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Abstract
Background: Increasing physical activity (PA) in rural communities is a vital prevention tactic in multiple chronic diseases; however, little is known on the multilevel correlates of PA rural areas. A better understanding of domain-specific
PA adds context for promoting PA in rural communities. The current study sought to determine factors associated
with domain-specific and overall moderate-vigorous physical activity (MVPA) in rural communities.
Methods: Surveys were conducted across 14 rural mid-Western communities, with the final analytical sample including 1241 adults (ages 19–96, M = 57.0 [SD = 16.7], 67.8% female, 83.8% white). Generalized linear models with negative binomial distributions examined the relation between demographics, trail use, and perceptions of the neighborhood environment, with domain-specific and overall MVPA, measured via the Global Physical Activity Questionnaire.
Results: Rural residents reported an average of 617 total minutes of weekly MVPA (SD = 1141), with 58.5% meeting
MVPA guidelines. Higher age, female gender, and higher educated individuals had lower levels of overall and occupational MVPA. Females, higher education, and perceived indoor recreational access were associated with lower levels
of transportation-related MVPA, while trail use was associated with increased transportation MVPA. Higher age and
female gender respondents had lower levels of recreational MVPA, while trail users and those who perceived favorable
indoor recreational access had higher levels of recreational MVPA.
Conclusions: PA primarily occurred in the occupational domain among this sample of rural mid-Western adults.
Findings highlight the need for multilevel interventions to address PA across multiple domains in rural communities,
especially among females and older adults.
Keywords: Physical activity domains, Rural, Adults
Background
Physical activity (PA) has myriad benefits including
improved weight status, reduced risk of various cancers
and cardiovascular disease [1]. Most Americans do not
meet the guidelines of at least 150-minutes of moderate
intensity PA per week, 75-minutes of vigorous intensity
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PA per week, or a combination of the two [2]. Further,
fewer rural residents meet PA guidelines when compared
to their urban/suburban counterparts [3]. The PA divide
between rural and urban areas should be delineated in
order to reduce health disparities and improve health for
all.
Physical activity is a complex behavior with a multitude
of influences, and is strongly influenced by environmental and policy influences. Multilevel factors encourage
engagement in PA such as the environment (e.g., parks,
trails, sidewalks [4]) and social support (e.g., friends,
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family [5]) in rural communities. Ecological models of
health behaviors suggest targeting multiple levels of
influence (e.g., individual, interpersonal) [6]. Intervening at multiple levels takes into consideration both the
individual and the environment in which the individual
resides.
In 2016, a specific call to action for rural active living
promoted the application of a refined ecological approach
to determine the correlates of domain-specific PA in rural
communities [7]. Further, the call urges the development
of evidence-based interventions to improve PA in rural
communities. Recent community-based, multilevel trials have been implemented in rural areas – with limited
success [8, 9]. In particular, applications of multilevel trials geared toward PA improvement in rural communities often encounter issues due to small sample sizes and
implementation challenges inherent to rurality (e.g., culture) [8]. Additionally, many multilevel trials tend to focus
on increasing weekly total PA as the outcome of interest,
with special attention paid to leisure-time PA – especially
in high-income countries [10]. However, other domains of
PA in addition to leisure-time PA provide opportunities
for individuals from rural communities to meet the recommended guidelines. The four common domains of PA
include occupational, household, transportation-related,
and recreational [11–14]. Several studies have examined
multilevel correlates of domain-specific PA in urban/
suburban communities [15]; however, less is understood
about how these domains manifest in rural areas. One
study of rural Midwestern adults found the domains of
active living (i.e., walking and biking) and sport (i.e., athletic activities and exercises) had domain-specific correlates in policy, neighborhood characteristics, and
social support among rural Midwestern adults while the
domains of occupational and house work PA did not [5].
In the domains of active living and sport, rural residents
were more likely to engage in active living if they agreed
with government funding for PA resources, and they were
more likely to engage in sport if they had social support to
exercise [5].
In another study among rural Midwestern adults,
unique correlates were found for the previously discussed
domains of PA and other domains such as active transportation, yard work in conjunction with housework,
and recreation [16]. The results further demonstrated the
social and environmental correlates of PA are specific to
the domain being measured. For example, female participants have been socialized to engage in more PA through
housework when compared to male participants, while
male participants have been socialized to engage in more
leisure-time PA when compared to single female participants [16]. Additionally, the authors assessed correlates
of intensity-specific PA and found greater awareness and
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use of PA-related resources encouraged engagement in
vigorous PA [16].
The literature is rich in evidence supporting the impact
of individual and environmental level correlates of recreational and overall PA, yet lacks in providing evidence
in the context of rural communities. Furthermore, the
understanding of individual and environmental level
correlates of domain-specific PA in rural communities
remains limited. Therefore, to better understand the
correlates of overall and domain-specific (i.e., transportation, occupational, and recreational) MVPA in rural
communities in order to inform PA interventions, the
objectives of the present study were to (1) provide estimates of overall and domain-specific total weekly MVPA,
and (2) examine associations of individual and environmental factors with overall and domain-specific weekly
MVPA minutes.

Methods/design
Participants and procedures

The current study used baseline data collected from
August 2019 to September 2020 from a sample of rural
community members participating in a physical activity intervention across a rural Midwestern region. Adult
participants who were able to be physically active were
recruited by address-based sampling, referral, and community outreach across 14 rural communities in the
region – more detailed information on sampling and
study eligibility can be found elsewhere [9]. Rurality was
determined by using the Rural-Urban Continuum Codes
(RUCC) where one equates to the most urban and nine
equates to the most rural [17]. Prior to data collection,
research assistants obtained informed consent from
participants. Baseline measures were collected for a full
baseline sample of 1252 participants by trained research
assistants via telephone survey. This study was approved
by the Institutional Review Board of the sponsoring institution (#201809089).
Measures
Physical activity outcomes

Physical activity (PA) was assessed using the Global
Physical Activity Questionnaire (GPAQ) [18, 19]. The
instrument assesses PA overall and across three domains
including occupational, transportation, and recreation.
The GPAQ has demonstrated moderate validity as compared to accelerometry with respect to moderate to vigorous PA [18].
Individual

Participants provided demographic information including age, gender, education, race/ethnicity, and income.
Age was operationalized according to the PA Guidelines
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for Americans (Adults aged 18–64, Older adults aged
65+). Gender and education were dichotomized into
male or female and high school degree or less and greater
than a high school degree. Race was also dichotomized
into white or non-white and income of less than $50,000
or greater than $50,000 via median split, respectively.
Individual characteristics related to physical activity
behavioral factors were also collected and included trail
use. Trail use was characterized by participant’s reporting
having used their local trail or not.
Environmental

Three perceived neighborhood environment subscales
were used from the abbreviated Neighborhood Environment Walkability Scale (NEWS), along with the Rural
Active Living Perceived Environment Support Scale
(RALPESS) [20, 21]. The NEWS subscale used characterizes safety from traffic (five items, Cronbach’s α = 0.74)
[20]. RALPESS subscales used included indoor recreational access (six items, Cronbach’s α = 0.91), as well
as the area around the home (five items, Cronbach’s
α = 0.79) [21]. Negative statements were reverse coded,
and items were averaged to compute scores for each subscale. Response options for each item ranged on a fourpoint Likert scale (1 = “strongly disagree” to 4 = “strongly
agree”).
Analysis

Descriptive statistics including means and frequencies
were captured for all variables of interest (i.e., physical
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activity outcomes, individual and environmental factors).
To account for missing data from variables of interest,
multiple imputation was performed using multivariate
imputation by chained equations [22]. Additionally, due
to the non-normal distribution of the data, generalized
linear models with negative binomial error distributions
were used examining the relation between self-reported
age, gender, education, race, trail use, and perceptions of
the neighborhood environment (i.e., safety from traffic,
indoor recreational access, and around the home environment), with domain-specific (i.e., occupation, transportation, recreation) and overall weekly MVPA minutes.
All analyses were conducted using STATA (version 15).

Results
The analytical sample dropped from 1252 participants
to 1241 participants due to relevant missing data. The
sample (mean age = 57.0 years, SD = 16.7 years) was predominantly female and white (Table 1). When examining
education levels of the sample, 33.5% had a high school
diploma or lower. Overall, participants reported engaging
in an average of 616.9 (SD = 1141.5) minutes of weekly
MVPA. When broken down further by domain, occupational MVPA contributed the most weekly minutes
(mean = 445.8, SD = 1024.6), followed by recreational
MVPA (mean = 119.5, SD = 222.6), and lastly transportation related MVPA (mean = 56.4, SD = 209.9), see Fig. 1.
When examining individual and environmental correlates of overall weekly MVPA, only individual correlates,
including age, gender, and education were statistically

Table 1 Characteristics of Rural Adults (N = 1241), Heartland Moves, Southeast Missouri, 2019–2020
Characteristic

Mean (SD) or %

Individual
Demographics
   Age, mean (SD [range])

57.0 (16.7 [19–96])

   Gender (Female), %

67.8%

  Education (≤ High School Diploma), %

33.5%

   Race (non-White), %

16.2%

Physical Activity Behavioral Factors
   Trail Use, %

56.6%

Perceived Neighborhood Environment
Indoor Recreational Access, mean (SD)

3.2 (0.6)

Area Around Home, mean (SD)

2.4 (0.6)

Safety From Traffic, mean (SD)

2.7 (0.6)

Physical Activity
Meets PA Guidelines

58.5

Overall Weekly Minutes of MVPA, mean (SD)

616.9 (1141.5)

Occupational Weekly Minutes of MVPA, mean (SD)

445.8 (1024.6)

Transportation-related Weekly Minutes of MVPA, mean (SD)

56.4 (209.9)

Recreational Weekly Minutes of MVPA, mean (SD)

119.5 (222.6)
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Fig. 1 Mean weekly minutes of MVPA by domain. Overall MVPA

significant (Table 2). Compared to younger adults, older
adults’ overall weekly MVPA minutes lowered by 58%
(95% CI = 48, 66%) with all other variables held constant.
When compared to males, females had 35% (95% CI = 22,
46%) fewer weekly minutes of overall MVPA. Finally,
when compared to those of higher education, participants with lower education levels had 44% (95% CI = 16,
79%) more weekly minutes of overall MVPA.

minutes lowered by 69% (95% CI = 58, 77%) with all other
variables held constant, when compared to younger
adults. When compared to their male counterparts,
female participants had 37% (95% CI = 19, 51%) fewer
weekly minutes of occupational MVPA. Finally, when
compared to those of higher education, participants with
lower education levels had 43% (95% CI = 8, 89%) more
weekly minutes of occupational MVPA.

Occupational MVPA

Transportation‑related MVPA

When examining individual and environmental correlates of occupational PA, the significant associations
remained the same as for overall MVPA, with no environmental correlates being statistically significant (Table 2).
For older adults, participant’s occupational weekly MVPA

When examining individual and environmental correlates of transportation-related MVPA, both individual
(i.e., gender, education, and trail use) and environmental (i.e., perceived indoor recreational access) correlates
were statistically significant (Table 2). When compared

Table 2 Multivariate associations of individual and perceived environmental level factors with overall and domain specific weekly
MVPA minutes in rural Midwestern adults, (N = 1241)
Overall MVPA

Occupational MVPA

Transportation MVPA

Recreational MVPA

Odds Ratio (95% CI)
Individual factors
Demographics
  Age (65+)

0.41 (0.34–0.52)

0.31 (0.23–0.42)

0.72 (0.46–1.12)

0.76 (0.58–0.99)

  Gender (Female)

0.65 (0.54–0.78)

0.63 (0.49–0.81)

0.63 (0.42–0.94)

0.59 (0.47–0.75)

  Education (≤ High School Diploma)

1.44 (1.16–1.79)

1.43 (1.08–1.89)

2.09 (1.34–3.26)

0.90 (0.68–1.19)

  Race (non-White)

1.06 (0.82–1.38)

1.00 (0.69–1.45)

1.30 (0.85–2.00)

1.43 (0.99–2.08)

1.23 (0.99–1.53)

1.03 (0.77–1.39)

1.60 (1.02–2.49)

1.88 (1.44–2.44)

Physical Activity Behavioral Factors
   Trail Use
Perceived environmental factors
Indoor recreational access

1.01 (0.83–1.22)

0.92 (0.72–1.18)

0.59 (0.38–0.92)

1.42 (1.07–1.89)

Safety from traffic

0.99 (0.83–1.19)

0.96 (0.76–1.22)

0.73 (0.48–1.12)

1.11 (0.91–1.36)

Area around home

0.99 (0.83–1.19)

0.98 (0.80–1.20)

1.33 (0.97–1.83)

1.04 (0.86–1.27)

Models control for clustering effects of town. Bold indicates a statistically significant association at p < .05
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to their male counterparts, female participants had 37%
(95% CI = 6, 58%) fewer weekly minutes of transportation
MVPA. When compared to those of higher education,
participants with lower education levels had 109% (95%
CI = 34, 226%) more weekly minutes of transportation
MVPA. When compared to non-trail users, participants
who used trails had 60% (95% CI = 2, 149%) more weekly
minutes of transportation MVPA. Finally, when considering environmental correlates of recreational MVPA,
for every unit increase in perceived indoor recreational
access, participant weekly minutes of transportation
MVPA decreased by 41% (95% CI = 8, 62%).
Recreational MVPA

When examining individual and environmental correlates of weekly recreational MVPA minutes, both individual (i.e., age, gender, and trail use) and environmental
(i.e., perceived indoor recreational access) correlates were
statistically significant (Table 2). For older adults, participant’s recreational weekly MVPA minutes lowered
by 24% (95% CI = 1, 42%) with all other variables held
constant, when compared to younger adults. Compared
to males, females had 41% (95% CI = 25, 53%) fewer
weekly minutes of recreational MVPA. When compared
to non-trail users, participants who used trails had 88%
(95% CI = 44, 144%) more weekly minutes of recreational
MVPA. Finally, when considering environmental correlates of recreational MVPA, for every unit increase in
perceived indoor recreational access, participant weekly
minutes of recreational MVPA increased by 42% (95%
CI = 7, 89%).

Discussion
This study was among the first to elucidate multilevel
correlates of overall and domain-specific PA in a rural
population. The findings of the study demonstrate the
influence of age, gender, race, and education on overall
and domain-specific PA. Further, this sample of rural residents had high levels of occupational PA and conversely,
low levels of transportation PA. Findings from this study
contribute to the gap in literature regarding multilevel
correlates of domain-specific PA in rural communities,
and will benefit the design and adaptation of interventions seeking to improve levels of domain-specific PA,
ultimately reducing adverse health outcomes, among
rural community members.
Consistently across the domains and overall PA,
increased age was found to be associated with decreasing
PA. PA is well known to decrease as age increases across
multiple domains [10]. The transportation domain was
the one domain in which age did not reduce PA. Transportation PA in rural areas is limited due to the disperse
nature of rural communities, low population density, and
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ample parking [23–26]. These rural communities are carcentric as the walkability and connectivity are low, and
various destinations of interest (e.g., pharmacy, grocery
store) are often not near one’s home, or are located in a
different community. Therefore, it is likely since all ages
depend on automobiles for transportation, transportation PA did not decrease with age. While some have
found maintenance of leisure and recreational activities
among older adults [27], we found an inverse relationship
between recreational PA and age.
In addition to being influenced by age, overall MVPA
and every MVPA domain were associated with various
individual level correlates. In particular, the gender of a
participant determined the extent to which a participant
engaged in overall MVPA and each MVPA domain. The
trend maintained consistency across the different MVPA
outcomes, where female participants engaged in significantly fewer weekly minutes of overall MVPA, occupational MVPA, transportation MVPA, and recreational
MVPA than male participants. In general, women are
known to be less physically active than their male counterparts in rural areas [1, 12, 16, 28]. Although the gender
divide in MVPA has been empirically noted previously,
research has been limited to overall MVPA and the recreational domain of MVPA.
Our findings highlight a significant difference in weekly
minutes of occupational and transportation MVPA in
addition to overall and recreational MVPA based on gender. Females in this sample of rural communities engaged
in fewer minutes of weekly recreational MVPA than
males, a finding aligning with previous conclusions of
gender differences in the recreational MVPA domain in
rural communities [16]. Unlike the age variable, a difference by gender was detected in the transportation MVPA
domain. Due to the disperse layout of rural communities,
walking or cycling to destinations in rural communities
is uncommon [7, 29]; however, providing an environment
conducive to transportation MVPA, for example, sidewalks in good repair leading to points of interest, may
aid in increasing MVPA in rural communities, especially
among female residents. Our findings reveal the importance of designing PA domain-specific interventions to
account for gender disparities in MVPA, particularly in
rural areas.
Educational attainment and PA have historically shown
a direct relationship [11, 12, 30–32]; however, the current
study demonstrated an inverse relationship between education and PA, specifically in the overall, occupational,
and transportation domains. The occupational domain
was the main driver of overall MVPA in this study,
likely due to more manual labor job participation (e.g.,
manufacturing, construction) leading to more occupational MVPA, and subsequently, overall MV|PA. Higher
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education is oftentimes not a prerequisite for manual
labor jobs, therefore, it is also feasible those with lower
education could not afford a vehicle and associated costs
(e.g., fuel, insurance, maintenance). Therefore, they may
have relied on other modalities (i.e., walking, cycling) to
get to their destination – thereby increasing their transportation MVPA [31].
Lastly, trail use and perceived indoor recreation access
were predictive of weekly minutes of recreational and
transportation MVPA among rural community members.
More walking trail use has been associated with more
weekly total PA [4]; however, this study contributes to the
literature by demonstrating the domain-specific impact
of trail use on weekly minutes of MVPA among participants from rural communities in the Midwest. Perceived
indoor recreation accesses association with improved
PA has been noted previously [33, 34]; however, the current finding is specific to rural residents and the recreational domain of MVPA. Further, as indoor recreational
access perceptions increased, transportation MVPA
went down. The finding of increased recreational access
and decreased transportation MVPA may mean the carcentric rural area residents were inclined to drive to local
facilities (e.g., gyms, recreation centers) to exercise. By
raising awareness about the availability and proximity
to local trails and recreation facilities, individuals and
families in rural communities may attain more minutes
of recreational PA and improve their personal health outcomes as well as the health of their communities.
Limitations

The cross-sectional nature as well as the self-reported
variables limit the ability to distinguish causality. This
study took part in a specific geographic region of the U.S.
thereby limiting the generalizability of the findings. Not
all levels of the socioeconomic model (e.g., social support) were measured and analyzed in this study. Future
analyses should include the measurement and subsequent analysis of other important covariates. There was a
lack of diversity in the study sample; however, the sample
demographics were aligned with regional demographics. Lastly, the PA data was self-reported, which can be
overestimated.
Despite the limitations, this study has several strengths.
The study attained a relatively large sample size containing respondents of the baseline survey, especially considering the sample consisted of rural community members.
The fact that the study focused analyses on participants
from rural communities in particular represents another
strength, due to the frequent under-representation of the
rural demographic in PA research and in human subjects research in general. Lastly, the study revealed preliminary evidence for the individual and environmental
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correlates of not just overall PA, but also domain-specific
PA in rural communities to identify potential targets
for future interventions seeking to improve PA in rural
communities.

Conclusion
It is imperative, when measuring PA, to include the
domain of the activity along with a broad array of contextual variables. Commonly, PA is viewed as an overall concept where various domains of PA are summed to create
a dichotomous variable of meeting guidelines; however,
actionable information may be lost when coalescing PA
across domains. Physical activity comes in many forms
and this study found occupational and recreational PA as
important domains for rural people. By examining multilevel correlates of specific domains of PA, we can have
a deeper understanding on how to best promote physical activity for different groups in different environments.
Ultimately, more targeted interventions could help
increase PA and reduce chronic disease at the population
level in rural communities.
Abbreviations
CI: Confidence Interval; GPAQ: Global Physical Activity Questionnaire; NEWS:
Neighborhood Environment Walkability Scale; MVPA: Moderate to Vigorous
Physical Activity; PA: Physical Activity; RALPESS: Rural Active Living Perceived
Environment Support Scale; RUCC: Rural-Urban Continuum Code; SD: Standard Deviation.
Acknowledgements
The authors would like to thank Linda Dix and Mary Adams for their administrative support and Dixie Duncan for assistance in data collection. We would
also like to thank Rodrigo Reis, Amy Eyler, and Rachel Tabak for their assistance
with the development of the survey instrument. Finally, the authors would
like to thank the Survey Research Laboratory at Mississippi State University for
administering the survey.
Authors’ contributions
AB led the survey development, data collection, manuscript preparation, and
assisted in data analysis. NS led data analysis and assisted in manuscript preparation. AT assisted in manuscript preparation. RB reviewed and provided edits
for the manuscript. All authors read and approved the final manuscript.
Funding
The National Cancer Institute of the National Institutes of Health
(R01CA211323) funded this research. The Prevention Research Center at
Washington University in St. Louis is a CDC funded program (U48DP006395).
Dr. Serrano is funded under the National Cancer Institute (T32CA057699).
Availability of data and materials
The data supporting the conclusions of this article are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This research was approved by the Institutional Review Board at Washington
University in St. Louis (#201809089). Informed consent was obtained from all
participants at the time of survey completion. All methods were carried out in
accordance with relevant guidelines and regulations.

Beck et al. BMC Public Health

(2022) 22:2150

Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Prevention Research Center, Washington University in St. Louis, One Brookings Drive, Campus Box 1196, St. Louis, MO 63130, USA. 2 Institute for Health
Research and Policy, University of Illinois at Chicago, Chicago, IL, USA. 3 Department of Surgery (Division of Public Health Sciences), Washington University
School of Medicine, St. Louis, USA.
Received: 10 September 2022 Accepted: 15 November 2022

References
1. U.S. Department of Health and Human Services. Physical Activity
Guidelines for Americans 2nd Edition.; 2018.
2. Piercy KL, Troiano RP, Ballard RM, et al. The physical activity guidelines
for Americans. JAMA. 2018;320(19):2020. https://doi.org/10.1001/jama.
2018.14854.
3. 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. MMWR Morb Mortal Wkly
Rep. 2019;68(23):513–8. https://doi.org/10.15585/mmwr.mm6823a1.
4. Deshpande AD, Baker EA, Lovegreen SL, Brownson RC. Environmental
correlates of physical activity among individuals with diabetes in the
rural Midwest. Diabetes Care. 2005;28(5):1012–8. https://doi.org/10.
2337/diacare.28.5.1012.
5. Chrisman M, Nothwehr F, Yang J, Oleson J. Perceived correlates of
domain-specific physical activity in rural adults in the Midwest. J Rural
Health. 2014;30(4):352–8. https://doi.org/10.1111/jrh.12065.
6. Sallis JF. Needs and challenges related to multilevel interventions:
physical activity examples. Health Educ Behav. 2018;45(5):661–7.
https://doi.org/10.1177/1090198118796458.
7. Meyer MRU, Moore JB, Abildso C, Edwards MB, Gamble A, Baskin
ML. Rural active living: a call to action. J Public Health Manag Pract.
2016;22(5):E11–20. https://doi.org/10.1097/PHH.0000000000000333.
8. Folta SC, Paul L, Nelson ME, et al. Changes in diet and physical activity
resulting from the strong hearts, healthy communities randomized
cardiovascular disease risk reduction multilevel intervention trial.
Int J Behav Nutr Phys Act. 2019;16(1):91. https://doi.org/10.1186/
s12966-019-0852-z.
9. Beck AM, Eyler AA, Aaron Hipp J, et al. A multilevel approach for
promoting physical activity in rural communities: a cluster randomized
controlled trial. BMC Public Health. 2019;19(1):1–10. https://doi.org/10.
1186/s12889-019-6443-8.
10. 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):258–71. https://doi.org/10.1016/S0140-6736(12)
60735-1.
11. Beenackers MA, Kamphuis CB, Giskes K, et al. Socioeconomic inequalities in occupational, leisure-time, and transport related physical activity among European adults: a systematic review. Int J Behav Nutr Phys
Act. 2012;9(1):116. https://doi.org/10.1186/1479-5868-9-116.
12. Cusatis R, Garbarski D. Different domains of physical activity: the role of
leisure, housework/care work, and paid work in socioeconomic differences in reported physical activity. SSM Popul Health. 2019;7:100387.
https://doi.org/10.1016/j.ssmph.2019.100387.
13. Friedenreich CM, Stone CR, Cheung WY, Hayes SC. Physical activity and
mortality in cancer survivors: a systematic review and meta-analysis.
JNCI Cancer Spectr. 2020;4(1). https://doi.org/10.1093/jncics/pkz080.
14. Tsenkova VK, Lee C, Boylan JM. Childhood socioeconomic disadvantage, occupational, leisure-time, and household physical activity, and
diabetes in adulthood. J Phys Act Health. 2017;14(10):766–72. https://
doi.org/10.1123/jpah.2016-0438.

Page 7 of 8

15. Strain T, Wijndaele K, Garcia L, et al. Levels of domain-specific physical
activity at work, in the household, for travel and for leisure among 327
789 adults from 104 countries. Br J Sports Med. 2020;54(24):1488–97.
https://doi.org/10.1136/bjspor ts-2020-102601.
16. Chrisman M, Nothwehr F, Janz K, Yang J, Oleson J. Perceived resources and
environmental correlates of domain-specific physical activity in rural Midwestern adults. J Phys Act Health. 2015;12(7):962–7. https://doi.org/10.1123/
jpah.2013-0453.
17. USDA Economic Research Service. Rural-urban continuum codes. 2013.
https://www.ers.usda.gov/data-products/rural-urban-continuum-
codes.aspx. Accessed 6 March 2022.
18. Cleland CL, Hunter RF, Kee F, Cupples ME, Sallis JF, Tully MA. Validity of
the global physical activity questionnaire (GPAQ) in assessing levels
and change in moderate-vigorous physical activity and sedentary
behaviour. BMC Public Health. 2014;14(1):1255. https://doi.org/10.
1186/1471-2458-14-1255.
19. Bull FC, Maslin TS, Armstrong T. Global physical activity questionnaire
(GPAQ): nine country reliability and validity study. J Phys Act Health.
2009;6(6):790–804. https://doi.org/10.1123/jpah.6.6.790.
20. Cerin E, Saelens BE, Sallis JF, Frank LD. Neighborhood environment
walkability scale: validity and development of a short form. Med Sci
Sports Exerc. 2006;38(9):1682–91. https://doi.org/10.1249/01.mss.
0000227639.83607.4d.
21. Umstattd MR, Baller SL, Hennessy E, et al. Development of the
rural active living perceived environmental support scale (RALPESS). J Phys Act Health. 2012;9(5):724–30. https://d oi.o rg/1 0.
1123/j pah.9.5 .7 24.
22. Resche-Rigon M, White IR. Multiple imputation by chained equations
for systematically and sporadically missing multilevel data. Stat Methods Med Res. 2018;27(6):1634–49. https://doi.org/10.1177/0962280216
666564.
23. Yousefian A, Ziller E, Swartz J, Hartley D. Active living for rural youth:
addressing physical inactivity in rural communities. J Public Health
Manag Pract. 2009;15(3):223–31. https://doi.org/10.1097/PHH.0b013
e3181a11822.
24. Loh TH, Walljasper J, Sonenklar D, Levinger D. Active transportation
beyond Urban Centers: walking and bicycling in small towns and rural
America; 2012.
25. Sanderson B, Littleton M, Pulley L. Environmental, policy, and cultural
factors related to physical activity among rural, African women. Women
Health. 2002;36(2):75–90. https://doi.org/10.1300/j013v36n02_06.
26. Trilk JL, Ward DS, Dowda M, et al. Do physical activity facilities near
schools affect physical activity in high school girls? Health Place.
2011;17(2):651–7. https://doi.org/10.1016/j.healthplace.2011.01.005.
27. Virlando Suryadinata R, Wirjatmadi B, Adriani M, Lorensia A. Effect of
age and weight on physical activity. J Public Health Res. 2020. https://
doi.org/10.4081/jphr.2020.1840.
28. Seo DC, Torabi MR. Differences in vigorous and moderate physical
activity by gender, race/ethnicity, age, education, and income among
U.S. adults. Am J Health Educ. 2007;38(3):122–8. https://doi.org/10.
1080/19325037.2007.10598957.
29. Robinson JC, Carson TL, Johnson ER, et al. Assessing environmental
support for better health: active living opportunity audits in rural communities in the southern United States. Prev Med (Baltim). 2014;66:28–
33. https://doi.org/10.1016/j.ypmed.2014.05.021.
30. Shaw BA, Spokane LS. Examining the association between education level and physical activity changes during early old age. J Aging
Health. 2008;20(7):767–87. https://doi.org/10.1177/0898264308
321081.
31. He XZ, Baker DW. Differences in leisure-time, household, and workrelated physical activity by race, ethnicity, and education. J Gen Intern
Med. 2005;20(3):259–66. https://doi.org/10.1111/j.1525-1497.2005.
40198.x.
32. Droomers M, Schrijvers CTM, Mackenbach JP. Educational level
and decreases in leisure time physical activity: predictors from the
longitudinal globe study. J Epidemiol Community Health (1978).
2001;55(8):562–8. https://doi.org/10.1136/jech.55.8.562.
33. Eriksson U, Arvidsson D, Sundquist K. Availability of exercise facilities and physical activity in 2,037 adults: cross-sectional results

Beck et al. BMC Public Health

(2022) 22:2150

Page 8 of 8

from the Swedish neighborhood and physical activity (SNAP)
study. BMC Public Health. 2012;12(1). https://d oi.o rg/1 0.1 186/
1471-2 458-1 2-6 07.
34. Heinrich KM, Haddock CK, Jitnarin N, Hughey J, Berkel LVA, Poston WSC.
Perceptions of important characteristics of physical activity facilities:
implications for engagement in walking, moderate and vigorous physical activity. Front Public Health. 2017;5. https://doi.org/10.3389/fpubh.
2017.00319.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

