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Background: Psychosocial and built environment (BE) factors can influence physical activity (PA). Objectives were to assess
whether psychosocial or BE variables were associated with PA and whether associations differed by sociodemographic
characteristics in rural communities. Methods: The sample included 2215 adults enrolled in a healthy lifestyle intervention
cluster-randomized trial. Sociodemographic variables included age, sex, race/ethnicity, education, and income. Health variables
included general health status and body mass index. PA was assessed using the International Physical Activity Questionnaire-long
form. Metabolic Equivalent-minutes per week were calculated for total PA, moderate and vigorous PA, and walking. Psychosocial
(exercise attitudes, exercise confidence, social support for PA from family/friends) and BE variables (walking environment,
sidewalks, street shoulders, community safety, community aesthetic quality) were assessed via questionnaire. Linear regressions
modeled bivariate associations between PA and PA context variables. Multivariate regression models evaluated whether
sociodemographic or health variables modified relationships between PA and PA context variables. Results: All psychosocial
measures were positively associated with all measures of PA. Walking environment and community safety were the only BE
measures associated with all measures of PA. Being an older adult (65+) had significantly greater effects on exercise attitudes,
exercise confidence, and social support from friends on walking. Education and income did not consistently moderate associations
between psychosocial factors and any measure of PA. Conclusions: Future studies should confirm whether psychosocial
characteristics are associated with PA in other populations and explore how these effects are moderated by sociodemographic
characteristics. Further research is needed on the role of the environment in influencing PA in rural communities.
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Key Points

» All psychosocial measures (exercise attitudes, exercise confidence, social support for physical activity [PA] from family/
friends) were positively associated with all PA measures (self-reported total PA, moderate/vigorous PA, and walking).

* Walking environment and community safety were the only built environment measures associated with all measures
of PA.

* Being an older adult (65+) had significantly greater effects of exercise attitudes, exercise confidence, and social support
from friends on walking.

As conveyed through the socioecological model,! the context
and interactions of psychosocial factors and built environment
(BE) influence many health behaviors, including physical activity
(PA). Specific psychosocial factors known to impact PA (any
bodily movement that results in energy expenditure), exercise
(planned PA with the goal of improving or maintaining physical
fitness), and sedentary time are attitudes, confidence, and social
support, as well as the context of the BE of communities.?© Self-
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determination theory, a framework for understanding human moti-
vation emphasizes the importance of intrinsic motivation’; intrinsic
motivation is predictive of PA participation and long-term exercise
adherence.? Attitudes toward PA are also significantly correlated
with PA behaviors.® Self-efficacy, defined as confidence or belief
in personal capabilities, is one of the clearest correlates with adult
exercise, with multiple reviews noting a positive association.?
Note that the word “confidence” is used throughout this paper
rather than “self-efficacy.” A number of studies have shown
confidence to be a significant predictor of exercise adherence; this
was true for studies with participants ranging in age from adoles-
cence to older adults and in health from healthy to symptomatic.’
Social support is also positively associated with PA; one review
found every study that included a measure of social support for PA
found a significant positive association.* The results of a systematic
review examining the relationship between social support and PA
in older adults also suggest there is a positive association between
social support for PA (particularly from family members) and PA
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levels in older adults, but there were no clear PA associations with
general social support or social support for PA from friends.'” The
relationship between these factors and PA may differ by socio-
demographic characteristics; some studies have found women of
lower socioeconomic status have less motivation to exercise.'!
Also in terms of sociodemographic differences, social support may
be more important for exercise behaviors in women than men.!?
Aspects of the BE and changes in the BE are often found to be
associated with PA.>¢ For example, land use mix, connectivity,
population density, and overall neighborhood design are important
determinants of PA.5 Likewise, changes in the BE that result in
higher accessibility or new infrastructure for walking, cycling, or
public transportation are associated with increased overall PA, as
well as increased transportation-related PA.°

Sociodemographic characteristics, such as rurality, can impact
the BE’s influence on PA. Rural areas in the United States generally
refers to areas outside of urbanized areas and urban cluster areas
and are characterized by low population density and distance from
urban centers.'3 People living in rural areas experience unique
challenges, such as wide roads (which increase the probability of
traffic accidents),'* and the presence of trucks, which may make
them less likely to walk or bicycle.!> Additionally, factors associ-
ated with socioeconomic status (eg, employment, education,
income, health insurance) are consistently lower in rural areas
compared with urban areas.!® While rural residents in some areas
have access to natural amenities that facilitate PA, such as walking
or biking, factors such as weather can present meaningful barriers
to rural residents compared to urban residents.!” Crime, safety, and
social support may also be associated with lower PA prevalence in
rural areas, although few studies have compared these factors
across rural and urban settings.!”'® A study that compared rural
with urban residents found that positive attitudes toward PA,
greater PA confidence, and greater social support were significant
predictors of PA only in rural residents.!® Top barriers to PA among
rural men include low motivation, cold weather, and tiredness.2°
Some studies have found that social support for PA may be more
important in rural areas than urban areas.!®?! Rural residents
identify social engagement as the main facilitator of PA participa-
tion and describe PA as a way to connect with their community but
report a lack of social support more frequently than urban resi-
dents.?! Others have noted PA primarily occurs in the occupational
domain in some rural communities,?? and rural communities are
distinct from one another as far as what constitutes barriers and
facilitators to PA.?3 Results of a recent review of environmental
correlates of PA for adults living in rural areas suggested that
investing in places for PA, safe infrastructure for active transpor-
tation, and nature-based activities are recommended strategies to
address low PA levels in rural areas.?*

As noted, the rural context influencing PA may be different
from other contexts; it is unclear exactly how psychosocial factors
and the BE are associated with PA and whether the associations
differ by sociodemographic characteristics in rural communities.
This paper has 2 objectives: (1) assess whether baseline PA-
related psychosocial variables and/or the BE factors are associated
with PA in rural communities and (2) assess whether any observed
associations between psychosocial factors, BE, and PA are mod-
erated by sociodemographic characteristics (eg, age, sex, race/
ethnicity, education, income) in rural communities. We hypothe-
sized that psychosocial variables, such as confidence, and social
support and BE attributes, such as cleanliness and safety, would
be associated with higher amounts of PA. We also hypothesized
that these associations may be impacted by sociodemographic

characteristics; for instance, education may impact the amount of
leisure time PA.

Methods

This study used a cross-sectional design to explore associations
between PA-related psychosocial factors, BE, and measures of PA.
The analytic sample included 2215 adults enrolled in a cluster-
randomized controlled trial of healthy lifestyle intervention in 12
rural towns in Texas and New York. The communities are rural per
the Rural-Urban Community Area (RUCA) version 2.0 defini-
tion.!3 RUCA codes classify US census tracts based on population
density, urbanization, and commuting patterns; they are often used
by researchers and organizations involved in health services and
policy related to rural and urban areas.!> RUCA codes 4 to 10 are
considered rural.!3> For example, RUCA code 4 indicates an
micropolitan area core within an urban cluster of 10,000 to
49,999 people, while RUCA code 10 indicates a rural area with
primary flow to a tract outside an urban area or urban cluster.!3?
The rural towns, included in the study had a population density
averaging 116 people per square mile (median is 89 per square
mile), the least dense town had 2.9 people per square mile, and the
most dense town had 347.4 per square mile. All data were obtained
via online questionnaires at baseline (2022-2023). All participants
provided written online informed consent since the Texas A&M
University Institutional Review Board encourages the use of a
consent form even for short surveys. The study was approved by
the Texas A&M University Institutional Review Board.

Sample Sociodemographic and Health
Characteristics

Sociodemographic characteristics, included indicators of age, sex,
race/ethnicity, education, and income. These characteristics were
categorized for these analyses as follows: age: <65 years old versus
265 years old; sex: male versus female, nonbinary/fluid, or prefer not
to answer; race/ethnicity: non-Hispanic White, Hispanic, or non-
Hispanic Black; education: < college graduate versus 2 college grad-
uate; and annual household income: <$50,000 versus >$50,000.
Health was indicated by a response to the question “In general,
would you say that your health is:” with the response options of
“poor,” “fair,” “good,” “very good,” or “excellent,” from the MOS
35-Item Short-Form Health Survey-36.2° Responses were catego-
rized as fair/poor versus good/very good/excellent. Body mass index
(BMI) was based on self-reported height and weight and character-
ized as obese (BMI =30 kg/mz) versus nonobese (BMI < 30 kg/mz).

PA Variables

PA was assessed by the validated International Physical Activity
Questionnaire-long form, which asks how many days per week and
how many minutes on each of those days, the respondent usually
spent walking and doing moderate and vigorous activity related to
work, transportation, domestic chores and gardening, and leisure-
time domains.?” Study participants with “unreasonably high” PA
values according to the measure’s scoring protocol (>960 total min/d)
were excluded from the sample (205, 8.5%).>> The protocol assumes
that respondents sleep an average of 8 hours per day, so responses of
more than 16 hours of PA are unreasonable and should be excluded
from analysis.?> Minutes per week were transformed into Metabolic
Equivalent (MET) minutes using standard scoring methods and
summed into MET-minutes per week for total PA, moderate and
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vigorous PA (MVPA), and walking.?> We also calculated percent of
MVPA time in occupational PA and leisure PA.

PA-Related Psychosocial Variables

Exercise attitudes were assessed using 4 questions adapted from
Roper’s?® Exercise Attitudes and Behaviors questionnaire: (1) “It is
hard to for me to fit exercise into my life,” (2) “I exercise because it
is good for my health,” (3) “Exercise makes me feel better,” and (4)
“I cannot exercise” with 5 response options from strongly disagree
(1) to strongly agree (5). Items 1 and 4 were reverse-coded and then
all were averaged to create a continuous overall positive exercise
attitudes score. Three exercise confidence questions were adapted
from Sallis et al’s?>® Exercise Confidence Survey. Respondents
were asked how confident they were that “they could really
motivate themselves to consistently to... (1) Set aside time for
aphysical activity program . . . 30 minutes, 3 times a week, (2) Stick
to your exercise program when you are busy and (3) Stick to your
exercise program when you are stressed” with 5 response options
from not at all confident (1) to completely confident (5). [tems were
averaged to create a continuous overall exercise confidence score.
Social support for PA from family and friends was measured with
Ball et al’s3° Social Support for Physical Activity from Family and
Friends Questionnaire, which asked how often in the past year
family/household members (and separately about friends): (1) “Par-
ticipated in physical activity or exercise with you?” (2) “Encour-
aged you to be physically active?’and (3) “Discouraged you from
sitting around too much (ie, watching too much TV)?” with
response options from never (1) to very often (5), and an option
to choose “not applicable” which was subsequently recoded to
“never.” According to Ball et al,*® recoding was based on “the
assumption that this response indicated that respondents had no
immediate family [and/or friends] and so did not receive support
from family [and/or friends].” For family, and separately for
friends, scores were averaged to create continuous variables re-
flecting overall social support from family and overall social
support from friends. We used the mean for the social support
scales rather than the sum as recommended by Ball et al,>° so that
all of the factors in this analysis ranged from 1 to 5 and effect sizes
could be more easily contextualized.

Built Environment Variables

All environment variables were statements with response options
from strongly disagree (1) to strongly agree (5). All 7 questions of
the walking environment subscale from the Neighborhood Envi-
ronment Measures Survey were asked.?! Responses were aver-
aged to create a continuous overall walking environment score,
where higher scores indicate more favorable walking conditions.
Respondents were also asked to rate their agreement with 2
walking statements from Boehmer et al’s3? Health Behavior and
Environment Questionnaire: (1) “There are sidewalks on most of
the streets in my community” and (2) “There are shoulders on
most of the roads that allow for safe walking or biking.” Two
ordinal variables recorded responses to sidewalk and shoulders
questions. These 2 items are 2 separate scores. Three items were
adapted from the Neighborhood Environment Measures Survey
community safety subscale3!: (1) “I feel safe walking in my
community, day or night,” (2) “Violence is not a problem in
my community,” and (3) “My community is safe from crime.”
Responses to these 3 questions were averaged to create a contin-
uous community safety score. Two questions were adapted from
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the Neighborhood Environment Measures Survey community
aesthetic quality subscale3!: (1) “There is a lot of trash and litter
on the streets in my community” and (2) “There is a lot of noise in
my community.” Adaptations included small modifications such
as changing “neighborhood” from the original questionnaire to
“community” which is more relevant for rural areas. Responses to
the 2 statements were reverse coded and then averaged to create a
continuous community aesthetic quality scale.

Statistical Analysis

Sample characteristics, PA measures, and PA-related context
variables were summarized and tabulated. We assessed the nor-
mality of the PA measures and continuous PA-related context
variables by inspecting skewness and boxplots, and all variables
were considered normally distributed (skewness<?2).33 The 2
ordinal variables recording perceptions of sidewalks and road
shoulders also met these criteria and, for consistency, were ana-
lyzed as continuous town variables. Linear regressions modeled
bivariate associations between measures of PA and the PA context
variables. Estimates were considered significant at 95% confidence
after Bonferroni correction to account for 3 measures of PA. To
evaluate whether any sociodemographic or health status variables
modified relationships between PA and the PA context, we con-
structed multivariate regression models that also included age (65
and older), for example, and its interaction with each PA context
variable. Separate analyses considered each of the other binary
sociodemographic (sex [male], college graduate, annual household
income <$50,000) and health status variables (fair/poor health,
obesity) and their interactions. Additional multivariate models,
included indicators of Hispanic and non-Hispanic Black and
their interactions simultaneously. Bonferroni correction was also
applied to these analyses to account for the 3 measures of PA. Only
characteristics with significant interaction terms were tabled.
Analyses were performed using SPSS (version 29).

Results

Predominant characteristics for this sample were being less than
65 years old (84.8%), female (68.6%), and non-Hispanic White
(81.0%; Table 1). Almost half of the sample had a college degree or
more education (47%). A similar percentage had an annual house-
hold income of less than $50,000 (48%), although 20 individuals

Table1 Sample Characteristics and Health Status
n Count, %
Sociodemographic information
65 y and older, % 2215 336 (15.2%)

Male, % 2215 696 (31.4%)
Race/ethnicity, %
Non-Hispanic White 2212 1794 (81.0%)
Hispanic 2215 185 (8.4%)
Non-Hispanic Black 2212 147 (6.6%)
College graduate or more, % 2215 1085 (49.0%)
Annual household income <$50,000, % 2195 1060 (47.9%)
Health status
Fair/poor health, % 2215 406 (18.3%)
Obese, % 2215 987 (44.6%)
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did not respond to this question. Only 18% of the sample reported
their general health status was fair or poor; 45% were obese.

Mean total PA for the sample was 1474 MET-minutes per week
(Table 2). Of that total, most was MVPA (1087 MET-min/wk) and
the balance was from walking (387 MET-min/wk). Of MVPA MET-
minutes, 38.6% was from occupational PA and 11.8% was from
leisure PA. All mean PA context scores (range 1-5) were between
3.0 and 3.6. Exercise confidence varied more than any other measure
of PA context (SD=1.23), but there was also high variation for
community sidewalk and shoulder availability, safety, and aesthetic
quality (SD ranged from 0.94 to 0.99). The modal responses for both
sidewalk and shoulder availability were “agree.”

Table 2 PA and PA Context Descriptive Statistics,
n=2215

Mean (SD)
PA
Total PA, MET-min/wk 1474.18
(880.61)
Moderate and vigorous PA, MET-min/wk 1086.97
(741.35)
Walking, MET-min/wk 387.21 (248.40)
PA context
Psychosocial variables
Positive exercise attitudes (range 1-5) 3.59 (0.81)
Exercise confidence (range 1-5) 3.12 (1.23)
Social support for PA, family (range 1-5) 3.09 (0.67)
Social support for PA, friends (range 1-5) 2.96 (0.64)
BE variables
Positive walking environment (range 1-5) 3.37 (0.80)
Sidewalks on most community streets (range 1-5) 3.62 (0.99)
Shoulders on most community roads (range 1-5) 3.39 (0.99)
Community safety (range 1-5) 3.11 (0.97)
Community aesthetic quality (range 1-5) 3.30 (0.94)

Abbreviations: BE, built environment; MET, metabolic equivalent of task; PA,
physical activity.

The psychosocial measures of PA context (attitudes, confi-
dence, and social support from family/friends) were each positively
associated with all 3 measures of PA (Table 3). Out of these 4
predictors, the largest effect sizes were between exercise attitudes
and PA and the lowest were between exercise confidence and PA.
Walking environment and community safety were the only mea-
sures of PA environment associated with all 3 measures of PA and
those associations were all positive. The presence of sidewalks on
most streets was positively associated with total weekly MET-
minutes and MVPA but not walking. There was also a positive
association between the presence of shoulders on most roads and
total PA and MET-minutes of walking, but not for MVPA.

In all multivariate regression models that included sociodemo-
graphic variables and interactions, exercise attitudes, exercise confi-
dence and social support were positively associated with all measures
of PA (Total PA, MET-minutes per week; MVPA, MET-minutes per
week; and Walking, MET-minutes per week). Three of 7 socio-
demographic characteristics (age 65 or older, college graduate, and
income <$50,000) moderated associations between psychosocial
factors and at least one measure of PA (Table 4). Overall, sample
members aged 65+ had lower PA by all measures, but their age
significantly amplified the positive effects of attitudes, confidence,
and social support from family on walking. Being a college graduate
positively moderated the positive effects of exercise attitudes and
confidence on MVPA, and the effect of attitudes on total PA.
However, a college education significantly decreased the positive
effect of social support from family on MVPA and total PA. Having a
low household income (<$50,000) positively moderated only the
positive relationship between family support and MVPA.

No sociodemographic measures moderated relationships
between the BE and PA.

Discussion

For this sample of rural adults, PA-related attitudes, confidence,
and social support from family and friends were all positively
associated with all self-reported measures of PA. For BE variables,
walking environment and community safety were the only mea-
sures associated with all 3 measures of PA (Total PA, MET-
minutes per week; MVPA, MET-minutes per week; and Walking,

Table 3 Bivariate Associations Between PA and Measures of PA Context, n =2215

Total PA, MET-min/wk

MVPA, MET-min/wk Walking, MET-min/wk

p 95% CI B 95% CI B 95% CI

Psychosocial variables

Exercise attitudes 359.79 307.34 to 412.24 275.88 231.27 to 320.49 83.91 68.83 to 98.99

Exercise confidence 209.94 175.14 to 244.74 160.54 131.00 to 190.08 49.40 39.44 to 59.35

Social support for PA, family 246.83 181.36 to 312.31 179.92 124.55 to 235.29 66.92 48.42 to 85.41

Social support for PA, friends 317.64 249.11 to 386.16 245.24 187.30 to 303.19 72.39 52.88 to 91.91
BE variables

Walking environment 145.41 89.73 to 201.10 100.00 52.99 to 147.02 4541 29.74 to 61.09

Sidewalks on most community streets 52.14 6.72 to 97.57 41.71 3.46 to 79.96 10.43 —2.39 to 23.26

Shoulders on most community roads 46.04 0.82 to 91.26 29.61 —-8.48 to 67.70 16.43 3.69 to 29.18

Community safety 72.88 26.61 to 119.15 52.40 13.41 to 91.39 20.48 7.42 to 33.53

Community aesthetic quality —29.33 —77.11 to 18.46 —28.85 —69.07 to 11.37 —0.48 —13.96 to 13.01

Abbreviations: BE, built environment; CI, confidence interval; MET, metabolic equivalent of task; MVPA, moderate and vigorous physical activity; PA, physical activity.
Note: g, change in MET-minutes associated with a 1-unit difference in the row variable from bivariate linear regression models. 95% confidence intervals after Bonferroni
correction. Bold indicates significant associations.
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Table 4 Moderation Effects of Sociodemographic Characteristics on the Relationships Between Context

and PA

Total PA, MET-min/

wk

B

MVPA, MET-min/wk

B

Walking, MET-min/

Age: 65 y or older (n=2215)
Exercise attitudes
Main effect
65+ main effect
Interaction effect
Exercise confidence
Main effect
65+ main effect
Interaction effect
Social support for PA, family
Main effect
65+ main effect
Interaction effect
Social support for PA, friends
Main effect
65+ main effect
Interaction effect

Education: College graduate or more

(n=2215)

Exercise attitudes
Main effect
College graduate main effect
Interaction effect

Exercise confidence
Main effect
College graduate main effect
Interaction effect

Social support for PA, family
Main effect
College graduate main effect
Interaction effect

Social support for PA, friends
Main effect
College graduate main effect
Interaction effect

Income: <$50,000 annual household

income (n=2195)

Exercise attitudes
Main effect
<$50k main effect
Interaction effect

Exercise confidence
Main effect
<$50k main effect
Interaction effect

Social support for PA, family
Main effect

342.67
—771.89
122.59

202.71
-515.03
60.21

214.37
-641.30
125.01

286.73
—704.76
147.45

313.47
-465.79
115.64

176.00
-217.81
70.12

318.51
429.33
-136.23

298.65
-70.10
32.30

373.29
86.17
-30.87

233.81
74.50
-54.34

176.95

oKk

oKk

skoksk

oKk

3k

sekeor

ok

sdedeok

ok

skoksk

oKk

269.66
—494.30
57.44

158.85
-361.71
24.73

159.67
—420.70
59.81

223.31
-527.40
96.50

236.13
-415.96
101.45

126.26
-236.90
72.17

246.46
377.90
-123.63

224.34
-107.64
38.73

297.11
141.85
—42.88

187.10
115.97
-58.50

116.89

ok

ok

3k

ok

ok

ok

ok

wk
B

73.02 ok
—-277.60 ok

65.15 o

43.86 ook
-153.32 ok

35.48 o

54.70 ok
—220.60 ok

65.19 o

63.42 ok
-177.35 *

50.95

77.34 ok
—-49.83

14.19

49.75 ok

19.09

-2.05

72.06 ok

51.44
-12.61

7431 ok

37.54

—6.42

76.18 ook
—55.68

12.01

46.71 ok
—41.47

4.17

60.06 ok
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Table 4 (continued)

Total PA, MET-min/

Walking, MET-min/

wk MVPA, MET-min/wk wk
b B B
<$50k main effect —482.74 * —425.77 * -56.97
Interaction effect 127.25 116.97 * 10.28
Social support for PA, friends
Main effect 300.38 ek 238.94 ek 61.44 ook
<$50k main effect -197.38 -96.96 -100.42
Interaction effect 28.67 5.83 22.84

Abbreviations: MET, metabolic equivalent of task; MVPA, moderate and vigorous physical activity; PA, physical activity. Note: 3, change in MET-minutes associated with
a l-unit difference in row variable from multivariate linear regression models. Bold indicates significant interaction effects after Bonferroni correction: *95% confidence,

**99% confidence, and **%99.9% confidence.

MET-minutes per week); associations were all positive. Three
sociodemographic characteristics (65 y old or older, college grad-
uate, and annual household income <$50,000) moderated associa-
tions between psychosocial context and PA. We discuss each of
these moderators in turn below. Older adults (>65 y old) had less
total PA than younger adults, but this lower level of PA was
moderated among older adults by greater effects of positive exer-
cise attitudes, exercise confidence, and social support from friends
on walking. This is important because walking is the most preferred
form of PA for older adults,>* and walking can decrease the risk or
severity of cardiovascular disease, diabetes, and cognitive
impairment, as well as improving mental well-being, sleep, and
longevity.3> Among college graduates, the effects of exercise
attitudes and exercise confidence on MVPA were accentuated
relative to sample members with less education. It is possible that
MVPA for college graduates would be “leisure” activities that
require a conscious, active choice to devote time to them (and are
more vigorous so accrue more MET-minutes in a shorter time). In
this sample, college graduates reported more leisure-time MVPA
(MET-minutes per day, P=.013) than those who were not college
graduates. College graduates with more positive attitudes toward
exercise or higher exercise confidence may choose to pursue exer-
cise-related leisure activities, while college graduates with worse
attitudes toward exercise or lower exercise confidence may choose
to do less active hobbies in their leisure time. Noncollege graduates
may have more active jobs or spend more time on active chores,
where they would accrue moderate/vigorous MET-minutes regard-
less of their attitudes toward exercise or exercise confidence, since
these activities are part of daily life responsibilities, rather than an
active choice to exercise. This is demonstrated by the fact that
noncollege graduates in our sample reported more MVPA (MET-
minutes per day) from work (P <.001) and chores (P <.001) than
college graduates. Among adults in lower income households, the
effect of social support from family on MVPA was greater than
among adults in higher income households. Individuals in low-
income households have significantly fewer opportunities for PA
compared with those in higher income households,>® so social
support may have a greater effect on PA levels for individuals in
lower income households.

The average reported mean moderate/vigorous MET-minutes
per week reported for this sample was 1474. This is higher than has
been reported in other representative US adult samples. For ex-
ample, analysis of over 30,000 participants in the National Health
and Nutrition Examination Survey, which did not differentiate by
urban/rural status, reported an average of 860 total moderate/
vigorous MET-minutes of PA per week,’” although over two-

thirds of adults in that sample failed to meet the recommended 600
MET-minutes per week of MVPA. The National Health and
Nutrition Examination Survey uses the Global Physical Activity
Questionnaire to collect self-reported PA data3®; the Global Physi-
cal Activity Questionnaire has poor to fair concurrent validity with
accelerometers, pedometers, and PA logs and tends to overestimate
PA.3° Similarly, the International Physical Activity Questionnaire
has poor to fair correlations with objective PA measurements and
also tends to overestimate PA level.*® Current public health guide-
lines suggest at least 500 to 600 MET-minutes per week of MVPA,
which equates to about 150 minutes of moderate-intensity aerobic
activity.*! However, rural Americans typically report less PA
compared with suburban and urban populations*?; for example,
the National Health Interview Survey, a representative national
survey of over 20,000 adults, reported that 25.3% of urban
residents (vs 19.6% of rural residents) met the combined aerobic
and muscle-strengthening guidelines.*> Likewise, data from the
National Health and Nutrition Examination Survey showed that
rural adults were more likely than urban adults to report no leisure-
time PA and fewer rural adults met the recommended leisure-time
PA guidelines of 2450 MET-minutes per week for leisure-
time PA.%

A number of other studies, many of which were not specific to
rural areas, have also found PA-related psychosocial variables
(eg, attitudes, confidence, social support) are associated with total
PA, MVPA, and/or walking.3° Rural-specific studies have also
noted a correlation between confidence and PA or exercise.*>4°
Social support is also a commonly reported correlate of PA for
adults,*® including rural adults.*’ In contrast to the current study,
others have found no association between attitudes toward PA and
PA behaviors.* One recent study found that rural adults had more
positive attitudes toward PA than urban adults and that a more
positive attitude toward PA was associated with greater amounts of
PA for rural adults, but not urban adults.!®

Other researchers have also found associations between BE
variables (eg, walking environment, community safety) and total
PA, MVPA, and/or walking. For example, a review and meta-
analysis of 100 articles examining BE attributes related to PA for
older adults concluded that walkability, walk-friendly infrastruc-
ture, and safety from crime were among the top positive BE
correlates of PA.4® Other systematic reviews have also noted an
association between perceived community safety and increased
PA.% Most reviews do not differentiate between rural and urban
areas; some reviews have examined BE correlates of PA of adults
in rural areas and found convincing positive relationships between
PA and BE features conducive to PA (eg, recreation facilities,
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pleasant aesthetics).?**° Some tools used to measure BE in
urban areas (ie, Walk Score) may not be appropriate for rural
communities.”® Further refinement of BE measures for rural
communities may be needed.’!

Although we did not find other studies that examined socio-
demographic moderators between the same psychosocial factors and
PA behaviors, other researchers have similarly found that education
moderated the relationship between PA intention and PA behavior;
in other words, studies with better educated samples reported
stronger PA intention and PA behavior relationships.>> The meta-
regression analysis that found that better educated samples reported
stronger PA intention did not find that income was a moderator
between PA intention and PA behavior’? A different review
reported that it was unclear whether age moderated the relationship
between PA intention and PA behavior, but concluded that gender,
race/ethnicity, and BMI did not moderate the relationship.?
Although the current study did not find that sex moderated the
relationship between social support and PA behaviors, a study of
over 17,000 adults in Spain reported that sex moderated the
relationship between social support and cardiovascular prevention
behaviors; social support was more strongly associated with adher-
ence to cardiovascular prevention recommendations, including
meeting PA recommendations, in men than women.>*

This study has strengths as well as limitations. Strengths of the
study include a large sample size for understudied medically
underserved rural communities, and leveraging data collected from
a randomized controlled trial to better understand relationships
between PA and psychosocial, environmental, and sociodemo-
graphic factors. Limitations include use of a self-report PA ques-
tionnaire and a relatively homogeneous sample. PA was assessed via
a validated self-report questionnaire, but correlations between self-
reported and objective measures of PA have been found to be only
low to moderate.>> Although the study sample included similar
numbers of adults from lower and higher income households, with
and without college degrees, and obese and nonobese individuals,
the majority of the sample was non-Hispanic White, younger than
65 years old, and in good or excellent health, which may limit
generalizability to populations with other racial or ethnic identities,
older adults, and those in poor or fair health.

Conclusions

In this sample of rural adults, exercise attitudes, exercise confidence,
and social support for PA from family and friends were positively
associated with self-reported PA with particularly strong relation-
ships observed among adults aged 65+. Walking environment and
community safety were BE variables associated with self-reported
PA. Future public health interventions should consider ways to
bolster exercise attitudes, confidence (such as motivational inter-
viewing), and social support among rural adults in an effort to
improve PA throughout the life course. Addressing the environment
for walking and community safety may support PA and particularly
walking, but the importance of other changes to the BE is less clear.

Acknowledgments

The authors are grateful to the individuals who participated in the study, the
program leaders for their facilitation, and to the study staff. Funding
Source/Trial Registration: This work was supported by a grant (grant
#R0O1CA230738) from the National Cancer Institute, National Institutes of
Health. This study is registered at www.clinicaltrials.gov (NCT05002660)

Physical Activity, Psychosocial Factors, and Built Environment 7

References

1. Bronfenbrenner U. Toward an experimental ecology of human
development. Am Psychol. 1977;32(7):513. doi:10.1037/0003-
066X.32.7.513

2. Teixeira PJ, Carraga EV, Markland D, Silva MN, Ryan RM. Exercise,
physical activity, and self-determination theory: a systematic review.
Int J Behav Nutr Phys Act. 2012;9:78. doi:10.1186/1479-5868-9-78

3. McAuley E, Blissmer B. Self-efficacy determinants and conse-
quences of physical activity. Exerc Sport Sci Rev. 2000;28(2):85—
88. PubMed ID: 10902091

4. Trost SG, Owen N, Bauman AE, Sallis JF, Brown W. Correlates of
adults’ participation in physical activity: review and update. Med Sci
Sports Exerc. 2002;34(12):1996-2001. doi:10.1097/00005768-2002
12000-00020

5. McCormack GR, Shiell A. In search of causality: a systematic review
of the relationship between the built environment and physical
activity among adults. Int J Behav Nutr Phys Act. 2011;8:125. doi:
10.1186/1479-5868-8-125

6. Karmeniemi M, Lankila T, Ikaheimo T, Koivumaa-Honkanen H,
Korpelainen R. The built environment as a determinant of physical
activity: a systematic review of longitudinal studies and natural
experiments. Ann Behav Med. 2018;52(3):239-251. doi:10.1093/
abm/kax043

7. Ryan RM, Deci EL. Self-determination theory and the facilitation of
intrinsic motivation, social development, and well-being. Am Psy-
chol. 2000;55(1):68-78. doi:10.1037/0003-066X.55.1.68

8. Chevance G, Bernard P, Chamberland PE, Rebar A. The association
between implicit attitudes toward physical activity and physical
activity behaviour: a systematic review and correlational meta-anal-
ysis. Health Psychol Rev. 2019;13(3):248-276. doi:10.1080/1743
7199.2019.1618726

9. Bauman AE, Reis RS, Sallis JF, et al. Correlates of physical activity:
why are some people physically active and others not? Lancet. 2012;
380(9838):258-271. doi:10.1016/S0140-6736(12)60735-1

10. Smith GL, Banting L, Eime R, O’Sullivan G, van Uffelen JGZ. The
association between social support and physical activity in older
adults: a systematic review. Int J Behav Nutr Phys Act. 2017;14:56.
doi:10.1186/s12966-017-0509-8

11. Ball K, Salmon J, Giles-Corti B, Crawford D. How can socio-
economic differences in physical activity among women be ex-
plained? A qualitative study. Women Health. 2006;43(1):93—113.
doi:10.1300/J013v43n01_06

12. Scarapicchia TMF, Amireault S, Faulkner G, Sabiston CM. Social
support and physical activity participation among healthy adults:
a systematic review of prospective studies. Int Rev Sport
Exerc Psychol. 2017;10(1):50-83. doi:10.1080/1750984X.2016.
1183222

13. Rural Health Research Center. RUCA data. https://depts.washington.
edu/uwruca/ruca-data.php

14. Hamidi S, Ewing R, Azimi E, et al. A National Investigation on the
Impacts of Lane Width on Traffic Safety: Narrowing Travel Lanes as
an Opportunity to Promote Biking and Pedestrian Facilities Within
an Existing Roadway Infrastructure. Strong Towns Action Lab;
2023.

15. Salvo G, Lashewicz BM, Doyle-Baker PK, McCormack GR.
Neighbourhood built environment influences on physical activity
among adults: a systematized review of qualitative evidence. Int J
Environ Res Public Health. 2018;15(5):897. doi:10.3390/ijerph
15050897

16. Bhuiyan N. An Exploration of Physical Activity Interventions and
Factors Associated with Physical Activity Behaviors Among Rural

(Ahead of Print)

Authenticated r.seguin-fowler@ag.tamu.edu/ Author's copy | Downloaded 10/20/25 05:13 PM UTC


https://doi.org/10.1037/0003-066X.32.7.513
https://doi.org/10.1037/0003-066X.32.7.513
https://doi.org/10.1186/1479-5868-9-78
http://www.ncbi.nlm.nih.gov/pubmed/10902091?dopt=Abstract
https://doi.org/10.1097/00005768-200212000-00020
https://doi.org/10.1097/00005768-200212000-00020
https://doi.org/10.1186/1479-5868-8-125
https://doi.org/10.1093/abm/kax043
https://doi.org/10.1093/abm/kax043
https://doi.org/10.1037/0003-066X.55.1.68
https://doi.org/10.1080/17437199.2019.1618726
https://doi.org/10.1080/17437199.2019.1618726
https://doi.org/10.1016/S0140-6736(12)60735-1
https://doi.org/10.1186/s12966-017-0509-8
https://doi.org/10.1300/J013v43n01_06
https://doi.org/10.1080/1750984X.2016.1183222
https://doi.org/10.1080/1750984X.2016.1183222
https://depts.washington.edu/uwruca/ruca-data.php
https://depts.washington.edu/uwruca/ruca-data.php
https://doi.org/10.3390/ijerph15050897
https://doi.org/10.3390/ijerph15050897

8

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Seguin-Fowler et al

Residents in the United States. The Pennsylvania State University;
2020. https://etda.libraries.psu.edu/files/final_submissions/22668
Abildso CG, Daily SM, Meyer MRU, et al. Environmental factors
associated with physical activity in rural US counties. Int J Environ
Res Public Health. 2021;18(14):7688. doi:10.3390/ijerph18147688
Serrano N, Beck A, Salvo D, et al. Examining the associations of and
interactions between intrapersonal and perceived environmental fac-
tors with objectively assessed physical activity among rural mid-
western adults, USA. Am J Health Promot. 2023;37(4):511-515. doi:
10.1177/08901171221134797

Sirotiak Z, Brellenthin AG, Hariharan A, Welch AS, Meyer JD,
Franke WD. Psychological correlates of physical activity among
adults living in rural and urban settings. Front Psychol. 2024;15:
1389078. doi:10.3389/fpsyg.2024.1389078

Gallagher J, Bayman EO, Cadmus-Bertram LA, et al. Physical
activity among rural men: barriers and preferences. Prev Chronic
Dis. 2023;20:E88. doi:10.5888/pcd20.230046

Pelletier C, White N, Duchesne A, Sluggett L. Rural-urban differ-
ences in individual and environmental correlates of physical activity
in Canadian adults. Prev Med Rep. 2022;30:102061. doi:10.1016/j.
pmedr.2022.102061

Beck AM, Serrano NH, Toler A, Brownson RC. Multilevel correlates
of domain-specific physical activity among rural adults—a cross-
sectional study. BMC Public Health. 2022;22(1):2150. doi:10.1186/
$12889-022-14634-3

Gilbert AS, Duncan DD, Beck AM, Eyler AA, Brownson RC. A
qualitative study identifying barriers and facilitators of physical
activity in rural communities. J Environ Public Health. 2019;
2019(1):7298692. doi:10.1155/2019/7298692

Miiller C, Paulsen L, Bucksch J, Wallmann-Sperlich B. Built and
natural environment correlates of physical activity of adults living in
rural areas: a systematic review. Int J Behav Nutr Phys Act. 2024;
21(1):52. doi:10.1186/s12966-024-01598-3

IPAQ Research Committee. Guidelines for Data Processing and
Analysis of the International Physical Activity Questionnaire (IPAQ)
—Short and Long Forms. 2005. https://sites.google.com/view/ipaq/
score

McHorney CA, Ware JE, Raczek AE. The MOS 36-ITEM
Short-Form Health Survey (SF-36). 2. Psychometric and clinical
tests of validity in measuring physical and mental-health constructs.
Med Care. 1993;31(3):247-263. doi:10.1097/00005650-19930
3000-00006

Craig CL, Marshall AL, Sjostrom M, et al. International physical
activity questionnaire: 12-country reliability and validity. Med Sci
Sports Exerc. 2003;35(8):1381-1395. doi:10.1249/01.MSS.000007
8924.61453.FB

Roper A. Exercise Attitudes and Behaviors: A Survey of Adults
Age 50-79. AARP; 2002.

Sallis JF, Pinski RB, Grossman RM, Patterson TL, Nader PR. The
development of self-efficacy scales for health-related diet and exer-
cise behaviors. Health Educ Res. 1988;3(3):283-292. doi:10.1093/
her/3.3.283

Ball K, Jeffery RW, Abbott G, McNaughton SA, Crawford D. Is
healthy behavior contagious: associations of social norms with
physical activity and healthy eating. Int J Behav Nutr Phys Act.
2010;7(1):86. doi:10.1186/1479-5868-7-86

Mujahid MS, Roux AVD, Morenoff JD, Raghunathan T. Assessing
the measurement properties of neighborhood scales: from psycho-
metrics to ecometrics. Am J Epidemiol. 2007;165(8):858—-867. doi:10.
1093/aje/kwm040

Boehmer TK, Lovegreen SL, Haire-Joshu D, Brownson RC. What
constitutes an obesogenic environment in rural communities? Am J

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Health Promot. 2006;20(6):411-421. doi:10.4278/0890-1171-20.
6.411

George D, Mallery P. Section 7.4 Measures of deviation from
normality. IBM SPSS Statistics 23 Step by Step: A Simple Guide
and Reference. Routledge; 2016:114-115.

Amireault S, Baier JM, Spencer JR. Physical activity preferences
among older adults: a systematic review. J Aging Phys Act. 2019;
27(1):128-139. doi:10.1123/japa.2017-0234

Ungvari Z, Fazekas-Pongor V, Csiszar A, Kunutsor SK. The multi-
faceted benefits of walking for healthy aging: from Blue Zones to
molecular mechanisms. GeroScience. 2023;45(6):3211-3239. doi:
10.1007/s11357-023-00873-8

Powell LM, Slater S, Chaloupka FJ, Harper D. Availability of
physical activity—related facilities and neighborhood demographic
and socioeconomic characteristics: a national study. Am J Public
Health. 2006;96(9):1676-1680. doi:10.2105/AJPH.2005.065573
Cao Y, Zhuang C, Zhang Y, Liu C, Li Y. Association of weekend
warriors and other physical activity patterns with hypertension in
NHANES 2007-2018. Sci Rep. 2025;15(1):10042. doi:10.1038/
s41598-025-95402-2

Welk G, Lamoureux NR, Zeng C, et al. Equating NHANES monitor
based physical activity to self-reported methods to enhance ongoing
surveillance efforts. Med Sci Sports Exerc. 2023;55(6):1034. doi:10.
1249/MSS.0000000000003123

Keating XD, Zhou K, Liu X, et al. Reliability and concurrent validity
of global physical activity questionnaire (GPAQ): a systematic
review. Int J Environ Res Public Health. 2019;16(21):4128. doi:
10.3390/ijerph16214128

Lee PH, Macfarlane DJ, Lam TH, Stewart SM. Validity of the
international physical activity questionnaire short form (IPAQ-SF):
a systematic review. Int J Behav Nutr Phys Act. 2011;8:115. doi:10.
1186/1479-5868-8-115

Physical Activity Guidelines for Americans Committee. Physical
Activity Guidelines for Americans. Department of Health and Human
Services; 2008.

Maddock J, Seguin-Fowler R, Shrestha A, Ferdinand A. Obesity
and physical activity in rural settings. In: A.O. Ferdinand, J.N. Bolin,
T. Callaghan, H.I. Rochford, A. Lockman, & N.Y. Johnson (Eds.),
Rural Healthy People 2030 (pp. 45-55). Texas A&M University
School of Public Health, Southwest Rural Health Research Center;
2023:chap 4.

Whitfield GP, Carlson SA, Ussery EN, Fulton JE, Galuska DA,
Petersen R. Trends in meeting physical activity guidelines among
urban and rural dwelling adults—United States, 2008-2017. MM WR-
Morb Mortal Wkly Rep. 2019;68(23):513-518. doi:10.15585/mmwr.
mm6823al

Trivedi T, Liu J, Probst J, Merchant A, Jones S, Martin AB. Obesity
and obesity-related behaviors among rural and urban adults in the
USA. Rural Remote Health. 2015;15(4):3267. PubMed ID:
26458564

Ciciurkaite G, Tarasenko Y, Schoenberg N. Self-efficacy and leisure-
time physical activity among rural residents. Health Behav Pol Rev.
2018;5(1):16-27. doi:10.14485/HBPR.5.1.2

Olsen J. An integrative review of literature on the determinants of
physical activity among rural women. Public Health Nursing. 2013;
30(4):288-311. doi:10.1111/phn.12023

Schmidt LL, Johnson S, Genoe MR, Jeffery B, Crawford J. Social
interaction and physical activity among rural older adults: a scoping
review. J Aging Phys Act. 2021;30(3):495-509. doi:10.1123/japa.
2021-0046

Barnett DW, Barnett A, Nathan A, Van Cauwenberg J, Cerin
E, Council on Environment and Physical Activity (CEPA)—Older

(Ahead of Print)

Authenticated r.seguin-fowler@ag.ta

mu.edu/ Author's copy | Downloaded 10/20/25 05:13 PM UTC


https://etda.libraries.psu.edu/files/final_submissions/22668
https://doi.org/10.3390/ijerph18147688
https://doi.org/10.1177/08901171221134797
https://doi.org/10.3389/fpsyg.2024.1389078
https://doi.org/10.5888/pcd20.230046
https://doi.org/10.1016/j.pmedr.2022.102061
https://doi.org/10.1016/j.pmedr.2022.102061
https://doi.org/10.1186/s12889-022-14634-3
https://doi.org/10.1186/s12889-022-14634-3
https://doi.org/10.1155/2019/7298692
https://doi.org/10.1186/s12966-024-01598-3
https://sites.google.com/view/ipaq/score
https://sites.google.com/view/ipaq/score
https://doi.org/10.1097/00005650-199303000-00006
https://doi.org/10.1097/00005650-199303000-00006
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1093/her/3.3.283
https://doi.org/10.1093/her/3.3.283
https://doi.org/10.1186/1479-5868-7-86
https://doi.org/10.1093/aje/kwm040
https://doi.org/10.1093/aje/kwm040
https://doi.org/10.4278/0890-1171-20.6.411
https://doi.org/10.4278/0890-1171-20.6.411
https://doi.org/10.1123/japa.2017-0234
https://doi.org/10.1007/s11357-023-00873-8
https://doi.org/10.2105/AJPH.2005.065573
https://doi.org/10.1038/s41598-025-95402-2
https://doi.org/10.1038/s41598-025-95402-2
https://doi.org/10.1249/MSS.0000000000003123
https://doi.org/10.1249/MSS.0000000000003123
https://doi.org/10.3390/ijerph16214128
https://doi.org/10.1186/1479-5868-8-115
https://doi.org/10.1186/1479-5868-8-115
https://doi.org/10.15585/mmwr.mm6823a1
https://doi.org/10.15585/mmwr.mm6823a1
http://www.ncbi.nlm.nih.gov/pubmed/26458564?dopt=Abstract
https://doi.org/10.14485/HBPR.5.1.2
https://doi.org/10.1111/phn.12023
https://doi.org/10.1123/japa.2021-0046
https://doi.org/10.1123/japa.2021-0046

49.

50.

51.

Adults Working Group. Built environmental correlates of older
adults’ total physical activity and walking: a systematic review and
meta-analysis. Int J Behav Nutr Phys Act. 2017;10:14103. doi:10.
1186/s12966-017-0558-z

Frost SS, Goins RT, Hunter RH, et al. Effects of the built environment
on physical activity of adults living in rural settings. Am J Health
Promot. 2010;24(4):267-283. doi:10.4278/ajhp.08040532
Maddock JE, Perry CK, Seguin-Fowler R, et al. Is walk score a useful
tool for measuring walkability in rural communities? J Rural Health.
2024;41:12895. doi:10.1111/jrh.12895

Wende ME, Houghtaling B, Krey KJ, Morgan RL, Meyer MRU.
Objectively-measured environmental support for physical activity,
healthy eating, and breastfeeding in the rural United States: a
scoping review to inform opportunities for public health surveil-
lance. J Healthy Eat Active Living. 2025;5(1):91. doi:10.51250/
jheal.v5i1.91

Physical Activity, Psychosocial Factors, and Built Environment

9

52. Schiiz B, Li ASW, Hardinge A, McEachan RR, Conner M. Socio-
economic status as a moderator between social cognitions and
physical activity: systematic review and meta-analysis based on the
theory of planned behavior. Psychol Sport Exerc. 2017;30:186-195.

doi:10.1016/j.psychsport.2017.03.004

53. Rhodes RE, Cox A, Sayar R. What predicts the physical activity
intention—behavior gap? A systematic review. Ann Behav Med. 2022;

56(1):1-20. doi:10.1093/abm/kaab044

54. Blakoe M, Petrova D, Garcia-Retamero R, et al. Sex moderates the
relationship between social support and cardiovascular prevention
behaviors in middle-aged and older adults. Ann Behav Med. 2023;

57(10):877-887. doi:10.1093/abm/kaad030

55. Prince SA, Adamo KB, Hamel ME, Hardt J, Gorber SC, Tremblay M.
A comparison of direct versus self-report measures for assessing
physical activity in adults: a systematic review. Int J Behav Nutr Phys

Act. 2008;5(1):56-24. doi:10.1186/1479-5868-5-56

(Ahead of Print)

Authenticated r.seguin-fowler@ag.ta

mu.edu/ Author's copy | Downloaded 10/20/25 05:13 PM UTC


https://doi.org/10.1186/s12966-017-0558-z
https://doi.org/10.1186/s12966-017-0558-z
https://doi.org/10.4278/ajhp.08040532
https://doi.org/10.1111/jrh.12895
https://doi.org/10.51250/jheal.v5i1.91
https://doi.org/10.51250/jheal.v5i1.91
https://doi.org/10.1016/j.psychsport.2017.03.004
https://doi.org/10.1093/abm/kaab044
https://doi.org/10.1093/abm/kaad030
https://doi.org/10.1186/1479-5868-5-56

