
raised their awareness and conviction, or through
making a change in their own lives that essentially
snowballed. For example, one woman’s path was catalyzed by observing her husband’s commitment to
being physically active, becoming motivated to do
likewise herself, obtaining work in the field, and then
expanding her work to a community initiative.
Finally, for one woman, a transformative experience
occurred with an invitation into a community that
was not her own. The relationships that resulted provided her with motivation for taking action. In her
story, she described the ways the community overcame hardship and endurance through the best of
human traits: generosity, strength, and optimism. Had
she not decided to put considerable energies toward
creating an organization to help, she would have been
denying these most noble human qualities within
herself.
Leadership characteristics

The model of leadership that the women articulated
was characterized by a strong vision along with a
total commitment to that vision and an ability to inspire others to share it.
“I guess I think of a visionary. Someone who is
capable of motivating others. Someone who can put
their own needs aside for the greater good. Someone
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who can teach and inspire others to also lead. Who
can I guess bring people to action.” (Executive
Director, West, age 67)
The leadership qualities the women generally felt
they possessed were related to their ability to carry
out their vision. When the investigator asked women
which characteristics of a good leader they believed
they possessed, persistence and passion emerged as
strong themes.
“. . .When I first got there they said no fruits and
vegetables. They said, ‘they won’t eat it.’ And I said,
‘Who says so? They’re going to eat it! You wait!’ It
took me two to three years for them to start eating
all those salads, but they did.” (Program Director,
Northeast, age 54)
“But to me, one of the secrets of my success is not
to let obstacles stop me. There are a lot of people
who have a lot of good ideas and work very hard.
But some obstacles seem insurmountable, and it’s
easy to just say, ‘This is too much. It’s impossible.
I’ve tried this and it’s impossible.’ That is something
that I will not do, would not do. . .” (Founder/
Executive Director, Northeast, age 62)
Communications skills, compassion, humility, patience, and strength also emerged as key characteristics.
“I’m very, very good, excellent at public speaking.
Telling stories. That has been a gift. . .I’m so
passionate about what I’m doing that I’ve never felt
any fear about standing up in front of 10 people, or
1000, just to share the vision for what we’re trying
to accomplish here.” (Founder/Executive Director,
South, age 48)
“I would say the primary [characteristic] is being
able to listen. I think that’s something that I’ve
gotten better at over the years and I think I was a
much worse leader when I was younger. Because I
was so convinced that my view and my goals and
my plans and vision was right. I would find ways
to overcome any obstacles, but that sometimes
meant not listening to people who had a different
point of view. So I think I’ve learned to be a much
better listener, and I think that is really good.”
(Founder/Executive Director, Northeast, age 67)
“Humility, I think is the biggest thing for me that comes
to mind. I think strength, vision, coupled with humility
and knowing that however much of a vision you think
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you have, knowing and understanding that you may not
have it all and being open to criticism, being open to
input, being open to other ideas.” (Executive Director,
West, age 45)
While many of the women identified these qualities as
important to leadership, and particularly their own leadership, they did not necessarily consider themselves to be leaders. Several women noted that they lacked traditional
leadership qualities. They were not particularly astute managers, nor were they especially charismatic.
“Kind of funny, what comes to mind is not me. That
can kind of be my fault, is that I don’t always look at
myself as a leader.” (Founder/Executive Director,
Midwest, age 38)
“Well, I am not charismatic and I’ve never been told
that I am. I think that would be a good quality.”
(Founder/Executive Director, Northeast, age 62)
None of the questions asked specifically about being a female leader, and only one woman brought up the topic
spontaneously. This woman, whose organization addresses
physical activity but who had worked on similar issues outside of the public health sector for many years, felt that she
had been denied access to opportunities because of her
gender. Ultimately, however, this had allowed her to take a
less traditional approach which has benefited her.
“I have felt in the past that opportunities passed me by
because they were looking for men. . .And in some ways
maybe that freed me up, so that I. . .have this
unconventional approach. . .I really did things my own
way. . .When people first think about leadership, they
turn to men, and being a female leader has been a little
different course.” (Executive Director, South, age 48)
Fostering leadership

No clear themes emerged around the use of traditional
methods for enhancing leadership, such as workshops and
seminars. Many of the women had used these methods and
found them to be helpful. Some said that they would like to
improve their leadership in these ways, but had no time or
money to do so. Others said they had no use for these traditional methods for enhancing leadership.
“I have looked into seminars and courses, and usually
those things cost money, and I haven’t really been
willing to spend the organization’s money on those
things.” (Executive Director, West, age 45)
“I find those things very boring and tedious. It’s
embarrassing to say that I don’t have any interest in
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that. . .I feel that it’s something you do and you learn
about it by doing it.” (Executive Director, West, age 67)
The women used books as tools more consistently. Although many of the women had read books specifically
about leadership, several said that other types of books
had been as useful to them including biographies, books
on activism, and self-help books.
“What helps me is I tend to read a lot of
autobiographies. And I feel like really taking people
that I admire, and know but don’t know in some way,
and catching an honest glimpse of their lives and the
mistakes they’ve made or the other things they might
regret or the things they excelled in, tends to help me.”
(Founder/Executive Director, Midwest, age 47)
“I don’t know if any of the books have leadership in the
title, but books that touch upon leadership or running
or managing – not really managing but activism.
Books that encompass leadership but aren’t necessarily
about how to be a leader.” (Founder/Executive
Director, South, age 34)
Four of the women had used a leadership coach and
found that to be helpful.
“But I have an executive coach; I have had one for the
past couple years, through one of our funders, and he
has been fantastic for me.” (Founder/Executive
Director, Northeast, age 32)
Mentoring

Nearly all of the women indicated that mentoring was
critical to their success and their growth as a leader. Although this topic was specifically addressed in the interview guide, it often arose spontaneously very early in the
interviews. Several major themes emerged in terms of
the role that mentors played. One of the major roles was
to inspire the women by what they were doing or had
done themselves; these mentors included family members, leaders of other organizations, and historical figures.
“Quite truthfully, my mother, but not from the sense of
her being my mother but the challenges that she has
dealt with. . .Just because her hearing is really limited,
yet she taught English for, I don’t even know, 20 years.
And then continued to move up to administration,
and when she retired she was the principal of a school.
And so from witnessing that you just keep on going
and you don’t take ‘no’ for an answer and you don’t let
something that could easily hinder you or give you a
reason to change course – you just focus on your
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course and make it happen.” (Founder/Executive
Director, Northeast, age 37)
“I think just generally speaking, it sounds awfully
cliché, I think a lot of the leadership that was provided
during the Civil Rights Movement, particularly from
Bobby Kennedy and certainly Martin Luther King. I
think their consciousness around the work of
movement building is something that I admire. . .But I
would say more from an abstract or conceptual
perspective than a sort of attempt to mirror directly in
my own behavior.” (Founder/Executive Director,
Northeast, age 32)
Mentors also demonstrated a strong belief in the
women leaders, and helped push them to realize their
fullest potential, as well as offering specific advice. These
mentors often included older women and/or business
entrepreneurs, with whom the women had a relatively
close relationship.
“She has seen consistently in me attributes that I
haven’t even seen in myself sometimes. I can count on
her to push me to do things that I [thought I] couldn’t
do. That I couldn’t see. And discover, I can do this.”
(Founder/Executive Director, Northeast, age 58)
“So he’s been able to really give me a lot of great
advice as far as marketing myself, marketing my
organization, kind of overcoming that humbleness,
which as I said can be a fault at times. . .So he’s really
helped me come out of my shell a lot more.” (Founder/
Executive Director, Midwest, age 38)
Motivations and definitions of success

The women defined success primarily as the ability to
change the lives of others. This is also what kept them
motivated to do their work, especially as they faced numerous challenges. The women were not particularly
motivated by money or the size of their organizations.
Although they appreciated being recognized for their
work, prestige did not drive them.
“So for me, impact is changed lives. Healed bodies,
minds, spirits. Especially women who begin to glimpse
who they are and go forth. That really matters to me.”
(Founder/Executive Director, Northeast, age 58)
“It’s hideous to have to try and raise a million dollars
every year, six million dollars to build a building you
need and if that’s not where your gifts are, it is the
tough part. But the offsetting pleasure of seeing people
enjoy themselves and benefit from what they are
doing. . .People who were sedentary and now they can

Page 8 of 12

get up and take a walk and they make new friends,
and now they are hiking, and now they are skiing. It’s
a thrilling business and I just love that. To see people
blossom in all kinds of ways.” (Executive Director,
West, age 67)
“But I would say that more concretely is when I
actually see a change in the individuals that we work
with. So to our youth training program, to actually see
the penny drop, to see people shift in terms of how they
view food as a social justice issue, in terms of how they
suddenly see their own role in the world, in terms of
not just having to be receivers of whatever is handed
out to them, but being an agent of change. I think
that’s what keeps me motivated.” (Executive Director,
West, age 45)
The women’s other measures of success included having changed policy and supporting a healthy, thriving,
sustainable organization.
“An then just little successes like we work on things
that are related to policy change or environmental
change that changes the conditions in which people
live, to make the healthy choice the default option, the
easier choice, the thing that just happens. So when I
get those little successes, that really makes me feel like,
wow, if I hadn’t done that then that wouldn’t have
happened. That’s pretty cool!” (Program Director,
Midwest, age 53)
“The big, hairy idea of success is that, you know, we’ll
build a movement, and we’ll do a national direct
service program, and then on the shoulders of that, a
training program that serves even more kids, and then
on the shoulders of that, an advocacy and policy sort
of approach that creates a system where the
expectation is that kids have access to healthy, safe
play.” (Founder/Executive Director, West, age 44)
“I would say there would be some measure of success
when I am able to leave and other young people from
the neighborhood are running the work, which is what
we’re planning, that process and that transition now.
When that happens, then I’ll feel like yes, I did
something right.” (Executive Director, West, age 45)
The women identified the support of others, particularly family members, as an important factor in achieving success as they defined it.
“I would say my family. The support of my husband
and my own children. I think that’s what keeps me
going. They remind me of – when I’m feeling maybe a
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personal failure, or worried, or whatever about
anything with [program], they’re the ones that remind
me to keep going and that great things are happening.”
(Founder/Executive Director, Midwest, age 38)
Challenges

The women faced a common set of challenges. Not surprisingly, obtaining adequate funding was one of these.
“It’s not easy, especially at the beginning, especially in the
first 3 or 4 years to go and say,‘Please give me a lot of
money, and this is my idea, I’m going to make it work.’”
(Founder/Executive Director, Northeast, age 62)
A shared strategy for overcoming this challenge was
conducting thorough research. This allowed the women
to demonstrate their mastery of the issue, and it also
allowed them to find the best ways to position their
cause so that it would resonate with potential funders.
“I know how to approach people and do my
elevator speech. I understand what I’m doing. I’ve
done a lot of research. . .” (Founder/Executive
Director, West, age 63)
The women identified organizational growth as another common challenge. Success brought with it difficulty in staying true to an original mission, as well as a
changing culture, as the programs and organizations
grew from a few highly dedicated people to a more organized (and sometimes hierarchical) structure.
“It was not easy. So there were some times where I was
afraid we were getting a little too far from our mission.
Lots of sleepless nights. Oh my gosh. Trying to figure
out how to bring it back.” (Founder/Executive
Director, South, age 48)
Women noted that overcoming challenges often
involved being able to recognize their own limitations
and bringing in personnel to complement their skills.
This meant letting go of some control. While initially
this may have been a painful process, ultimately it fit
with the women’s own definitions of leadership, which
included the empowerment of others.
“I would say that would be the defining
characteristic of the way most obstacles around here
get solved, is that I get out of the way (laughs). . . I
had to come to terms with the fact that I’m a great
leader, but I’m not a particularly astute manager. I
had to really recognize that if we were going to
achieve scale, that we needed to bring in folks who
really focused on managing others. That was
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hard. . . So, yeah, I think stepping out of the way
and letting other people really play to their
strengths.” (Founder/Executive Director, West, age 44)

Discussion
In the past decade, there has been increasing recognition
that improvement in public health, and in the food and
physical activity environments specifically, can and will
occur through community-level change, and that leadership plays a key role in bringing about this change [7].
When leaders are an integral part of their communities,
they bring a deep understanding of what is most needed
and feasible within their own specific contexts. This
study helps elucidate that these successful women leaders share the transformational model of leadership and
suggests ways to train and nurture other women leaders
so that they will be maximally effective in creating
change.
Women leaders in public health: Comparison with
existing literature

The model of leadership that emerges from this work is
consistent with previous work [8,16,18] and with the
transformational leadership model. The latter consists of
four components [32]. The first is Idealized Influence,
which has two aspects: characteristics such as high levels
of integrity that garner the respect, trust, and admiration
of followers, and behaviors such as communicating a
collective mission and purpose. This aligns with the leaders’ descriptions of themselves as visionaries with the
ability to communicate their vision. The second component of the model is Inspirational Motivation, which
involves motivating followers by expressing enthusiasm
and optimism for a potentially improved future state.
This is reflected in the strong theme that emerged
around inspiring others around a vision. The third component is Intellectual Stimulation, which involves stimulating creativity and finding new ways to address old
problems. Each of our leaders had developed a unique
approach to addressing a community issue, and most
had founded a non-profit organization to implement
their new approach. However, an aspect of this component is the ability to stimulate creativity in others, which
was not evident in our results. The final component of
the transformational leadership model is Individualized
Consideration. Leaders foster follower’s growth by
attending to individual needs and serving as a coach or
mentor. Although the responses of leaders in our study
provide no direct evidence for this component, they did
emphasize communications and listening, and defined
success in part by whether they had changed the lives of
the people they worked with in addition to those served
by their organization.
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Most of the leaders’ non-profit organizations worked
across sectors, involving government and/or business to
make environmental and policy changes. Although research on integrative leaders is relatively new, there is a
growing consensus on the qualities and behaviors possessed by these leaders, some of which emerged in this
study. Consistent with the transformational leadership
model, these qualities include creating and communicating a shared vision [25,33-35], being innovative, taking
risks, and expressing dissatisfaction with the status quo
[33,36]. Effective integrative leaders also appear to have
highly developed relational skills, with an ability to establish shared meanings, listen actively, build trust, and
manage conflict [33,37], characteristics that did not
emerge as strong themes in this study. Some evidence
suggests that leaders may exhibit more relational skills
when leading within collaborations and networks than
when leading solely within their own organizations [37].
Given the questioning structure in this study, it is likely
that participants’ responses reflected their organizational
rather than their collaborative leadership. Future studies
may specifically investigate the role of women leaders in
cross-sector work related to improving the food and
physical activity environments, as well as the leadership
characteristics and behaviors related to this work.
The results of this study have implications for the role
of gender in leadership style in a sector outside of business or education. These women, who were largely able
to define their own organizational role, gravitated toward
a leadership style (transformational) that does not conflict with gender roles. This is consistent with research
that suggests that certain gender-role specific traits remain despite organizational role [38]. However, it is also
possible that these leaders were reflecting general trends
toward a more transformational style, considered to be
more effective in the current culture [32]. Further research in this area will help elucidate the relative importance of organizational versus gender roles in leadership
style in the public health sector.
Several of the self-described characteristics that
emerged in this study, such as compassion, humility,
and patience, are consistent with a communal style that
is more stereotypically female. However, the leaders also
described themselves as being persistent and passionate,
qualities related to confidence and ambition, which are
more stereotypically male as well as more consistent
with cultural stereotypes of leadership [39]. Similar
themes emerged in a qualitative study with high achieving African American and white women across ten fields
[40]. Although these women described themselves as
possessing several stereotypically male traits, such as
persistence, they did not appear to deny or downplay
their more stereotypically feminine qualities in order to
succeed.
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Training and nurturing future leaders

Our results suggest ways to train and nurture women
leaders in public health. It is important to first understand the best ways reach these leaders. It would be important to differentiate any offered workshops and to
emphasize in promotional materials that the investment
of time and money would translate to increased effectiveness in changing lives. Our results also suggest that a
book may be an attractive leadership tool, and that it
might be most compelling if it emphasized purpose – to
provide both inspiration and practical support in effectively carrying out a vision for creating change – rather
than on traditional leadership.
Community change leadership tools could also include
information and ideas for overcoming the most common
challenges in this arena: fundraising and organizational
growth. With respect to fundraising, several of the
women described the benefits of doing detailed research
on their topic and having the evidence at hand. Skillbuilding around database searches and literature reviews
(areas that academics are particularly well-suited to assist with) would streamline this process. The tool might
also include information on the stages of organizational
growth, the anticipated challenges at each stage, and lessons learned from other leaders on how to best address
those challenges.
Our results also suggest ways to best nurture women
leaders in public health. Receiving mentoring was critical
to the women leaders in our study. A leadership tool
could provide information on identifying appropriate
mentors to fulfill several key roles. The tool could also
provide support for self-care, which might include putting a robust personal support network in place, encouraging spiritual growth (if appropriate), and making the
most of motivating factors – by, for instance, deliberately collecting stories of the lives that had been changed
through their work.
Limitations and implications

As with any type of qualitative research, the
generalizability of these findings may be limited. However, we were able to achieve diversity in terms of ethnicity, geographic location, and types of community health
issues addressed. We believe that the results generalize
reasonably well to women leaders who are creating
change within their communities to improve public
health.
This study was conducted by female researchers on female leaders. We attempted to minimize any potential
effects of our own biases by adhering to the questioning
route as strictly as was reasonable in a qualitative study.
We also conducted the analysis using software as a tool
so that the data could be examined more objectively,
and we worked as a team so that interpretation did not
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rely on a single person. However, results may still reflect
our own biases. It is also possible that the leaders
responded to us differently than they would have to
male researchers.
In this qualitative study, leadership characteristics are
measured by self-report. The study might have been
strengthened by obtaining feedback from staff and
volunteers as well. Finally, this study is limited by the
lack of a comparison group, which would be comprised
of similar community leaders who had not met our definition of success. Because of this, we are not able to
conclude that the characteristics that emerged are specifically associated with success. However, we report the
characteristics that emerged strongly and consistently
among a diverse sample of successful women leaders.
Furthermore, these characteristics are consistent with
those observed in other studies of successful community
leaders.
This research was designed to elucidate women’s leadership characteristics, but not to compare and contrast
them with men’s. With these results serving as a base,
future studies may include this type of analysis, for example comparing results of men and women in similar
public health leadership positions on the validated Multifactor Leadership Questionnaire, which is designed to
distinguish between transformational, transactional, and
laissez-faire leadership styles [41]. Further studies may
also involve creating and evaluating a leadership tool
designed to train women leaders in public health.
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Abstract
Background. Strength training (ST) is an important health behavior for aging women; it helps maintain strength and function
and reduces risk for chronic diseases. This study assessed change in physical fitness following participation in a ST program
implemented and evaluated by community leaders. Method. The StrongWomen Program is a nationally disseminated, researchbased, community ST program active in 40 states. The Senior Fitness Test is used to assess upper and lower body strength,
upper and lower body flexibility, aerobic fitness, and agility; data are collected prior to and following program participation.
Results. For these analyses, five states provided deidentified data for 367 female participants, mean age 63 (±11) years.
Attendance in approximately 10 weeks of twice-weekly classes was 69.4%. Paired t tests were used to analyze pre–post
change. Significant improvements were observed (p < .01) in all Senior Fitness Test measures. Data are stratified by age-group
and compared with published, age-based norms. Conclusions. This study demonstrates that it is feasible for community leaders
to conduct pre–post physical fitness evaluations with participants and that participants experienced improvements across
several important domains of physical fitness.
Keywords
aging and health, community-based participatory research, community health promotion, evaluation, health promotion, outcome evaluation, physical activity/exercise, training health professionals, women’s health

In 2000, 9.3 million adults in the United States were aged 80
years or older. The Centers for Disease Control and Prevention (CDC) projects an increase to 19.5 million adults 80 years
of age or older by 2030 (CDC, 2003b). They further estimate
that the proportion of the population 65 years and older will
increase from the 12.4% reported in 2000 to 19.6% in 2030
(CDC, 2003b). These demographic shifts, barring significant
public health interventions, are expected to result in a rapid
increase in age-related chronic conditions, disability, and
diminished quality of life and independence among older
adults as well as a dramatic increase in related health care
costs (CDC, 2003a, 2003b). According to the CDC, approximately 80% of all persons aged 65 years and older have at
least one chronic condition, and 50% have two or more (CDC,
2003a, 2003b). One among them is arthritis, which affects
59% of persons older than 65 years (CDC, 2003a, 2003b) and
was associated with approximately $128 billion in related
health care costs in 2003 (CDC, 2007a).
Regular exercise—and strength training in particular—is
widely recognized and recommended as beneficial to older
adults’ health (Department of Health and Human Services,

2008). Its effects on reducing risk and/or signs and symptoms
of many chronic diseases as well as the importance of exercise
for maintaining physical function and activities of daily living
is well documented. For example, randomized controlled trials with older adults have demonstrated benefits of strength
training on bone health, type 2 diabetes, muscular strength,
physical function, arthritis symptoms, depression, sleep, and
other age-related chronic conditions (Castaneda et al., 2002;
Cress et al., 1999; Hausdorff et al., 2001; Mora et al., 2003;
Nelson et al., 1994; Nelson et al., 2004; Rubenstein et al.,
2000; Taaffe, Duret, Wheeler, & Robert, 1999).
As such, the 2008 Physical Activity Guidelines for
Americans recommend that adults engage in strength-training
activities 2 or more days per week, and one of the Healthy
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People 2020 goals is to increase the proportion of adults that
meet the physical activity guidelines for aerobic physical
activity and strength training (CDC, 2008; Department of
Health and Human Services, 2008, 2009). Yet participation
in strength training remains low among older adults and even
lower in older adult women (CDC, 2007b). Only 18% of
adult women aged 45 to 64 years and 11% of women aged 65
to 74 years perform strength-training exercises two or more
times a week (CDC, 2007b).
Thus, public health “calls to action” advocate for older
adults to participate in physical activity overall, and specifically muscle-strengthening exercises. In addition, the CDC
encourages the implementation of evidence-based programs in
communities as one viable strategy to answer that call; to date,
several programs targeting older adults have been developed
and are expanding reach in this audience (Belza et al., 2006;
CDC, 2007b; Seguin, Economos, et al., 2008). As such, there
is a need to conduct ongoing evaluations of evidence-based
research programs in community settings to ensure their effectiveness and to inform adaptation of dissemination efforts.
The StrongWomen Program (SWP) is one such opportunity.

Overview of the StrongWomen
Exercise Program
The SWP is a nationally disseminated group exercise program that translates a research-based exercise prescription
into detailed curriculum for use in community-based settings
(Seguin, Economos, et al., 2008). The SWP targets midlife
and older women and was developed by researchers at Tufts
University to increase participation in strength training
among aging women in particular, although men participate
as well. The foundation of the program is more than two
decades of research on strength training with midlife and
older men and women.
The SWP includes progressive resistance training plus balance training and flexibility exercises. Classes typically have 8
to 12 participants, who are recruited through community posting and flyers at location where older adults commonly gather.
Classes last approximately 45 to 60 minutes and include two sets
of resistance-training routines, each with 8 to 10 exercises that
can be used within the program. Both routines begin with a 5- to
10-minute warm-up that may include walking, marching, or
light calisthenics (e.g., toe touches). The resistance-training
exercises work all of the major muscles groups, using a combination of dumbbells, adjustable ankle weights, and body
weight. Examples of exercises include knee extension, knee
curl, biceps curl, overhead press, and bent forward fly. Classes
conclude with a 5- to 10-minute cooldown that includes upper
and lower body flexibility exercises. Generally, classes meet
twice per week for 12-week sessions, with many offering
ongoing (back-to-back) sessions, or some taking a 1- to 2-week
break between sessions. It is important to note that the SWP
curriculum suggests twice weekly, 12-week program sessions,
but community leaders run program sessions that range from 6

to 16 weeks. A national dissemination evaluation previously
published provides more extensive details related to these topics (Seguin, Economos, et al., 2008).

Dissemination and Reach
The SWP is disseminated through a strong, nationwide
partnership with extension educators in the National
Institute of Food and Agriculture agency (formerly
Cooperative State Research, Education, and Extension
Service), which is part of the executive branch of the U.S.
Department of Agriculture. Additional community-based
partners include hospitals, departments of public health,
and nonprofit community organizations focused on health
and aging. Some leaders have experience running communitybased programs and/or exercise training experience, whereas
others do not. Furthermore, some program participants are
later trained to become program leaders, following a classic
peer leader–training model. Thus, the training and curriculum are designed to fully support implementation by leaders in both categories.
The leaders are trained by the program directors (RAS
and MEN) at Tufts University or by the StrongWomen
Ambassadors using a comprehensive written curriculum (The
StrongWomen Tool Kit) and through an intensive, daylong,
in-person training workshop. The primary components of the
training day and curriculum include (a) the research background of the program, with supporting peer-reviewed
research articles provided; (b) the logistics of starting a program and participant screening, such as safety, equipment
needs, and medical history and clearance; (c) program execution and assessment, which provides in-depth, hands-on skillbuilding activities to ensure that trained leaders have mastered
how to teach each exercise safely as well as how to conduct
the participant assessments (e.g., the Senior Fitness Test); (d)
basic nutrition information, including topic-focused nutrition
handouts for participants; (e) leadership background and
training; (f) general physical activity information; and (g) a
small-group breakout session that focuses on overcoming
barriers to program implementation and maintenance.
StrongWomen Ambassadors are long-term program leaders who have undergone extensive training and mentorship and
who possess an exceptional level of proficiency in program
principles, the research foundation, and exercise technique and
safety. Ambassadors are trained by distance learning, with final
“certification” obtained at a daylong observation and assessment at a training workshop. The Ambassador model was created to enable greater dissemination of the program. The
program’s 13 ambassadors located are located in eight states
(Alaska, Arkansas, Colorado, Missouri, Montana, New York,
Pennsylvania, and Wisconsin). Since 2003, approximately
2,330 leaders have been trained throughout the United States
and Canada. StrongWomen Ambassadors and Tufts University
program directors have collectively held 133 workshops, which
range in cost from $150 to $300 per attendee. Individuals from
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all but two U.S. states (Hawaii and Nevada) have been
trained. The structure of the SWP and the community-based
nature allow for program accessibility to a wide audience of
interested potential leaders and for dissemination in a variety
of settings.

Program Support
The SWP—particularly supporting materials for leaders and
participants as well as advancing dissemination strategies—
continues to be refined by program directors at Tufts and the
StrongWomen Ambassadors. StrongWomen participants
demonstrate active engagement through attendance at public
SWP events, through e-mail, and through an online social
network. They provide feedback related to program impacts
and express interest in maximizing improvements and
knowledge about health, physical activity, and sound nutrition. In 2008, the program directors introduced a set of
supplemental resistance training exercises and recently created a StrongWomen muscle group poster to help leaders
learn more about the anatomy of the resistance-training
exercises. The StrongWomen Ambassadors have also spearheaded multiple program development projects such as
translating program materials in Spanish, creating DVDs of
the exercises, and sharing knowledge, materials, and other
resources among one another.
In maintaining a public health agenda that supports funding, infrastructure, and other organizational support for
evidence-based community programs, the SWP encourages
regular participant evaluations be conducted by community
leaders. The SWP has previously examined leadership and
implementation as well as participant adherence, motivation, and barriers (Seguin, Palombo, Economos, Hyatt, &
Nelson, 2008, 2010). The objective of the present study was
to evaluate physical fitness measures in participants before
and after program participation.

Method
This study assessed change in six domains of physical fitness following participation in a strength training program implemented and evaluated by community leaders
in five states. One component of the SWP training workshop is hands-on training for community leaders detailing
how to conduct program evaluations with participants
prior to and following program participation (additional
workshop components are described under the section
“Dissemination and Reach”). There are two evaluation
tools that are provided in the curriculum, The StrongWomen
Tool Kit (Nelson & Seguin, 2003). The first evaluation
tool is an objective set of physical fitness tests (The
Senior Fitness Test, discussed below) to be used before
and after program participation, and the second tool is a
program questionnaire that collects subjective feedback
about the program and leader. Leaders are encouraged to

use both tools as part of their evaluations, although it is
not a requirement.
The Senior Fitness Test, developed by Roberta Rikli and
Jessie Jones (2001), is used with permission in the StrongWomen
Tool Kit. The Senior Fitness Test is a reliable and valid tool that
also provides performance norms based on actual performance
scores of more than 7,000 men and women between 60 and 94
years (Rikli & Jones, 2001). It is a simple, easily administered
set of tests that assess six domains of functional fitness of older
adults.
During the SWP training workshop, participants are trained
in executing the Senior Fitness Test with participants. They
are first shown the Senior Fitness Test training video, which
has an accompanying manual (Rikli & Jones, 2001). They are
then divided into small groups at each of the six test stations,
which include the arm curl test and chair stand test (upper and
lower body strength), back scratch test and sit-and-reach test
(upper and lower body flexibility), 2-minute step test (aerobic
fitness), and 8-foot up-and-go test (agility). Scores are based
on total count (arm curl, chair stand, 2-minute step), distance/
length (back scratch), or time (8-foot up-and-go). The Senior
Fitness Test also includes the option to collect height, weight,
and age, which are collected by some SWP leaders at baseline.
During the training workshop, leaders are equipped with all of
the necessary materials plus scoring sheets for practice sessions during training. Each leader has the opportunity to practice being the tester as well as the participant multiple times.
The workshop facilitators circulate through each of the stations answering questions and observing each leader in their
tester role.
In some of the Senior Fitness Test measures, an increased
value signifies an improvement, for example, executing
more chair stands over a 30-second period or increasing step
count over the 2-minute period. In other tests, a decreased
time to perform the test signifies improvement, for example,
faster speed to complete the 8-foot up-and-go. Additional
details can be found in the Senior Fitness Test Manual (Rikli
& Jones, 2001). The exercises tested by the Senior Fitness
Test are indicative of an individual’s physical function in
everyday activities. For example, poor (slowed) performance
on the 8-foot up-and-go test may indicate higher fall risk
because of compromised agility, whereas a low score on the
chair stand test or the 2-minute step tests may reflect compromised mobility and functional capacity.
Those leaders who then choose to conduct the community-based participant assessments that occur pre–post program participation form networks and travel as teams to
neighboring communities and conduct assessments; if more
testers are needed, they are encouraged to enlist colleagues
and volunteers, using the SFT video and manual as training
tools. These easily accessible training tools; and the “team of
testers” enables program leaders to efficiently execute the
pre–post SFT assessments in their communities.
At the time of these analyses, complete data were available
from diverse geographic regions of the United States (16
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Table 1. Pre–Post Senior Fitness Test Measures and Corresponding p Values
Test
Age <60 years
Chair stand
Arm curl
2-Minute step
Sit-and-reach
Back scratch
Up-and-go
Age 60-69 years
Chair stand
Arm curl
2-Minute step
Sit-and-reach
Back scratch
Up-and-go
Age 70-79 years
Chair stand
Arm curl
2-Minute step
Sit-and-reach
Back scratch
Up-and-go
Age 80+ years
Chair stand
Arm curl
2-Minute step
Sit-and-reach
Back scratch
Up-and-go

N

Pretest (Mean ± SD)

Posttest (Mean ± SD)

Change

p Value

104
105
83
105
104
104

15.94 ± 4.80
18.50 ± 4.20
127.22 ± 46.11
1.89 ± 4.05
−0.98 ± 3.20
4.44 ± 1.16

21.52 ± 5.59
24.29 ± 4.70
160.47 ± 55.70
3.49 ± 3.87
−0.19 ± 2.97
4.14 ± 0.97

5.58
5.79
33.25
1.60
0.79
−0.30

<.01
<.01
<.01
<.01
<.01
<.01

144
144
136
144
144
132

15.22 ± 4.54
18.17 ± 5.31
108.04 ± 41.67
1.20 ± 3.40
−1.68 ± 3.33
5.16 ± 1.30

19.44 ± 5.23
23.07 ± 5.31
132.74 ± 51.87
2.67 ± 3.60
−0.76 ± 3.10
4.64 ± 0.98

4.22
4.90
24.70
1.47
0.92
−0.52

<.01
<.01
<.01
<.01
<.01
<.01

81
85
77
85
82
77

14.06 ± 4.61
17.78 ± 5.00
99.62 ± 27.64
1.45 ± 3.50
−2.11 ± 3.62
5.94 ± 1.51

17.04 ± 4.88
21.81 ± 4.52
126.86 ± 40.71
2.45 ± 3.16
−1.08 ± 3.46
5.36 ± 1.23

2.98
4.03
27.24
1.00
1.03
−0.58

<.01
<.01
<.01
<.01
<.01
<.01

21
22
22
22
20
21

14.76 ± 5.26
18.64 ± 6.31
97.09 ± 32.13
−0.15 ± 3.43
−2.25 ± 4.84
7.01 ± 2.23

18.05 ± 5.37
21.32 ± 5.47
128.64 ± 57.28
1.73 ± 2.97
−0.53 ± 4.61
6.09 ± 1.49

3.29
2.68
31.55
1.88
1.72
−0.92

<.01
<.01
<.01
<.01
<.01
<.01

communities across five states in total). Tufts Institutional
Review Board–approved procedures are in place for leaders
to submit deidentified pre–post participant data for inclusion
in the ongoing dissemination evaluation research that examines SWP effectiveness on a national level.

Statistical Approach
Pre- and postparticipation evaluation measurements were
summarized across subjects using means and standard
deviations, stratified by age category. The univariate
changes were analyzed using a paired t-test matching each
subject’s pre- and postmeasurements. The significance
associated with these changes is shown, where p value < .05
is considered significant. To calculate the percentage
change between the pre- and postmeasurements, we divided
the overall change across subjects by the mean pretest
value. The pre- and postintervention means were assigned a
percentile based on national norms provided by Rikli and
Jones (2001). This analysis was done for each state separately as well as for the full study sample. Given that the
overall findings were similar across states and the purpose

of these analyses is not state-by-state comparison, the
aggregated data are presented in table and figures, with the
addition of stratification by age category.

Results
Data are presented for 367 female participants, with a mean
age of 63 (±11) years. Body mass index data were available
for 237 participants; mean body mass index was 27.4 ± 5.2.
The class session (program) length ranged from 6 to 12
weeks in this study, with an average of 10 weeks of classes.
Overall participant attendance in twice-weekly classes was
69.4%. Aggregated data from the five states, stratified by
age-group, are shown in Table 1. Pre–post change in the six
domains of physical fitness using paired t tests revealed
significant improvements (p < .01) in all domains in the
Senior Fitness Test measures. For the chair stand, arm curl,
and back scratch tests, greatest mean change in terms of
actual scores (not percentile rank) were among participants
younger than 60 years; yet for the 2-minute step, sit-andreach, and 8-foot up-and-go tests, the participants 80 years
and older saw greatest improvement.

Downloaded from heb.sagepub.com at CORNELL UNIV WEILL MED COLG on September 12, 2012

187

Seguin et al.
Figures 1 and 2 illustrate mean pre–post percentile rank
norms for each test overall and by age category, respectively.
In Figure 1, the chair stand shows greatest pre–post improvement comparatively, with similar percentile rank improvements across the other five tests. This ranking accounts for
all ages being grouped together, though similar improvement
in the chair stand test is also shown in Figure 2. The older
age categories in that figure also show notable improvement
in percentile ranking. Reaching or exceeding the > 95 percentile rank for age was achieved for chair stand, arm curl,
and 2-minute step tests in the overall and age-stratified
groupings.

Discussion
There are several important findings and lessons from this
research. First, results from this evaluation of Senior Fitness
Test data show consistent improvement in six domains of
physical fitness across program sites and age-groups, demonstrating the efficacy of the SWP and its community-based
implementation model. The improved performance in each
of the tests indicates increased mobility and strength as well
as decreased risk for falls, which are viable indicators for
maintaining independence and improved quality of life in
aging women. These improvements may also enable participants to walk a few extra blocks to a social engagement, to
take care of household chores on their own, to help with
child care for grandchildren, or to simply to stand up from a
chair or bathe unassisted. Thus, it is understandable how
such abilities would be empowering, both physically and
psychologically. In addition, sharing regular feedback and
recognizing accomplishments of participants, such as high
attendance or improvement in Senior Fitness Test measures,
are important vehicles to support motivation and adherence
(Seguin et al., 2010).
A limited number of additional community-based programs have published similar contributions related to older
adult physical activity program evaluations. One example is
EnhanceFitness, which is a community-based exercise program to increase function in older adults that has undergone
evaluation of its translation into community settings. The
EnhanceFitness classes include moderate-intensity exercise,
strength-training, flexibility, and balance exercises (Belza
et al., 2006). Their locations are similar to the SWP and
include community centers, churches, senior centers, public
housing, and hospitals. Classes meet three times per week
for about an hour (Belza et al., 2006). Data published in
2006, which included assessments of EnhanceFitness participants at baseline, 4 months, and 8 months, demonstrated
significant improvements in measures similar to those in the
Senior Fitness Test at both time points (Belza et al., 2006).
Another important element of the present study is that it
contributes to the growing body of research demonstrating
the great capacity of community-based leaders as well as
some important considerations for using this type of training

and implementation model. The majority of leaders teaching
the SWP classes and conducting the Senior Fitness Test evaluations had limited prior training in exercise prescription or
exercise program evaluation prior to their training with the
SWP, although many were allied health professionals with
some relevant training (e.g., nurse, physical therapist). In
addition, many leaders have community-based program
implementation experience; for others, SWP may be the first
community-based program they are involved with. It is
important to note that in some cases, program participants
also eventually become trained peer leaders, who are then
supervised by an experienced SWP leader.
Regardless of prior experience, all individuals undergo
the same daylong training workshop, which is limited to
approximately 10 to 15 people, thus allowing for ample personal attention and training feedback on both exercise techniques as well as on conducting the Senior Fitness Test. With
this rigorous training and supplemental tools, including the
Senior Fitness Test video augmented by the StrongWomen
Tool Kit, they have demonstrated full competency to safely
teach the exercise classes and to conduct the evaluation
assessments during their training observations and subsequent site visits (Seguin, Palombo, et al., 2008).
Training nonexercise professionals to teach communitybased exercise classes increases the reach of the SWP and
other similar programs—particularly in rural and underserved areas. However, program administrations are encouraged to recruit and train community leaders who possess an
exercise certification and/or degree whenever possible, with
the goal of promoting the highest levels of program adherence, safety, and efficacy. Furthermore, program leaders
without exercise certification/degree should be provided
resources and materials for advanced, exercise-specific
training. For example, the SWP Tool Kit provides a list of
certifying organizations and training options most relevant
to working with the program’s target population of midlife
and older women. Where individuals with less exercisespecific training are leading community classes, organizations should aim to identify highly qualified, supervising
leaders who can be enlisted to provide ongoing support,
instruction, modifications, and feedback within a team of
local community leaders and should regularly conduct
observations within existing classes.
Finally, continuing program evaluations are essential;
ongoing national data collections help provide our best estimates of reach. These data also provide a vital platform for
continuing to document effectiveness, which helps community programs continue to obtain funding and helps community leaders gain support from their stakeholders to continue
to allocate time and resources toward implementation and
maintenance of programs.
There are both practical and scientific limitations within
this research. First, conducting pre–post Senior Fitness Test
evaluations are not without some time burden for both leaders and participants. Also, although all improvements were
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Figure 1. Mean pre–post percentile rank for Senior Fitness Tests

Note. Participants completed each of the six Senior Fitness Tests prior to (pre) and at the completion (post) of their strength-training class session. With
data combined across all age categories, percentile rank improvements ranged from 10 to 23 points. For scores ranked at >95 (the upper limit), a conservative value of 96 was used to calculate the mean; thus, for those two tests, final mean percentile rank is likely underestimating the improvements shown.
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Figure 2. Mean pre–post percentile rank for Senior Fitness Tests by age category

Note. Among each decade-stratified age-group, improvements ranged from 2 to 36 points along the percentile age-based ranking scores as published by
Rikli and Jones (2001). For scores ranked at >95 (the upper limit), a conservative value of 96 was used to calculate the mean; thus, for those two tests, final
mean percentile rank is likely underestimating the improvements shown. This is particularly true among the <60 years age-group, because of the fact that
Senior Fitness Test norms are only available starting at the age of 60 years, and thus, the 60-year-old percentile rank had to be used for comparison.
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statistically significant and functionally relevant, there was
no control group for comparison. Although local community
leaders often pair up together to conduct assessments and
therefore not all participants are tested by their own leader,
there may still be an inherent bias in testing, since they are all
participants in the program.
Despite these limitations, the improved overall scores as
well as increased percentile ranking for age demonstrate
effectiveness in positively affecting change across important domains of physical fitness among aging women—
improvements that resulted from just 10 weeks of
twice-weekly strength-training participation. Such improvements may help older adults maintain adequate strength,
flexibility, and endurance required to accomplish everyday
tasks. This study further demonstrates that it is feasible for
community leaders to conduct pre–post physical fitness
evaluations with participants, while also highlighting the
value of regularly collecting and documenting reach and
effectiveness, for this program and others.
In the SWP alone, there are more than 2,000 trained community leaders and an estimate of tens of thousands of participants across at least 40 states—and growing steadily each
year. With continued momentum and public health support
for community-based programs, there is clear promise and
potential to use trained community leaders to help midlife
and older individuals make meaningful physical activity
behavior changes that result in improved muscular strength,
agility, aerobic fitness, and flexibility through targeted
programming.
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Strength Training and Older Women:
A Cross-Sectional Study Examining
Factors Related to Exercise Adherence
Rebecca A. Seguin, Christina D. Economos, Ruth Palombo,
Raymond Hyatt, Julia Kuder, and Miriam E. Nelson
Background: Despite the recognized health benefits, few older women participate
in strength-training exercises. Methods: The purpose of this study was to examine
factors related to older women’s adherence to strength training after participation
in the StrongWomen Program, a nationally disseminated community program.
Adherence was defined as ≥4 months of twice-weekly strength training. Surveys
were sent to 970 program participants from 23 states and to participants’ corresponding program leaders. Five-hundred fifty-seven participants responded (57%).
Results: Of respondents who completed surveys (527), 79% (415) adhered to
strength training; adherers reported a mean of 14.1 ± 9.1 months of strength training. Logistic-regression analysis revealed that exercise adherence was positively
associated with age (p = .001), higher lifetime physical activity levels (p = .045),
better perceived health (p = .003), leader’s sports participation (p = .028), and
leader’s prior experience leading programs (p = .006). Conclusion: These data
lend insight to factors that may be related to exercise adherence among midlife
and older women.
Keywords: community program, aging, physical activity

Physical inactivity and poor nutrition are leading contributors to chronic disease
and premature death (Cress & Buchner, 2005; Gerberding, 2006; Morgan, 2003).
Laboratory and home-based studies have demonstrated that strength training—also
referred to as resistance training or weight lifting—confers numerous health benefits, particularly for women as they age (Baker et al., 2001; Cussler et al., 2003;
Nelson et al., 1994; Nichols, Nelson, Peterson, & Sartoris, 1995). Functionally,
strength training is an activity in which muscles move dynamically against weight
(or other resistance) with small but consistent increases in the amount of weight
being lifted over time. Done regularly, these exercises improve glucose control and
body composition, build bone and muscle, and help preserve strength, independence,
and vitality with age (Baker et al., 2001; Beniamini, Rubenstein, Faigenbaum,
Lichtenstein, & Crim, 1999; Conroy & Earle, 1994; Cussler et al., 2003; Fiatarone

The authors are with the Friedman School of Nutrition, Tufts University, Boston, MA.

201

202   Seguin et al.

et al., 1990; Lemmer et al., 2001; Menkes et al., 1993; Nelson et al., 1994; Sims,
Hill, Davidson, Gunn, & Huang, 2006; Tracy et al., 1999).
As a result of the established body of research related to physical activity
and older adults, there has been an ongoing movement to raise awareness and
provide detailed recommendations that encourage participation from local, state,
and national government and organizations (American College of Sports Medicine, 1998; Nelson et al., 2007; U.S. Department of Health and Human Services
[USDHHS], 2008). Most recently, the USDHHS’s 2008 Physical Activity Guidelines for Americans recommended that “at least 2 days a week, older adults should
do muscle-strengthening activities that involve all the major muscle groups”
(USDHHS, 2008).
Despite compelling scientific research and widespread public health recommendations, among women 45–64 years and 65–74 years old, only 18% and
11%, respectively, perform physical activities that enhance and maintain muscle
strength and endurance two or more times per week (Kruger, Carlson, & Buchner,
2007). Two critical areas of focus to address this need are developing effective
strategies for increasing access to and participation in strength-building activities by older adults and understanding the individual, social, community, and
demographic factors that might potentially be acted on to enhance adherence to
this health-promoting behavior long term (Boyette, Sharon, & Brandon, 1997;
Chiang, Seman, Belza, & Tsai, 2008; McAuley, Courneya, Rudolph, & Lox,
1994; Nelson et al., 2007).
Although personal involvement and commitment to any exercise program are
essential, studies indicate that initiating individual behavior change is more likely
with social or environmental change and support (Boyette et al., 1997; Dollahite,
Hosig, Adeletti White, Rodibaugh, & Holmes, 1998; Elder et al., 2007; Kawachi,
1999; Leung, Yen, & Minkler, 2004; McNeill, Wyrwich, Brownson, Clark, &
Kreuter, 2006; Sallis et al., 2006). The EnhanceFitness (EF) program is one example
of an evidence-based group exercise class for older adults. It has been implemented
at 277 community sites as of 2008 (Project Enhance and Senior Services, 2008).
Scientists who developed the EF program and who conduct ongoing research with
EF program participants have found that social support from both peers and leaders
(interpersonal level) and past physical activity experiences (individual level) were
important factors related to exercise adherence among a group of ethnically diverse
older adults (mean age 76 years; Belza et al., 2006; Chiang et al., 2008). Thus, the
structure of community-based programs to address these factors combined with
their increased affordability and accessibility may provide more feasible opportunities for supporting long-term behavior change than other common options (e.g.,
fitness-center membership; Boyette et al., 1997; Centers for Disease Control and
Prevention, 1997, 1999, 2005, 2006; Dollahite et al., 1998; Findorff, Hatch Stock,
Gross, & Wyman, 2007; Kawachi, 1999; Kowal & Fortier, 2007; Kruger, Carlson,
& Kohl, 2007; Leung et al., 2004; McNeill et al., 2006; Seguin et al., 2008; Sims
et al., 2006; Wellman, Kamp, Kirk-Sanchez, & Johnson, 2007; Yajima, Takano,
Nakamura, & Watanabe, 2001).
Research demonstrates that using multiple levels of influence, including individual, interpersonal, and community elements, encourages and supports long-term
adherence to behavior change compared with single-level approaches. In addition,
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single-level approaches may be unrealistic for promoting population-wide change
because of resource constraints and limited long-term motivation, leadership and
peer support, and, thus, adherence (Beauchamp, Welch, & Hulley, 2007; Burton,
Turrell, & Oldenburg, 2003; Elder et al., 2007; Kowal & Fortier, 2007; Paluck,
Allerdings, Kealy, & Dorgan, 2006; Sallis et al., 2006; Wilcox, Castro, King, Housemann, & Brownson, 2000). From a behavioral-theory perspective, community-based
health-promotion programs are advantageous because they bring groups of individuals from a common locale together, which enhances the interpersonal component
of social support from peers, as well as guidance, motivation, and encouragement
from the community leader (Belza et al., 2006; Chiang et al., 2008; Elder et al.,
2007; Findorff et al., 2007; Izquierdo-Porrera, Powell, Reiner, & Fontaine, 2002;
Leung et al., 2004; McNeill et al., 2006; Sallis et al., 2006; Wellman et al., 2007;
Wilcox et al., 2006).
The purpose of this study was to use a detailed survey to explore the relationships between socioeconomic, personal/behavioral, programmatic, leadership, and
community-level social and demographic characteristics as they relate to older
women’s adherence to strength training after participation in a community-based
program.

Methods
Design
This was a cross-sectional design that used a convenience sample of participants in
a nationally disseminated, evidence-informed, community-based strength-training
program, the StrongWomen Program (SWP; Seguin et al., 2008). The primary
hypothesis for this study stated that adherence (≥4 months of strength training)
would be associated with personal factors (income, education, exercise experience, ethnicity, health status, and perceived support) and program characteristics
(leader characteristics and behavior modeling). The SWP was developed and
disseminated to enable women age 40 or older to maintain their strength, function, and independence. Although the SWP is targeted to and largely attended by
women, some program leaders allow men to join the program, as well. Therefore,
male participants were included in this research. Program leaders are trained at
the StrongWomen Workshop and provided a training manual, The StrongWomen
Tool Kit. SWP participants are recruited through local community agencies such
as senior centers and county cooperative extension offices, and classes typically
meet twice weekly for 12 weeks. An extensive review of the SWP—including the
training workshop, curriculum, and programmatic details—has been previously
published (Seguin et al., 2008). Figure 1 shows the socioecological framework of
variables for this research (Bronfenbrenner, 1979).

Study Population
To recruit participants, 854 SWP leaders were contacted by e-mail and asked to
provide names of current and past program participants. The e-mail was sent to all
trained leaders, although it was only applicable to those who had implemented the
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Figure 1 — Socioecological framework describing the leader, participant, and community
characteristics examined in this study and how they may be related to implementation (leaders)
and adherence (participants). The community-level characteristics also help describe the larger
contextual landscape of the dissemination environment.

program. The e-mail explained that our research group was interested in obtaining
contact information (full name, complete mailing address, and e-mail address,
if available) of at least 20 of their previous and current program participants,
preferably an equal split between the two groups. The e-mail provided detailed
information about the nature of the survey we would be inviting participants to
complete, as well as a protocol for collecting the contact information and an
attached spreadsheet for submission of the contact information. All materials
for this study (i.e., cover letter/cover e-mail, study information, protocol, survey,
etc.) were approved by the Tufts University Human Investigation Review Board
(IRB approval #7049).

Survey Design and Development
Survey development involved reviewing and synthesizing findings from program
participant interviews and evaluations previously conducted during program site
visits (Seguin et al., 2008; Seguin, Hyatt, Kennedy, Irish, & Nelson, 2005). Those
data were used to compile a working draft concept and content table, which framed

Exercise Adherence in Older Women

205

the survey outline. Drafts of the survey were reviewed and pilot tested internally
among the research team and selected colleagues, in both an Internet-based and a
paper-based format. After modifications, the survey was pilot tested in both formats
with 26 program participants from eight states; these individuals were subsequently
excluded from final survey participation. Based on pilot feedback, revisions were
made to the survey and related materials.

Survey Data Collection
Fifty-seven program leaders provided 970 names and contact information for participants who were then invited to complete the survey beginning in June 2006. All
program participants with e-mail addresses received the e-mail invitation, which
included a link to the informed consent and survey. Those for whom an e-mail
address was not provided, as well as those who responded to the e-mail invitation
asking for a printed version, were mailed the paper-based version, which included
a written informed consent. After the initial e-mail and paper releases, all nonrespondents received both the e-mail-based and paper-based invitations on two subsequent dates separated by approximately 3 weeks. All respondents were required
to sign an informed consent to participate—either using the online consent format
or by signing the paper-based survey informed consent. After survey submission,
respondents were mailed a thank you letter.
All survey data were collected over a 3-month period. Paper-survey data were
entered into SPSS Data Builder 14.0. Internet- survey data were downloaded to
a Microsoft Excel spreadsheet, converted to the SPSS 14.0 format, and merged
with paper-survey data. All data analysis was conducted using SPSS 14.0 (SPSS,
Inc., Chicago, IL).
Of the 970 participants surveyed, 557 returned the survey, yielding a 57%
response rate. Incomplete surveys (defined as nonresponse to the primary outcome,
strength-training adherence) were not included in the analysis (n = 30). Of the 557
submitted surveys, 412 were paper (74%) and 145 were online (26%). Using chisquare to compare categorical variables and t tests to compare continuous variables
(i.e., those shown in Tables 1–4 of this manuscript), no statistically significant differences were found between the online and mail respondents. Therefore all data
were analyzed and are shown together.

Outcome Measurements
Strength-Training Adherence. The dichotomous variable (adherence) was
defined a priori as having completed at least 16 weeks of twice-weekly strength
training. To be classified as an adherer, individuals must have answered yes to
currently strength training regularly (regardless of specifics, i.e., location/venue,
individually or with a group) and reported 4 months or longer of regularly strength
training twice weekly.
All survey respondents were asked their frequency of strength training (times
per week, with 0 to 7 as the choices) and the duration that strength-training
practice had been regularly maintained (e.g., 6 months)—whether as part of a
formal program or classes or on their own at home or in a fitness center. Thus,
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Table 1

Participants’ Socioeconomic Characteristics

Age, years, M (SD)
Sex, % female
Race, % White
Household size, %
1
2
3
4+
Currently married/living with domestic
partner, %
Education level, %
some high school
high school graduate
some college
college graduate
Household income, %
<$20,000
$20,000–49,999
$50,000–74,999
$75,000–100,000
>$100,000
Work status, %
full-time
part-time
volunteer only
no work

Nonadherers,
n = 112
59 (12)
99
93

Adherers,
n = 415
63 (11)
98
94

15
64
11
10

26
58
7
9

78

66

0
24
29
47

2
20
32
46

7
36
26
20
11

11
32
27
15
15

32
24
15
29

31
13
25
31

p
<.001
.697
.663
(.005)
.013
.263
.120
.507
.010
(.158)
.355
.356
.381
.182
(.600)
.443
.447
.945
.369
.322
(.025)
.764
.008
.045
.550

Note. Because of the nature of survey data, sample size varies by question. Sample size range for
nonadherers, n = 95–112, and adherers, n = 360–415. The overall p value for each variable is shown
in parentheses.

a “yes” response to participation in the SWP or to strength training elsewhere
qualified that respondent as an adherer if he or she reported at least 16 weeks of
strength training. Adherence was the primary outcome of interest and the dependent variable (0 = no, nonadherer; 1 = yes, adherer) for the logistic-regression
analysis.

Table 2 Program-Related Personal Factors
Nonadherers
(%), n = 112

Adherers
(%), n = 415

p

13

3

(<.001)
<.001

somewhat active

63

39

<.001

active

24

58

<.001

6

5

(.002)
.174

somewhat active

54

40

.003

active

40

55

<.001

Prior sports participation

45

45

.878

In general, my health is . . .
poor

0

0

(.002)
1.000

Current physical activity
not active

Lifetime physical activity
not active

fair

8

7

.683

good

47

32

.005

very good

40

43

.700

excellent

5

18

<.001

never/hardly ever

55

57

.808

a few times

25

32

.091

fairly often

10

6

.078

very often

1

2

1.000

almost every day/daily

9

3

.007

My eating habits improved since
participation.

37

52

.010

I feel more knowledgeable about healthy
eating.

49

65

.005

Pain limited activities during the
previous 4 weeks

(.026)

Change in activity level since program
participation

(<.001)

less active

26

1

<.001

more active

74

99

<.001

Note. Because of the nature of survey data, sample size varies by question. Sample size range for
nonadherers, n = 85–112, and adherers, n = 312–415. The overall p value for each variable is shown
in parentheses.
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Table 3 Programmatic Variables
Nonadherers
(%), n = 112

Adherers
(%), n = 415

p

   physical

93

92

.931

   medical

80

82

.320

   mental/emotional

41

31

.048

   social

21

30

.034

   referral

18

21

.397

   lack of time/too busy

44

20

.001

   class no longer offered

33

32

.949

   health condition

21

7

.001

   scheduling conflicts

20

21

.667

   location

14

14

.927

   boredom

13

4

.017

   prefer to do it at home

8

29

<.001

   doctor advised against it

4

1

<.211

   didn’t like strength training

4

0

.076

Class Specifics
I was satisfied with the space.

91

98

.001

Class length was good/right for me.

97

99

.164

Content was what I expected.

100

98

.604

Content was what I wanted.

96

97

.512

Social factors encourage me.

80

78

.807

I rarely, if ever, skipped class.

92

95

.047

My class was through extension.

42

50

.177

Class always began on time.

97

99

.228

Motivation and Barriers
Top 3 reasons you joined program

Top 3 reasons you stopped strength
training in a group (if applicable)a

Note. Because of the nature of survey data, sample size varies by question. Sample size range for
nonadherers, n = 104–112, and adherers, n = 360–415.
a
Sample size for nonadherers, n = 104, adherers, n = 157.
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Table 4 Participant Communities: Individual, Community, and National
Demographic Comparisons, M (SD)

Education levela
Household incomeb
Race (% White)
Voter participation
Violent crimes per
100,000 people

Individual level
(all respondents)
3.42 (1.09)
2.86 (1.20)
93.47 (24.70)
—

Community level
(respondents’
reported ZIP code)
2.71 (0.47)
2.39 (0.61)
85.9 (12.10)
61.05 (10.60)

National level (ZIP
code data, 2004
U.S. Census)
2.48 (0.44)
2.20 (0.57)
75.1 (22.90)
58.85 (9.88)

—

1,060 (693)

1,070 (837)

Note. Individual data as reported on survey; community level by reported corresponding ZIP code and national
means. All values for each category at all levels are different (p ≤ .01). References: Federal Bureau of Investigation, 2004; Australian Electoral Commission, 2004; U.S. Census Bureau, 2004.
a
Education scores correspond to the 5 education categories described in the Methods section. bIncome scores correspond to the 5 income categories described in the Methods section.

Socioeconomic Factors. Socioeconomic characteristics included the follow-

ing: age, sex, race, marital status, educational attainment (e.g., bachelor level),
income, and work status. Questions were adapted from the U.S. Census Bureau
American Community Survey and the Behavioral Risk Factor Surveillance System
Survey Questionnaire (U.S. Census Bureau, 2004; Centers for Disease Control
and Prevention, 2006).

Program-Related Personal Factors. The program-related personal character-

istics of respondents collected included current and previous activity level and
types, previous sports participation, and change in eating habits, nutrition knowledge, and activity level since program participation was initiated. Respondents
were asked to classify their health status as one of five choices: excellent, very
good, good, fair, or poor. In addition, they were asked to describe the frequency
of activity-limiting pain over the previous 4 weeks, adapted from the MOS SF-36,
by selecting one of five choices: never/hardly ever, a few times, fairly often, very
often, or almost every day/every day (Stewart, Hays, & Ware, 1988). Physical
activity and nutrition topic areas were derived from the National Health Interview
Survey, and specific questions were developed, pilot tested, and administered for
this survey (Centers for Disease Control and Prevention, 2004).

Programmatic and Leadership Variables. Respondents were asked about factors that motivated them to join a group strength-training program, reasons for
discontinued participation (if applicable), and a range of questions related to their
program logistics, including satisfaction with space, class length, content, social
aspects, class attendance, host organization, and leader punctuality. A separate
survey was also conducted simultaneously with program leaders, which included
questions related to leaders’ activity habits and previous experience leading community programs. Leader data were merged and matched to their corresponding
participants’ data for inclusion in the analysis. (Complete findings from the leader
survey are in press.)
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Demographic Comparisons. To assess socioeconomic status, survey respondents
indicated their educational attainment, household income level, and race. To provide
additional context and understanding of the community and social environment, these
variables were also collected at the respondent ZIP code level. National-level corresponding data from the 2004 U.S. Census were also obtained to identify possible
differences between participant communities and the country as a whole (U.S. Census
Bureau, 2004). Means were compared for education, income, and race between the
individual and community levels, between the individual and national levels, and
between the community and national levels. In addition, voter participation rates and
crime rates were collected at the community level and national level as indicators for
community participation and community cohesion, respectively. Statistical means
for the variables were compared with STATA 10 Software (StataCorp, LP, College
Station, TX) at the community and national levels (Federal Bureau of Investigation,
2004; Australian Electoral Commission, 2004).

Statistical Analyses
Chi-square was used to compare adherers with nonadherers on categorical variables,
and t tests for continuous variables. The a priori hypothesized model to examine
factors related to adherence was specified as adherence = age + educational attainment + income + self-reported health status + lifetime physical activity participation
+ leader’s participation in sports + leader’s previous experience leading programs
+ race. It is important to note that the construction of alternative models informed
by the univariate results occurred during the analyses of these data. The process
involved a phased approach testing for collinearity among variables and using stepwise logistic regression. The variables were first tested for collinearity within their
respective categories (socioeconomic, program-related personal, programmatic, and
leadership). When this occurred, variables were examined using step-wise logistic
regression, and variables were chosen based on higher Cox and Snell R2 values.
SPSS 14.0 was used to execute this analysis.

Results
Of the 527 respondents who completed the survey, 415 (79%) were classified as
adherers and 112 (21%) were classified as nonadherers. See Figure 2.

Socioeconomic Factors
Sex, race, educational attainment, and income were not different between nonadherers and adherers. Nonadherers were significantly younger and more likely to
be married or living with a domestic partner than adherers (p < .001 and p = .010,
respectively). In addition, household size and part-time and volunteer work status
were significantly different between nonadherers and adherers (p = .013, p = .008,
and p = .045, respectively). Data are shown in Table 1.

Program-Related Personal Factors
Adherers reported significantly greater current and lifetime physical activity levels
(both p < .001) and better overall health status and less frequency of activity-limiting
pain (p < .001 and p = .003, respectively). Adherers also reported improved eating
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Figure 2 — Participant survey response.

habits, nutrition knowledge, and physical activity levels after program participation
compared with nonadherers (p = .010, p = .005, and p < .001, respectively). Data
are presented in Table 2.

Programmatic and Leadership Variables
Respondents answered a variety of questions related to their program participation. A greater percentage of nonadherers reported mental or emotional reasons
for joining the program than adherers (p = .048), although a greater percentage of
adherers reported social reasons for joining than nonadherers (p = .034). Several
reasons reported for stopping strength training in a group setting were different between nonadherers and adherers. Nonadherers were more likely to report
boredom, a health condition, and lack of time as reasons (p = .017, p = .001, and
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p < .001, respectively), and adherers were more likely to report that they prefer to
strength train at home as their reason for no longer strength training in a group (p
< .001). In terms of leader and class specifics, adherers reported greater satisfaction with class space and higher attendance (p = .001 and p = .047, respectively).
Data are shown in Table 3.
Adherers reported 14.1 ± 9.1 mean ± SD total months of strength training.
Data from the leader survey revealed that compared with nonadherers, adherers’
leaders were more likely to report previous experience leading programs (56% vs.
73%, p < .001) and more likely to report sports participation (12% vs. 22%, p =
.02). In addition, among 182 respondent adherers who reported no longer participating in the group setting but continuing to strength train on their own, physical
and medical reasons were the top reported reasons for continuing to strength train.
Data are not shown.

Demographic Comparison
Individual-, community-, and national-level comparisons for education, income,
and race, as well as community- and national-level voter participation and crime
rates for participant communities, are shown in Tables 4. At the individual level,
respondents had higher levels of education, higher household income, and less
racial diversity than their respective communities (all p < .001), and their respective
communities had higher levels of education, higher household income, less racial
diversity than the national levels (all p < .001). In addition, respondents’ respective
communities had higher voter participation rates and lower crime rates than the
country overall (both p < .001).

Factors Related to Exercise Adherence:
Logistic-Regression Analysis
To examine the impact of these measures on adherence to the strength-training
program, a logistic-regression model was estimated. The logistic model presented
in Table 5 was specified as adherence = age + educational attainment + self-reported
health status + lifetime physical activity participation + leader’s participation in
sports + leader’s previous experience leading programs + race. During the construction of alternative models (see Methods) in which collinearity was examined within
the respective variable categories (socioeconomic, professional, etc.), education
and income were highly correlated and thus could not be included in any regression
models together. Using separate step-wise logistic-regression tests, educational
attainment remained in the model and income did not. Thus, education was chosen
over income for inclusion.
As age increased, participants were more likely to adhere to strength training (OR = 1.036, 95% CI = 1.014–1.058). For example, for every added decade
of life, participants were approximately 10 times as likely to adhere to strength
training. Participants whose leader participated in sports and had previous program
leadership experience were approximately twice as likely to adhere to strength
training (OR = 2.320, CI = 1.096–4.907, and OR = 1.956, CI = 1.217–3.143,
respectively). In addition, participants who reported better health status and higher
levels of lifetime physical activity were more likely to adhere to strength training
(OR = 1.545, CI = 1.162–2.054, and OR = 1.494, CI = 1.010–2.209). Included in
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Table 5 Logistic Regression: Factors Related to Strength-Training
Adherence, N = 491

Age (years)
Educational attainment
Self-reported health status
Lifetime physical activity participation
Leader’s participation in sports
Leader’s previous experience leading programs
Race
Constant

Odds
ratio
1.036
1.110
1.545
1.494
2.320
1.956
0.679
0.020

95% CI
1.014 to 1.058
0.893 to 1.380
1.162 to 2.054
1.010 to 2.209
1.096 to 4.907
1.217 to 3.143
–0.251 to 1.839

p
.001
.349
.003
.045
.028
.006
.446
.000

Note. CI = confidence interval. Because of the nature of survey data, sample size varies by question.

the model but not related to adherence were participant educational attainment
and race (p = .359 and p = .446, respectively). The overall model was significant
(p < .001) with a –2 log likelihood of 462.8 and a Cox and Snell R2 value of .086,
suggesting that this model may explain approximately 8.6% of the variability in
adherence status.

Discussion
Findings from this study revealed that participant age, lifetime physical activity
level, and perceived overall health were positively associated with adherence. In
addition, leaders’ physical activity participation and previous experience leading
programs were positively associated with participants’ strength-training adherence.
These factors’ relationship with exercise adherence is consistent with previous
findings from studies with women and older adults (Boyette et al., 1997; IzquierdoPorrera et al., 2002; McAuley et al., 1994).
At the individual level, women who adhered to strength training reported higher
levels of current and previous exercise participation, as well as better perceived
health and less activity-limiting pain, than nonadherers. These factors’ relationship
with exercise adherence is consistent with previous findings, especially from studies
with women and older adults (Boyette et al., 1997; Izquierdo-Porrera et al., 2002;
Kowal & Fortier, 2007; McAuley et al., 1994; Walcott-McQuigg, Zerwic, Dan, &
Kelley, 2001). Although this was simply a comparison by groups, these findings,
particularly those related to perceived health status and frequency of activity-limiting
pain, offer some information about the perceived and real barriers that may need
to be addressed to improve adherence. One may also consider how it might be
synergistic to combine SWP with a program that addresses these barriers, such as
a chronic-disease self-management program (Farrell et al., 2004).
Studies examining behavioral interventions have identified factors associated
with catalyzing and sustaining change, such as facilitating an environment that
supports and reinforces the behavior. In the SWP, that “environment” encompasses
a myriad of factors that may include individual program-relevant knowledge,

214   Seguin et al.

a ttitudes, experiences, and beliefs; enhancing interpersonal and community engagement; positive behavior modeling and skill mastery by program leaders; and/or
policy changes (Addy et al., 2004; Estabrooks, Lee, & Gyurcsik, 2003; French &
Stables, 2003; Hooker, Wilson, Griffin, & Ainsworth, 2005; Kowal & Fortier, 2007;
McNeill et al., 2006; Sallis et al., 2003; Sallis et al., 2006). In this study, several
of those aspects of environmental support, as well as community characteristics,
were incorporated and examined. The socioecological framework of variables
considered the potential influence of community leaders’ experiences, characteristics, and skills on participant experience and behavior change (Chelladurai, 1980;
Kennerly, 1989; Li-Chun, L, Bi-Ying, Wan-En, & Shu-Feng, 2004). These data,
along with prior research, demonstrate that the relationship between participants
and leadership in the learning environment—behavior modeling (leader’s physical
activity habits) and skill mastery (previous experience leading programs)—were
important elements of adherence (Elder et al., 1986; Farquhar et al., 1990; Li-Chun,
I-Chuan, Bi-Ying, Wan-En, & Shu-Feng, 2004; McNeill et al., 2006). In addition,
the community-level data from this research help provide context and understanding
of the demographics and social environment among this population and may inform
future research aiming to examine the effects of these factors on community-based
behavior-change interventions and dissemination efforts.
Although program participation was a required precursor to survey participation, individuals could be classified as adherers as long they continued to
strength train, regardless of venue. As such, the finding that 182 survey respondents were no longer participating in the program and yet continued to strength
train regularly is an encouraging finding. What this indicates is that exposure to
this health-promoting behavior in the context of a community-based program
executed by trained leaders who themselves are physically active was a potent
enough exposure to support adherence in this population to the behavior of interest—strength training.
There are notable limitations inherent in the design and sample of this survey.
Response and selection bias are perhaps the most considerable. Participant contact
information was solicited from leaders. Although we asked leaders to include
an even representation of both current and previous participants, that was not
possible for those who had either recently started leading a program or who
had high retention. In addition, there was an extra step in the process of gaining permission from previous participants to provide their contact information
to us, which may have been a barrier to gaining equal representation from both
groups. For current participants, leaders asked for permission in class, whereas
for previous participants, they had to call and gain permission over the phone.
There may have also been bias among leaders, however unconscious, to select
“successful” program participants—i.e., those they thought had had a positive
program experience. However, this was the only possible approach to acquiring
contact information. In addition, because only 58% of those surveyed responded
and 79% of those individuals were classified as adherers, it is not possible to
determine whether the factors identified here would be the same in the group of
nonresponders. It is also important to note that although a great variety of categories of variables was included in these surveys, it is possible that key variables
of influence were omitted.
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Conclusion
This cross-sectional study used a convenience sample of community-based program
participants. Despite the limitations of this design and sample, these data make
an important contribution to the literature related to exercise adherence in older
women, particularly as relates to the influence of leadership in community-based
settings. The national sample is also a notable characteristic of this program and
the related findings.
Leadership at the community level was an important component of the SWP
implementation strategy, and these data support its relevance in exercise adherence
in this population, both in terms of behavior modeling—as demonstrated by the
positive association between adherence and leaders’ physical activity habits (sport
participation)—and in terms of skill mastery by program leaders—as demonstrated
by the positive association between adherence and leaders’ previous experience
leading programs (Elder et al., 1986; Farquhar et al., 1990; Li-Chun et al., 2004;
McNeill et al., 2006). Strategies that focus on leader recruitment, selection, and
targeted training (i.e., skill mastery and behavior modeling) and participant-level
factors (i.e., improving participants’ perceived health status or pain limitations)
may be considered to guide future research and programmatic approaches.
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The StrongWomen–Healthy Hearts Program: Reducing
Cardiovascular Disease Risk Factors in Rural Sedentary,
Overweight, and Obese Midlife and Older Women
Sara C. Folta, PhD, Alice H. Lichtenstein, DSc, Rebecca A. Seguin, PhD, Jeanne P. Goldberg, PhD, RD,
Julia F. Kuder, MA, and Miriam E. Nelson, PhD

Cardiovascular disease (CVD) is the leading
cause of death and disability for women in the
United States, claiming approximately 500 000
women’s lives each year.1 The direct and indirect costs of CVD were estimated at more than
$430 billion in 2007.1 As the American population ages, the burden of CVD will continue to
increase.2
It is important to focus efforts on midlife and
older women, because their numbers are increasing in the US population.2,3 Even though
CVD develops over decades and early prevention is important, lifestyle modifications can also
reduce risk in older adults.4 Yet few women are
leading heart-healthy lifestyles. According to data
from the 1999–2000 National Health and Nutrition Examination Survey, half of women aged
51 to 70 years fail to eat at least 5 servings of
fruits and vegetables per day.5 Nearly 40% of
women aged 45 to 54 years do not engage in
any leisure-time physical activity, and this rate
decreases further with age.6,7 Weight control is
important for CVD risk reduction,8 and nearly
70% of midlife and older women are overweight
or obese.9
One strategic prevention approach is the development and evaluation of targeted educational and behavioral programs that can be
implemented widely by community organizations that reach many high-risk women. Only a
few such programs exist. The Centers for Disease
Control and Prevention’s WISEWOMAN program focuses on cardiovascular screening for
midlife, uninsured women.10 In addition, it has
a lifestyle intervention component that has
shown modest improvements in behavioral and
clinical outcome measures.11–14 Other community-based projects targeting women and CVD
have successfully increased aerobic activity15 and
decreased weight and waist circumference.16
More community-based programs that improve heart health in midlife and older women

Objectives. We tested a community-based intervention designed to reduce
cardiovascular disease risk in sedentary midlife and older women who were
overweight or obese.
Methods. In a randomized controlled trial conducted in 8 counties in Arkansas
and Kansas, counties were assigned to the intervention (a 12-week twice-weekly
heart health program) group or to the delayed-intervention control group. Ten to
fifteen women were selected from each site, and participants’ weight, waist
circumference, diet, physical activity, and self-efficacy were measured before
and after the intervention. Data were analyzed with multiple regressions.
Results. Compared with the control group, participants in the intervention
group had a significant decrease in body weight (–2.1 kg; 95% confidence
interval [CI] = –3.2, –1.0), waist circumference (–2.3 in; 95% CI = –4.2, –0.5), and
energy intake (–390 kcal/day; 95% CI = –598, –183); an increase in activity (+1637
steps/day; 95% CI = 712, 2562); and an increase in self-efficacy for dietary and
physical activity behaviors.
Conclusions. Our results suggest that a community-based program can
improve self-efficacy, increase physical activity, and decrease energy intake,
resulting in decreased waist circumference and body weight among at-risk
women. (Am J Public Health. 2009;99:1271–1277. doi:10.2105/AJPH.2008.145581)

are needed. To address this need, we developed the StrongWomen–Healthy Hearts program at Tufts University. We used an existing
partnership between the StrongWomen program at Tufts and the Cooperative State Research, Education, and Extension Service
(CSREES) of the US Department of Agriculture.17 CSREES educators have in-depth knowledge of the communities they serve and run
health-related programs in their counties; thus,
they are well-positioned to deliver interventions
related to heart health. Furthermore, CSREES
provides an infrastructure for national dissemination. We examined the outcomes of the
StrongWomen–Healthy Hearts intervention in
Arkansas and Kansas.

METHODS
To test the feasibility and effectiveness of the
StrongWomen–Healthy Hearts program, we
conducted a randomized controlled trial in
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Arkansas and Kansas. The 8 participating
counties were either nonmetropolitan with
large rural areas or completely rural.18 More
than 90% of residents in all counties were White,
the median household income ranged from
$27139 to $41138, and the percentage of the
adult population with an undergraduate degree
or higher ranged from 8.5% to 22.2%.19 The
factors that likely facilitated or served as barriers
to physical activity and heart-healthy eating in
these communities were assessed for this study
and are described elsewhere.20

Study Design
Randomization was by community (county).
We recruited 8 counties to provide adequate
power to assess an expected increase in
aerobic fitness of approximately 10%. We
recruited counties whose CSREES educators
were able to adhere to our research goals
and time frame. We pair-matched 4 counties
within each state by population density and
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socioeconomic status. One county from each
pair was then randomly assigned to the intervention group; the other 4 counties (2 in each
state) served as controls and conducted a
delayed intervention.
The goal was to recruit 10 to 15 women per
county site, providing a sufficient final sample
and appropriate class sizes. All participants
were recruited by CSREES educators through
articles or advertisements in local newspapers,
flyers, and announcements at meetings. Participants in all counties were assessed at
baseline. The intervention group then participated in the program, and the control group
received no intervention. All participants were
assessed after the conclusion of the program.
Following all intervention and assessment
activities, the control group was given the
opportunity to receive the intervention.
CSREES educators were trained by research
staff (S. C. F. and R. A. S.) to conduct assessments
of screening and outcome measurements and
to implement the curriculum. Each county site
received a stipend of $400 to cover equipment
and supply costs to run the program. Participants received a $25 gift certificate upon
completion of the final assessments.

CSREES educators screened approximately
240 women by phone to determine eligibility (Figure 1). Of these, 136 met eligibility
criteria, and 110 completed baseline testing.
Fourteen were disqualified at baseline testing:
6 reported BMI values during the phone
screening that were within the study range,
but their values measured at baseline assessment were too low; 7 were unable to complete
the 2-km walk, indicating potential physical
impairments that would preclude participation
in aerobic activity; and 1 had a positive result
in the cognitive impairment test.

Measures
Anthropometric measurements comprised
height in centimeters (stadiometer model 214,
Seca North America, Hanover, MD), weight in
kilograms (scale model 880, Seca North America),
and waist and hip circumference in inches (girth
measuring tape model 200, Seca North America).
Measurements were obtained in triplicate with
standard procedures.25 Weight and height
measurements were used to calculate BMI.
We measured dietary intake with consecutive 3-day food records over 2 weekdays and

1 weekend day. Research staff trained in dietary assessment methods trained CSREES educators on how to instruct participants to record food intake. Research staff followed up
with participants by telephone to obtain missing or incomplete information on the food
records and entered the data into the University of Minnesota Nutrition Data System for
Research.26 We used this software to calculate
daily nutrients and servings from food groups
derived from the Dietary Guidelines for Americans27 and MyPyramid.28
We chose the 2-km walking test developed
by the President Urho Kaleva Kekkonen Institute in Finland to assess pre- and postintervention aerobic fitness levels. It has been
validated with older adults and obese populations29–31 and has been used to demonstrate
change in community-based interventions.32,33
Participants were asked to complete a 2-km walk
as fast as they were able, without endangering
their health, at a constant, brisk, maintainable
pace. In this test, time to complete the walk,
ending heart rate, age, and BMI are typically used
to obtain an estimate of maximal oxygen uptake,
a standard measure of fitness. Flat 2-km courses

Participants
Our target study population was women who
were 40 years and older who lived independently, were sedentary (not doing any type of
exercise more than once per week), and had a
body mass index (BMI; weight in kilograms
divided by height in meters squared) of 24 kg/m2
or higher. We chose the lower BMI cutoff to
include women at risk for becoming overweight
because there is a strong secular trend for
increased weight gain during adulthood.21,22
Most participants were required by institutional
review board protocols to obtain permission to
participate from their primary care physician.
Exclusionary criteria were an unstable
medical condition that would preclude participation in an exercise program, as determined
by the Physical Activity Readiness Questionnaire23; current participation in another lifestyle
modification program; inability to prepare food;
cognitive impairment; and pregnancy. At baseline we used a validated 6-item test to screen for
cognitive impairment.24 The test was administered by CSREES educators and scored by
research personnel.
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Note. BMI = body mass index.

FIGURE 1—Flowchart of participant selection: StrongWomen–Healthy Hearts Study,
Arkansas and Kansas, 2007.
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All 4 intervention sites began the program
midwinter 2007. Each of the 24 classes lasted
approximately 1 hour. The primary aim of the
physical activity component of the classes was
to progressively increase to 30 minutes of
moderate-to-vigorous aerobic activity, either
dancing to a DVD created for this project or
walking outside if location and weather permitted. A second aim was to promote lower-intensity
lifestyle physical activity outside of class.
The aims of the dietary component, which
comprised didactic and hands-on training, were
to modify intake patterns and to improve
weight control. This component emphasized an
eating pattern rich in fruits, vegetables, low- or
nonfat dairy products, fish, whole grains, and
legumes; it encouraged consumption of leaner
meats and poultry and less saturated and trans
fats. Smaller portion sizes were also emphasized. Social cognitive theory served as the
theoretical underpinning of the intervention.
Behavioral strategies included self-monitoring
of food intake and physical activity, goal setting, and skill building for meal preparation,
supermarket shopping, and restaurant eating.
Hands-on skill-building activities included
preparation of recipes in small groups. Formative research helped inform development
of the curriculum.20
For process evaluation, CSREES educators
completed a brief weekly questionnaire about
attendance, participant engagement with the
classes, and ability to carry out the intervention
as designed. In addition, study personnel observed 1 class at each site to assess fidelity to
the intervention.

TABLE 1—Baseline Characteristics, by Treatment Group: StrongWomen–Healthy Hearts
Program, Arkansas and Kansas, 2007
Control Group,
Mean (SD) or %

Intervention Group,
Mean (SD) or %

P

Age, y

57.0 (8.1)

57.8 (9.8)

.66

Weight, kg

86.4 (15.0)

89.8 (18.3)

.35

BMI, kg/m2
Waist circumference, in

32.1 (5.5)
39.6 (4.4)

33.4 (5.6)
40.8 (5.3)

.26
.28

Energy, kcal/d
Saturated fat, % kcal
Dietary cholesterol, mg/d
Steps/da

1776 (439)
12.3 (3.2)
231 (116)

1709 (359)
12.5 (3.4)
245 (129)

.25
.87
.59

4201 (1805)

4249 (1710)

.90

25, 08 (4, 50)

26, 02 (4, 43)

.37

Cooks at home

97.1

88.5

.33

Smoker
Married

5.7
65.7

4.9
85.2

.87
.03

Time to complete 2-km walk, min, sec

Other household members, no.
Works full time

1.5 (1.0)

1.6 (1.3)

51.4

52.5

0

3.3

Education
Some high school

17.6

26.7

Some college or technical school

47.1

36.7

College graduate
Graduate school

20.6
14.7

23.3
10.0

8.8

8.5

20 000–49 999

47.1

27.1

50 000–74 999

26.5

33.9

75 000–100 000

17.6

25.4

0

5.1

Income, %

> 100 000

.92
.57

High school graduate

< 20 000

.56

.27

Note. BMI = body mass index. All baseline participants were included, regardless of study completion status. The sample size
for the control group was n = 35. The sample size for the intervention group was n = 61.
a
Data from 53 intervention group and 34 control group participants; data points under 1000 steps were excluded from this
calculation.

were measured with a Garmin eTrex global
positioning system (Garmin International Inc,
Olathe, KS). Participants were also asked to wear
a pedometer (Omron HJ-112, Omron
Manufacturing of America, Inc, St Charles, IL) for
7 days to determine average steps per day as a
measure of habitual physical activity. We excluded pedometer data if fewer than 2 complete
days of data were recorded.34
All participants answered questions about
demographics, cooking in their household, and
smoking status. Most demographic and smoking questions were based on items in national
surveys.19,35 In addition, we assessed self-efficacy for dietary change with a single question for
each of 5 dietary behaviors targeted in the

intervention. These items were similar to dietary
self-efficacy questions that have demonstrated
reliability and validity,36,37 for example, ‘‘How
confident are you that you could eat more fruits
and vegetables if you wanted to?’’ Physical activity self-efficacy was assessed with 11 questions
adapted from a previously validated instrument.38 The response scale for all self-efficacy
questions ranged from1 (not at all confident) to 5
(completely confident). Responses were averaged
to obtain an overall score. The internal consistency (Cronbach a) in this study was 0.90.

Intervention
The StrongWomen–Healthy Hearts program took place 2 days per week for 12 weeks.
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Statistical Analyses
We determined differences between the
control and intervention groups at baseline
with the c2 test for categorical variables and the
t test for continuous variables. To test outcome
variables, we constructed regression models with
pre–post change (in weight, for example) as the
dependent variable and with a group variable
(intervention or control) to determine the treatment effects.
The models also controlled for baseline
values, age, education level, marital status, and
the clustering of participants by county to
achieve robust standard errors. Analyses were
performed with Stata software version 8.0 for
Windows (StataCorp LP, College Station, TX).
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TABLE 2—Baseline Characteristics and Outcomes of Intervention, by Treatment Group:
StrongWomen–Healthy Hearts Program, Arkansas and Kansas, 2007
Pre–Post Change
Baseline

Postintervention

Control,
Mean (SD)

Intervention,
Mean (SD)

Control,
Mean (SD)

Intervention,
Mean (SD)

Control,
Mean (SD)

Intervention,
Mean (SD)

Adjusted
Difference,a
Mean (95% CI)

Weight, kg

85.6 (13.6)

89.5 (18.8)

85.9 (13.9)

87.7 (19.6)

0.3 (1.8)

–1.7 (2.4)

–2.1** (–3.2, –1.0)

BMI, kg/m2

31.8 (5.3)

33.2 (5.7)

31.9 (5.4)

32.6 (6.0)

0.1 (0.7)

–0.6 (0.9)

–0.8** (–1.2, –0.5)

Waist circumference,b in

39.7 (4.3)

40.5 (5.3)

39.9 (4.9)

38.4 (5.7)

0.2 (1.7)

–2.0 (2.1)

–2.3* (–4.2, –0.5)

Energy, kcal/d

1782 (431)

1697 (367)

1685 (435)

1278 (295)

–97 (422)

–419 (391)

–390** (–598, –183)

Carbohydrate, g/d

–56.6*** (–75.7, –37.5)

210.8 (51.8)

205.3 (53.3)

208.2 (55.4)

154.2 (40.9)

–2.6 (47.2)

–51.1 (54.0)

Protein, g/d

69.7 (16.2)

67.8 (15.3)

66.4 (17.5)

60.7 (15.1)

–3.2 (18.9)

–7.0 (16.5)

–5.2 (–15.8, 5.4)

Fat intake
Total fat, g/d

75.6 (27.1)

70.3 (22.5)

68.8 (27.7)

49.7 (17.3)

–6.8 (25.2)

–20.6 (21.0)

–15.7* (–28.3, –3.2)

Saturated fat, g/d

26.0 (11.2)

24.0 (9.9)

22.0 (9.2)

15.6 (6.0)

–4.0 (10.3)

–8.4 (9.2)

–5.2* (–9.4, –1.0)

Saturated fat, % kcal

12.6 (3.2)

12.3 (3.6)

11.3 (2.7)

10.7 (2.9)

–1.3 (3.2)

–1.6 (3.4)

0.0 (–0.9, 1.0)

240 (120)

240 (128)

208 (55)

154 (41)

–32 (142)

–86 (134)

–60*** (–78, –43)

Fruit and vegetables

4.0 (1.9)

4.3 (2.5)

3.6 (1.8)

4.7 (2.5)

–0.3 (2.1)

0.3 (2.0)

0.6 (–0.2, 1.3)

Whole grains

1.5 (1.6)

1.4 (1.0)

1.6 (1.9)

1.6 (1.0)

0.2 (0.9)

0.2 (1.2)

0.0 (–0.6, 0.6)

Low- and nonfat dairy products
Fish (baked or grilled)

0.2 (0.4)
0.6 (1.2)

0.4 (0.5)
0.3 (0.6)

0.3 (0.5)
0.4 (0.8)

0.4 (0.5)
0.4 (0.7)

0.1 (0.4)
–0.2 (1.0)

0.1 (0.3)
0.1 (0.8)

0.0 (–0.2, 0.1)
0.1 (–0.1, 0.4)

Dietary cholesterol, mg/d
Food intake, servings/d

1.0 (0.7)

1.1 (0.9)

1.1 (0.9)

0.5 (0.5)

0.1 (1.1)

–0.7 (0.9)

Time to complete 2-km walk, min:sec

Sweet foods and desserts

24:46 (4:40)

25:57 (4:38)

24:28 (5:24)

24:17 (4:33)

–0:18 (2:23)

–1:40 (2:14)

Steps/dc

4050 (1444)

4300 (1691)

3976 (1231)

6327 (2709)

–113 (845)

1807 (2546)

–0.6* (–1.1, –0.1)
–1:13 (–3:03, 00:37)
1637** (712, 2562)

Note. CI = confidence interval; BMI = body mass index. For the control group, n = 30; for the intervention group, n = 55 (except as noted).
a
Adjusted for age, education level, marital status, baseline value, and clustering by site.
b
Intervention group, n = 54.
c
Data from 46 intervention group and 28 control group participants; data points under 1000 steps were excluded from this calculation.
*P < .05; **P < .01; ***P < .001.

RESULTS
Baseline data were obtained on 96 qualified
participants (Figure 1): 61 in intervention
communities (28 in Arkansas, 33 in Kansas)
and 35 in control communities (14 in Arkansas
and 21 in Kansas). Of these, 85 completed
postintervention testing (55 in intervention
communities and 30 in control communities),
for an overall completion rate of 88.5%. Reasons for loss to follow-up were medical issues
unrelated to the study (n = 6), work or family
conflicts (n = 3), and unknown reasons (n = 2).
Participants who were lost to follow-up did not
differ significantly from those who completed
the study in demographic characteristics or
baseline values for main outcome variables
(data not shown). The intraclass correlation
coefficient for this sample was 0.18.

At baseline, there were no significant differences between intervention and control groups
on demographic and anthropometric characteristics, dietary intake, aerobic fitness, or steps
per day (Table 1). However, a larger percentage
of the participants in the intervention group
were married. All women were White except
one, who was American Indian, reflecting the
demographics of the communities.
The average attendance for all intervention
sites was approximately 80%. Leader feedback
and site visits indicated that there was good
fidelity to the intervention. Issues with the
program as designed were minor and
addressed as needed. For example, one site had
a carpeted floor, making one of the aerobic
dance moves difficult to perform. The CSREES
educator used input from research staff to
make a minor modification.
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Dietary Effects
Pre- and postintervention values and
changes in anthropometrics, diet, and physical
activity are displayed in Table 2. After the
intervention, women in the intervention
group, compared with those in the control
group, showed significant decreases in body
weight (–2.1 kg; 95% confidence interval
[CI] = –3.2, –1.0) and BMI (–0.8 kg/m2; 95%
CI = –1.2, –0.5). Waist circumference decreased significantly in intervention group
participants compared with controls (–2.3
inches; 95% CI = –4.2, –0.5).
Compared with the control group, the intervention group reported significant decreases
in intakes of energy (–390 kcal/day; 95%
CI = –598, –183), carbohydrate (–56.6 g/day;
95% CI = –75.7, –37.5), fat (–15.7 g/day;
95% CI = –28.3, –3.2), and cholesterol (–60
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mg/day; 95% CI = –78, –43). Changes in
protein intake were not significantly different
between the intervention and control groups.
There was a significant decrease in intake of
total grams of saturated fat in the intervention
group compared with the control group (–5.2
g/day; 95% CI = –9.4, –1.0), but the change in
percentage of energy from saturated fat was
not significantly different between the 2 groups.
Intervention participants decreased sweet food
and dessert servings per day compared with
control participants (–0.6 servings/day; 95%
CI = –1.1, –0.1). There was a trend toward
significance in fruit and vegetable servings (0.6
servings/day; 95% CI = –0.2, 1.3; P = .11). No
other food group changes were observed.

Physical Activity and Self-Efficacy
Effects
At baseline, the average time for the walking test
was 25 minutes 42 seconds (SD=4 min 45 sec).
Our intention was to use the test time and heart
rate at the end of the walk to calculate an estimated
maximal oxygen uptake with a validated regression
equation.30 Heart rates were within the targeted
range for this age group, suggesting that participants were exerting themselves adequately.
However, the average walk time was substantially slower than expected, which nullified the
estimation formula. Therefore, we only reported
walk time. The pre–post change in walk time was
1 minute 13 seconds faster in the intervention
group than in the control group, a trend toward
significance (95% CI =–3 min 03 sec, 0 min 37
sec; P= .16). The intervention group participants

significantly increased the number of steps taken
per day compared with controls (1637 steps/
day; 95% CI= 712, 2562).
Participants in the intervention group significantly increased their self-efficacy for all dietary
factors and for physical activity (Table 3).

DISCUSSION
Women who participated in the StrongWomen–Healthy Hearts program lost weight
and decreased waist circumference over the
12-week intervention period. Both of these
anthropometric changes are strongly correlated with reduction in risk of cardiovascular
disease.39,40 The modest weight loss we observed has potential public health implications,
because each kilogram of weight lost is associated with decreased blood pressure41 and diabetes risk.42 In addition, any decrease or leveling
of weight is relevant in this population because it
helps prevent the increase that is typically observed in adulthood.21,22
The weight loss is consistent with findings
that the intervention group participants decreased energy consumption and increased
energy expenditure. Changes in kilocalories per
day can be attributed mainly to decreases in
carbohydrate and fat rather than protein,
which is beneficial for preserving lean body
mass while decreasing fat mass.43 Although
there was a greater decrease in total fat intake in
the intervention group than in the control group,
the intervention had no effect on saturated fat
after adjustment for energy intake.

The decrease in total daily energy intake may
be explained in part by the decrease in sweet
foods and desserts consumed by the intervention
group. Consumption of fruits and vegetables,
which may help decrease overall caloric intake
because of their low caloric density and high fiber
content,44 also trended toward significance.
However, we did not observe significant differences between the groups in consumption of any
other food groups. Although the curriculum emphasized replacing less healthful foods (i.e., foods
higher in calories and saturated fat and lower in
nutrient density) with heart-healthy ones, it appears that intervention group participants generally cut down on less-healthful foods without
increasing more-healthful ones. Additional qualitative research may help inform improved messages about the replacement of foods in future
iterations of the curriculum.
Data from the walking test revealed a trend
toward greater fitness in the intervention
group, although there may not have been
sufficient statistical power to detect a difference
with the control group. It is noteworthy that
participants were so unfit that their preintervention 2-km walk times could not be used in
the algorithm to compute an estimated maximal oxygen uptake. In previous studies, the
average walk time for overweight women was
18.7 minutes31; the average for all participants at
baseline in our study was 25.7 minutes. This is
consistent with other reports of low levels of
cardiorespiratory fitness among adults in the
United States, particularly women.45,46 An important area for future research is to examine the

TABLE 3—Self-Efficacy at Baseline and After the Intervention, by Treatment Group:
StrongWomen–Healthy Hearts Program, Arkansas and Kansas, 2007
Baseline

Postintervention, Mean (SD)

Pre–Post Change

Control,
Mean (SD)

Intervention,
Mean (SD)

Control,
Mean (SD)

Intervention,
Mean (SD)

Control,
Mean (SD)

Intervention,
Mean (SD)

Adjusted Difference,a
Mean (95% CI)

Consuming more fruits and vegetables

4.3 (0.8)

4.1 (0.9)

4.0 (0.9)

4.3 (0.8)

–0.4 (1.0)

0.2 (1.1)

0.4* (0.1, 0.8)

Including more healthful fats in diet

4.1 (0.9)

3.8 (1.0)

3.9 (0.8)

4.3 (0.8)

–0.2 (0.9)

0.4 (1.2)

0.4* (0.1, 0.8)

Consuming more whole grains

4.2 (1.0)

4.1 (0.8)

4.0 (0.9)

4.4 (0.9)

–0.2 (1.0)

0.2 (1.0)

0.4** (0.2, 0.7)

Consuming more low- and nonfat dairy products
Consuming more fish (baked or grilled)

4.1 (0.9)
3.5 (1.4)

3.9 (1.1)
3.5 (1.1)

3.5 (1.1)
3.1 (1.4)

4.2 (0.8)
3.8 (1.0)

–0.6 (1.2)
–0.3 (0.9)

0.3 (1.2)
0.3 (1.2)

0.8* (0.1, 1.5)
0.88* (0.3, 1.2)

Physical activityb

3.0 (0.8)

3.0 (0.6)

3.0 (0.9)

3.4 (0.7)

0.0 (0.7)

0.4 (0.7)

0.4* (0.1, 0.8)

Self-Efficacy

Note. CI = confidence interval. Self-efficacy was measured on a Likert scale (1–5).
a
Adjusted for age, education level, marital status, baseline value, and clustering by site.
b
Mean score of 11-question scale measuring self-efficacy under various conditions (under stress, when depressed, when anxious, and so on).
*P < .05; **P < .01.
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validity of such measures and to develop new
ones that can be used in the field with overweight, sedentary, and unfit populations.
It is encouraging that waist circumference
was reduced significantly in the intervention
group. Waist circumference, which is feasible
to measure in field trials, can serve as a surrogate marker for abdominal fat mass. Abdominal fat mass correlates with increased risk of
CVD, and women with a waist circumference
greater than 35 inches are considered to be at
increased risk.40
Our results were comparable to those of
other community-based interventions that target women.11–15 In a similar 12-week intervention with rural women, the intervention group
showed a trend for improved cardiorespiratory
fitness.15 Published reports on outcome
evaluations for the lifestyle component of the
WISEWOMAN program, which serves under- or
uninsured midlife women, are available for 3
states: North Carolina,11 Massachusetts,12 and
Arizona.13 All 3 compared some type of minimal
intervention, typically standard care, with at least
one enhanced, theory-based intervention.47
None of the studies observed a significant difference in degree of change in blood pressure,
serum cholesterol, or BMI between enhanced
and minimal intervention groups, although this
may have been because the minimal intervention
was itself robust enough to create change. In
many cases, both groups showed improvements
in these and other measures.
Collectively, these findings, including our
program, suggest that it is possible to facilitate
meaningful behavior change in midlife and
older women. It will be important to continue
to refine these strategies to maximize impact.
Most of the study’s limitations stemmed from
the community-based design. The best approach is to randomize after recruitment and
baseline testing to minimize differences between the intervention and controls groups
caused by the recruitment process. This was
not feasible. However, because the control
group received a delayed intervention, recruitment was similar between the 2 groups.
The main difference between them was when
they began the program. There were no differences between the 2 groups on all known
variables at baseline except percentage married, suggesting an absence of recruitment bias,
although it cannot be ruled out.

CSREES educators who implemented the
intervention also assessed participants and
were not blinded to the treatment condition;
this was another potential source of bias.
However, they were trained to use standard
protocols to help ensure objective and reliable
measurements, and they conducted the assessments as a team, with CSREES educators
travelling to each intervention or control site
within each state to further ensure consistency
at each site. The dietary data were selfreported, with inherent likelihood of inaccuracies and underreporting.48 It is possible that the
intervention group introduced systematic bias
because of what they felt they should eat as a
result of the classes. However, this would have
resulted in spurious intervention effects, rather
than the absence of effect we observed for the
food groups.
At baseline, study participants’ intakes of
calories, macronutrients, saturated fat, and
cholesterol were very similar to values for
women in these age groups taken from a
representative sample of the US population.49 This suggests that these participants were
typical in dietary intake and that the results
may be generalizable to similar populations of
midlife and older women. However, the recruitment methods resulted in a sample that had
somewhat more education and higher income
than the overall county averages for women in
this age group. In future studies, recruitment
methods will be refined so that samples are
more representative. Furthermore, although
representative of the counties, all participants
were White except for one. It is likely that the
program would need modification for use in
counties with more diversity.
Our results suggest that the StrongWomen–
Healthy Hearts program was effective in
changing self-efficacy, a determinant of behavior, and several targeted behaviors. These
changes likely contributed to the anthropometric changes in body weight and waist circumference associated with reduced risk of
cardiovascular disease. It will be important in
future studies to examine the longer-term effects on these outcomes. This program, which
was moderately intensive and feasible to implement with CSREES educators, has the potential to be replicated and disseminated to
many women in the communities in which they
live. j
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Abstract
Background: The benefits of community-based health programs are widely recognized. However, research
examining factors related to community leaders' characteristics and roles in implementation is limited.
Methods: The purpose of this cross-sectional study was to use a social ecological framework of variables to
explore and describe the relationships between socioeconomic, personal/behavioral, programmatic, leadership,
and community-level social and demographic characteristics as they relate to the implementation of an evidencebased strength training program by community leaders. Eight-hundred fifty-four trained program leaders in 43
states were invited to participate in either an online or mail survey. Corresponding community-level
characteristics were also collected. Programmatic details were obtained from those who implemented. Fourhundred eighty-seven program leaders responded to the survey (response rate = 57%), 78% online and 22% by
mail.
Results: Of the 487 respondents, 270 implemented the program (55%). One or more factors from each category
– professional, socioeconomic, personal/behavioral, and leadership characteristics – were significantly different
between implementers and non-implementers, determined by chi square or student's t-tests as appropriate.
Implementers reported higher levels of strength training participation, current and lifetime physical activity,
perceived support, and leadership competence (all p < 0.05). Logistic regression analysis revealed a positive
association between implementation and fitness credentials/certification (p = 0.003), program-specific self-efficacy
(p = 0.002), and support-focused leadership (p = 0.006), and a negative association between implementation and
educational attainment (p = 0.002).
Conclusion: Among this sample of trained leaders, several factors within the professional, socioeconomic,
personal/behavioral, and leadership categories were related to whether they implemented a community-based
exercise program. It may benefit future community-based physical activity program disseminations to consider
these factors when selecting and training leaders.
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Background
An essential component of community-based physical
activity programs are the leaders who implement them [14]. Community program leaders serve many roles in
implementation – from soliciting participation and teaching classes to providing motivation, inspiration, and feedback to participants [3,5,6]. Leaders may also carry out a
range of administrative and logistical tasks.
Leaders often possess a wide variety of backgrounds and
skills, which inevitably influence the programs they
implement and the participants who receive them. In
community-based public health program evaluations,
there are varying types and degrees of success (related to
implementation, participation, biologic/health-related
outcomes, and beyond); it is likely that the characteristics
of the leaders and communities contribute to this variability – independently and collectively [7-12].
Currently, there is a gap within the public health literature
by which a comprehensive model could be developed and
utilized to identify, select, and strategically train community-based leaders to maximize their skills and capacity.
General literature on leadership, however, lends insight to
factors and characteristics worthy of exploration. For
example, it has been proposed that leadership is influenced by the leader's personal characteristics. Research
suggests that such characteristics can be defined on a variety of levels, such as age, education level, or in a capacity
that is more descriptive of life experiences and personal
habits, such as eating habits or exercise practices. In this
context, a study may seek to determine which factor is
important to program implementation: formal training or
prior program implementation experience? Perhaps neither; perhaps both. Also, does it matter whether the leaders themselves model the behavior they are trying to
encourage? Personal commitment and/or experience may
affect the execution of implementation [5,13-20].
Other theories on leadership suggest that while personal
characteristics are important, situational factors such as
support, the organization, or environment may interact
with individual factors and modify effectiveness accordingly [7,13,15,17,21-23]. These theories imply that even if
all essential components are in place at the individual
(leader) level, the context or situational characteristics
play an inevitably crucial role. An environment where
appropriate resources are allocated toward development
and where learning is rewarded is also essential to the
development of an effective leader. This concept may be
thought of as quality of institutional or organizational
leadership [14,20,23-26].
What is commonly agreed upon in this area is that appropriate leadership is important to bring about change
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within a group, and that greater levels of change require
leadership that is more dynamic. It has been suggested
that the most effective leaders are those who rely on not
one but multiple leadership styles and those who are able
to adapt depending on the situation [23,26].
Considered succinctly, optimizing leadership is likely a
function of both personal and environmental factors that
facilitate program implementation and sustainability
through separate and collective action [7,13,15,17,21].
Hence, the characteristics of the target group, nature of the
work, type of group structure, and nature of the external
environment may all influence what could be considered
"successful" leadership [13,17,19,27]. Therefore, examining and understanding the effects of leadership, individual, and situational characteristics may confer enhanced
success in implementing and sustaining a variety of community programs [3,15,18,24,28-31].
There is emerging popularity and demand for evidencebased health promotion programs. Despite the recognized importance of community program leadership and
an extensive body of literature related to the leadership for
the business sector [14,16,22,32], research in this area as
it relates to public health is limited, in both quantity and
depth. The multilevel influence embedded within community-based programs implementation and dissemination efforts invite the social ecological model as a viable
and practical framework for examination [33,34]. The
findings presented here aim to expand understanding of
the role of leadership in community-based program
implementation, and to generate hypotheses for future
studies.
Study objective
The purpose of this study was to explore and describe the
relationships between socioeconomic, personal/behavioral, programmatic, leadership, and community-level
social and demographic characteristics as they relate to the
implementation of an evidence-based strength training
program by community leaders. This was a cross-sectional
design that utilized a convenience sample of leaders from
the StrongWomen Program (SWP) – a nationally disseminated community strength training program targeted to
midlife and older women [6]. The primary hypothesis
stated that implementation of the SWP would be positively associated with a community leader's previous
strength training experience, support, and leadership
characteristics compared to leaders who did not implement the program. The contextual framework for the dissemination of the SWP is shown in Figure 1; an extensive
review of the national dissemination of the SWP – including the training workshop, curriculum, and programmatic
details – have been previously published [6]. The social-
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Figure 1
Dissemination
Context
Dissemination Context. Context for development and
dissemination of the StrongWomen Program, a communitybased strength training program targeted to women aged 40
and older. This figure was previously published [6].
ecological framework of variables for this research is
shown in Figure 2.

Methods
The SWP was designed as a community-based program to
be implemented as twice weekly group strength training
classes lasting eight to twelve weeks in community settings. At the time of survey administration (June 2006),
thirty-nine day-long workshops had been conducted from
May 2003–June 2006 – training 854 community leaders
from forty-three states to lead the SWP. Program leaders
are most commonly from nonprofit organizations such as
the USDA Cooperative State Research, Extension, and
Education Service, hospital-based wellness centers, and
community/recreation centers [6]. Contact information
for trained leaders is tracked using a detailed database that
includes phone, email, address, and other professional
information.
Survey design and development
The preliminary survey development involved the synthesis of findings from three sources: approximately 500
post-workshop evaluations completed by leaders; data
from a pilot phone survey conducted in September 2004;
and group program participant interviews previously conducted during program site visits from 2004–2005 [6,35].
Those data were used to compile a working draft concept
and content table, which framed the survey outline.
Phone interviews were then conducted with five program

ProgramLeaders
Environment

FigureEcological
Social
2
Framework
Social Ecological Framework. Social ecological framework describing the leader, participant, and community characteristics examined in this study, and how they may be
related to implementation (leaders) and adherence (participants). The community-level characteristics also help to
describe the larger contextual landscape of the dissemination
environment.

leaders and five program administrators from a range of
geographic locations to expand upon and revise the outline. Drafts of the survey were reviewed and pilot tested
internally among the research team and selected colleagues, in both an Internet-based and paper-based format.
Following the first round of modifications, the survey was
then pilot tested in the online and paper formats with ten
program leaders from six states, including the five leaders
who initially participated in the phone interviews; all
were subsequently excluded from the final survey participation. Following revisions, the survey along with all
related materials (i.e. cover letter/cover email inviting
leaders to participate, consent form, etc.) were approved
by the Tufts University Human Investigation Review
Board (IRB approval #7049).
Survey data collection
Eight-hundred fifty-four leaders were invited to participate in the survey beginning in June 2006. All leaders who
provided email addresses at workshop trainings in which
they participated received the email invitation, which
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included a link to the online consent and survey. Those
who did not provide an email address as well as those
who responded asking for a printed version, were mailed
the paper-based version, which included a written consent
form. After the initial email and paper mailing, all nonrespondents received both the email-based and paper-based
invitations on two subsequent release dates – each separated by approximately three weeks (for a total of three
survey invitations). All respondents were required to give
informed consent to participate. Following survey submission, all respondents were mailed a thank you letter.
All survey data were collected over a three-month period.
Paper survey data were entered into SPSS Data Builder
14.0; Internet-based survey data were downloaded to a
Microsoft Excel spreadsheet and subsequently converted
to the SPSS 14.0 format. Data from the paper surveys and
online survey were merged. Data cleaning and recoding as
well as all data analysis were conducted using SPSS 14.0
[36].
Of the 854 leaders surveyed, 487 completed the survey,
yielding a 57% response rate. Of the 487 survey respondents, 381 were online respondents (78%) and 106 were
mail respondents (22%). Analyses were conducted
between online and paper-based respondents in terms of
personal characteristics (i.e. age, sex, race, education,
income, etc.) as well as program-related characteristic (i.e.
implementation rates, participant compliance, etc.).
Using chi square to compare categorical variables and t
tests to compare continuous variables, no statistically significant differences were found between the online and
mail respondents; therefore, all data were analyzed and
are shown together.
Outcome measurements
Implementation
Survey respondents (herein "respondents") were asked
(no/yes answer format) if they had implemented at least
one program (twice weekly SWP classes) following their
workshop attendance. Individuals who answered yes were
classified as implementers. This was the primary outcome
of interest, and the dependent variable (0 = no, 1 = yes)
for the logistic regression analysis.
Socioeconomic and professional factors
Socioeconomic characteristics included the following:
age, sex, race, marital status, educational attainment (i.e.
bachelors level), income, and work status; questions were
adapted from the U.S. Census Bureau American Community Survey and the Behavioral Risk Factor Surveillance System Survey Questionnaire [37,38]. Professional variables
collected included educational degree concentration (i.e.
physical therapy); fitness certification/credential attainment; professional title and job responsibilities (if appli-
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cable); and employer name and type of organization (if
applicable).
Program-related personal factors
The program-related personal characteristics of respondents asked leaders to categorize their current and previous
activity level, current and previous sports participation,
past and current strength training participation, change in
activity since workshop attendance, and the activity level
of the leader's significant other (if applicable). Physical
activity and nutrition topic areas were derived from the
National Health Interview Survey; specific questions were
developed, pilot tested, and administered for this survey
[38].
Leadership factors
Respondents answered questions about their programspecific self-efficacy related to their confidence to overcome potential challenges related to social, physical, and
logistical aspects of program implementation; a combined overall score for program-related self-efficacy was
calculated. The self-efficacy questions were adapted from
the General Self-Efficacy Scale [39]. To characterize leadership competence, respondents were asked whether they
self-identify as a leader and whether they are comfortable
leading people in activities; responses were yes/no [27].
To characterize leadership style, four primary categories
from well-established leadership inventories were utilized: organization, support, communication, and conflict resolution [27,40]. Respondents answered eight
questions that were used to characterize their leadership
style, within the aforementioned four categories. The leadership competence and leadership characteristics questions were informed by the Leadership Practices Inventory
Total program leaders surveyed
(N = 854)

381 (78%)
online

Completed surveys
(N = 487)
106 (22%)
mail

Implementers
(N = 270)

Non-Implementers
(N= 217)

Figure 3Leader Survey Response
Program
Program Leader Survey Response. Graphic of overall
survey response rate, percentages of paper and online surveys received, and breakdown of program implementers and
non-implementers.
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Table 1: Socioeconomic and Professional Characteristics.

Non-Implementers
N = 217a

Implementers
N = 270b

P-Value

50 (10)

50 (11)

0.965

Sex, % female

98

98

0.986

Race, % white

93

93

0.953

Married/living with domestic partner, %

73

74

0.465

Education level, %
- Some HS
- HS grad
- Some college
- BS
- MS+

3
10
29
58

3
15
38
44

1.000
1.000
0.174
0.034
0.003

Household income, %
- <20K
- 20-49999
- 50-74999
- 75-100K
- >100K

5
18
33
26
20

3
26
30
21
20

0.799
0.059
0.548
0.209
0.845

Work status, %
- Full time
- Part time
- Volunteer only
- No work

69
21
6
4

70
21
5
4

0.862
0.963
0.698
1.000

Fitness credential/certification, %

24

35

0.005

Age in years, mean (SD)

Due to the nature of survey data, sample size varies by question.
a – sample size range: n = 189–217
b – sample size range: n = 236–270

and other relevant sources, and developed for this survey
[27,40]. Respondents also reported perceived support
from friends, family, and/or their supervisor to implement the program as well as the reason they attended the
training workshop [41].
Demographic comparisons
To assess socioeconomic status (SES), survey respondents
indicated their educational attainment, household
income level, and race (individual level). These variables
were also collected at the community level (respondent
zip codes) and at the national level using 2004 U.S. Census data [37]. Means were compared for education,
income, and race between the individual level and community level, between the individual and national levels,
and between the community and national levels. In addition, voter participation rates and crime rates were collected at the community level and national level, as
indicators for community participation and collective efficacy, respectively. Statistical means for each of the varia-

bles were compared at the community and the national
level [42,43].
Statistical analyses
The chi-square test was used to compare implementers to
non-implementers on categorical variables, and the t test
was used to compare continuous variables. Logistic regressions examined factors related to implementation. The a
priori hypothesized model was specified as: implementation
= educational attainment + income + program-related self-efficacy + fitness certification/credential + support-focused leadership style + previous strength training experience + age.
Additional model details are provided in the Results section of this manuscript. The data were analyzed using
SPSS 14.0 [36]. In addition, five community-level variables were examined that describe specific aspects of community: education and income (SES); race (population
diversity); crime rates (social cohesion), and voter participation (collective efficacy) [44].
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Table 2: Occupation distribution of program leadersa

Jobs
Extension Agent

Percent
43.0%

Fitness Instructor/Personal Trainer

7.8%

Physician/Nurse

4.1%

Physical Therapist

1.8%

Nutritionist/Dietician

1.6%

Other Healthcare

5.9%

Community Educator/Community Organizer

5.8%

Academic Educator

2.0%

Student

1.2%

Self-employed

1.4%

Other

10.9%

Due to the nature of survey data, sample size varies by question.
a – sample size: n = 754

Results
Implementation
Of the 487 respondents, 270 (55%) were classified as
implementers; 217 (45%) were classified as non-implementers. See Figure 3.
Socioeconomic and professional factors
The majority of respondents were educated white (93%),
female (98%), and working full- or part-time (≥ 90% collectively). Age, sex, race, marital status, household
income, and work status were not different between nonimplementers and implementers. Non-implementers
reported significantly greater masters-level educational
attainment compared to implementers (p = 0.003);
implementers reported greater bachelor-level attainment
compared to non-implementers (p = 0.034). Data presented in Table 1. In addition, the occupation distribution
of program leaders is presented in Table 2.
Program-related personal factors
Implementers reported significantly lower current physical inactivity levels, greater current strength training habits, and increased post-workshop physical activity levels
compared to non-implementers (all p < 0.001). Lifetime
physical activity level, current and prior sports participation, spouse/domestic partner activity level, and prior
strength training experiences were not different between

http://www.ijbnpa.org/content/5/1/62

non-implementers and implementers. Data presented in
Table 3.
Leadership characteristics
Implementers reported significantly greater perceived
support from their friends, families, and supervisors compared to non-implementers (p < 0.001) as well as greater
levels of program-related self-efficacy (p = 0.003) and
leadership competence (greater comfort leading others, p
= 0.007 and stronger leader self-identification, p = 0.049)
compared to non-implementers. Reasons for workshop
attendance also differed significantly between the groups.
A significantly greater percentage of non-implementers
reported "personal health reasons" as their primary reason for attendance (p = 0.002), whereas implementers
reported "to implement a program" and "supervisors suggestion" as their reasons compared to non-implementers,
although the differences were not significant (p = 0.097
and p = 0.074, respectively). Data presented in Table 4.
Program logistics and barriers
Implementers reported details regarding the SWPs they
implemented. Mean months ± SD between workshop
attendance and program implementation was 5.1 ± 5.5.
Other details included duration of program session, the
number of days per week that classes meet, length of class
sessions, number of participants per class, peer leader program help, participant attendance rate. They also reported
their reasons for implementing, sustaining, and no longer
leading programs, as applicable, as well as compensation
related to leading the program. Those data are presented
in Table 5.

Reported barriers to implementation were different
between implementers and non-implementers. Compared to non-implementers, implementers reported finding participants as a barrier to starting a program (p <
0.001). Compared to implementers, non-implementers
reported being too busy and not having enough support
as their barriers (p = 0.01 and p < 0.001, respectively).
Data not shown.
Demographic comparison
Individual, community, and national-level comparisons
for education, income, and race as well as community and
national-level voter participation and crime rates for
leader communities are shown in Tables 6. At the individual-level, respondents had higher levels of education,
higher household income, and less racial diversity than
their respective communities (all p < 0.001), and their
respective communities had higher levels of education,
higher household income, less racial diversity compared
to the national levels (all p < 0.001). In addition, respondents' respective communities had higher voter participa-
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Table 3: Program-Related Personal/Behavioral Characteristics

Non-Implementers
N = 217a

Implementers
N = 270b

P-Value

Current PA level, %
- Not active
- Somewhat active
- Active

10
42
48

2
40
58

<0.001
0.595
0.031

Lifetime PA level, %
- Not active
- Somewhat active
- Active

4
54
42

4
46
50

1.000
0.113
0.136

Current sports participation, %

17

23

0.124

Prior sports participation, %

58

65

0.125

Significant other is active, %c

75

80

0.294

Prior strength training experience, %

42

47

0.263

Currently strength training regularly, %
(at least 1–2 times per week)

59

85

<0.001

6
69
25

54
46

0.001
0.002
<0.001

Change in activity level since workshop, %
- Less active
- About the same
- More active
Due to the nature of survey data, sample size varies by question.
a – sample size range: n = 212–216
b – sample size range: n = 260–270
c – sample size for non-implementers, n = 157; implementers, n = 183

tion rates and higher crime rates compared to the country
overall (p < 0.001 and p = 0.025, respectively).
Factors related to program implementation: logistic
regression analysis
To examine the impact of these measures on program
implementation, a logistic regression model was estimated. The logistic equation presented in Tables 7 was
specified as: implementation = educational attainment + program-related self-efficacy + fitness certification/credential +
support-focused leadership style + previous strength training
experience + age. These data revealed that leaders who have
a fitness credential are approximately twice as likely [OR
= 2.3, 95% CI = 1.3–3.9, p = 0.003] to implement the program, and that support-focused leadership style and
greater levels of program-related self-efficacy (as measured by the scores previously described) increase the likelihood of implementation (p = 0.006 and p = 0.002,
respectively). Additionally, higher educational attainment
was negatively associated with program implementation
(p = 0.002). Results are shown in Table 7.

It is important to note here that the construction of alternative models informed by the univariate results occurred
during the analyses of these data. The process involved a
phased approach testing for collinearity among variables
and using step-wise logistic regression. The variables were
first tested for collinearity within their respective categories (socioeconomic, professional, program-related personal/behavior, leadership). For example, within the
socioeconomic and professional category, education and
income were highly correlated and thus could not be
included in any regression models together. Using separate step-wise logistic regression tests, educational attainment remained in the model while income did not; thus,
education was chosen over income for inclusion. This also
occurred with three variables in the leadership category.
Program-related self-efficacy, leader self-identification,
and leadership comfort were all correlated, and were subsequently tested in models separately; program-related
self-efficacy was chosen for inclusion based upon the
model's Cox & Snell R-squared value. The final phase
involved testing the remaining variables for potential collinearity followed by step-wise logistic regression. The
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Table 4: Leadership Characteristics: Support, Self-Identification, Comfort, and Self-Efficacy

Non-Implementers
N = 217

Implementers
N = 270

P-Value

Friends/family/supervisor support of program involvement, %a

93

100

<0.001

Reason for workshop attendance, %b
- Supervisor's suggestion
- Personal health reasons
- To implement a program
- Other

9
32
41
18

14
19
49
18

0.074
0.002
0.097
0.741

2.76 (0.60)

2.93 (0.29)

0.003

Self-identify as a "leader", %b

86

94

0.049

Comfortable leading friends or strangers in an activity, %b

95

99

0.007

Program related self-efficacy, mean (SD)c

Due to the nature of survey data, sample size varies by question. Range is noted below.
a – sample size for non-implementers, n = 146; implementers, n = 238;
b – sample size range for non-implementers, n = 202–215; implementers, n = 250–265
c – sample size for non-implementers, n = 168; implementers, n = 229

final model presented (Table 7) is significant (p < 0.001)
with a -2 log likelihood of 379.5 and a Cox & Snell Rsquared value of 0.125, suggesting that this model may
explain approximately 12.5% of the variability in implementation status.

Discussion
The mission of public health is to prevent disease and promote health in the greater population through the ongoing collection of health-related data; providing sound
health information, resources, and recommendations;
and supporting the implementation and dissemination of
public health initiatives and programming. While we
understand the importance of physical activity participation and have data to support the feasibility and benefits
of community-based programming [6,12,29,45-52], there
is limited evidence related to optimizing implementation
rates by leaders. This study sought to describe the characteristics of program leaders from a nationally disseminated program, and to identify and understand factors
that help community-based leaders apply what they learn
through curricula and trainings to successfully implement
programs.
Of approximately forty distinct factors examined – including a range of socioeconomic, professional, personal/
behavioral, leadership, and community variables – these
data revealed that fitness credentials, support-focused
leadership style, and greater levels of program-related selfefficacy were positively associated with program implementation, while higher levels of educational attainment
were negatively associated with implementation in a
logistic regression analysis. Additionally, in chi square
group-level comparisons, physical activity level, perceived

support, comfort leading groups, and leader self-identification were higher among implementers compared to
non-implementers.
The social ecological model provided a valuable framework to categorize variables related to leader implementation. These findings demonstrated that both individual
and interpersonal levels of influence were important. Fitness credentials/certification is an individual leadership
characteristic specific to the implementation of this program. For example, leaders in this sample have a variety of
professional expertise – from physical and occupation
therapy to nursing, dietetics, and chiropractics [6]. In the
SWP, fitness credentials are relevant to the program, yet
they may not be for other health-promotion/communitybased programs. However, it may be that, in general, program-specific training or experience plays an important
role in leader confidence as well as competence around
the planning, organization, and administration, and/or in
execution of the implementing the program and sustaining it.
The self-efficacy score was derived from three questions in
which leaders rated their confidence to overcome social,
logistical, and physical challenges related to program
implementation. Program-related self-efficacy was significantly higher among implementers, which is consistent
with previous findings [16,31,53], although scores were
quite high among non-implementers as well. Prospective
studies would help clarify whether the act of implementation itself increased implementers' self-efficacy scores.
The leadership assessment was asked separately from programmatic questions, and this category of questions was
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Table 5: Program Characteristics (Implementers Only)a

Mean (SD)
Duration of program session, weeks

10 (2.5)

Days per week classes meet

2 (0.6)

Length of class sessions, minutes

57 (12)

Number of participants per class

13 (11)
Percent

Peer leader helps with programs, %

72

Attendance rate of participants, %

84

Reason for implementation, %
- To help others
- New professional goal
- Supervisor's suggestion
- Community involvement
- Other

38
19
12
11
20

Reason for continuing to run the program, %b
- To help others
- I enjoy strength training
- Community involvement
- New professional goal
- Supervisor request
- Other

38
13
13
7
6
23

Reason for no longer leading the program, %c
- A volunteer/colleague took over
- Due to time/scheduling conflicts
- Not enough participant interest
- Job no longer supportive
- Other

27
20
10
7
36

Compensation for running the program, %
- It's part of my job/salary
- It's 100% volunteer (no pay)
- Other

51
38
11

Due to the nature of survey data, sample size varies by question.
Range is noted below.
a – sample size range: n = 246–270 (unless noted otherwise below)
b – sample size: n = 206;
c – sample size: n = 103

asked in a general context. Respondents were asked to
identify potential leadership strengths and weaknesses of
their own leadership characteristics in terms of organization, communications, conflict resolution, and providing
support, which are commonly examined factors in determining leadership style [17,22,27,40]. In this study, individuals whose leadership style focused on providing
support were positively associated with implementation
in the logistic regression analysis, while none of the other

http://www.ijbnpa.org/content/5/1/62

three categories of leadership were association with
implementation. As leaders trained in a communitybased health program, support-focused leadership style
was a likely characteristic [31]. Future studies might examine similar categories among implementers of other
health programs to determine if support-focused leadership remains an important factor. If so, it would be beneficial to include strategies for improving support-focused
leadership during trainings, and to consider this leadership characteristic in selection when necessary.
In this study, educational attainment was inversely associated with program implementation. This was an interesting finding and counterintuitive to other findings [3].
However, this is a highly educated cohort, with greater
than 82% of individuals having a bachelors degree or
higher. In some cases, more than one individual from the
same organization was trained. It could be that those in
the masters or higher education level category were at the
director or administrator level in the organization and
therefore their job responsibilities were to oversee programs but not to actually implement them. While not
"implementers" themselves, these individuals may have
provided mentorship and resource support to leaders who
did implement the program, thus acting as critical program advocates who played an essential role in the pathway to implementation. Qualitative data collected in a
related study may provide clarification in this area (publication forthcoming).
The primary limitation of this study is the convenience
sample and cross-sectional design. This design and sampling structure dictate that all findings are associations in
which causality cannot be inferred or implied, and that
results cannot be extrapolated to other populations or
programs. In future survey research of a similar nature, it
would be optimal to administer the survey prior to and
following a potential implementation timeframe. Specifically with regard to the sample: they were predominantly
women who were mostly white and of relatively high socioeconomic status (SES). Despite this, there is a range
within SES. Additionally, the national representation of
leaders with varying personal and educational degrees is
beneficial for understanding common factors across professions, geographical regions, and urban/rural locations.
An additional limitation of this study is response bias.
Response bias is a consideration for survey research,
although the response rate was 57%. It is helpful that
response rate does not appear biased by implementation,
as it is similar among implementers and non-implementers.
Although these data provide valuable insights into initial
program implementation, there are a number of questions related to program adoption and sustained delivery
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Table 6: Leader Communities: Individual, Community-level, and National Demographic Comparisonsa,b

Individual level
(all trained leaders)

Community-level
(leaders' reported zip code)

National-level
(zip code data, 2004 US Census)

Mean (SD)

Mean (SD)

Mean (SD)

Education levelc

4.3 (0.84)

2.68 (0.42)

2.48 (0.44)

Household incomed

3.33 (1.14)

2.27 (0.55)

2.20 (0.57)

93.47 (24.70)

78.5 (15.80)

75.1 (22.90)

Voter participation

-

60.73 (8.55)

58.85 (9.88)

Violent crimes per 100,000 people

-

1153 (714)

1070 (837)

Race (% white)

a. Individual data as reported on survey; community-level by reported corresponding zip code and national means [37,42,43].
b. All values for each category at all levels are different (p ≤ 0.025).
c. Education score corresponds to the five education categories described in the methods section; details shown in manuscript 2.
d. Income score corresponds to the five income categories described in the methods section; details shown in manuscript 2.

(i.e. utilization of the RE-AIM Framework) that would
provide a fruitful area of further investigation [54,55]. The
strengths of these data are that multiple factors from a
broad range of categories were examined in the context of
a nationally disseminated community-based exercise program. The data offer a comprehensive analysis at the
leader level, rather than at the participant outcome-related
level, which is perhaps where participant exposure and
program success begins.

Conclusion
Studies on other social change issues have identified a
number of factors that are associated with sustained
change. These include policy changes, strategic collabora-

tions, and effective leadership at the community level.
Without leadership to initiate, motivate, and sustain physical activity programs, the causal pathway to behavior
change among community members is interrupted, minimizing the efficacy of programs and reducing the likelihood of community and individual change [4,32,56,57].
Implementation is an important step to increasing access
to community programs, and ultimately, to increasing
participation. Thus, optimizing implementation rates
through leader recruitment and training are viable strategies to achieve that goal. These findings may also help
administrators to improve criteria for leader selection, as
good leaders are difficult to recruit and maintain.

Table 7: Logistic Regression Model: Factors Related to Program Implementationa

Variables

Odd Ratio

95% CI

p-value

Educational attainmentb

0.575

0.408

0.810

0.002

Program-related self-efficacyc

2.853

1.483

5.488

0.002

Fitness certification/credentialb

2.265

1.319

3.891

0.003

Support-focused leadership styleb

1.305

1.078

1.580

0.006

Previous strength training experienced

0.758

0.459

1.251

0.278

Age (years)b

1.001

0.979

1.023

0.917

Constant

0.568

0.663

a sample

size: n = 314
as shown in table 1
cmeasured as shown in table 3
dmeasured as shown in table 2
bmeasured
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This study's theoretical model offers a contextual framework of factors related to leader implementation, and
contributes knowledge to advance research related to
future community-based programs. Utilizing lessons
learned from this study, future research – particularly prospective studies – examining a similar social ecological
framework that includes personal/behavioral, socioeconomic, professional, leadership, and community factors
in other programs and in other populations are clearly
warranted. Studies including men and individuals with
greater socioeconomic and racial diversity (e.g. low
income and non-white populations) would be beneficial
to the literature and for applications in a variety of public
health programs and settings.
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Abstract
Background
Physical activity is essential for maintaining health
and function with age, especially among women. Strength
training exercises combat weakness and frailty and mitigate the development of chronic disease. Communitybased programs offer accessible opportunities for strength
training.
Program Design
The StrongWomen Program is an evidence-informed,
community-based strength training program developed
and disseminated to enable women aged 40 or older to
maintain their strength, function, and independence.
The StrongWomen Workshop and StrongWomen Tool
Kit are the training and implementation tools for the
StrongWomen Program. Program leaders are trained at the
StrongWomen Workshop. They receive the StrongWomen
Tool Kit and subsequent support to implement the program in their communities.
Dissemination
Program dissemination began in May 2003 with a

three-part approach: recruiting leaders and forming key
partnerships, soliciting participant interest and supporting implementation, and promoting growth and sustainability.
Assessment
We conducted site visits during the first year to assess
curriculum adherence. We conducted a telephone survey
to collect data on program leaders, participants, locations,
and logistics. We used a database to track workshop locations and program leaders. As of July 2006, 881 leaders in
43 states were trained; leaders from 35 states had implemented programs.
Conclusion
Evidence-informed strength training programs can be
successful when dissemination occurs at the community
level using trained leaders. This research demonstrates
that hands-on training, a written manual, partnerships
with key organizations, and leader support contributed
to the successful dissemination of the StrongWomen
Program. Results presented provide a model that may
aid the dissemination of other community-based exercise
programs.

Background
Aging and the value of strength training
Physical inactivity and poor nutrition are leading contributors to chronic disease and premature death throughout the United States and abroad (1-3). As the average
lifespan of Americans increases, older adults are becom-
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ing vulnerable to the effects of chronic disease, weakness,
and functional decline. During aging, people often lose
strength, muscle mass, and bone mass and decrease their
levels of physical activity and dietary quality (4-6). The
age-related loss of muscle and bone mass and their effects
are more pronounced in women because women naturally
have less muscle and bone mass than men and because
the loss of lean tissue is accelerated during menopause (79). That loss of muscle mass may compromise a woman’s
ability and confidence to participate in regular exercise
and to perform common daily activities, such as household
chores (10-12).
Research has shown that many age-related physiologic
declines are not inevitable. Laboratory and home-based
studies have demonstrated that strength training — also
referred to as progressive resistance training or weight
lifting — confers numerous health benefits, particularly
for women as they age. Strength training is an activity
in which muscles move dynamically against weight (or
other resistance) with small but consistent increases in
the amount of weight being lifted over time. Done regularly, these exercises build bone and muscle and help to
preserve strength, independence, and vitality (13-16).
For instance, postmenopausal women aged 50 to 70 years
increased bone and muscle mass, as well as strength, during 1 year of progressive strength training exercises while
their age-matched counterparts, who did not strength
train, experienced declines in these measures (17). In addition to reducing the risk of osteoporosis, strength training
reduces risk for falls, lessens morbidity from diabetes and
osteoarthritis in older adults, reduces depression, and
improves sleep and self-confidence, according to randomized, controlled trials (13,16-22).
Despite compelling scientific research and recommendations from the government and the American College of
Sports Medicine (ACSM), only 17% of adult women and
approximately 12% of all adults aged 65 or older participate
in strength training exercises (23-25). One objective of the
U.S. Department of Health and Human Service’s Healthy
People 2010 guidelines is to increase to 30% the proportion
of adults who perform physical activities that enhance and
maintain muscular strength and endurance (25).

Community-based programming and community leaders
Exercise programs can be executed in a variety of settings. People may choose to exercise at home, with a group

at their faith-based organization, or at a sport and fitness
facility. Home-based programs, for instance, involve an
individual acquiring materials — including instructions
and illustrations as well as background and motivational
information — and then following the program at home.
One example is the widely disseminated Exercise: A Guide
from the National Institute on Aging (4). Home-based programs offer convenience and affordability but little opportunity for feedback or socializing. Other common venues
for exercise are fitness clubs, where individuals purchase
memberships that provide access to a range of equipment,
instructors, and classes. Although this setting allows for
feedback and social opportunities that are unavailable in
home-based programs, it may present barriers such as
cost, accessibility (i.e., location and transportation issues),
and individuals’ lack of confidence in using equipment or
participating in classes.
Community-based exercise programs are similar to programs operated in fitness clubs in that they bring groups
of participants together to exercise. In contrast, community-based exercise classes are held in public venues, such as
local community or recreational centers, churches, county
4-H buildings, or public housing facilities; also, “membership” is simply being a member of that local community.
Community-based programs often have a host organization that supports programs by providing equipment and
generating publicity. Community-based exercise programs
offer many advantages: they are typically more accessible,
less expensive, and less intimidating than programs in
fitness clubs, and they provide opportunities for feedback
and social and peer support, which have a positive impact
on long-term behavior change (26-35). Community-based
programs have also been shown to increase knowledge
and awareness of health-related behaviors (e.g., making
healthy food choices) and to promote and support longterm behavior change (26-28). Because of these advantages, community-based exercise programs may be more
feasible and sustainable than home-based programs or
those requiring membership (29,30).
The StrongWomen Program is a community-based exercise program that focuses on increasing women’s access
to regular strength training opportunities and increasing knowledge about the importance of regular strength
training (35-37). Community leaders assist in executing
community-based programs in the following areas: administrative tasks (e.g., registration), program promotion (e.g.,
fliers, informational meetings), class organization, sched-
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uling, set up, conducting the classes, and responding to
program participants’ questions, needs, and feedback. The
formal title for a community leader who has been trained
to implement the StrongWomen Program is StrongWomen
Program Leader, hereafter referred to as program leader.

Research, demographics, and the social environment
Several factors converged in the 1990s to create a fertile
environment for the dissemination of a community-based
strength training program targeted to women. During
this period, research was published that demonstrated
the importance of lifting weights as age increases, particularly for women (13,16-19). The publication of the Strong
Women books and similar publications translated much
of the research into practical strategies for individual use
(38-40). In addition, several other communication and
media elements — ranging from television and radio to
print and online publications — supported the message of
the importance of strength training for women.
Concurrently, the absolute numbers of middle-aged and
older women (aged 40 or older) was growing, increasing
the number of potential program participants. From 1990
to 2000, the number of women aged 40 or older grew by
23.3%, compared with a 13.2% growth in the total population (41,42). Women were also increasingly engaged in
their own health, becoming more educated about their
options for maintaining good health as they approached
midlife and becoming more empowered to engage actively
in making healthful decisions (43-45).
An increased awareness and promotion of exercise at
the local, state, and national levels fueled the interest in
making healthier choices. In particular, the ACSM and
the Centers for Disease Control and Prevention were publishing clear, discernible messages about the importance
of physical activity in general and strength training in
particular (14,46). Chapter 22 of the Healthy People 2010
report presented data on strength training practices in the
late 1990s and goals for 2010, including goals for the proportion of older adults to participate in strength training
exercises (25,35,36).
This environment prompted the development of the
StrongWomen Program. The goal of the program was to
translate the strength training research into a practical
application that program leaders could implement in their
communities for a broad audience of women. With the

growing interest and demand from the target population
of women and the support of recent research, the timing
was optimal for women to gather and work toward the
goals of improved health and wellness. The StrongWomen
Program was designed to meet these goals and to provide
the additional benefit of a supportive social community of
“strong women” program participants and leaders.
The combination of a strong and growing research base,
demographic changes in the target population, and the
recognition that social support is an important element of
participation in exercise programs made the development
and dissemination of the StrongWomen Program timely
(Figure 1).

Figure 1. Contextual concept for development and dissemination of the
StrongWomen Program, a community-based strength training program
targeted to women aged 40 or older. ACSM indicates American College of
Sports Medicine; CDC, Centers for Disease Control and Prevention.

Program Design
The mission of the StrongWomen Program was to
increase the health and vitality of middle-aged and older
women across the country. To achieve this mission, the
principal objective was to disseminate an easily sustainable, evidence-informed, community-based strength training program targeted to middle-aged and older women.

Overcoming barriers to program implementation
Barriers to implementing safe and effective exercise
programs, particularly for older individuals, are common.
They include program fees, physical accessibility, scheduling, equipment purchase, and identifying qualified leaders. One goal of the StrongWomen Program was to review
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existing research and publications to address potential
barriers proactively during the development phase and,
therefore, create a curriculum, training, and support system for leaders that would address and minimize potential
obstacles to implementation and sustainability. A discussion of barriers and how to overcome them follows.
Evidence-informed programming
Many academic institutions contribute to the growing
body of literature about the benefits of exercise for older
adults. Unfortunately, little of this research reaches
the public, and when it does, it is rarely translated into
practical and accessible exercise programs. We based the
StrongWomen Program on scientific research and public
health recommendations that advise older adults to perform strength training exercises at least twice weekly; this
foundation provides the essential element of credibility for
the program (17,23-25,46-52).
Community-based programming
We designed the StrongWomen Program as a communitybased program to be implemented in nonprofit community
settings and organizations. We aimed to make the program
as affordable, accessible, and approachable as possible and
to use the social support of program participants and leaders to promote sustained behavior change. We encourage
program leaders and their organizations to facilitate communication and networking among program participants.
Educating health care providers
Another barrier to exercise programs for older adults is
the lack of knowledge among physicians and other health
care providers about evidence-informed exercise programs
that are available to their patients. The StrongWomen
Program Tool Kit (described below) includes an easy-toread information sheet that participants can give to their
health care provider, along with a packet of peer-reviewed
research articles detailing the scientific basis for the program. We distribute contact information for our staff and
each site’s leader to foster communication between health
care providers and program administration and leaders
(4-6,10-13,16-22).

Experience of the StrongWomen Program participants
StrongWomen Program classes last approximately

1 hour and consist of 5 minutes of warm up (e.g., walking,
marching in place), 40 minutes of strength training, 5 minutes of balance training, and 5 minutes of cool down (i.e.,
stretching and flexibility exercises). The StrongWomen
Program is a 12-week session with two 1-hour classes per
week on nonconsecutive days. Generally, eight to 15 participants per class participate in the 12-week session as a
group. Most program leaders operate subsequent sessions
as a maintenance program for a group that has completed
a 12-week session while initiating separate sessions for
new groups. We encourage participants to perform the
strength training exercises on their own on a third nonconsecutive day of the week. To assist them, leaders distribute
copies of the exercise descriptions and illustrations as well
as a list of local resources for other physical activity opportunities (e.g., walking clubs). Program leaders may choose
to make minor adjustments to the recommended program.
For example, they may schedule a 10-week class instead
of a 12-week class.
The greatest variation in program logistics is in participant cost and equipment. The out-of-pocket cost to participants ranges from none (when no class fee is charged
and equipment is provided by the program) to $120 for 12
weeks of classes ($5 per class twice per week), plus the need
to bring their own equipment. A typical fee for a session in
which all equipment is provided by the program is $48 to
$96 for 12 weeks of classes (or $2–$4 per class). Ultimately,
the program leader or the organization implementing
the program determines the fees and how the equipment
is acquired and paid for. The equipment per participant
includes at least two sets of dumbbells (i.e., a 5-lb and an
8-lb pair), an adjustable ankle weight (10–20 lb per cuff),
and an exercise mat or towel for floor exercises.
When participants must purchase their own equipment,
it costs approximately $50 to $80 ($10–$15 for dumbbells,
$30–$50 for a 20-lb ankle weight, and $10–$15 for an exercise mat). This estimate is for new equipment and includes
shipping and handling fees. Obtaining used equipment
and avoiding shipping and handling fees reduce costs
substantially.
When program leaders provide the equipment, the cost
varies but is typically less per participant than when
the participants purchase their own equipment because
weights and mats can be purchased at bulk discounts up to
50%. For example, the equipment cost for 10 participants
ranges from $25 to $40 per participant (and less if used
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equipment can be obtained). The meeting space and other
items that a program leader must provide to participants
include an adequately sized, well-lit room; a parking area;
sturdy chairs; and bathroom facilities.

The StrongWomen Program curriculum: workshop and
tool kit
The foundation of the StrongWomen Program is the
written manual (the tool kit) and the hands-on training for
program leaders (the workshop). Collectively, the workshop and tool kit form the curriculum for the program.
Neither is a stand-alone entity; each potential leader must
attend the workshop to receive the tool kit and subsequently implement the program.

The StrongWomen Workshop
During the full-day workshop (8 hours, including a
working lunch), program leaders participate in a series
of seminars and hands-on sessions based on the content
of the tool kit. During the hands-on sessions, they learn
how to instruct participants on the strength training and
flexibility exercises. The tool kit describes and illustrates
all exercises, and participants model, review, and practice
them several times throughout the workshop.
The workshop also introduces program leaders to the
two types of assessment and evaluation tools that can be
used to measure participants’ progress and satisfaction
with the program. One tool is a questionnaire designed to
help program leaders receive detailed subjective feedback
from participants about a range of topics related to their
program. The second is an objective measure of change in
physical parameters that relate to program participation,
including muscular strength, endurance, agility, flexibility, and balance. This second tool is excerpted with permission from the Senior Fitness Test (53); it provides norms
for each physical assessment for women aged 60 or older.
Proactively minimizing barriers to participation is a
priority for increasing access to the program, and the
workshop, therefore, includes a 30-minute brainstorming
session to address issues related to fees and costs. We
strongly encourage program leaders to assist and facilitate
participation by any individual who is interested in joining the class, regardless of income. A few of the strategies
discussed during the brainstorming session have included
soliciting donations (e.g., equipment, money, space, par-

ticipant incentives such as T-shirts and water bottles) and
negotiating discounts from local vendors and organizations. We transcribe notes from the discussion as well as
other questions and answers posed during the workshop
and distribute them to program leaders at the end of the
day. Workshop attendance at Tufts University is $300 per
attendee and includes the StrongWomen Program tool
kit as well as breakfast and lunch. Cost of attendance at
off-site workshops varies, depending on sponsorship and
resources, but it never exceeds the $300 fee.
The StrongWomen Tool Kit
The StrongWomen Tool Kit (54) is a 200-page binder
that includes the information and supporting materials
that a program leader needs to implement and maintain
the StrongWomen Program. In addition to the main content, the tool kit includes several sets of separately collated handouts that are intended for use with participants,
their health care providers, and the news media. These
handouts include nutrition fact sheets (to give to participants), a packet of peer-reviewed journal articles outlining
the benefits of strength training (to give to health care providers), and a sample press release and program summary
sheet (to give to the news media). In addition, we provide
a physician consent-to-exercise document; we strongly
suggest that leaders collect physician consent forms for all
participants, but we do not require that they do so. Table
1 presents the tool kit table of contents (54).

Dissemination
Dissemination began in May 2003 in three parts:
recruiting leaders and forming key partnerships, soliciting
participant interest and supporting program implementation, and promoting growth and sustainability.

Part 1: Recruiting leaders and forming key partnerships
The first group of program leaders were members of
organizations that have since become key partners with
the StrongWomen Program: hospitals, nonprofit outpatient
wellness centers, and the National Extension Association of
Family and Consumer Sciences branch of the Cooperative
State Research, Education, and Extension Services (hereafter referred to as the Extension Service), which is under
the direction of the U.S. Department of Agriculture.
Individuals from these organizations had seen the Strong
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Women books and were interested in operating programs
within their own organizations on the basis of the research
and practical applications presented in the books. They
contacted Tufts University with their interest, and the
StrongWomen Program began shortly thereafter.
Hospitals and nonprofit outpatient wellness centers — in
particular, women’s wellness centers — are important for
the StrongWomen Program because they are often at the
core of women’s health services within a community. In
addition to offering standard medical care, such as family
practice, gynecology, and endocrinology, women’s wellness
centers may offer community programming such as outpatient exercise and nutrition classes. Hospitals are also
important for the StrongWomen Program because they
provide a large audience of potential program participants
and they usually have the space and resources necessary
for implementing and maintaining the program. Because
the StrongWomen Program is in-house at a hospital or
wellness center, physicians perceive the program as a safe
and viable option for their patients.
Extension Service educators, who are in every county in
every state, offer research-based health information and
programs to their communities. Collaboration with the
StrongWomen Program helps Extension Service agents
to bring knowledge, awareness, education, and researchbased programming to community members and to
increase the Extension Service’s reach in underserved and
rural locations (a focus area for the Extension Service).
Since the inception of the StrongWomen Program, collaboration with clinics and the Extension Service has
been vital to disseminating the program. Knowledge of
the program has spread within the networks of these
organizations by internal newsletters, bulletin boards,
word-of-mouth, and formal presentations at professional
meetings. At the national conference of the Extension
Service in October 2004, we trained 150 program leaders
at a StrongWomen Program Workshop. (Most workshops
have 15–40 attendees.) The broad geographic range represented by program leaders at this workshop expanded
the dissemination of the StrongWomen Program and supported grassroots awareness.
Prospective program leaders also learn about the
StrongWomen Program through the Strong Women
book series and its related Web site (www.strongwomen.
com) and the StrongWomen Program Web site (go.tufts.

edu/strongwomen), which can be accessed directly or linked
through www.strongwomen.com (38,39). Through www.
strongwomen.com, any individual can sign up to receive
the free monthly electronic newsletter, which includes
the following: a research update, such as new study findings and take-away messages; upcoming public talks,
forums, summits, and events; upcoming StrongWomen
Workshops; reader questions and our answers; reader
success stories; and a recipe of the month. This newsletter
has approximately 26,000 subscribers. The StrongWomen
Program Web site contains details about the program,
the workshop agenda, and upcoming workshop dates and
locations. Individuals can contact the program manager
through this Web site to request to be added to an e-mail
list for upcoming workshop announcements, which are
sent regularly throughout the year.
Some program leaders learn about the program and
training through the books, Web sites, or some other way,
and, therefore, attend the workshop on their own initiative; many program leaders are sent by their employer
or an organization. We now require program leaders to
be strength training actively at the time they attend the
workshop; until the 2004 telephone survey (detailed later
in this article), this requirement was only a strong recommendation. In addition, program leaders must implement
the StrongWomen Program only in nonprofit organizations, such as senior centers, hospital outpatient centers,
Extension Service locations, assisted living facilities, or
faith-based organizations. A simple preregistration worksheet assesses the qualifications for nonprofit status.
The StrongWomen Program highly recommends, but
does not require, that program leaders have at least two
of the following: an educational background in a field such
as health services, nutrition, exercise physiology, physical therapy, or public health; some experience in providing exercise instruction; and certification by a reputable
health and fitness organization, such as the National
Strength and Conditioning Association, the ACSM, or the
American Council on Exercise. As of July 2006, program
leaders have ranged in age from 21 to 83 years, with a
mean age of 50 years, and have had a diverse range of
professional backgrounds (Table 2).

Part 2: Soliciting participant interest and supporting program implementation
To help new program leaders implement the StrongWomen
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Program in their communities, we encourage them to follow several steps: 1) read the entire tool kit within 1 week
of the workshop; 2) find an organization to host the program and a space to operate the program (if they do not
already have ties to a hosting organization); 3) determine
the pricing structure, equipment, and schedule for their
StrongWomen Program, working with their hosting organization; 4) plan and publicize an informational meeting
about the program using the publicity materials provided
in the tool kit or other means; and 5) operate their first
StrongWomen Program within 3 to 6 months of attending the workshop. New and experienced program leaders
can receive support for implementing the StrongWomen
Program by e-mail or telephone from the program manager or by networking with other program leaders, many of
whom are listed on the StrongWomen Program Web site.
Virtually anyone can be a participant in the StrongWomen
Program. Program leaders recruit participants through
placing advertisements in local newspapers, posting fliers
throughout the community, or making announcements
through available newsletters and bulletins. The research
that provides the scientific basis for the program was conducted with women aged 40 to 91 years; we developed the
exercise programs with this audience in mind. However,
women may begin to lose muscle and bone mass at an
earlier age, and we encourage program leaders to allow
all women, regardless of age, to join the classes. As of July
2006, the age range of participants was 21 to 94 years with
a mean of 63 years. Strength training is important for men
as well; although we encourage program leaders to include
men who wish to join, preliminary data show that most
participants are women.

Part 3: Promoting growth and sustainability
A variety of mechanisms are in place for long-term
maintenance of the StrongWomen Program. Two maintenance objectives are to educate current and potential program leaders using the most up-to-date evidence-informed
programming possible and to continue to assist them in
implementing and sustaining their programs.
The program manager spends approximately 15 to 20
hours per week answering 200 to 300 e-mails and 40 to
60 telephone calls from program leaders. The program
manager responds to questions from prospective program
leaders who are considering attending a workshop and
from current program leaders to support implementa-

tion of existing programs. This support includes assisting
with space, equipment, and resource issues; helping with
incentive and reward programs for participants; working with volunteer assistants to program leaders on class
set-up and other issues; and helping program leaders
identify modifications for exercises to improve accessibility
for some participants. The program manager also publicizes continuing education events and curriculum updates
among program leaders through the e-mail list and the
StrongWomen Program Web site.
The StrongWomen Ambassador training program is
another component of program growth and sustainability. Seven ambassadors conduct workshops in Alaska,
Arkansas, Colorado, Kansas, Oregon, and Pennsylvania.
These individuals participate in a more extensive training process than the workshop provides, and they are
then qualified to hold workshops within their own states
to train new program leaders. Ambassadors are also
important for program sustainability by serving as local
resources for program leaders. To become an ambassador, a program leader must have been actively operating
programs in his or her state for at least 6 months. Then
he or she must attend a second program leader workshop,
which is identical to the first. At this second workshop, we
give the teaching materials to the potential ambassadors
and instruct them to observe the teaching process instead
of the workshop content. After the second workshop, we
require prospective ambassadors to plan, execute, and follow up on their own workshop attended by members of the
public and their hosting organization. In addition to allowing the candidate to demonstrate a mastery of the entire
curriculum, this workshop provides an opportunity for the
candidate to demonstrate support from his or her sponsoring organization; both demonstrations are requirements
for becoming an ambassador. The program manager determines the guidelines and protocols in collaboration with
each potential ambassador and the hosting organization
(because logistics may vary site by site) and attends the
workshop to oversee its complete execution.
The aims for long-term sustainability of the StrongWomen
Program are to focus efforts on creating supplementary curriculum materials, such as additional evidenceinformed exercise programs that participants will require
as their strength and fitness increase; on facilitating the
leadership and training of additional ambassadors, who
are critical to maintaining the reach and momentum of
the program’s growth; and on creating advanced work-
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shops and educational opportunities for program leaders
that will enable them to broaden the scope and capacity
of their leadership as agents of positive change in their
communities.

Assessment
Adherence to the curriculum — site visits
The program manager conducted site visits at six active
StrongWomen Program classes in Kansas, Oregon, and
Massachusetts during the first year of dissemination. The
primary component of the site visit was observation. During
the observation, the program manager observed one or
more complete exercise sessions at each site and graded
each of the following on a 5-point scale (1 = unacceptable, 2
= needs improvement, 3 = fair, 4 = good, 5 = excellent):
• Adequate space for participants and equipment (i.e.,
movement through range of motion)
• Equipment safety (e.g., sturdy chairs, appropriate dumbbells, nothing makeshift)
• Location safety and accessibility (e.g., availability of
parking, adequate lighting, dry floors)
• Execution of exercise program (i.e., proper use of equipment, speed, demonstration and feedback on exercise
form, rest periods, and verbal prompting and encouragement)
Following the observation, the program manager conducted interviews with participants as a group and with
leaders individually. Interviews were related to program
logistics (e.g., scheduling, class length), level of participant
comfort with their leader, opinions on enjoyment of the
program, perceived benefits, and suggestions for changes.
The results revealed adherence to the curriculum in
terms of space, equipment, location, and exercise program
recommendations outlined in the tool kit. Adherence was
determined by an average score of at least 4 in all categories. In Kansas, two classes at one site scored an average
of 4.25; in Oregon, three classes at one site scored an average of 4.5; and in Massachusetts, three classes at one site
scored an average of 4.25.
Both program leaders and participants were satisfied
with the program logistics and outcomes related to participation. The primary requests from program leaders were

related to more guidance on fee structures and scheduling,
which is now addressed in greater detail during the workshop. Participant concerns were related to scheduling and
the desire for additional nutrition information. Scheduling
concerns were subsequently addressed with leaders and
expanded upon in the tool kit. Although the took kit
already included a chapter on nutrition, a packet of fact
sheets on nutrition (similar in content to the information
presented to program leaders in the tool kit) is now available for program leaders to distribute to participants.

Telephone survey
By September 2004, 142 program leaders from 13 states
had been trained; 139 were women. Of the 139 women,
31 (22%) were from urban areas, 55 (40%) were from suburban areas, and 53 (38%) were from rural areas. Of 130
program leaders with current contact information, 103
participated in a brief telephone survey (response rate,
79%). Of the 103 respondents, 72 (70%) had implemented
at least one StrongWomen Program, with a mean class
size of 11. The mean time between attending the workshop and starting the first program was 12 weeks (SD, 13
weeks). On the basis of logistic regression analysis that
we performed for a previous study (55), we found that
program leaders who had strength trained themselves
before attending the workshop were more likely than were
program leaders to have implemented the StrongWomen
Program. We also found that program leaders sent by
their employer or an organization to attend the workshop
were more likely to have implemented the program than
program leaders who attended the workshop on their own
initiative (55). We have conducted additional follow-up
surveys with program leaders and participants; findings
from these data are forthcoming.

Program leader and participant databases
Although we recommend that program leaders return
to their communities to implement the StrongWomen
Program within 3 to 6 months of the workshop, only some
do. Because the program’s mission is to increase access
to and participation in strength training programs by
middle-aged and older women, we track the number of
program leaders, their locations across the country, and
the number of StrongWomen Programs they implement.
We established two databases for this purpose, one for
program leaders and one for participants.
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We use the program leader database to collect and
maintain contact information and an accurate count and
geographic distribution of program leaders, whether they
were trained at Tufts University or by an ambassador
elsewhere in the country. We use these data to query program leaders about program implementation and participant compliance and to obtain their qualitative feedback
on program and curriculum needs for the future. We use
the participant database, which was populated by data
collected by program leaders with participants’ consent,
to conduct research related to long-term adherence to the
behavior of strength training. We have also used contact
information from this database to obtain feedback from
participants on the StrongWomen Program curriculum
and leaders. We sent surveys to all participants and program leaders in our databases in July 2006. We present
basic data from these surveys (e.g., mean age and age
range of program leaders and participants) in this article;
most of those data and their analysis (e.g., participant
compliance) are forthcoming.
As of July 2006, 39 workshops had been conducted for
881 program leaders from 43 states. Thirty-eight states
have active StrongWomen Programs (Figure 2). On the
basis of the 70% implementation rate and average class
size of 11 participants reported in the telephone survey,
we conservatively estimate that 6800 people had participated in StrongWomen Programs across the country
by July 2006. However, because many program leaders
conduct concurrent sessions (e.g., one program leader may
have three different groups, each meeting twice per week
for a total of 33 participants), the true number of participants is likely to be greater.

Conclusion
Our objective to increase middle-aged and older women’s
access to community-based strength training programs
was timely because of the growth of this population, current
physical activity recommendations, and increased awareness of the benefits and importance of strength training for
women as they age. The monthly StrongWomen newsletter, Web sites, and other correspondence (e.g., telephone,
e-mail) offered low-maintenance vehicles for regular communication with both existing and potential program leaders as well as leaders from key organizations.
Dissemination relied heavily upon establishing solid

Figure 2. Active StrongWomen programs and workshop sites as of July
2006. Dark green indicates states with active StrongWomen Program
classes (plus Ontario, Canada, not shown); white, states with active classes
and at least one workshop site; light green, states with no StrongWomen
Program classes or workshop sites.

partnerships within stable organizational networks (i.e.,
hospital-based wellness centers and the Extension Service).
An evidence-informed program, a straightforward curriculum, and the flexibility to implement the program in a
range of sites facilitated the successful implementation by
program leaders. For participants, the credibility, accessibility, and affordability as well as the social and peer
support inherent in the community-based structure of the
program likely contributed to their participation.
The mission of public health is to prevent disease and
promote health in the greater population. Among a myriad
of important issues, widespread access to exercise opportunities is a public health priority, and community-based
programs present a feasible strategy for addressing it.
The national dissemination of this strength-training program targeted to middle-aged and older women provides a
viable model and systematic method for increasing access
to evidence-informed exercise programming in a range of
community settings.
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Table 2. Program Leaders (N = 881) by Occupation,
StrongWomen Community Strength Training Program, 2006
Occupation

No. (%)

Extension agent

379 (43.0)

Fitness instructor or personal trainer

69 (7.8)

Physician or nurse

36 (4.1)

Physical therapist

16 (1.8)

Nutritionist or dietician

14 (1.6)

Other health care worker

52 (5.9)

Community educator or community organizer

51 (5.8)

Academic educator

18 (2.0)

Student

11 (1.2)

Self-employed
Other
Data field blank on registration form

12 (1.4)
96 (10.9)
127 (14.4)
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The Effects of Multidimensional Home-Based
Exercise on Functional Performance in Elderly People
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Background. This study tested the hypothesis that a home-based exercise program would improve functional
performance in elderly people.
Methods. We conducted a 6-month, single-blinded, randomized controlled trial. 72 community dwelling men and
women (aged 70 years) with self-reported and laboratory-based functional impairment were recruited for the study.
Participants were randomly assigned to either a home-based progressive strength, balance, and general physical activity
intervention or an attention-control group that received home-based nutrition education. Functional performance was
measured in the laboratory using the Physical Performance Test (PPT) and the Established Populations for Epidemiologic
Studies of the Elderly (EPESE) short physical performance battery. Physiologic capacity was measured by strength (one
repetition maximum), dynamic balance (tandem walk), gait speed (2-meter walk), and cardiovascular endurance (6-minute
walk).
Results. 70 participants (97%) completed the 6-month trial. Compliance with study interventions within each group
ranged from 75% in controls to 82% in exercisers. PPT increased by 6.1 6 13.4% in exercisers and decreased by 2.8 6
13.6% in controls ( p ¼ .02). EPESE improved by 26.2 6 37.5% in exercisers and decreased by 1.2 6 22.1% in controls
( p ¼ .001). Dynamic balance improved by 33.8 6 14.4% in exercisers versus 11.5 6 23.7% in controls ( p ¼ .0002).
There were no differences between groups in the change in strength, gait speed, or cardiovascular endurance.
Conclusions. Minimally supervised exercise is safe and can improve functional performance in elderly individuals.
The improvements in functional performance occurred along with improvements in balance but without a significant
change in muscle strength or endurance.

D

ECLINES in physical performance (strength, balance,
and mobility), whether from specific diseases, decreased physical activity, poor nutrition, or aging itself are
associated with future disability, morbidity, nursing home
admissions, and death (1,2). This loss of strength, balance,
and mobility is no longer considered an inevitable
consequence of aging. Physiological impairments related
to functional dependency are potentially reversible with
appropriate exercise interventions. Numerous studies have
shown dramatic improvements in strength (3–6), balance
(5,7), and mobility (4) even into advanced age using
targeted exercise programs. Furthermore, strength, balance,
and/or endurance training research programs have been
especially helpful in improving physical performance and
reducing falls (4,7–11).
Most studies to date have focused attention on centerbased interventions (3–5,8). There are advantages to
center-based interventions because there can be greater
supervision and intensity of training—both of which
154

facilitate robust adaptations to exercise in elderly individuals. However, lack of access to transportation and
availability of these programs are major barriers to this
type of exercise programming for elderly persons. We
therefore decided to test the hypothesis that 6 months of
home-based progressive strength, balance, and general
physical activity training in functionally impaired elderly
people would be safe and feasible with minimal supervision and would result in clinically important improvements
in functional performance.
METHODS

Study Design
The study was a randomized, controlled, 6-month clinical
trial. A single assessor (A.N.), who was blinded to
participants’ group assignment, carried out all baseline and
final testing. Testing was conducted at the Jean Mayer
USDA Human Nutrition Research Center on Aging at Tufts

HOME-BASED EXERCISE AND ELDERLY PEOPLE

University in Boston. Participants were randomly assigned
to either group in blocks of four by gender and age (70–79
years/80 years or older).

Participants
Elderly men and women were recruited from the greater
Boston area to participate in the study, and gave their
written informed consent. The protocol and consent forms
were approved by the Tufts University Human Investigation
Review Committee. All participants were aged 70 years or
older and not currently exercising more than 1 day per week.
Participants were recruited by newspaper and radio
advertisements as well as community presentations by the
first author. Participants were first screened over the
telephone to ascertain preliminary eligibility. Participants
needed to self-report at least two functional limitations
during the telephone screening on the physical function
subscale of the Medical Outcome Survey (12). If participants met the entrance criteria, they were asked to visit our
Center for a medical history, physical examination, and
urine and blood tests. Participants with unstable cardiovascular disease, psychiatric disorders, neurological or muscular disease, terminal illness, or cognitive impairment [,23
on the Folstein Mini-Mental State Examination (13)] were
excluded from participation. In addition, participants needed
to score 10 or less on the Established Populations for
Epidemiologic Studies of the Elderly (EPESE) short
physical performance battery (2) to ascertain moderateto-marked lower body functional impairment. A total of 565
potential participants were screened by telephone. A total of
471 potential participants were not eligible for further
consideration; most frequent reasons for not being considered were: did not meet the entrance criteria for self-reported
functional impairment, too young, acute medical condition(s), or currently participating in a physical activity
program. Ninety-four participants had a physical examination. Seventy-two were randomized to the study. Thirty-four
participants were randomized to the exercise group, and 38
participants were randomized to the attention-control group.
Reasons for not admitting participants into the study were as
follows: 13 participants did not score 10 on the EPESE
and 9 participants had exclusionary medical conditions.
Interventions
Exercise group.—Participants in the exercise group were
given a 6-month exercise program that focused on strength
and balance training with encouragement to increase overall
physical activity. Each participant was given a (25-page)
detailed booklet outlining the program, several sets of
dumbbells, and a pair of 20-pound adjustable ankle weights
(AllPro Equipment Company, Jerico, NY). The ankle
weights were adjustable from 1 to 20 pounds, in 1-pound
increments. An exercise physiologist (J.E.L.) went to the
home of each participant to instruct him or her on how to
safely and properly perform the exercises. Six home visits
were conducted over the first month, with one home visit
each month thereafter. The exercises were as follows:
 Body weight exercise—chair stand (3 levels—with use of
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hands, without use of hands, without use of hands using
lower chair)
 Lower body strength training with ankle weights—knee
extension, standing hip extension, standing hip abduction
 Upper body strength training with dumbbells—overhead
press, biceps curl, triceps extension
 Balance training exercises—circle turns (3 levels—each
step 458, 908, or 1208), plantar flexion (3 levels—on both
feet using hands for support, using little or no hand
support, on one foot with little hand support), ankle
dorsiflexion, and tandem walk (forward tandem walk with
hand support, forward tandem walk without hand
support, and backward tandem walk with hand support).
Participants were asked to do the balance and strength
exercises 3 times per week. They were instructed to do 2
sets of 8 repetitions for each exercise at a target exertion rate
of 7–8 on the 10-point Borg scale (14) with the exception of
the circle turns and tandem walk, which were to be done
twice during each exercise session. Each week, participants
were encouraged to increase the level at which they were
working to maintain the proper intensity. Participants were
also instructed to obtain 120 minutes of physical activity
throughout the week. They were encouraged to walk,
garden, do household activities, and any other type of
physical activity that they enjoyed. Participants were not
given specific instructions to perform this activity at any
specific intensity, unlike the strength and balance exercises.
Attention-control group.—Participants in the attentioncontrol group were given 6 months of nutrition education.
The goal was to have participants increase the number of
servings of fruits, vegetables, and calcium-rich foods in their
diet to at least 5 fruits and vegetables and 3 calcium-rich
foods (15) each day. Participants were given colorful
instruction booklets, recipes, and articles on nutrition to
help reinforce their motivation to change behavior. A
registered dietitian (M.A.B.) made 2 home visits to each
attention-control participant in the first month of study and 1
home visit per month thereafter. Optimally, we would have
matched the number of home visits in the first month of the
intervention to the exercise group (6); however, budget
constraints would not allow for this. Since the primary
outcome of the study focused on functional performance
and not on self-reported measures, we are confident that this
did not affect our results.
During a home visit each month, participants in both
groups were asked about any new medical conditions or
falls that they might have experienced during the preceding
month. To enhance compliance in both groups, participants
were asked to fill out their exercise or food log each day and
send back the logs each month. Upon receipt of the log, the
interventionists sent back a personal letter and a sticker that
was to be placed on a small placard that noted each month of
study completion. The goal for participants was to have
them fill out 6 logs during the course of the study. In
addition to home visits and logs, participants were contacted
by phone 2 weeks after each monthly home visit to answer
questions that they might have and to enhance compliance.
At 4 of the home visits (spread out over time without prior
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knowledge), participants were given a small gift of
appreciation for their efforts to provide positive reinforcement of behavior change. Gifts included a hat, t-shirt,
refrigerator magnet, pen, and coffee mug.

(misplacement of steps) was also recorded. The reproducibility of this balance measurement in this population is
high, with significant correlation between repeat measurements 1 week apart (r ¼ .94, p ¼ .001) (5).

Participant Characteristics
The study physician, through medical history and
physical examination, determined the number of chronic
diseases and medications taken by each participant. Body
weight was measured in the fasting state, with minimal
clothing, to the nearest 0.1 kg with an electronic scale (Seca,
Baystate Scale & Systems, Inc., Cambridge, MA). Height
was measured without shoes to the nearest 0.5 cm with
a wall-mounted standiometer (Seca, Baystate Scale &
Systems). Body mass index (BMI) was calculated from
weight in kilograms divided by height in meters squared.

One-legged stand.—The one-legged stand was used to
assess static balance. Participants were asked to stand on
one leg for a maximum of 30 seconds. During the test,
participants were spotted (but not touched) to minimize risk
of falling. The time until the participant needed to touch the
examiner, put the other foot down, or move the foot on the
floor to maintain balance was used for the measurement.

Outcome Measurements
All outcome measurements were conducted at baseline
(prior to randomization) and at the end of the study period.
Functional Performance Measurements
Physical performance test (PPT).—The PPT is a direct
observation measure of 8 different domains of physical
function simulating activities of daily living (writing,
dressing, eating, climbing stairs, walking, turning, bending,
lifting) with a maximum score of 36 (16). A higher score
represents better functional performance. The PPT has
shown good validity with self-reported measures of
physical function and high test–retest reliability with
intraclass correlation coefficients (ICC) of 0.87–0.99
(16,17).
Short physical performance battery (EPESE).—Lower
extremity function was measured using the EPESE (2).
Performance on the 3 tests that make up the EPESE score
incorporates strength, balance, power, and mobility skills,
and has been shown to be associated with future selfreported disability and institutionalization (1). Each of the
3 performance measurements in the EPESE (timed balance
by either side-by-side or tandem stand, speed at which
participant completes 5 chair-stands without hands, speed
at which participant covers 8 feet at habitual gait speed)
has a score of 0–4 with a maximal total score of 12. A
higher score represents better functional performance. The
EPESE has shown a high test–retest reliability of 0.88–
0.92 (ICC) (18).

Physical Performance
Tandem walk.—Dynamic balance was assessed using the
timed forward tandem walk test over a 20-foot course. The
participant was instructed to place one foot in front of the
other making sure that, with each step, the heel of one foot
was directly in front of the toes of the other foot. The
participant was told to walk forward as fast as possible
without falling or making any mistakes. The average time
recorded to the nearest 0.1 seconds from 2 trials was used
in the analysis. In addition to time, the number of mistakes

Maximal gait speed.—Maximal gait speed was assessed
over a 2-meter course with an ultrasonic timer (Ultratimer,
DCPB Electronics, Glasgow, Scotland). The best of three
measurements was used.
Six-minute walk.—Cardiovascular endurance was measured using the 6-minute walk. Participants were asked to
walk as fast as possible for 6 minutes with verbal
encouragement given every 30 seconds. Distance was
recorded by the assessor to the nearest meter by rolling
a measuring wheel (Redi Measure, Redington, Windsor,
CT) just behind the participant during the test.
Maximal gait speed and the 6-minute walk have high
test–retest reliability (ICC) of 0.95–0.97 (19).

Strength
One Repetition Maximum (1RM).—The 1RM was used to
measure dynamic muscle strength of the legs, arms, and
shoulders using the knee extension, double leg press, chest
press, and lat-pull down machines (Keiser Sports Health
Equipment, Fresno, CA). To determine the 1RM, incremental loads were added until failure, despite verbal
encouragement to exert maximal effort. Failure was defined
as a lift short of the full range of motion (determined in the
unweighted position) on at least two attempts, 45 seconds
apart. The goal was to reach the 1RM in 6 to 12 lifts. Each
lift was separated by 45 seconds. The highest successfully
lifted load was used as the 1RM. The reproducibility of
1RM measurements is high, with a significant correlation
between repeat knee extensor measurements 1 week apart (r
¼ .88, p ¼ .001) (5).
Hand Grip Strength.—Maximal hand grip strength was
determined using a hand grip dynamometer (Takei Scientific
Instruments Co., Ltd., Japan). The highest of three measurements of the nondominant side was used.

Self-Reported Measurements
Medical Outcome Survey.—The Medical Outcome Survey Short Form (SF-36) was used to assess a variety of
aspects of perceived health status and quality of life (12).
The SF-36 measured 8 domains (physical functioning, role
physical, bodily pain, general health, vitality, social
functioning, role emotion, and mental health), each ranging
from 0–100, with higher scores reflecting better quality of
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Table 1. Baseline Characteristics by Group
Attention Control
(N ¼ 38)
Age (y)
Female (n)
Height (cm)
Weight (kg)
BMI (kg/cm2)
MMSE (0–30)*
GDS (0–30)
Chronic diseases (no.)
Regular medications (no.)

77.8 6
30
158.9 6
72.4 6
28.7 6
28.7 6
5.9 6
3.6 6
3.3 6

5.3
8.9
14.0
5.4
1.1
4.8
1.5
2.4

Exercise
(N ¼ 34)
77.7 6 5.3
27
159.8 6 8.2
72.3 6 16.4
28.2 6 5.4
28.7 6 1.3
5.0 6 3.4
3.4 6 1.9
3.2 6 2.7

Notes: Mean 6 standard deviation, unless otherwise noted.
*Normal is 24.
Normal is ,9.
BMI ¼ Body Mass Index; MMSE ¼ Mini-Mental State Exam; GDS ¼
Geriatric Depression Scale.

Figure 1. Functional performance changes. PPT ¼ Physical Performance
Test (16); EPESE ¼ Established Populations for Epidemiologic Studies of the
Elderly short physical performance battery (2). Data are presented as average
percent change 6 SE (standard error). *Refers to the group effect in the analysis
of covariance model (p  .05).

life. The questionnaire was interviewer administered. The
SF-36 has reported reliability of 0.81–0.88 (12).
Geriatric Depression Scale (GDS).—The GDS is a 30item yes/no questionnaire with scores ranging from 0–30.
This questionnaire has been documented specifically in the
assessment of depression in elderly individuals (20). The
questionnaire was interviewer administered.
Compliance.—Compliance was measured by monitoring
monthly logs returned to the interventionist. Exercise
compliance was calculated by dividing the number of
exercise sessions the participant reported performing by the
number of sessions they were expected to perform
throughout the study (3/week 3 24 weeks ¼ 72 sessions).
Compliance for the attention-control group was calculated
as the percentage of servings of fruits, vegetables, and
calcium-rich foods reported consumed divided by the
number of servings expected for full compliance throughout
the study. In both groups, if a log(s) was not returned to the
interventionist, the participant was considered noncompliant
for that entire time period.
Adverse events.—Adverse events were monitored during
the biweekly phone calls that were made throughout the
study to each participant in both groups. An adverse event
resulting from the intervention was counted if the participant
needed to seek medical help for the event or if the event kept
the participant from participating in the intervention for any
period of time.

Statistical Analysis
All statistical analyses were performed using SAS
software release 7 for Windows (SAS, Inc., Cary, NC).
Baseline comparisons of the exercise group and the
attention-control group were made using Student’s t test
for independent samples. All collected data from participants who had a final visit (all but 2 participants) were
analyzed regardless of compliance to the interventions.
Differences in outcomes between the two groups were tested
with analysis of covariance adjusting for the corresponding
baseline variable measure, age, and gender. Results are

expressed as mean 6 SD (standard deviation). Significance
for all results was set at a p  .05 level.
RESULTS

Baseline Characteristics
There were no significant differences between groups in
any of the baseline characteristics (Table 1).
Adverse Events
Two participants were not able to complete the study;
both participants were in the exercise group. One participant
died suddenly, unrelated to the exercise, 5 weeks into the
study. The other participant dropped out of the exercise
group due to personal reasons. There were two adverse
events during the study. One participant in the exercise
group fell while doing the tandem walk at home, which
resulted in bruises to both arms and one knee, and one
participant in the attention-control group had an episode of
food poisoning. Both participants were able to continue in
the study once they recovered.
Compliance and Progression
Participants in the exercise group completed an average
of 82% of their prescribed exercise sessions. The strength
training portion of the exercise program was progressive.
For example, average starting weight for the knee
extension was 4.0 6 2.4 lb and progressed to 9.6 6 5.0
lb by the end of the study. The weights used for the other
2 leg exercises progressed similarly. Biceps curl progressed from 2.0 6 2.0 to 7.4 6 3.8 lb at the end of
study. The overhead press and triceps extension progressed
similarly. Participants in the attention-control group
complied with their nutrition intervention an average of
75% of the time.
Functional Performance
The changes over the 6-month intervention for the two
performance-based physical function outcomes are presented in Figure 1. PPT increased by 6.1 6 13.4% in
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Table 2. Physiologic Capacity Measurements
Attention Control (N ¼ 38)
Baseline
Tandem walk (s)
Mistakes (no.)
One-legged stand (s)
Maximal gait (m/s)
Six-minute walk (ft)
Hand grip (kg/f)
Knee extension 1RM (kg)
Chest press 1RM (kg)
Lat-pull down 1RM (kg)

45.2
11.5
15.6
1.5
1268
20.6
17.0
16.5
13.8

6
6
6
6
6
6
6
6
6

15.7
5.5
11.4
0.4
354
8.2
6.7
5.1
4.9

Final
39.0
10.9
12.1
1.6
1307
20.5
18.7
16.9
13.2

6
6
6
6
6
6
6
6
6

15.9
5.1
10.2
0.4
364
8.2
7.3
4.2
5.1

Exercise (N ¼ 32)
% Change

–11.5
11.2
–3.5
1.9
4
0.0
17.1
11.6
–2.6

6
6
6
6
6
6
6
6
6

23.7
62.6
12.6
13.5
13
11.2
46.5
44.3
12.7

Baseline
47.9
12.2
8.5
1.7
1227
21.8
17.1
16.5
13.1

6
6
6
6
6
6
6
6
6

10.6
5.4
8.7
0.7
348
6.3
6.2
4.4
3.9

Final
30.9
8.5
15.7
1.5
1324
22.4
20.2
17.8
13.5

6
6
6
6
6
6
6
6
6

7.0
4.9
11.1
0.5
351
7.5
7.4
5.1
4.5

% Change

p Value

6
6
6
6
6
6
6
6
6

.0002
.02
.007
.08
.15
.10
.18
.13
.09

–33.8
–18.2
7.2
–3.9
10
2.2
26.3
15.7
2.6

14.4
58.2
8.1
15.4
15
9.3
36.0
33.7
13.4

Notes: Data are presented as mean 6 standard deviation. All analyses are adjusted for baseline measurement, age, and gender.
p values refer to the group effect in the analysis of covariance model.
1RM ¼ one repetition maximum.

exercisers and decreased by 2.8 6 13.6% in controls ( p ¼
.02). EPESE improved by 26.2 6 37.5% in exercisers and
decreased by 1.2 6 22.1% in controls ( p ¼ .001).

Physiological Capacity
Physiological capacity measurements between groups
over time are presented in Table 2. The exercise group
improved compared with the control group in tandem walk
scores and one-legged stand (p ¼ .0002–0.007). There was
a trend for the exercise group to improve in maximal gait
speed as well (p ¼ .08). Cardiovascular endurance (6-minute
walk) did not change. Although physiological capacity
tended to improve in the exercisers, there was no significant
group by time interaction on any measure of strength.
Self-Reported Measurements
There were no differences between groups for selfreported health status and quality of life (SF-36) or
depression (GDS), and therefore data are not shown. The
values for the SF-36 measurement domains ranged from 55
to 87 for both groups; GDS scores were on average ,9.
DISCUSSION
This study demonstrates that a 6-month, home-based
exercise program consisting of progressive strength training,
balance exercises, and general physical activity improves
functional performance and balance in functionally impaired
elders. There were, however, few significant changes in
other intermediary measures of physiologic capacity and
self-reported quality of life.
The improvements we saw in functional performance
were robust. We saw a 1.4-point increase in the EPESE
score in the exercise group compared to a 1.2-point
reduction in the attention-control group. In the range of 6–
10 on the scale, a 1-point increase in EPESE score is related
to an approximate 10% reduction in disability over a 4-year
period (1). The improvements seen in the PPT add
confirmation that the exercise group improved in functional
performance. Improved balance and coordination are the
most likely contributors to the overall improvement seen in
the exercise group.
Numerous laboratory and center-based strength training
studies in frail or near-frail elders have shown improvements

in strength (4,6,8,21,22), gait speed (4,23), stair-climbing
ability (4), and falls reduction (7,8). The study by Judge and
colleagues also included balance training (23). These studies
demonstrate that laboratory-based or center-based strength
and/or balance training can improve strength, mobility, and
reduce falls.
Developing safe and effective, home-based multidimensional training programs for functionally impaired elderly
individuals is essential if we are to positively impact the
health of the fastest growing population in the United States
today. However, few studies have evaluated the benefits of
such programs to determine their effect on functional
performance in this population. Functionally impaired
elderly people have difficulty with transportation, which
can become a limiting factor in exercise participation. To
date, there are very few home-based strength training studies
in adults aged older than 70 years. Two studies were chosen
for comparison due to their similarity in study population
(7,24). In the study of Chandler and colleagues (24), 100
functionally impaired men and women (average age 77.6 6
7.6 years) were randomized into either a strength training
group or a control group for 10 weeks. The exercises were
progressive and used exercise bands and/or body weight for
resistance. Each exercise session (33/week) was supervised
by a physical therapist. They saw 10%–16% increases in
muscle strength in the exercise group with no changes in
strength in the control group. Change in strength was related
to improvements in mobility skills, gait velocity, and
improvement in falls self-efficacy. In a study by Campbell
and colleagues (7), 233 functionally impaired women aged
80 years or older were randomized to either a home-based
strength and balance training program or a usual-care group.
Participants in the exercise group received only 4 home
visits and these were during the first month. They were
asked to complete the exercise program 3 times per week
and were also encouraged to walk outside the home 3 days
per week. The active intervention lasted for 6 months, and
there was a 1-year follow-up. Balance improved in the
exercise group, and there were modest improvements in
chair-stand times. Strength did not change in the exercise or
the usual-care group, although the number of total falls and
injurious falls were reduced during the follow-up period in
the exercise group compared with the control group.
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Our results demonstrated similar increases to those of
Chandler and colleagues in several of our muscle strength
measurements; however, in our study, the changes in strength
were not significantly different from the attention-control
group. One explanation for this difference may have been
that the Chandler and colleagues study did not have an active
attention-control group. Another explanation is that the
Chandler and colleagues study had a physical therapist
supervise each exercise session. In both the Campbell and
colleagues study and our study, almost all exercise sessions
were unsupervised. Without supervision, the functional
impairment of the participants in both studies may have
made it difficult for the participants to progress as rapidly.
Our participants were reluctant to progress (lift more weight)
on their own unless they were instructed to do so in person at
the time of the home visits. This behavior meant that they
most likely were not exercising at the prescribed intensity (7–
8 on the 10-point scale). Neither the Campbell and colleagues
study nor our study found significant changes in muscle
strength. It should also be noted that two of the muscles
groups tested with the equipment for the 1RM testing (latpulldown and chest press) in our study were not the muscle
groups necessarily trained—this partially explains the lack of
improvements in strength. A recent study in our laboratory on
participants with osteoarthritis of the knee by Baker and
colleagues (25) did see significant increases in muscle
strength with a home-based program. During this study,
there were several more home visits, and only lower body
resistance training was performed; in addition, the participants were, on average, 15 years younger.
Based on the results from our study as well as those of
Campbell and colleagues, it does appear that balance training
with limited supervision is feasible in functionally impaired
elderly people and has a powerful effect on balance,
functional performance, and, as was shown in the Campbell
study, a reduction in falls. In addition, one other study (9)
included resistance, balance, and flexibility training as part of
a multitreatment falls prevention program and saw reductions
in falls. Therefore, it seems that improvements in balance—
not strength—may be the primary etiologic factor for the
improvements seen in these studies, and balance training
appears to be an integral part of fall prevention.
Several important questions are raised by this study. Is it
possible to significantly improve muscle strength and
cardiovascular endurance in near-frail elderly people with
minimal supervision? Second, is it important to improve
physiologic capacity in order to preserve functional
performance and, ultimately, to reduce disability? Our
recent experience in the Baker and colleagues study (25)
suggests that, with slightly more supervision, older adults
can improve strength in a home-based setting. Only
additional research with frail elderly individuals will help
answer this question. The present study and the study by
Campbell and colleagues suggest that meaningful improvements in functional performance (and falls in the case of the
latter study) can occur without increases in strength or
cardiovascular endurance. These findings challenge the
linear model of disability (26). Future research must focus
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on determining the physiologic, psychosocial, and behavioral factors that ultimately contribute to disability and
overall quality of life in elderly people. In addition, it would
be prudent to investigate combining center-based and homebased interventions to increase supervision and progression.
This combination of higher supervision in the initial stage of
the exercise program may help to further individualize the
program to target individuals’ specific physical deficits and
needs. Finally, with less than 6% (27) of elderly persons
participating in any type of resistance training in the United
States and even fewer doing balance training, more research
on how best to implement these programs in home and
community-based settings needs to be conducted.
One other aspect of the study merits mentioning. The
active attention-control group allowed us to test the
hypothesis that the exercise itself—not the physical and
emotional contact of home visits or asking the participants
to change health habits in a positive manner—is responsible
for the changes in functional performance. We had specific
behavioral health goals for the attention-control group also
(15). Therefore, both groups were being asked to change
their behaviors to improve health.

Summary
A home-based, multidimensional exercise program in
community-dwelling elders with functional impairment is
feasible and effective in improving functional performance,
despite limited supervision. Home-based exercise programs
that focus on strength and balance training improve
functional performance in elderly people and should be
promoted by the allied health community.
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Rethinking Program Structure

The Benefits of Strength Training for Older Adults
Rebecca Seguin, BS, CSCS, Miriam E. Nelson, PhD
Abstract:

Aging is associated with a number of physiologic and functional declines that can
contribute to increased disability, frailty, and falls. Contributing factors are the loss of
muscle mass and strength as age increases, a phenomenon called sarcopenia. Sarcopenia
can result or be exacerbated by certain chronic conditions, and can also increase the
burden of chronic disease. Current research has demonstrated that strength-training
exercises have the ability to combat weakness and frailty and their debilitating consequences. Done regularly (e.g., 2 to 3 days per week), these exercises build muscle strength
and muscle mass and preserve bone density, independence, and vitality with age. In
addition, strength training also has the ability to reduce the risk of osteoporosis and the
signs and symptoms of numerous chronic diseases such as heart disease, arthritis, and type
2 diabetes, while also improving sleep and reducing depression. This paper reviews the
current research on strength training and older adults, evaluating exercise protocols in a
variety of populations. It is clear that a variety of strength-training prescriptions from highly
controlled laboratory-based to minimally supervised home-based programs have the ability
to elicit meaningful health benefits in older adults. The key challenges as this field of
exercise science moves forward are to best identify the most appropriate strength-training
recommendations for older adults and to greatly increase the access to safe and effective
programs in a variety of settings.
(Am J Prev Med 2003;25(3Sii):141–149) © 2003 American Journal of Preventive Medicine

Introduction

T

here are currently 33 million Americans aged
ⱖ65 living in the United States; over the next
century, that number will more than double,
with the greatest increase occurring among individuals
aged ⱖ85.1 The implications of extended years of life
often involve increased incidence of chronic disease as
well as the development of functional limitations. Despite the recent reduced prevalence of disability, 7
million older adults still are chronically disabled.2 Physiologically, there is a loss of muscle mass and strength as
age increases. Observational studies indicate that approximately 1% of muscle mass is lost per year after the
fourth decade of life.3,4 This age-related loss of muscle
mass is known as sarcopenia.5 Sarcopenia can result
from or be exacerbated by certain medical conditions,
yet it remains an issue of concern for the aging population regardless of chronic disease presence. Moreover, the loss of muscle mass and strength with age can
increase an individual’s risk for developing certain
chronic conditions, such as osteoporosis.6
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Often concurrent with increased physical impairment is the decreased ability to perform functional
tasks such as climbing stairs, standing up from a chair,
and doing basic household chores, all tasks that require
a threshold of muscular strength. In some instances, it
is the underlying presence of chronic disease that
causes physical impairments; in other cases, it is simply
age-related decrements, such as the loss of muscle mass
and strength, that lead to these functional limitations.
Regardless, this series of events can lead to disability,
dependence, and increased morbidity and mortality for
older adults.7
Research in the last several decades has shown that
many of the age-related physiologic decrements older
adults experience are not inevitable. The primary components of physical fitness are cardiorespiratory endurance, flexibility, body composition, power, balance/
coordination, muscular endurance, and muscular
strength. Each component has a role in preserving
function, reducing risk for chronic health conditions,
and averting disability with age.8 –10 Specifically, studies
have now shown that targeted exercise referred to as
strength training (also known as weight lifting or
progressive resistance training) has the power to combat weakness and frailty and their debilitating consequences.6 Functionally, strength training is an activity
in which muscles move dynamically against weight (or
other resistance) with small but consistent increases in
the amount of weight being lifted over time.
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Although it has yet to be determined whether the
muscle mass, strength, and other benefits gained
through strength training can actually prevent disability
in older adults, scientific research and community
implementation of strength-training programs have
shown that it is a safe and effective means by which to
improve physical capabilities, reduce risk for falls, prevent functional limitations, and avert the development
of certain chronic diseases or their symptoms in older
adults.

Literature Review
Overview of the Health Benefits of Strength
Training
Research studies over the past 2 decades have produced
compelling evidence supporting the feasibility and the
benefits of targeted physical activity programs for older
adults.6,10 In particular, the benefits of strength training include increased muscle and bone mass, muscle
strength, flexibility, dynamic balance, self-confidence,
and self-esteem. Strength training also helps reduce the
symptoms of various chronic diseases such as arthritis,
depression, type-2 diabetes, osteoporosis, sleep disorders, and heart disease.11–19 In addition, research demonstrates that strength training in older adults with
functional limitations reduces falls.13,20 –22
Table 1 summarizes several research studies from
small, highly controlled interventions with just a few
subjects to the more recent larger trials on strength
training that are home based. This literature review is
not meant to be comprehensive; we have selected
several studies to illustrate several important aspects of
strength training in older adults. We limited this review
to strength-training studies that studied adults aged
ⱖ50 and that did not combine strength-training interventions with a formal aerobic exercise program.

Initial Strength Training Research with Older
Adults
Early research investigating the effects of strength
training on muscle mass, strength, and function were
limited and quite conservative in terms of the intensity
of the exercise prescription. As positive results were
observed, strength-training protocols for older adults
became more progressive and, as a result, more potent
in nature. This was demonstrated by the first highintensity strength-training study in older adults conducted by Frontera et al.23 at Tufts University in the
mid-1980s. Twelve healthy men between the ages of 60
and 72 years strength trained at 80% of their onerepetition maximum (1RM) for knee extension and leg
curl. Their prescription— eight repetitions, three sets, 3
days per week—is very similar to many of the protocols
being used today in both clinical, community, and
home-based settings. They were the first to observe
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significant increases in muscle mass (⬇10%) and
strength (⬇150%) over the study period of 12 weeks.23

Frailty and Falls
The aforementioned study was conducted with healthy,
community-dwelling men in their 60s and 70s. The
findings from that study initiated novel investigations of
the effects of strength training in frail, institutionalized
men and women in their 90s by Fiatarone et al.24 In an
effort to examine how strength training could affect
muscle weakness and impaired mobility in relation to
functional limitations and risk for falls in this population, participants were enrolled in 8 weeks of strength
training. In addition to experiencing strength gains of
174% on average and a 9% mid-thigh muscle area,
researchers also observed a 48% improvement in tandem gait speed. This combined increase in muscle
strength, mass, and walking speed has multiple implications for reducing physiologic and functional impairment as well as decreasing risk for fall and fractures.24
Fiatarone et al.25 went on to conduct a similar but
larger study in 100 men and women in the same
long-term care facility and found similar results.
The study by Campbell et al.20,21 in New Zealand
demonstrated that strength training at home in near
frail women (aged ⱖ80 years) with minimal supervision
is possible on a large scale. This study also complemented the strength training with balance training in
the home. After 2 years, the women in the exercise
group had experienced 31% fewer falls (37% fewer falls
resulting in a moderate or severe injury). It is important
to note that the women in the exercise group were
given instruction during just four home visits; otherwise, the women performed all of the exercise sessions
on their own at home.
It is clear that strength training can reduce or delay
functional limitations as well as reduce physical impairment and falls. Another critical question within this
area of research is strength training’s effect on the
development and progression of age-related chronic
diseases such as depression, arthritis, and type 2 diabetes—all of which can ultimately lead to disability without intervention.

Bone and Joint Health
Several studies have seen improvements in bone density
with strength training in older adults.11,26,27 In one
such study, Nelson et al.11 conducted a longer-term
strength-training study in women aged 50 to 70 years.
This randomized controlled study was designed to see if
1 year of strength training could reduce the risk of
osteoporotic fractures by increasing bone mineral density in estrogen-depleted women. After 1 year of
strength training 2 days per week, middle-aged women
became stronger, gained muscle mass, improved dynamic balance, and had improvements in bone density
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Table 1. Selected review of strength training studies in older adults
Study

Population

Design/duration

Frontera et al.,
198823

Healthy men
Noncontrolled; 12 wks
aged 60–72 yrs;
n⫽12

Intervention protocol Setting

3 sets;
8 reps/set;
80% of 1RM;
knee extensors;
knee flexors;
3 ⫻ wk
3 sets;
Fiatarone et al., Men and women Noncontrolled; 8 wks
aged 86–96 yrs;
8 reps/set;
199024
n⫽10
80% of 1RM;
knee extensors;
hip extensors;
3 ⫻ wk
Fiatarone et al., Men and women RCT; 10 wks;
3 sets;
aged 72–98 yrs;
four groups: strength
199425
8 reps/set;
n⫽100
training; strength
80% of 1RM;
training plus
knee extensors;
nutrition beverage
hip extensors;
supplement; nutritional 3 ⫻ wk
supplement; control
group
3 sets;
RCT; 1 yr: strength
Women
Nelson et al.,
8 reps/set;
training vs control
aged
199411
80% of 1RM;
50–70 yrs; n⫽40 group
5 exercises;
2 ⫻ wk
McCartney et al., Men and women RCT; 42 wks; strength
3 sets;
31
1995
10–12 reps/set;
training vs control
aged 60–80 yrs;
80% of 1RM;
group
n⫽142
7 exercises;
2 ⫻ wk
Skelton et al.,
3 sets;
Women aged
RCT; 12 wks; strength
12
1995
4–8 reps/set;
ⱖ75 yrs; n⫽52
training vs control
progressive;
group
8 exercises of
upper and
lower body
using body
weight, rice
bags and
elastic tubing
Singh et al.,
Men and women RCT; 10 wks: two groups: 3 sets;
199716,17
8 reps/set;
aged 60–84 who strength training and
80% of 1RM;
have depression; health education
5 exercises;
n⫽32
3 ⫻ wk
Ettinger et al.,
Men and women RCT; 18 months; three Strength training
28
1997 ; Messier
group:
groups: aerobic,
aged ⱖ60 yrs;
ankle weights;
strength, and health
n⫽439
et al., 200030
2 sets;
education
12 reps/set;
9 exercises

Campbell et al.,
199721; 199920

Taaffee et al.,
199934

Significant
outcomesa

Laboratory based

Strength ⬎100%
MTMA 11.4%

Long-term care
facility

Strength ⬎150%
MTMA 9%
Gait speed 48%

Long-term care
facility

Strength 113%
Stair-climbing
power 28%
Gait speed 12%

Laboratory based

Strength 35%–76%
Bone density 1%
Balance 14%
TBMM 1.2 kg
Laboratory based Strength 20%–65%
MTMA 5.5%
Treadmill
endurance 18%
Strength 4%–27%
Small-group
Power 18%
classes at
No change in
laboratory
functional
1 ⫻ wk ⫹ 2 ⫻
performance
wk home based

Laboratory based

Strength 33%
Depression reduced
Sleep improved

Facility-based
classes for 3
months
followed by 15
months of
home-based
training

Relative to home
education:
Pain 8%
Physical disability 8%
6-minute walk
improved
Balance improved
NS between aerobic
and resistance
training group
NS increase in
strength
Balance improved
Chair-rise
improved
Falls reduced
(relative hazard
⫽ 0.69 (0.49—
0.97)

Home based
Women aged
RCT; 2 yrs; with 4 initial 2 sets;
8 reps/set;
ⱖ80 yrs; n⫽233 home visits; control
progressive;
group received usual
care and equal number 3 ⫻ wk;
9 strength exercises
of home visits
(2 bodyweight;
7 with ankle
weights);
⬃9 balance
exercises
Laboratory based
3 sets;
Men and women RCT; 24 wks; 1, 2, or 3
10 reps/set;
days ⫻ wk, plus a
aged 65–79 yrs;
80% of IRM;
control group
n⫽46
8 exercises
(days per wk
varied depending
on group
assignment)

Strength 37%–42%
in all 3 exercise
groups
Chair-rise time in
all 3 exercies
groups
(continued on next page)
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Table 1. Selected review of strength training studies in older adults (continued)
Study

Population

Design/duration

Jette et al.,
199940

Men and women
ⱖ60 yrs; with
functional
limitations;
n⫽215

RCT; 6 months; with 2
home visits; control
group was placed on a
waiting list for the
intervention

Baker et al.,
200115

Men and women
aged 55–82 yrs
with
osteoarthritis of
the knee;
n⫽46

RCT; 16 wks; with
periodic home visits;
control group received
nutrition education
program

Thomas et al.,
20028

Men and women
RCT; 2 yrs; four groups:
aged ⱖ45 yrs
30 min/day; multiple
with osteoarthritis
lower-body exercises
of the knees
with elastic bands
(average age
strength training with
62 yrs); n⫽786
periodic home visits,
strength training with
periodic home visits
plus telephone contact,
telephone contact
alone; no intervention
RCT; 16 wks; high
Women aged
velocity resistance
ⱖ65 yrs
training (HI) vs low(average age
velocity resistance
73 yrs);
training (LO)
n⫽30

Fielding et al.,
200237

Castaneda et al.,
20029

Hispanic men
and women
aged 58–82;
n⫽60

RCT; 16 wks; control
group received
usual care

Dunstan et al.,
200236

Men and women
aged 60–80 yrs
with type-2
diabetes;
n⫽36
Men and women
aged 70–92 yrs
who scored
ⱕ10 on EPESE
at baseline;
n⫽67

RCT; 6 months periodic
resistance training plus
moderate weight loss vs
control plus moderate
weight loss
RCT; 26 wks; with
periodic home visits;
control group received
nutrition education
program

Nelson et al.,
200332

Intervention
protocol

Setting

Significant outcomesa

35-minute
exercise video
performing 11
exercises using
elastic bands of
varying
thickness
2 sets;
12 reps/set;
progressive;
3 ⫻wk;
6 exercises
(2 functional;
4 with ankle
weights)
1 set;
up to 20 reps;
progressive;
total exercise
time of 20

Home
based

Strength 6% to 12% in
lower body
Tandem gait improved
20%
Physical and overall
disability 15% to 18%

Home
based

Strength 71%
Pain 43%
Physical function 44%
Depression reduced

Home
based

Strength improved
Pain 12%
Physical function
improved
Knee stiffness
reduced

3 sets;
8–10 reps/set;
3 ⫻ wk;
knee extension
and hip
extension

Laboratory Strength improved
based
similarly in both groups
(HI and LO)

Power improved
significantly more in HI
than LO
Laboratory Strength improved
based
HbA1c reduced
Abdominal fat
Systolic BP
Lean tissue
Laboratory Strength improved
based
HbA1c reduced
Lean tissue
Weight loss in both
groups
Home
NS increase in strength
based
EPESE 26%
Balance 34%

3 sets;
8 reps/set;
70%–80% 1RM;
5 exercises
3 ⫻ wk
3 sets;
8–10 reps/set;
75%–85% 1RM;
9 exercises;
3 ⫻ wk
2 sets;
8 reps/set;
progressive;
3 ⫻ wk;
9 strength exercises
(3 bodyweight;
3 ankle weights;
3 dumbbells);
2 balance exercises

a

Compared to nonexercising control subjects.
1RM, one repetition maximum; EPESE, Epidemiologic Study of the Elderly summary physical performance score; HbA1c, hemoglobin A1c;
MTMA, mid-thigh muscle area; NS, not significant; RCT, randomized-controlled trial; reps, repetitions; TBMM, total body muscle mass.

over and above the control group. In a study by Cussler
et al.27 (which included other modes of exercise in
the intervention), there was evidence of a linear
relationship between bone mineral density change
and total weight lifted over the year, indicating the
importance of progression and intensity for improvements in bone.
Laboratory-based interventions such as the study by
Ettinger et al.28 –30 have demonstrated beneficial (albeit
modest) effects of strength training on reducing the
144

signs and symptoms of osteoarthritis in older adults. In
this 18-month trial, 439 adults aged ⱖ60 who had
osteoarthritis of the knee were randomized to three
groups: education control, aerobic exercise, or a resistance-training program. Both exercise groups had a
3-month center-based intervention followed by a 15month home-based intervention. After 18 months, the
resistance training group had an 8% lower score on a
physical disability questionnaire, 8% lower score on
pain, improvements in balance, and walked 57 feet
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longer on the 6-minute walk than the education control
group. There were no differences between the two
exercise groups. Interestingly, a cost-effectiveness evaluation demonstrated that the strength-training intervention was more economically efficient than aerobic
exercise in improving physical function; however, the
magnitude of the difference between the two exercise
groups was small.29
In 2001, Baker et al.15 at Tufts University published
data regarding strength training in individuals with
osteoarthritis. Forty-six community-dwelling individuals
aged ⱖ55 with knee osteoarthritis were randomized to
either a home-based strength-training group or an
attention control group (nutrition education) for 4
months. Patients in the exercise group experienced
significant reductions in pain and improvements in
muscular strength, functional performance, physical
abilities, quality of life, and self-efficacy. Similarly,
Thomas et al.18 in Nottingham, England, randomized
786 men and women with knee pain to either a
self-reported home-based strength-training group (with
or without phone contact) or a control group (with or
without phone contact). The strength-training group
experienced significant reductions in pain and stiffness
and improvements in physical function compared to
the control group at the 6-, 12-, and 24-month time
points. These studies again illustrate that a home-based
approach offers a feasible method for implementing
strength-training programs in older adults, even in
those with functional limitations.15,18

Endurance
McCartney et al.31 completed a 42-week study of
strength training in 60- to 80-year-old men and found
improvements not only in strength and muscle mass
but also in treadmill endurance. A study by Beniamini
et al.14 found similar improvements in treadmill endurance in subjects in a cardiac rehabilitation program
when strength training was included in the exercise
prescription. These two studies indicate that individuals
with low aerobic capacity can realize important improvements in cardiovascular fitness with the inclusion
of strength training.

Strength and Functional Performance
At the University of London, scientists studied the
effects of 12 weeks of strength training on strength,
power, and functional abilities in women aged ⱖ75.12
Fifty-two healthy women were randomized to either a
3-day per week strength-training group or a control
group, which received no intervention. Two of the
three exercise sessions were completed at the study
participants’ homes while the other session was completed at the research center with supervision. Compared to control subjects, participants in the strengthtraining group showed significant improvements

(27%) in knee extensor muscle strength. Investigators
also observed significant improvements in muscular
power (18%). They did not observe an effect of the
strength-training program on functional tests, possibly
because the study subjects were healthy and had no
functional limitations at baseline.12
However, a recent investigation by Nelson et al.32
demonstrated significant improvements in physical
function following 6 months of home-based strength
and balance training in elderly subjects who reported
and scored functional impairment prior to entry into
the study. Seventy-two independently living men and
women aged ⱖ70 were randomized to either a control
group or an exercise group, the latter of which performed strength and balance training three times per
week in their own homes. The exercise group experienced a 26% improvement in physical function. These
findings highlight the importance of targeted exercise
programs for both preventing functional decline and
improving physical abilities with age. Furthermore, this
study demonstrates that it is possible for near frail
elders to strength train at home with minimal supervision and to have meaningful improvements.

Variations Strength Training Prescriptions
There is also the very important question of frequency
of training. The current recommendations from the
American College of Sports Medicine recommend
strength training for musculoskeletal fitness 2 to 3 days
per week.33 The question arises as to whether physiologic improvements can result with just 1 day per week
of strength training. Another 6-month intervention
examined the effects of 1, 2, or 3 days per week of
strength training in 46 community-dwelling elders,
compared to a control group.34 All those participating
in strength training experienced significant increases
in muscular strength and improvement in chair-stand
time compared to the control group, and there was no
difference between the three exercise groups. This
study demonstrates that as little as 1 day per week of
strength training improved strength and physical function. Questions still remain as to whether 1 day a week
is enough to improve health outcomes, such as reducing the pain associated with arthritis. Data from this
and similar studies are important when considering a
safe, effective, and reasonable exercise prescription for
healthy older adults in terms of preventing functional
limitations and physical impairment.34

Emotional Health and Sleep
Several studies have demonstrated that strength training is beneficial to emotional health and vitality, which
may be an important factor in preventing disability and
early mortality.35 Singh et al.16 studied whether
strength training alone could reduce the signs and
symptoms of depression. After 10 weeks of strength
Am J Prev Med 2003;25(3Sii)
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training, men and women who had depression at
baseline had reductions in all depression measures as
measured by the Geriatric Depression Scale. In addition, quality of sleep improved with the strength training in this group of depressed elders.17

Glycemic Control
Research now demonstrates that strength training is
also beneficial in improving glycemic control in type-2
diabetics.19,36 Castaneda et al.19 randomized older Hispanic men and women, all of whom had type-2 diabetes, to either a strength-training group or a usual-care
control group for 16 weeks. After 16 weeks, the
strength-training group had reductions in hemoglobin
A1c (HbA1c), systolic blood pressure, and abdominal
fat along with increases in muscle strength and muscle
mass. Improvements in all of these markers greatly
reduce type-2 diabetics’ risk of future complications
and physical impairment related to their diabetes.
Similar results were reported by Dunstan et al.36 in a
group of Caucasian men and women.

The Potential of Power Training
As the area of strength-training investigation
progresses, some scientists are trying to identify the best
models for implementation and dissemination, while
others continue their work in determining what exercise prescription will confer the most benefits for older
adults. New research from Fielding et al.37 provides
insight into how training for power (defined as the
combination of strength and speed) in this population
may effectively target functional performance. They
randomized 30 women with self-reported disability to
either a high-velocity strength-training program or a
more traditional low-velocity strength-training program. Subjects completed three lower-body exercises at
70% 1RM three times a week for 16 weeks. Those in the
high-velocity strength-training group experienced significantly greater improvements in skeletal muscle
power, which, because of the combination of speed and
strength, may be an important factor in warding off
functional impairment and, therefore, an important
consideration in designing exercise programs for older
adults.8

Key Challenges
Will Strength Training Delay Disability? If So,
What Is the Mechanism?
While it seems clear that strength training can have a
significant effect on numerous health parameters, research has yet to determine whether it can actually
delay the onset of disability in older adults. And, if so,
the important question is the mechanism: does the
146

benefit come from improvements in physical parameters such as muscular strength, the preservation of
functional abilities, the prevention of chronic diseases,
or reduction of burden of disease, or is it via reductions
in depression and improvements in self-esteem and
self-confidence or the collected contribution of each of
these? It could be theorized that strength training helps
reduce the risk of developing chronic disease and,
therefore, decreases the accompanying symptoms that
may impair physical capacity and functional abilities.
Another possibility is that, even in the presence of
chronic conditions, strength training can help older
adults maintain a minimum threshold of strength that
is needed to perform functional tasks.
Strength training should be included when designing exercise programs for older adults (with the addition of balance training when indicated for frailer
elders). It is important to note that physical and
psychological benefits have been clearly demonstrated
using strength-training prescriptions that have varied in
terms of frequency, intensity, duration, and specific
exercises. One area that research must now investigate
is whether the addition of strength training to exercise
prescriptions for older adults will actually delay the
onset of disability in terms of occupation, socialization,
and the ability to remain living independently.

What Is the Best Strength-Training Prescription
for Different Populations?
Frequency. If, in fact, strength training has the ability—
either alone or in conjunction with other modes of
exercise—to delay disability, the ideal prescription has
yet to be researched and most likely will vary depending
upon the target audience. There must be a careful
balance between the progression of intensity and the
utmost concern for safety and avoidance of injury when
working with older adults. It could be argued that three
sessions per week is burdensome and, as a result,
compliance is likely to be an issue without supervision.
Conversely, one session per week, while more conducive to compliance goals, may not confer the maximum
health benefits over time. The current American College of Sports Medicine guidelines recommend 2 to 3
days per week of strength training.33,38 At the present
time, this appears to be the best recommendation for
strength-training prescription for older adults, as it is
manageable from a time perspective, allows for flexibility in scheduling, and will elicit the desired physiologic
and psychological benefits described in the above literature review. Further research is needed to determine if
1 day per week of strength training can elicit improvements in health outcomes over time in older adults.
Sets and repetitions. The optimal number of repetitions and sets, as well as the total number of exercises,
is another important aspect of exercise programming
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that is still open for debate. The studies described in
the literature review ranged from two different exercises using three sets of eight repetitions to numerous
exercises using one set of up to 20 repetitions. Depending on the study population (regarding physiologic
capacity or disease burden) there are reasons to prescribe fewer exercises with multiple sets versus eight to
ten exercises with only one or two sets. Based on the
preponderance of the evidence, it seems prudent to use
the following recommendations: when fewer than four
exercises are used, prescribe two to three sets; when
four to eight different exercises are used, prescribe one
to two sets; when greater than eight exercises are used,
prescribe one set. The general guidelines of 8 to 15
repetitions recommended by ACSM seem to be prudent advice when working with older adults.33,38 Finally, future studies may want to examine the design of
the exercise program in terms of the variation of its
intensity and volume (known as periodization) in studies lasting ⬎12 weeks as well as training for power for
older adults as was used by Castaneda et al.19 and
Fielding et al.,37 respectively.
Intensity. Intensity and progression of the strengthtraining program may be the biggest challenge in safe
and effective exercise prescriptions for older adults. In
a laboratory or highly supervised environment, it is
feasible to have older adults exercising at a relatively
intense workload—most often 70% to 80% of the
one-repetition maximum. However, the vast majority of
older adults will not be exercising in such a prescriptive, supervised setting. Therefore, strength-training
prescription must be as globally applicable as possible.
Two methods for ensuring proper progression and
intensity that are currently used when performing
1RMs are an option include the exercise intensity scale
and repetition-based progression. In our laboratory
at Tufts University we have been successful in using a
modified 10-point, Borg exercise-intensity scale for
verbally assessing proper intensity.15,39 A verbal target of 7 to 8 (“hard”) on the scale is sufficiently
challenging yet not too overwhelming a workload or
potentially injurious for older adults. We have begun
to combine the use of the intensity scale with a
repetition-based method for stimulating progression.
It is a fairly simple concept in terms of application
and explanation for older adults. For example, if the
prescription is two sets of 10 repetitions, the load (or
amount of weight being lifted) should be increased
when more than 12 repetitions can be completed
with proper form.15 Future studies should examine
the options for recommendations regarding intensity
as part of a strength-training program. In the end,
what is most important is that the individual
progresses up to heavier weights over time—always
performing the exercises in good form.

Equipment. There is also the question of what equipment is best suited to the needs and abilities of older
adults. The primary options are single or multistation
machines, body weight, free weights (i.e., dumbbells
and adjustable ankle weights), exercise bands, or a
combination of all of the above. Probably the most
important factor in this instance is access and availability. Where machines are available—as is often true in a
clinical or health and fitness centers—there are distinct
benefits. In general, achieving the desired intensity
level, often times 70% to 80% 1RM, is easier using
machines because the mechanics of the equipment
allow a larger absolute load to be lifted.
Another important aspect, particularly with this
population, is proper body positioning and range of
motion for the prescribed exercises. In comparison
to free weights, there is less room for misalignment
of body positioning when using machines. Having
said this, body weight, free weights, and elastic bands
have unique advantages for this population, especially in home-based or community settings. They are
relatively inexpensive, transportable, and take up
minimal space. They may also confer additional
benefits in terms of helping older adults maintain or
increase kinesthetic awareness as well as dynamic
movement and balance.20,21 It should be noted that
current research indicates that body weight exercises
and free weights (dumbbells and ankle weights) elicit
greater improvements in physiologic capacity (muscle strength and physical function) than elastic
bands. Elastic bands are now being tested in largerscale studies and may be a viable option when free
weights are not available.18,40
Training environment. The concept of the training
environment is an important one, and a question best
assessed on an individual basis whenever possible. Current research indicates that meaningful health improvements can be realized from both clinical and
home-based strength-training programs. For some
older adults, exercising at home is the most realistic
and desirable option. No travel is required, and the
older adult may feel most at ease. It can also be
advantageous in terms of time and scheduling; individuals can exercise whenever they desire, without
the constraints of a class schedule, and they can
adapt their program as necessary to match their
goals. However, for many older adults, the social
network and social support of the exercise group
enhances program compliance as well as their motivation and enjoyment of strength training. There is
also the important benefit of an instructor or peer
leader to assist with form, speed of movement, and
program adaptations when necessary. Certainly, the
greater the physical and cognitive impairment, the
greater the need is for close supervision.
Am J Prev Med 2003;25(3Sii)
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Is the Public Health Community Capable of
Providing Safe and Effective Strength-Training–
Based Programs for Older Adults? If So, Will
They Participate?
By far the greatest problem that the public health
community faces right now with regards to strength
training is increasing the number of safe and effective
programs available to older adults within the community. It is our opinion that a concerted effort should be
mounted to increase the availability of safe and effective community-based strength-training programs for
older adults in urban, suburban, and rural settings. It is
well documented for all populations that physical activity is extremely important for health and longevity, yet
despite public awareness of the benefits of physical
activity and the potential detriments of sedentary lifestyle, the activity level of the U.S. population as a whole
is completely insufficient.1,41 Participation rates become even more dismal when you look at the number
of older adults who perform any strength-training
exercises on a regular basis. Current data indicate that
⬍10% of the older population participates in regular
strength training.1
In order to make strength-training programs widely
available throughout the country—which will inevitably
require financial support from public health agencies,
foundations, and the private sector—there must be
assurance that the programs will not only be safe and
effective, but that they will remain viable over time and
that participation rates and corresponding reduced
healthcare costs justify their availability.41 Importantly,
individual programs must provide culturally appropriate and specific training options to improve enjoyment
of the program and adherence over time. There are a
few successful community-based, strength-training programs currently available in several geographic areas in
the United States. The Lifetime Fitness Program administered by Group Health in the Pacific Northwest
and the Strong Living Program and administered by
Tufts University in the Northeast are two such programs that employ a “train the exercise leader” model.
While these programs have not undergone scientific
evaluation, they provide valuable insight into the interest in such programs; currently the programs have
more than 3000 active participants with more individuals on waiting lists ready to enroll. Our experience is
that demand for these programs is much greater than
available access.

Future Directions for Strength-Training Programs
and Older Adults
The effect of strength training on physical and functional status in older adults is a relatively new field of
investigation. We are only just beginning to understand
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the full potential of this mode of exercise in preventing
and controlling various disease states and the implications for reducing functional impairments and disability. Many age-related physiologic changes that contribute to sarcopenia occur hormonally, neurologically,
metabolically, and behaviorally. Strength training can
have a positive impact on each of these physiologic
domains and is therefore both a viable and potent
adjunct to any physical activity prescription for older
adults.
What is not fully understood is the impact of strength
training on preventing or delaying the development of
disability with age. It is important that in further
examining this issue, investigators are discriminating
about the assessment tools selected so that both specificity and sensitivity to change are accurately measured
and interpreted. Future investigations should also focus
attention on identifying the specific mechanisms that
catalyze physiologic changes as a result of diverse
strength-training interventions. Of equal importance is
understanding and mastering effective implementation
of strength-training programs in a variety of settings.
This will require a dynamic, multifaceted approach
involving issues of access, availability, promotion, and
safety as well as unique behavioral strategies addressing
motivation and barriers to participation.
This material is based on work supported by the U.S. Department of Agriculture (agreement 58-1950-9-001). Any opinions, findings, conclusions, or recommendations expressed in
this publication are those of the authors and do not necessarily reflect the view of the U.S. Department of Agriculture.
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Effects of

High-Intensity Strength
Training on Multiple Risk Factors
for Osteoporotic Fractures
A Randomized Controlled Trial
Miriam E. Nelson, PhD; Maria A. Fiatarone, MD; Christina M. Morganti, MD;
Isaiah Trice, PhD; Robert A. Greenberg; William J. Evans, PhD

Objective.\p=m-\Todetermine how multiple risk factors for osteoporotic fractures
by high-intensity strength training exercises in postmenopausal

could be modified
women.

Design.\p=m-\Randomizedcontrolled trial of 1-year duration.
Setting.\p=m-\Exerciselaboratory at Tufts University, Boston, Mass.
Population.\p=m-\Fortypostmenopausal white women, 50 to 70 years of age, participated in the study; 39 women completed the study. The subjects were sedentary and estrogen-deplete.
Interventions.\p=m-\High-intensitystrength training exercises 2 days per week using five different exercises (n=20) vs untreated controls (n=19).
Main Outcome Measures.\p=m-\Dualenergy x-ray absorptiometry for bone status,
one repetition maximum for muscle strength, 24-hour urinary creatinine for muscle
mass, and backward tandem walk for dynamic balance.
Results.\p=m-\Femoralneck bone mineral density and lumbar spine bone mineral
density increased by 0.005\m=+-\0.039g/cm2 (0.9%\m=+-\4.5%)(mean\m=+-\SD)and
0.009\m=+-\0.033g/cm2 (10%\m=+-\3.6%),respectively, in the strength-trained women and
decreased by -0.022\m=+-\0.035g/cm2 (-2.5%\m=+-\3.8%)and -0.019\m=+-\0.035g/cm2
(-1.8%\m=+-\3.5%),respectively, in the controls (P=.02 and .04). Total body bone mineral content was preserved in the strength-trained women (+2.0\m=+-\68g; 0.0%\m=+-\3.0%)
and tended to decrease in the controls (-33+77 g; -1.2%\m=+-\3.4%,P=.12). Muscle
mass, muscle strength, and dynamic balance increased in the strength-trained
women and decreased in the controls (P=.03 to <.001).
Conclusions.\p=m-\High-intensitystrength training exercises are an effective and
feasible means to preserve bone density while improving muscle mass, strength,
and balance in

postmenopausal women.

(JAMA. 1994;272:1909-1914)
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SKE LETAL fragility associated with osteopenia, muscle weakness associated
with sarcopenia (age-associated reduc¬
tion in muscle mass), and deteriorating
balance are all risk factors for bone frac¬
ture due to falls.17 These factors are the
consequences and causes of frailty seen
with aging, which incurs tremendous eco¬
nomic, societal, and personal cost.8·9 Ex¬
ercise in elderly individuals has the po¬
tential to modify these risk factors for
osteoporotic fractures. We previously
have shown modest benefits in trabecular bone density of the spine after 1 year
of walking in postmenopausal women
with no effects on femoral bone density
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body calcium.10 We have also dem¬
onstrated that muscle mass and strength
can be increased substantially with highintensity progressive resistance training
in men and women of all ages, including
the oldest old,1113 with associated in¬
creases in functional capacity.
Because, according to Wolffs law,
bone remodeling is directly dependent
on the mechanical load placed on it,14 we
hypothesized that a regimen of highintensity strength training would be a
potent stimulus for simultaneous in¬
creases in bone, muscle mass, and
strength. Although cross-sectional stud¬
ies of lifetime physical activity and bone
density have been suggestive of a posi¬
tive effect ofmuscle strength on bone,1516
to our knowledge, no randomized, pro¬
spective trial of high-intensity progres¬
sive resistance training in estrogen-de¬
plete older women examining changes
in bone density has been reported. The
purpose of this study was to evaluate
the effects of a 1-year, high-intensity
strength training program on bone,
muscle strength, and balance in postor total

menopausal women.
METHODS

Subjects
Forty postmenopausal white women
were recruited from the Boston, Mass,
area to participate in this study and gave

their written informed consent. The pro¬
tocol was approved by the Tufts Uni¬
versity Human Investigation Review
Committee. The women were at least 5
years postmenopausal, but not older than
70 years of age. They did not engage in
any regular exercise program (no
strength training and less than 20 min¬
utes of aerobic exercise two times per
week), weighed less than 130% of ideal

body weight,

were

currently

non-

did not have more than one
crush fracture of the spine, had no his¬
tory of other osteoporotic fractures, and
had not taken estrogen or other medi¬
cations known to affect bone for at least
12 months. Screening consisted of a
physical examination, lateral spine roentgenogram, urine and blood tests, and
electrocardiogram and blood pressure

smoking,

monitoring during a strength-training
session. No subjects had any changes in
electrocardiogram tracings related to the
activity and only minor blood pressure
elevations (<20 mm Hg systolic pres¬
sure) were noted. Six women in the study
(three in each group) had one crush frac¬
ture of the spine; none of the crush frac¬
tures were in the lumbar spine.
Design
The study was a randomized con¬
trolled, 1-year clinical trial. The mean
duration of participation for each wom¬
an was 52 weeks (range, 50 to 54 weeks).
All baseline and final testing was car¬
ried out at the Jean Mayer USDA Hu¬
man Nutrition Research Center on Ag¬
ing at Tufts University, Boston, Mass.
Twenty-one women were randomized
to the exercise-training group and 19

to the control group. Women
recruited for the study from July
1991 through March 1993. The women
were weighed every 2 weeks during the
study and were asked to neither gain
nor lose more than 1 kg during the year.
One woman in the exercise-training
group was excluded from the study ow¬
ing to a myocardial infarction that oc¬
curred while she was on vacation during
the first month of the study.
women
were

Testing Protocol
The

same

testing protocol took place

at baseline and at the end of the year.

Each volunteer consumed a meat-free
diet for 3 days prior to testing. The
evening prior to the testing period the
volunteer came to the laboratory. The
following morning, a 24-hour urine col¬
lection was started and a blood sample
was drawn after a 30-minute rest in the
supine position. In addition, each woman
participated in the following procedures:
strength testing, meeting with dietitian,
dual energy x-ray absorptiometry, bal¬
ance testing, and activity questionnaire.
The followingmorning the volunteer com¬
pleted the 24-hour urine collection.
One week later subjects returned to
repeat the strength measurements.
Interventions

Strength Training.—Subjects in this
participated in high-intensity
strength training (dynamic exercise in¬
cluding concentric and eccentric contrac-

group

tions) 2 days per week for 52 weeks
(with 2 weeks off during the study for
vacation). The following exercises were
used for training: hip extension, knee

extension, lateral pull-down, back ex¬
tension, and abdominal flexion using
pneumatic resistance machines (Keiser
Sports Health Equipment, Fresno,
Calif). These exercises were chosen be¬

cause they trained the major muscle
groups attached to the bones of inter¬
est. The intensity of the training stimu¬
lus was set at 80% of the most recently
determined one repetition maximum
(1RM) for each muscle group for hip
extension, knee extension, and lateral
pull-down exercises and 16 on the Borg
scale17 for back extension and abdomi¬
nal flexion. The 1RM is the maximum
mass of a free weight or other resistance
that can be moved by a muscle group
through the full range of motion using
good form one time only.18 The 1RM test¬
ing was not done on the back extension
and abdominal flexion in this group of
women to avoid the potential risk of ver¬
tebral crush fractures. The Borg scale
has been extensively validated for quantitating the intensity of aerobic activ¬
ity10; it is the experience of the research
team that 16 on the Borg scale corre¬
sponds to 80% of the 1RM (M.A.F., un¬

published data, 1994). During the first
and second week of training, the resis¬

was set at 50% and 60% of the
baseline 1RM, respectively, and there¬
after the goal was 80%. The load was
increased each training session as toler¬
ated for each muscle group to maintain
the intensity of the stimulus; in addition,
1RM testing was repeated every 4 weeks
to establish a new baseline. Each session
was separated by at least 1 day of rest
and lasted approximately 45 minutes.
Prior to each exercise session, subjects
cycled at an easy resistance for 5 min¬
utes and then stretched for 5 minutes
using a stretching device (StretchMate,
Ashland, Mass). All exercises were su¬
pervised, with no more than two sub¬
jects per trainer. Right and left legs were
trained at the same time unless a subject
had an injury that would necessitate that
she train one leg at a time.
Each repetition lasted 6 to 9 seconds,
with a 3-second rest between repeti¬
tions and 90 to 120 seconds of rest be¬
tween sets. Three sets of eight repeti¬
tions were done on each machine each
training session. One hundred percent
compliance for the study was set at 100
training sessions (two times per week
for 50 weeks).
Control Group.—The women in the
control group were asked to maintain
their current level of physical activity
during the year. The women were spe¬
cifically asked not to start any strength-

tance
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program, but were promised
instruction after the end of the inter¬
vention.

training

Bone Densitometry
Bone mineral density (BMD) of the
lumbar vertebrae L2-4, femoral neck,
and total body bone mineral content
(BMC) were measured by dual-energy
x-ray absorptiometry (Lunar Model
DPX, Lunar Corp, Madison, Wis) and
analyzed with Lunar Software, version
3.6z (Lunar Corp, Madison, Wis). The
lumbar spine and femoral neck BMD
sites were chosen because of the clinical
relevance of the BMD at these sites to
fracture risk at these sites.2 Total body
BMC was used as an index of total bone
mineral homeostasis. The coefficient of
variation in postmenopausal women on
this scanner of the BMD of spine, fem¬
oral neck, and total body BMC were
1.0%, 2.1%, and 0.6%, respectively.19 The
average of two consecutive measure¬
ments of lumbar spine and femoral den¬
sity with subject repositioning in be¬
tween was used for analysis.
Muscle Function
The 1RM was used as the measure of
dynamic concentric muscle strength of
the legs, arm, shoulder, and upper back
muscles using the double leg press, knee
extension, and lateral pull-down ma¬
chines. Strength at 16 on the Borg scale
was used on the back extension and ab¬
dominal flexion machines. The best of
two measures of strength obtained ap¬
proximately 1 week apart was used as
the baseline and final 1RM testing. All
measurements were made with identical
equipment positioning at all time points.
To determine the 1RM, incremental
loads were added until failure occurred
despite verbal encouragement to exert
maximal effort. Failure was defined as
a lift short of the full range of motion
(determined in the unweighted position)
on at least two attempts 45 seconds
apart. The highest successfully lifted load
was designated as the 1RM for that
muscle group. Strength determinations
using 16 on the Borg scale were made by
having the subject perform three slow
repetitions at varying degrees of resis¬
tance while pointing to the chart to iden¬
tify the current level of difficulty until
16 was reached.
The reproducibility ofthese 1RM mea¬
surements in this population is high, with
a significant correlation between repeat
knee extensor measurements 1 week

apart (r=0.88, P=.001).
Balance

Dynamic balance was assessed using
the timed backward tandem walk test
over a 20-foot course. The subject was

Table 1.—Baseline Characteristics*
Control

Exercise

(n=19)

(n=20)

Age,

y
Years after menopause

57.3±6.3

61.1±3.7

9.8±4.6

11.6±5.0

Weight, kg
Height, cm
Body mass indext
Parity

62.2±8.9

64.7±7.7

164.0±8.3

162.8±6.3
24.4±2.5

.54

2.6±1.6

3.4±1.3

.43

0.828±0.109

.67

0.986±0.152

0.853±0.134
1.020±0.164

2154±314

2168±343

26

65

74

35

Femoral neck BMD, g/cm2t
Lumbar BMD, g/cm2§
Total body BMC, g|

.18

.71

Smoking history

.03

Nonsmokers, %
Former smokers, %
*Data

presented

are
mass

as

mean±SD.

index obtained by dividing
indicates bone mineral density.
vertebrae
L2-4.
§Lumbar
'iBMC indicates bone mineral content.

tBody

JBMD

weight

in

kilograms by the

instructed to place one foot behind the
other, each time making sure that the
toe of one foot was placed directly be¬
hind the heel of the other with the shoes
touching. The subject was told to walk
backward as fast as possible without
falling down or making any mistakes.
The average time recorded to the near¬
est 0.01 second during two trials was
used in the analysis. The reproducibility
ofthis balance measurement in this popu¬
lation is high, with a significant corre¬
lation between repeat measurements 1
week apart (r=0.94, P=.001).
Nutritional Intake
Habitual intake of calcium and vita¬
min D was estimated by a 3-day dietary
record because of the relevance of these
nutrients to bone. If the calcium intake
of the subject at baseline was less than
800 mg/d, the dietitian counseled her on
how to best increase dietary calcium in¬
take through foods to meet the Recom¬
mended Dietary Allowance of calcium.20
(Nutrient calculations for calcium and
vitamin D were performed using the
Minnesota Nutrition Data System soft¬
ware, developed by the Nutrition Co¬
ordination Center, University of Min¬
nesota, Minneapolis; Food Database,
version 6A; Nutrient Database, version
21; 1993). Twelve women (five in the
control group and seven in the exercise
group) took multivitamin and/or calcium
supplements, which were included in the
dietary analysis, before and during the
intervention.

Urinary Creatinine and
Body Muscle Mass
Urinary creatinine levels were mea¬
sured by colorimetrie reaction21 using
an analyzer (COBAS FARA II, Roche
Diagnostic Systems Ine, Nutley, NJ).
Total body muscle mass was estimated
by the method of Heymsfield et al.22
Whole

.61

square of

height

in meters.

Hormones

Intact parathyroid hormone (PTH)
and osteocalcin levels were measured
by immunoradiometric assay in serum
kits (Nichols Institute, San Juan Capistrano, Calif), with intra-assay and interassay coefficients of variation of 3.4%
and 5.6%, respectively, for PTH, and
4.3% and 5.7%, respectively, for osteo¬
calcin. Plasma levels of 25-dihydroxyvi¬
tamin D were measured by competitive
protein-binding analysis-3 with both intraassay and interassay coefficients of
variation of 5% to 10%. Baseline and
final samples were batched and all
samples were run in duplicate.

Physical Activity
Habitual physical activity was esti¬
mated using the Harvard Alumni Ques¬

tionnaire24 to determine ifthe two groups
were comparable at baseline in normal

weekly activity levels, and to ascertain if
either group changed physical activity
patterns over the year. This question¬
naire has been validated in postmeno¬

pausal women.2s The strength-training
activity that the exercise group partici¬
pated in as part of the intervention was
not included in the final analysis.
Statistical

Analysis

Primary outcome analysis was by the
intention-to-treat principle and all tests
of significance were two-tailed. All base¬
line characteristics were compared be¬
tween treatment groups by the Student
t test, except for difference in smoking
history, which was assessed using 2.
Analysis of covariance (ANCOVA) was
used to determine the effect of the ex¬
ercise intervention on each of the pri¬
mary outcome measures using baseline
measures of age, smoking history, and
the initial baseline value for the variable
being analyzed as covariates. Age and
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Figure 1.—Changes in bone after the interventions.
The values are means+SE for individual change ¡
bone adjusted for age, smoking, and baseline bone
mineral density using analysis of covariance; BMD
indicates bone mineral density.

smoking history

were

used

as

covari-

ates in the ANCO VA due to differences
in these variables between the two
groups at baseline. All data were ana¬

lyzed using an SAS statistical package.26
Results were considered significant if
P<.05. (Data are reported as mean±SD,
with the exception of Figures 1, 2, and
3, where mean±SE is reported.)
RESULTS
Baseline Characteristics
Baseline characteristics of the popu¬
lation are summarized in Table 1. There
were no significant baseline differences
in body weight, height, body mass in¬
dex, bone status at any of the sites, par¬
ity or years postmenopause between the
controls and the exercise group, but the
women in the control group were sig¬
nificantly younger than the exercisers
and had a greater history of past smok¬
ing. There were no baseline differences
between groups in hormone levels, di¬
etary intake, muscle mass, strength, bal¬
ance,

or

physical activity.

Adherence and Adverse Effects
of the Interventions
All but one of the women (discussed
earlier) in the study completed the year¬
long intervention. There were no changes
in body weight or height over the 12month intervention in either group.
Exercise Group.—Attendance at the
exercise sessions averaged 87.5%±1.8%.
Training loads averaged over the 4 weeks
between strength tests indicated that
84% of the most recent 1RM was used as
the training stimulus. Thirteen of20 wom¬
en in the exercise group experienced no

Table

2.—Strength

and Balance Measurements*

P=.12

Control
Baseline

Strength*
Double

Exercise
I

Final

%

Change

I
Baseline

Final

%

Change

I

Pf

80.5±12.5

84.8±11.7

3.5

84.7±14.1

111.6±19.1

35.2

.001

Knee extension, kg
Lateral pull-down, kg

24.5±8.2

25.8±8.5

14.0

22.1±6.2

37.8±10.4

72.4

.004

19.4±4.6

22.2±4.9

19.2

18.5±4.1

32.4±5.1

Back extension, kg
Abdominal flexion, kg

28.2±6.4

25.8±8.3

-8.6

27.6±6.8

37.8±7.6

15.8±3.9

15.3±5.6

-3.2

14.3±5.1

20.4±5.1

24.1±8.1

25.8±8.9

+8.5

24.6±5.8

20.4±5.2

leg press, kg

.001
43.5

.001
.02

Balance
Backward tandem

walk,

Control

Group

Figure 2.—Changes

In total

Exercise

Group

body bone mineral af¬

ter the interventions. Values are means±SE for In¬

dividual change in bone adjusted for age, smoking,
and baseline bone mineral density using analysis of
covariance; BMC Indicates bone mineral content.

2

-,

P=.03

m o-

Control

Group

Exercise

Group

Figure 3.—Changes in muscle mass after the inter¬
ventions. The values represent the adjusted
means±SE for the individual change over total body
muscle mass, adjusted for age, smoking, and initial
muscle mass by analysis of covariance (P=.03).

musculoskeletal problems over the year.
The remaining seven women at some time
experienced transient musculoskeletal
pain that required minor modifications
in the training regimen. All ofthese wom¬
en completed the exercise program with¬
out further problems. No fractures oc¬
curred in this group.
Control Group.—One woman sprained
her ankle and missed a body weight mea¬
surement during the study. Two other
women had falls during the study that
resulted in wrist fractures. These wom¬
en were able to finish the study without
further problems.

Primary Outcomes
The changes over the year for bone in
the two groups are illustrated in Figures
1 and 2. Over the 12-month trial, femoral
neck BMD increased by 0.005+0.039 g/cm2

s

-14.3

.005

*Data are presented as mean±SD. All means and analyses presented are adjusted for baseline measurement,
age, and smoking history.
tP value refers to the time group interaction.
changes were determined by the one repetition maximum for double leg press, knee extension, lateral
pull-down, and by number 16 on the Borg scale for back extension and abdominal flexion.

^Strength

(0.9%±4.5%) in the strength-trained wom¬

and decreased by -0.022±0.035 g/cm2
(-2.5%±3.8%) in the controls (P=.02). The
femoral neck BMD increased in 11
strength-trained women and decreased
in nine, whereas the femoral neck BMD
increased in five controls and decreased
in 14. Lumbar spine BMD increased by
0.009+0.033 g/cm2 (1.0%±3.6%) in the
strength-trained women and decreased
by -0.019±0.035 g/cm2 (-1.8%±3.5%) in
controls (P=.04). Lumbar spine BMD in¬
creased in 14 strength-trained women
and decreased in six, whereas the lum¬
bar spine BMD increased in five controls
and decreased in 14. Total body BMC
tended to be preserved in the strengthtrained women (+2.0±68 g or +0.0%±3.0%)
and decreased in the controls (-33+77 g
or-1.2%±3.4%, P=.12). The rates of bone
loss in the control group were larger than
expected, but comparable to other shortterm studies in women in this age

en

range.27,28

Total body muscle mass estimated by
creatinine excretion increased by 1.2+0.4
kg in the exercise group and decreased
by -0.5±0.8 kg in the control group

(P=.03, Figure 3).

Changes in strength and dynamic bal¬

measurements are shown in Table
2. The differences in strength and bal¬
ance over the year were significant be¬
tween groups for each of the measure¬
ments (P=.02 to <.001).
Table 3 outlines the dietary intake and
activity level in the two groups. There
were no changes in dietary intake of cal¬
cium or vitamin D between groups over
the year. The exercise group increased
their energy expenditure in activities ex¬
clusive of the intervention itself by
27%+25% compared with the control
group, which decreased their spontane¬
ous activity by 25%+24% (P=.02). The
concern that this reported increase in
physical activity may have had an inde¬
pendent effect on the changes that oc¬
curred in bone was examined by adding
ance
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the change in activity to the ANCOVA.
No such interaction was found.
Table 4 presents hormone levels over
the year in the two groups. There were
no changes between groups in 25-dihydroxyvitamin D levels; however, the lev¬
els in both groups tended to increase
over the year. Parathyroid hormone lev¬
els increased over the year in the ex¬
ercise group, but remained the same in
the control group (P=.04). Osteocalcin
levels increased by 14.0%+4.0% in the
exercising women and decreased by
5.0%±2.7% in the controls (P=.02).

COMMENT
This trial demonstrates that 1 year of

high-intensity strength training has a
positive effect on the following individual
risk factors for osteoporotic fractures in
women

50 to 70 years of age: bone den¬

sity, muscle mass, muscle strength,
dynamic balance, and overall physical
activity level. No other single interven¬
tion has

yet been identified that can si¬

multaneously alter an individual's risk
profile for this multifactorial syndrome.
The importance of the finding that
bone mineral was preserved in the
strength-trained women lies in the fact
that bone density is closely related to
probability offuture fracture, as strongly
supported by cross-sectional, case-con¬
trol, and prospective studies.29 In a study
by Cummings et al,2 a decrease of 0.11
g/cm2 in femoral neck BMD was asso¬

ciated with a 2.6 relative risk (RR) of
hip fracture in women over 65 years of
age. In the present study, it is possible
that if the exercise group remained ac¬
tive and maintained bone density at the
levels in this study over a 15-year pe¬
riod, while the control group continued
to lose an average of 1% per year, then
the control group's RR for hip fracture
would be similar to that reported by
Cummings et al.2
These positive changes in bone were

Table

3.—Dietary Intake

and

Activity

Levels*
Exercise

Control

Dietary

Baseline

Final

Baseline

Final

908±247
6.2±4.1

724±350

931±378

4.1 ±2.8

6.1±4.1

7186±fl80

5393±697

6762±1046

6.4±4.6
8610*1109

Pt

intake

Calcium, mg/d
Vitamin D, Mg/d
Activity level, kJ/wkf

.70
.02

*Data are presented as mean±SD. All means and analyses presented are adjusted for baseline measurement,
age, and smoking history. The Recommended Dietary Allowances for calcium and vitamin D in this age group are
800 mg/d and 5 µ /d, respectively.13
tP value refers to the time group interaction.
level was estimated by the Harvard Alumni Questionnaire.'8

^Activity

Table 4.—Hormone Levels*
Exercise

Control

Final

Pt

25-Dlhydroxyvitamin D, nmol/L
Parathyroid hormone, pmol/L

79.8±27.5

81.2±34.7

68.3±25.2

78.6±11.7

.57

2.853±0.851

2.884±0.713

2.855±1.011

3.398±1.160

.04

Osteocalcin, nmol/L

1.163±0.224

1.105±0.195

1.094±0.245

1.247±0.332

.03

Final

Hormone Levels

*Data are presented
smoking history.

tP value refers

as

mean±SD. All

to the time

analyses presented

are

adjusted

for baseline measurement, age, and

group interaction.

also associated with increases in muscle
mass, muscle strength, dynamic balance,
and increased physical activity level with
no change in dietary intake and modest
changes in hormone levels. Low muscle
mass, muscle strength, and poor bal¬
ance are all risk factors for falls in the
elderly1"7 and as has been demonstrated
in this trial, have the potential to be
modified by a single intervention.
Two days per week, 45 minutes per
session, is a feasible amount of time to
ask an older person to exercise, and
therefore has the potential to be gen¬
eralized to the population at large, even
to frail elders. Our previous work has
indicated that nursing home residents
with multiple chronic diseases are ca¬
pable of performing strength-training
exercises and experience improvements
in strength, functional status, and mo¬
bility.4,5 We have preliminary data that
indicate that a home-based strengthtraining program with minimal super¬
vision in frail elders is also feasible, pro¬
ducing significant improvements in
strength, mobility, and functional sta¬
tus without risk to the subjects (M.A.F.,
unpublished data, 1994). The next step
is to determine whether these exercises
in a home-based or similar type setting
can improve bone density over the long
term, thus further reducing the risk of
fracture due to injurious falls.
While several cross-sectional studies
have demonstrated an association be¬
tween habitual physical activity and
higher bone and muscle mass,15·16·30,31' pro¬
spective studies have been less clear.
Most of the initial studies have exam¬
ined the effects of aerobic exercise on
bone density. Some studies examining
aerobic activity and bone density have

shown benefits,27·28·32,33 while others have
shown no benefit.34·35 We previously
found that postmenopausal women en¬
rolled in a 1-year walking program main¬
tained trabecular BMD ofthe spine while
it decreased in sedentary controls.10 Al¬
though the intensity of the exercise was
high enough to significantly alter aero¬
bic capacity and the women wore weight
belts while they walked, changes in bone
density in other sites were not seen,
perhaps because of the nature of the
training stimulus.
Few prospective trials of strength
training have been conducted. Notelovitz et al36 showed in a randomized trial
that high-intensity strength training
combined with estrogen therapy in wom¬
en with surgically induced menopause
convincingly increased lumbar (8.4%),
radial (4.1%), and total body (2.1%) BMD
compared with no change in women
treated only with estrogen over a 12month period. This was the first ran¬
domized trial of high-intensity strength
training on bone and the benefits were
of clinical significance.
Interpretation of other prospective tri¬
als ofresistance training measuring bone
density of greater than 5-month dura¬
tion is hampered by lack of randomiza¬
tion, different training intensities, and
varying levels of compliance. Two trials
demonstrated improvements in lumbar
spine in the strength-trained women with
no differences noted in the other sites
measured (femoral neck, radial, os calcis
BMD) over controls.37·38 One nonrandomized study in premenopausal women
showed decreases in lumbar spine BMD
in the strength-trained women with no
differences between groups for femoral
neck and radial BMD, although the
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strength-trained women were lighter and
leaner than the controls, which may have
confounded the results.39
Higher body weight and fat-free body
weight are associated with denser bones
and greater BMC.40·41 Muscle mass and
bone mass have also been shown to be
related.42 The finding that total body
muscle mass increased by 1.2 kg in the
strength-trained women and decreased
by 0.5 kg in the controls is significant in
that this is the first randomized study to
demonstrate such a change in whole body
muscle mass in postmenopausal women.
The importance of maintaining muscle
mass into advanced age cannot be un¬
derstated.43 Muscle mass is directly re¬
lated to strength44 and the risk of falls in
elders.3·4·6

The increase in PTH and osteocalcin
levels over the year in the strengthtrained women compared with no change
in PTH and a decrease in osteocalcin
levels in the controls in this study sug¬
gest that bone turnover and particu¬
larly bone formation may be greater in
the strength-trained women. Hormonal
results of other prospective strength-

training interventions, however, are
sparse and conflicting,37·39 and preclude
a definitive conclusion regarding the
mechanism of bone remodeling after
strength training.
The increase in spontaneous weekly
physical activity in the strength-trained
women, despite instruction not to alter
their habitual activity levels, is of in¬

possible that as a result of
increasing strength, these women
were more physically capable of per¬
forming or behaviorally more motivated
to engage in physical activity, and as a
result, participated in more activities.
Fiatarone et al,12 in a study of highintensity strength training in the oldest
old, found that the spontaneous physical
activity of nursing home residents in¬
creased by 28% after just 10 weeks of
strength training. Frontera et al45 dem¬
terest. It is

the

onstrated that 12 weeks of lower ex¬
tremity strength training in older men
increased leg cycle aerobic capacity. An
increase in aerobic capacity of the
muscles involved in the training may
make lower-intensity, submaximal ex¬
ercise easier to perform. This increase
in overall activity level related to
strength training in older women is an¬
other modifiable risk factor for osteo¬

porotic fractures.46

In conclusion, high-intensity strength
training has a protective effect on the
femoral neck BMD and lumbar spine

BMD as well as promoting increased
muscle mass, strength, dynamic balance,
and overall physical activity levels in
postmenopausal women. All ofthese out¬
comes may mediate a reduction of the

risk for future osteoporotic fractures.
In contrast, traditional pharmacologie
and nutritional approaches to the treat¬
ment or prevention of osteoporosis have
the capacity to maintain or slow the loss
of bone, but not the ability to improve
balance, strength, muscle mass, or physi¬
cal activity level.36·47·48 Strength training
in postmenopausal women, therefore,
has the clinical potential to prevent os¬

teoporotic fractures by simultaneously

risk factors and
should be the focus of continued research
into long-term feasibility and effect on
fracture rate.
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