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Abstract

Purpose: Rural residents are more likely to be obese than urban residents. Research on how
people navigate their local food environments through food acquisition behaviors, such as food
shopping and restaurant use, in different types of communities may help to create a deeper
understanding of the multilevel determinants of obesity.

Methods: Data are from a national sample of US adults ages 18 to 75. Respondents were
recruited from an online survey panel in 2015 and asked about food shopping, restaurant use, diet
and weight (N=3,883). Comparisons were made by level of rurality as assessed by Rural-Urban
Continuum Codes (RUCC) and self-reported rurality of the area around their home.

Findings: Food acquisition behaviors varied minimally by RUCC-defined level of rurality, with
the exceptions of type and distance to primary food store. Rural residents drove further and were
more likely to shop at small grocery stores and supercenters than were residents of semi-urban or
urban counties. In contrast, all of the food acquisition behaviors varied by self-reported rurality
of residential areas. Respondents living in rural areas shopped for groceries less frequently, drove
further, more commonly shopped at small grocery stores and supercenters, and used restaurants
less frequently. In multivariable analyses, rural, small town, and suburban areas were each
significantly associated with BMI and fruit and vegetable intake, but not percent energy from

fat.

Conclusion: Findings show that self-reported rurality of residential area is associated with food

acquisition behaviors and may partly explain rural-urban differences in obesity and diet quality.
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Obesity rates among adults in the US remain high, especially among rural residents.1=
Obesity accounts for considerable disease burden, and contributes to diabetes, cancer,

and cardiovascular disease.>~9 A great deal of attention has been given to obesogenic
environments, which make healthy eating and physical activity challenging.10-11 Much of
the research on food environments and related behaviors has been done in single urban areas
such as Seattle, Detroit, and Boston, or is regional within states,12:13 making comparisons
across levels of rurality difficult. In their systematic review of retail food environments
and obesity, Cobb and colleagues reported that geographic differences could not be easily
summarized due to widely varying definitions of urban, rural, and suburban.* Rural food
environments are qualitatively different from urban or suburban food environments, with
fewer large grocery stores, longer distances to both food stores and restaurants, and fewer
restaurant options.1®

Although not specific to rural areas, research is accumulating to show that environments
alone are not sufficient to explain the obesity epidemic and that changing the environment
may be necessary, but not sufficient, to drive obesity rates down. Studies of local food
environments and associations with weight and diet, in particular, have produced largely null
and/or inconsistent findings,10:12-14.16.17 and interventions to increase geographic access

to healthy foods (eg, opening supermarkets in underserved areas) have had mixed impacts

at the population level 1812 One potential explanation for the preponderance of null and
inconsistent findings is that studies of the retail food environment typically equate exposure
to food stores with their use. However, people do not use all of the stores to which

they are exposed, and they routinely travel beyond their residential neighborhoods, the

area of exposure most commonly examined in retail food environment studies, to acquire
food.29-23 This has led to renewed interest in actual food acquisition behaviors and how
these behaviors may mediate the relationship between food environments and weight.10.14.16

Two particularly salient food acquisition behaviors are food shopping and restaurant use (eg,
fast food, take out). Food shopping practices, including type of store used and frequency of
use, have been examined in association with diet and weight in a number of studies over
the past decade. Prior research has found that shopping at specialty grocery stores, farmers’
markets, supermarkets, and higher-cost food stores was associated with greater fruit and
vegetable intake, while shopping at supercenters or warehouse club stores was associated
with higher BMI, even when controlling for socioeconomic status.24-26 With regard to
shopping frequency, one study found that grocery shopping frequency was associated with
increased fruit and vegetable intake among adults in South Carolina,2-27 and another
found no association between shopping frequency and BMI among residents of low-income
neighborhoods in Pittsburgh, Pennsylvania.28

Recognizing that people frequently bypass the food stores closest to their homes, there

has been significant interest in understanding how far people travel to shop and whether
distance traveled is associated with diet- or weight-related outcomes.20-23 Among residents
of 2 low-income counties in South Carolina, Liese and associates found that distance was
not associated with obesity.20 Similarly, Drewnowski and colleagues found no association
between distance to most frequently used food store and obesity in Seattle?3 and in the

same study, Aggarwal et al, found no association with fruit and vegetable intake.28 However,
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Inagami and associates found that traveling a longer distance to the grocery store was
associated with higher BMI among adults in Los Angeles, California. None of these studies
specifically examined level of rurality.26

Use of non-home food sources, or restaurant food, is a second major food acquisition
behavior, with Americans consuming about 1/3 of their calories outside of the home.29:30
Numerous studies have shown that use of non-home food sources is associated with

poor dietary outcomes and obesity. Kant and colleagues examined data from NHANES
2007-2010 and found that frequency of away from home meals was associated with BMI
and total cholesterol, as was frequency of fast food and pizza meals.3! In a similar analysis
using NHANES data from 2003 to 2010, An found that both fast food and full-service
restaurant food and beverage consumption were associated with increased energy intake
and obesity.32 While few comparative studies have examined level of rurality and restaurant
use, several studies have assessed associations between restaurant food purchases and diet-
and weight-related outcomes in rural populations. For example, Bhutani and colleagues
examined frequency of various types of away from home eating and associations with BMI
in 6 non-urban Wisconsin communities.33 They found that fast food and sit-down restaurant
meals were positively associated with BMI, but fast casual and all-you-can eat were not.
Among adolescents in rural Kentucky and North Carolina, unhealthy food purchasing
patterns, including more frequent use of fast food, were associated with higher consumption
of added sugars.3*

The current study characterizes 2 key food acquisition behaviors—food shopping and
restaurant use—in a national sample of US adults, including similarities and differences by
level of rurality, and associations with BMI, meeting of US guidelines for fruit and vegetable
intake, and percent calories from fat. Understanding how food acquisition behaviors relate to
weight and dietary outcomes will help to determine whether these behaviors are appropriate
intervention targets. Moreover, understanding food shopping and restaurant use by level of
rurality will aid in developing interventions that are relevant to specific contexts.

Study Participants

Study participants were from an Internet panel maintained by Lightspeed GMI
(www.lightspeedresearch.com). Participants were 18 to 75 years of age, lived in the US,
and could read English. Participants were recruited in the fall of 2015 to complete a
cross-sectional survey, with quota-based sampling to match national demographics on
race/ethnicity, gender, age, income, and geographic region. Lightspeed GMI e-mailed
existing panelists who then completed consent prior to initiating the survey. Response

rate among those who gave consent was 39.9%. The remainder included those who were
ineligible because quota requirements had already been met (30.7%) (eg, no more White
women needed), because they only completed part of the survey (24.2%), or they failed
in-survey quality control checks (5.2%). The survey took about 30 minutes to complete. We
additionally excluded those for whom addresses could not be geocoded (n=726), outliers
with respect to fruit and vegetable intake (n=193), and respondents with missing values on
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key study variables (n=140). The analytic dataset included 3,883 respondents. The Emory
University Institutional Review Board approved the study protocol.

Food Acquisition Measures—The measures for restaurant use asked 3 questions about
how many days in the past week the participant had purchased: a) a meal from a fast food
restaurant, b) a meal in a full service or sit-down restaurant, or c) picked up a meal as
take-out/had a meal delivered to their home.3%36 Several dimensions of food shopping were
assessed, including store type, frequency of grocery shopping, and distance to the most
frequently used store. The first was assessed with a single item that asked participants to
indicate the type of store the primary food shopper(s) went to most frequently. Response
options were: a large chain grocery store, smaller grocery store, superstore or supercenter,
warehouse club store, dollar store, convenience store with or without a gas station attached,
farmer’s market or co-op, or a specialty store. Respondents indicated how many times per
month the primary food shopper shopped at that store, with responses collapsed into: >4
times per month, 4 times per month, or <4 times per month for analyses.3” Additionally,
respondents indicated how many miles this store was from their home.

Body Mass Index (BMI) and Diet Quality Measures—BMI was calculated from self-
reported height and weight.38 Participant’s fruit and vegetable intake was assessed by asking
about frequency and amount of intake for 9 categories of fruit or vegetables.3° Responses
were used to calculate total cups of fruit and vegetables consumed per day. Implausible
values (those beyond 3 times the interquartile range) were excluded. Additionally, due to the
non-normal distribution, fruit and vegetable intake was dichotomized based on the Dietary
Guidelines for Americans 2015-2020, which recommend that the average adult consume 4.5
cups or more of fruit and vegetables per day.4° Participants were classified as “meeting”

or “not meeting” this recommendation. Percent calories from fat was assessed using the
National Cancer Institute Quick Food Scan.4!

Rurality—Addresses were geocoded using Google Earth Pro© (Google LLC, Mountain
View, CA). If an address was not identified using Google Earth Pro©, counties and geocodes
were identified using the address locator tool on the Census website.? Each residential
address was assigned a Rural-Urban Continuum Code (RUCC).43 RUCCs classify US
counties into 3 metro (RUCC 1-3) and 6 non-metro categories (RUCC 4-9). For analyses,
counties were further collapsed into 3 categories of counties: 1) Urban (RUCC 1-3), 2)
Semi-urban (RUCC 4-6), and 3) Rural (RUCC 7-9). Perceived or self-reported rurality of
their residential area was assessed by asking respondents to indicate whether the area in
which they live is urban, suburban, a small town, or rural. This allowed for examination of
suburban residence, which is not explicitly defined in RUCC codes, and allows for a more
nuanced classification of rural areas. We purposefully did not use the term neighborhood
due to wide variation in interpretation.?4-*" Instead, we used “area in which they live” as an
anchor point for their responses.

Demographics—Individual and household characteristics were assessed using questions
on age, gender, race/ethnicity, state of residence, employment status, educational attainment,
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marital status, pregnancy status, household income, size, and composition, housing type,
benefits and/or assistance received, and the number of operable motor vehicles in the
household.38:48

Data Analysis

Results

Analyses were conducted using SAS software (SAS version 9.3, SAS Institute Inc., Cary,
NC). Descriptive statistics were used to examine demographic, food acquisition, and diet-
related variables. Independent t-tests and Chi-square tests of independence were used to
explore relationships between food acquisition behaviors, BMI, and dietary behaviors, by
self-reported neighborhood type and level of rurality as defined by RUCC. Multivariable
linear and logistic regression models were used to assess the relationships between food
acquisition behaviors and: a) BMI, b) meeting of fruit and vegetable intake guidelines, and
c) percent calories from fat. All models were adjusted for gender, age, race, and income.

Description of Participants

Table 1 describes study participants. Mean age was 46.3 years (SD=15.5) and 46.3% were
male. The majority did not have children in the home (66.2%) and the majority were White
(68.0%), with 12.1% African American and 13.9% Hispanic. Over half were employed
(48.0% for wages and 6.9% self-employed). Annual household income was well distributed,
with the largest proportion reporting $100,000 or more (22.1%) and 11.3% reporting
<$15,000. The majority (73.5%) were in an urban county (RUCC 1-3), with 11.5% in a
rural county (RUCC 7-9). More than half described living in an urban (27.0%) or suburban
neighborhood (44.3%). The others were divided between small towns (15.4%) and rural
areas (13.2%).

About one-third of respondents shopped for food less than 4 times per month, one-third 4
times per month, and one-third more than 4 times per month. Respondents most commonly
(37.5%) spent $50-$99 per trip. Large grocery stores (53.9%) and supercenters (26.2%)
were used most often. Mean distance to the primary food store was 5.4 miles (SD=7.6).
Respondents ate fast food an average of 1.8 times per week (SD=1.8), full-service restaurant
meals 1.7 times per week (SD=1.9), and take out/delivery 1.5 times per week (SD=1.9).
Mean BMI was 27.7 (SD=6.6) and mean percent calories from fat was 34.5% (SD=4.6).
Approximately 12.4% met national guidelines for fruit and vegetable intake.

Bivariate Associations by RUCC

Table 2 presents food shopping and restaurant use stratified by county-level RUCC. There
were relatively few differences by level of rurality with this classification. The only
significant differences were by type and distance to primary food store. Urban residents
lived closer to their primary food store (5.2 miles in contrast to 6.0 miles). Rural residents
were more likely to shop at supercenters and superstores (30.1%) compared to 25.3% among
urban residents, and urban residents were more likely to shop at large grocery stores (54.7%)
relative to rural residents (48.1%). Meeting of national guidelines for fruit and vegetable
intake did not vary significantly by level of rurality as measured through RUCC, whereas
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percent calories from fat varied significantly but the differences were quite small. BMI was
slightly lower in urban counties relative to rural or semi-urban counties.

Bivariate Associations by Self-Reported Rurality of Their Residential Area

Table 3 presents food shopping and restaurant use by self-reported rurality of their
residential area, with significant differences for each variable assessed. Those living in a
rural area were less likely to grocery shop >4 times per month (27.2%) than those in more
urban areas (34.5% in small towns, 34.5% suburban, 32.3% urban). Whereas dollars spent
per month generally followed the same pattern across levels of rurality (ie, $50 to $99 spent
per trip most commonly), primary store type differed. Rural and small town residents were
more likely to report shopping in small grocery stores or supercenters than their more urban
counterparts. For example, 35% of rural residents viewed supercenters as their primary food
store, whereas 27.1% of urban and 22.1% of suburban reported the same. In contrast, 43.6%
of rural residents versus 60.1% of suburban residents shopped at large grocery stores most
commonly. Additionally, urban residents shopped at warehouse club stores more often than
rural residents (6.3% versus 2.3%). Respondents living in rural areas traveled 10.3 miles to
their primary food store, in contrast to 6.0 miles for those in small towns, 4.1 miles for those
in suburban areas, and 4.9 miles in urban areas.

Large differences existed between urban dwellers and suburban, small town and rural
residents in all types of restaurant use. For example, 48.6% of urban respondents ate fast
food >2 times a week in contrast to 37.0% of rural respondents. Similarly, 43.1% of urban
dwellers ate at a full-service/sit-down restaurant =2 times in the past week and 42.4%
ordered take-out/delivery =2 in the past week, in contrast to 30.4% and 26.3% in rural areas,
respectively. Residents of small towns more closely resembled rural than urban residents in
their restaurant use.

BMI also varied by rurality of residential area, with the highest BMI in rural areas (28.6) and
the lowest in urban areas (27.1). Meeting of national guidelines for fruit and vegetable intake
also varied, with the highest proportion in urban areas (15.4%) and the lowest in small towns
(8.9%) and rural areas (11.1%). Percent calories from fat also varied slightly, but not in a
clear pattern by rurality of residence.

Multivariable Analyses

Table 4 presents regression models for 3 diet-related outcomes: BMI, meeting national
guidelines for fruit and vegetable intake, and percent calories from fat.

BMI—While controlling for demographic variables, self-reported rurality of residential area
was associated with higher BMI (b=1.31, 95% CI: 0.61-2.02 for rural areas; b=1.03, 95%
Cl: 0.38-1.69 for small towns, b=.87, 95% CI: 0.37-1.37 for suburban areas). More frequent
grocery shopping was associated with lower BMI (b=-.82, 95% CI: -1.32 to —0.32 for
shopping >4 times/month). Use of dollar or convenience stores as the primary food store was
also associated with lower BMI (b=-2.64, ClI: —4.52 to —0.76) relative to large grocery
stores. Distance from home to most frequently used food stores, in contrast, was not
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associated with BMI. Increased frequency of fast food consumption (b=1.33, CI: 0.80-1.85
for fast food =2 times in the past week) was associated with higher BMI.

Meeting of Guidelines for Fruit and Vegetable Intake—Rurality was negatively
associated with likelihood of meeting fruit and vegetable intake guidelines. Residents of
rural, small town, and suburban areas were less likely to meet the guidelines than those
living in urban areas (rural: OR=0.70, 95% CI: 0.50-0.99; small town: OR=0.57, 95% ClI:
0.40-0.80; suburban OR=0.76, 95% CI: 0.60-0.96). Frequency of grocery shopping more
than 4 times a month was associated with meeting fruit and vegetable intake (OR=1.58, 95%
Cl: 1.23-2.02) relative to shopping less than 4 times per month. Use of 3 types of food stores
was associated with meeting fruit and vegetable guidelines relative to those using large
grocery stores: warehouse club stores (OR=1.79, 95% CI: 1.20-2.68); dollar/convenience
stores (OR=3.13, 95% CI: 1.60-6.14); and farmer’s market, co-op, specialty store (OR=2.27,
95% CI: 1.37-3.75). Distance from home to primary food store was positively associated
with fruit and vegetable intake (OR=1.02, 95% CI: 1.01-1.03). Use of fast food once a week
was associated with lower fruit and vegetable intake (OR=0.75, 95% CI: 0.57-0.97); more
frequent use was not.

Percent Calories from Fat—The final model examined percent calories from fat.
Rurality of residential area was not associated with percent calories from fat; neither was
distance to primary food stores or frequency of food shopping. Dollar or convenience store
as the primary food store, however, was significantly associated with percent calories from
fat (b=3.92, 95% ClI: 2.65-5.19) relative to large grocery stores. Use of fast food restaurants
=2 times per week was also significantly associated with higher percent calories from fat
(b=2.15, 95% CI: 1.80-2.50).

Discussion

This paper examines several food acquisition behaviors by level of rurality and their
associations with weight and nutrition-related outcomes. To our knowledge this is one

of the first studies to examine these food acquisition behaviors in a national sample

and to examine rural-urban differences. We defined rurality in 2 ways: 1) by RUCC
categorized as urban, semi-urban, and rural, and 2) self-defined rurality of residential

area. The latter was more fruitful for identifying differences across a range of food
acquisition behaviors, both related to food shopping and restaurant use. While county
boundaries are not typically used in food environment research, they are frequently the
default administrative unit for identifying rural-urban differences. Our research supports the
use of smaller units and the value of perceptions when examining urban-rural differences in
local food environments. Additionally, the apparent usefulness of a self-reported definition
of rurality that distinguishes between living in a small town and a rural area, and explicitly
recognizes suburbs, may allow for a more nuanced understanding of environments. The
potential mismatch between county-level designations of urbanization and perceptions of
neighborhoods is garnering increased attention as illustrated by the U.S. Department of
Housing and Urban Development adding a question about perceived neighborhoods to the
American Housing Survey and recent development of an Urbanization Perceptions Small
Area Index.49:50
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We compared 4 food shopping behaviors and various types of restaurant use by level of
rurality. Distance to primary food store and store type varied by RUCC and self-reported
rurality, with rural residents driving further (10 miles for rural areas and 6 miles for those
in small towns). Prior research using a national sample documented a median distances of
2.9 miles,®! while other studies using local samples have documented distances from 1.8
miles in Philadelphia to 8 to 15 miles for residents in 8 counties in South Carolina,2:53
We also observed that residents who lived in rural areas shopped less often than those in
small towns, suburban, or urban areas, possibly because of distance and the need or desire
to stock up, although the latter was not reflected in amount spent per typical trip which
was comparable across different levels of rurality. Residents of both rural areas and small
towns were more likely to report primarily shopping in small grocery stores or supercenters
than their urban counterparts. This is likely due to the types of stores available in rural
communities. With respect to restaurant use, urban dwellers utilized fast food, full-service
restaurants, and take-out/delivery much more frequently than those living in non-urban
areas. These differences are likely due to availability in urban neighborhoods and related
lifestyle differences.

Another important finding from our research is that living in a rural area remained
significantly associated with BMI and fruit and vegetable intake in the multivariable models,
even when controlling for demographic variables and food acquisition behaviors. This
suggests that additional variables likely play a role in urban-rural differences in obesity and
dietary behavior, perhaps related to physical activity and walkability of rural environments.
Still, several food acquisition behaviors were associated with weight and/or diet-related
outcomes. Our finding that more frequent grocery shopping was associated with lower BMI
and greater odds of meeting guidelines for fruit and vegetable intake is generally consistent
with prior research.20:27 Distance to primary food store was weakly associated with meeting
fruit and vegetable intake guidelines, but not in the direction expected. Prior research on
distance has yielded mixed or null results.20.2326.54

In our study, at least one type of primary food store and frequency of meals from fast food
restaurants were associated with each of the outcomes examined. The finding that use of
warehouse club stores and farmer’s markets, co-ops or specialty stores were associated with
fruit and vegetable intake is intuitive, with the latter consistent with prior research.2 In
contrast, the finding that use of dollar stores and convenience stores as the primary food
store was associated with lower BMI and increased odds of meeting guidelines for fruit
and vegetable intake was surprising, but may be unique to the small number of respondents
in this group. Post-hoc analyses showed that these respondents tended to be male, had
lower BMIs and ate out more than the rest of the respondents. The association between
dollar stores and convenience stores and increased percent calories from fat is consistent
with expectations. Lastly, our finding on fast food use associated with increased BMI, not
meeting fruit and vegetable intake guidelines, and increased percent calories from fat is
consistent with prior research.3133
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Limitations

The study has a number of limitations. Because the data are cross-sectional, we were

unable to assess whether food acquisition behaviors are causally linked to BMI and diet.
Additionally, the self-reported nature of the data increases vulnerability to social desirability
bias. In addition, US adults without Internet access would have been systematically excluded
from this study and the sample may not be representative of the US adult population in other
important ways as well. By excluding respondents whose addresses could not be geocoded,
we may have introduced unknown bias. However, comparisons between those we geocoded
versus those we excluded showed no significant differences on major demographic variables.
Lastly, use of a non-traditional measure of rurality of residential area may raise questions

of validity and comparability. However, distribution of respondents across the types of
residential areas in our study corresponds well to results from a recent American Household
Survey that asked participants to classify their neighborhoods as urban (27% versus 27%

in our study), suburban (52% versus 44% in our study), and rural (21% versus 29% in our
study combining small town and rural areas).®

Conclusion

The current study provides an initial examination of rural-urban differences in food
acquisition behaviors of relevance to research on food environments and how they may
impact obesity and related behaviors. Findings show that self-reported rurality of residential
area is associated with food acquisition behaviors such as food shopping and restaurant use
and may partly explain rural-urban differences in obesity and diet quality. To our knowledge,
this is the first study to examine these behaviors by rurality in a national sample. More
research should be conducted to compare rural and urban food environments, rural-urban
differences in food acquisition behaviors, and how both may be contributing to persistent
rural-urban differences in obesity. Future intervention research should attempt to influence
food acquisition behavior and assess whether those changes result in improved diets and
healthier weights. Changes to the local food environments should also be assessed for
potential impact on both food acquisition behaviors and more downstream dietary and
weight-related outcomes.

Acknowledgments:
We wish to thank the study participants.

Funding: This study was funded through institutional support from the Rollins School of Public Health, Emory
University

References

1. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity among adults and youth:
United States, 2015-2016. NCHS Data Brief. 2017;(288):1-8.

2. Ogden CL, Fakhouri TH, Carroll MD, et al. Prevalence of obesity among adults, by household
income and education - United States, 2011-2014. MMWR. 2017;66(50):1369-1373. [PubMed:
29267260]

J Rural Health. Author manuscript; available in PMC 2023 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kegler et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 10

. Hales CM, Fryar CD, Carroll MD, Freedman DS, Ogden CL. Trends in obesity and severe

obesity prevalence in US youth and adults by sex and age, 2007-2008 to 2015-2016. JAMA.
2018;319(16):1723-1725. [PubMed: 29570750]

. Befort CA, Nazir N, Perri MG. Prevalence of obesity among adults from rural and urban areas

of the United States: findings from NHANES (2005-2008). J Rural Health. 2012;28(4):392-397.
[PubMed: 23083085]

. Patterson RE, Frank LL, Kristal AR, White E. A comprehensive examination of health conditions

associated with obesity in older adults. Am J Prev Med. 2004;27(5):385-390. [PubMed: 15556738]

. Bray GA, Bellanger T. Epidemiology, trends, and morbidities of obesity and the metabolic

syndrome. Endocrine. 2006;29(1):109-117. [PubMed: 16622298]

. World Cancer Research Fund/American Institute for Cancer Research. Diet, Nutrition, Physical

Activity and Cancer: a Global Perspective. Continuous Update Project Expert Report 2018. https://
www.werf.org/dietandcancer/summary-third-expert-report. Accessed September 10, 2020

. Reeves GK, Pirie K, Beral V, Green J, Spencer E, Bull D. Cancer incidence and mortality in

relation to body mass index in the Million Women Study: cohort study. BMJ. 2007;335(7630):1134.
[PubMed: 17986716]

. Pi-Sunyer FX. Medical hazards of obesity. Ann Intern Med. 1993;119(7 Pt 2):655-660. [PubMed:

8363192]

. Drewnowski A, Buszkiewicz J, Aggarwal A, Rose C, Gupta S, Bradshaw A. Obesity and the built
environment: a reappraisal. Obesity. 2020;28(1):22-30. [PubMed: 31782242]

Ravussin E, Ryan DH. Three new perspectives on the perfect storm: whats behind the obesity
epidemic? Obesity. 2018;26(1):9-10. [PubMed: 29265770]

Feng J, Glass TA, Curriero FC, Stewart WF, Schwartz BS. The built environment and obesity:

a systematic review of the epidemiologic evidence. Health Place. 2010;16(2):175-190. [PubMed:
19880341]

Wilkins E, Radley D, Morris M, et al. A systematic review employing the GeoFERN framework
to examine methods, reporting quality and associations between the retail food environment and
obesity. Health Place. 2019;57:186-199. [PubMed: 31060018]

Cobb LK, Appel LJ, Franco M, Jones-Smith JC, Nur A, Anderson CA. The relationship of the
local food environment with obesity: A systematic review of methods, study quality, and results.
Obesity. 2015;23(7):1331-1344. [PubMed: 26096983]

Lebel A, Noreau D, Tremblay L, et al. Identifying rural food deserts: methodological
considerations for food environment interventions. Can J Public Health. 2016; 107(Suppl 1):5353.
[PubMed: 27281523]

Caspi CE, Sorensen G, Subramanian SV, Kawachi I. The local food environment and diet: a
systematic review. Health Place. 2012;18(5):1172-1187. [PubMed: 22717379]

Bivoltsis A, Cervigni E, Trapp G, Knuiman M, Hooper P, Ambrosini GL. Food environments and
dietary intakes among adults: does the type of spatial exposure measurement matter? A systematic
review. Int J Health Geogr. 2018;17(1):19. [PubMed: 29885662]

Woodruff RC, Raskind IG, Harris DM, et al. The dietary impact of introducing new retailers of
fruits and vegetables into a community: results from a systematic review. Public Health Nutr.
2018;21(5):981-991. [PubMed: 29284549]

Mah CL, Luongo G, Hasdell R, Taylor NGA, Lo BK. A Systematic Review of the Effect of Retail
Food Environment Interventions on Diet and Health with a Focus on the Enabling Role of Public
Policies. Curr Nutr Rep. 2019;8(4):411-428. [PubMed: 31797233]

Liese AD, Ma X, Hutto B, Sharpe PA, Bell BA, Wilcox S. Food shopping and acquisition
behaviors in relation to BMI among residents of low-income communities in South Carolina. Int J
Envrion Res Public Health. 2017;14(9):1075.

LeDoux TF, Vojnovic I. Going outside the neighborhood: the shopping patterns and adaptations of
disadvantaged consumers living in the lower eastside neighborhoods of Detroit, Michigan. Health
Place. 2013;19:1-14. [PubMed: 23142639]

Hillier A, Cannuscio C, Karpyn A, McLaughlin J, Chilton M, Glanz K. How far do low-income
parents travel to shop for food? Empirical evidence from two urban neighborhoods. Urban Geogr.
2011;32(5):712-729.

J Rural Health. Author manuscript; available in PMC 2023 January 01.


https://www.wcrf.org/dietandcancer/summary-third-expert-report
https://www.wcrf.org/dietandcancer/summary-third-expert-report

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kegler et al.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 11

Drewnowski A, Aggarwal A, Hurvitz PM, Monsivais P, Moudon AV. Obesity and supermarket
access: proximity or price? Am J Public Health. 2012;102(8):e74—e80. [PubMed: 22698052]

Zenk SN, Schulz AJ, Hollis-Neely T, et al. Fruit and vegetable intake in African Americans income
and store characteristics. Am J Prev Med. 2005;29(1):1-9. [PubMed: 15958245]

Gustafson A, Christian JW, Lewis S, Moore K, Jilcott S. Food venue choice, consumer food
environment, but not food venue availability within daily travel patterns are associated with dietary
intake among adults, Lexington Kentucky 2011. Nutr J. 2013;12:17. [PubMed: 23360547]

Aggarwal A, Cook AJ, Jiao J, et al. Access to supermarkets and fruit and vegetable consumption.
Am J Public Health. 2014;104(5):917-923. [PubMed: 24625173]

Liese AD, Bell BA, Barnes TL, et al. Environmental influences on fruit and vegetable intake:
results from a path analytic model. Public Health Nutr. 2014;17(11):2595-2604. [PubMed:
24192274]

Dubowitz T, Zenk SN, Ghosh-Dastidar B, et al. Healthy food access for urban food desert
residents: examination of the food environment, food purchasing practices, diet and BMI. Public
Health Nutr. 2015;18(12):2220-2230. [PubMed: 25475559]

Lin BH, Guthrie J. Nutritional quality of food prepared at home and away from home, 1977-2008.
Washington, DC: US Department of Agriculture, Economic Research Service;2012.

Todd JE. Changes in consumption of food away from home and intakes of energy and other
nutrients among US working-age adults, 2005-2014. Public Health Nutr. 2017;20(18):3238-3246.
[PubMed: 28879825]

Kant AK, Whitley MI, Graubard Bl. Away from home meals: associations with biomarkers

of chronic disease and dietary intake in American adults, NHANES 2005-2010. Int J Obes.
2015;39(5):820-827.

An R. Fast-food and full-service restaurant consumption and daily energy and nutrient intakes in
US adults. Eur J Clin Nutr. 2016;70(1):97-103. [PubMed: 26130301]

Bhutani S, Schoeller DA, Walsh MC, McWilliams C. Frequency of eating out at both fast-food
and sit-down restaurants was associated with high body mass index in non-large metropolitan
communities in midwest. Am J Health Promot. 2018;32(1):75-83. [PubMed: 27574335]

Gustafson A, Jilcott Pitts S, McDonald J, et al. Direct effects of the home, school, and consumer
food environments on the association between food purchasing patterns and dietary Intake among
rural adolescents in Kentucky and North Carolina, 2017. Int J Environ Res Public Health.
2017;14(10):1255.

Fulkerson JA, Farbakhsh K, Lytle L, et al. Away-from-home family dinner sources and
associations with weight status, body composition, and related biomarkers of chronic disease
among adolescents and their parents. J Am Diet Assoc. 2011;111(12):1892-1897. [PubMed:
22117665]

Fulkerson JA, Story M, Neumark-Sztainer D, Rydell S. Family meals: perceptions of benefits and
challenges among parents of 8- to 10-year-old children. J Am Diet Assoc. 2008;108(4):706—709.
[PubMed: 18375230]

Cannuscio CC, Tappe K, Hillier A, Buttenheim A, Karpyn A, Glanz K. Urban food environments
and residents' shopping behaviors. Am J Prev Med. 2013;45(5):606-614. [PubMed: 24139774]
Centers for Disease Contrl and Prevention (CDC). Behavioral Risk Factor Surveillance System
Survey Questionnaire. Atlanta, GA: US Dept of Health and Human Services, Centers for Disease
Control and Prevention; 2015.

Thompson FE, Subar AF, Smith AF, et al. Fruit and vegetable assessment: performance of two new
short instruments and a food frequency questionnaire. J Am Diet Assoc. 2002;102(12):1764-1772.
[PubMed: 12487538]

U.S. Department of Health and Human Services and U.S. Department of Agriculture. 2015-2020
Dietary Guidelines for Americans. 8th Edition. 2015;https://health.gov/our-work/food-nutrition/
2015-2020-dietary-guidelines/guidelines/. Accessed March 1, 2020.

Thompson FE, Midthune D, Subar AF, Kahle LL, Schatzkin A, Kipnis V. Performance of a short
tool to assess dietary intakes of fruits and vegetables, percentage energy from fat and fibre. Public
Health Nutr. 2004;7(8):1097-1105. [PubMed: 15548349]

J Rural Health. Author manuscript; available in PMC 2023 January 01.


https://health.gov/our-work/food-nutrition/2015-2020-dietary-guidelines/guidelines/
https://health.gov/our-work/food-nutrition/2015-2020-dietary-guidelines/guidelines/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kegler et al.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 12

US Census Bureau: Welcome to Geocoder. 2019; https://geocoding.geo.census.gov/geocoder/
geographies/addresshatch?form. Accessed October 21, 2020.

USDA ERS - Rural-Urban Continuum Codes. 2019; https://www.ers.usda.gov/data-products/rural-
urban-continuum-codes/. Published 2019. Accessed September 14, 2019.

Coulton CJ, Korbin J, Chan T, Su M. Mapping residents’ perceptions of neighborhood boundaries:
a methodological note. Am J Community Psychol. 2001;29(2):371-383. [PubMed: 11446289]

Colburn S, Pratt M, Mueller C, Tompsett CJ. How adolescents define their home neighborhoods
conceptually and spatially. J Community Psychol. 2020;48(3):709-725.

Kegler M, Alcantara A, Haardoerfer R, Gemma A, Ballard D, Gazmararian J. Rural neighborhood
walkability: implications for assessment. J Phys Act Health. 2015;12 Suppl 1:S40-S45. [PubMed:
25155646]

Kegler M, Escoffery C, Alcantara I, Ballard D, Glanz K. A qualitative examination of home and
neighborhood environments for obesity prevention in rural adults. Int J Behav Nutr Phys Act,
2008;5:65. [PubMed: 19077210]

U.S. Census Bureau. American Community Survey 2015. 2015; https://www?2.census.gov/
programs-surveys/acs/methodology/questionnaires/2015/quest15.pdf. Accessed September 10,
2020.

Bucholtz S, Kolko J. America Really Is a Nation of Suburbs. CityLab. Retrieved from https://
www.citylab.com/life/2018/11/data-most-american-neighborhoods-suburban/575602/. Published
November 2018. Accessed September 6, 2020.

Bucholtz S, Molfino E, Kolko J The Urbanization Perceptions Small Area Index: An Application
of Machine Learning and Small Area Estimation to Household Survey Data. A Working

Paper, June, 2020. U.S. Department of Housing and Urban Development, Retrieved from:
https://www.huduser.gov/portal/ AHS-neighborhood-description-study-2017.html#small-area-tab.
Accessed September 6, 2020.

Chrisinger BW, Kallan MJ, Whiteman ED, Hillier A. Where do U.S. households purchase healthy
foods? An analysis of food-at-home purchases across different types of retailers in a nationally
representative dataset. Prev Med. 2018;112:15-22. [PubMed: 29555187]

DiSantis KI, Hillier A, Holaday R, Kumanyika S. Why do you shop there? A mixed methods study
mapping household food shopping patterns onto weekly routines of black women. Int J Behavior
Nutr Phys Act. 2016;13:11.

Sohi I, Bell BA, Liu J, Battershy SE, Liese AD. Differences in food environment perceptions and
spatial attributes of food shopping between residents of low and high food access areas. J Nutr
Educ Behav 2014;46(4):241-249. [PubMed: 24560861]

Inagami S, Cohen DA, Finch BK, Asch SM. You are where you shop: grocery store locations,
weight, and neighborhoods. Am J Prev Med. 2006;31(1):10-17. [PubMed: 16777537]

J Rural Health. Author manuscript; available in PMC 2023 January 01.


https://geocoding.geo.census.gov/geocoder/geographies/addressbatch?form
https://geocoding.geo.census.gov/geocoder/geographies/addressbatch?form
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/
https://www2.census.gov/programs-surveys/acs/methodology/questionnaires/2015/quest15.pdf
https://www2.census.gov/programs-surveys/acs/methodology/questionnaires/2015/quest15.pdf
https://www.citylab.com/life/2018/11/data-most-american-neighborhoods-suburban/575602/
https://www.citylab.com/life/2018/11/data-most-american-neighborhoods-suburban/575602/
https://www.huduser.gov/portal/AHS-neighborhood-description-study-2017.html#small-area-tab

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Kegler et al. Page 13

Table 1.
Descriptive of Survey Respondents (n=3883)
Characteristic Frequency/Mean  Percent/SD
Age (Mean / SD) 46.3 15.5
Gender (%) Male 1798 46.3
Female 2085 53.7
Children in the home (%) No 2571 66.2
Yes 1312 33.8
Race (%) White 2640 68.0
Black 471 121
Hispanic 538 13.9
Asian 206 53
Other 28 0.7
Education (%) HS diploma, GED, or less 665 17.1
Some College or Technical School 1222 315
College Degree or More 1996 51.4
Employment (%) Employed for wages 1865 48.0
Self-employed 267 6.9
Out of work 337 8.7
Homemaker 389 10.0
Student 217 5.6
Retired 808 20.8
Income (%) Less than $15,000 437 11.3
$15,000 to $24,999 440 113
$25,000 to $34,999 385 9.9
$35,000 to $49,999 527 136
$50,000 to $74,999 739 19.0
$75,000-$99,999 496 12.8
$100,000 or more 859 22.1
Region (%) Northeast 694 17.9
Midwest 870 22.4
South 1438 37.0
West 881 22.7
Rurality of Residential Area (%) Rural 514 13.2
Small town 598 15.4
Suburban 1721 44.3
Urban 1050 27.0
RUCC (%) Rural (7-9) 445 115
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Characteristic Frequency/Mean  Percent/SD
Semi-urban (4-6) 584 15.0
Urban (1-3) 2854 735
Frequency of grocery shopping (%) <4 times/month 1356 34.9
4 times/month 1249 32.2
>4 times/month 1278 329
<25% 245 6.3
$25-$49.99 896 231
o $50-$99 1457 375
Dollar amount spent per shopping trip (USD) (%)
$100-$149.99 783 20.2
$150-199.99 285 7.3
2$200 217 5.6
Primary store type (%) Large grocery store 2092 53.9
Smaller grocery store 446 115
Superstore or supercenter 1019 26.2
Warehouse club 186 48
Dollar or convenience store 46 1.2
Farmer’s market, co-op or 94 24
specialty store
Distance from home to store (Miles) (Mean/SD) 5.4 7.6
Fast food (days/week) (%) 0 1033 26.6
1 1281 33.0
>2 1569 40.4
Average fast food (days/week) (Mean/SD) 1.8 1.8
Full-service/sit-down restaurant meals (days/week) (%) 0 1127 29.0
1 1394 35.9
22 1362 35.1
Average full-service/sit-down restaurant meals (days/week)
(Mean/SD) 17 1.9
Take out/delivery (days/week) (%) 0 1452 374
1 1210 31.2
22 1221 314
Average take out/delivery frequency (days/week) (Mean/SD) 15 1.9
BMI (Mean/SD) 27.7 6.6
Meet F&V guidelines 480 12.4
Percent caloric intake from fat (Mean/SD) 345 4.6
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Table 2.

Food Acquisition, BMI and Dietary Behaviors by RUCC (n=3883)

Page 15

Rural RUCC  Semi-Urban Urban RUCC P
Characteristic 7-9 RUCC 4-6
Frequency of grocery shopping <4 times/month 36.0 385 34.0
4 times/month 28.8 313 329 1212
>4 times/month 35.3 30.1 331
Dollar amount spent per shopping trip (USD) <25% 7.6 55 6.3
$25-$49.99 25.2 23.6 22.6
$50-$99 35.3 39.2 375
.6198
$100-$149.99 20.5 18.0 20.6
$150-199.99 7.4 7.5 7.3
=>$200 4.0 6.2 5.7
Primary store type Large grocery store 48.1 54.1 54.7
Smaller grocery store 16.2 113 10.8
Superstore or supercenter 30.1 27.9 25.3
Warehouse club 3.2 2.9 54 0012
Dollar or convenience 0.9 15 12
store
Farmer’s market, co-op 1.6 2.2 2.6
or specialty store
Average distance to primary food store (Miles) 6.0 6.0 52 .0139
Fast food frequency (days/week) 0 24.7 25.2 27.2
1 37.3 343 321 2237
>2 38.0 40.6 40.8
Full-service/Sit-down restaurant meals frequency 0 29.2 32.2 28.4
(days/week)
1 39.3 339 358 .1357
>2 315 33.9 359
Take out/delivery frequency (days/week) 0 41.1 38.2 36.7
1 30.8 324 31.0 .2298
>2 28.1 29.5 32.4
Fruit & vegetable intake Meeting guidelines 11.0 12.2 12.6 6253
Not meeting guidelines 89.0 87.8 874
BMI 28.2 285 275 .0016
Percent calories from fat 34.8 34.9 344 0476
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Table 3.

Food Acquisition, BMI and Dietary Behaviors by Rurality of Residential Area (n=3883)
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Variable Rural  Smalltown Suburban Urban P
Frequency of grocery shopping <4 times/month 39.1 35.3 30.6 39.8
4 times/month 337 30.3 35.0 27.9 <.0001
>4 times/month 27.2 345 345 32.3
Dollar amount spent per shopping trip (USD) <25% 53 6.7 6.1 7.0
$25-$49.99 19.8 23.2 235 239
$50-$99 38.9 37.0 385 355
.0438
$100-$149.99 20.8 19.4 21.4 18.3
$150-199.99 8.4 8.2 6.1 8.4
2$200 6.8 55 4.4 7.0
Primary store type Large grocery store 43.6 48.3 60.1 51.9
Smaller grocery store 15.6 15.9 9.7 9.9
Superstore or supercenter 35.0 29.3 221 271
Warehouse club 2.3 2.8 53 6.3 <.0001
Dollar or convenience store 1.8 15 0.6 1.6
Farmer’s market, co-op or 18 2.2 2.2 3.2
specialty store
Average distance to primary food store (Miles) 10.3 6.0 4.1 49 <.0001
Fast food frequency (days/week) 0 27.8 27.3 28.6 224
1 35.2 35.8 33.8 29.1 <.0001
>2 37.0 37.0 37.7 48.6
Full-service/sit-down restaurant meals frequency 0 32.7 34.6 26.7 27.8
(days/week)
1 37.0 35.6 39.9 29.1 <.000*
22 30.4 29.8 334 43.1
Take out/delivery frequency (days/week) 0 434 42.1 37.3 32.0
1 30.4 318 34.6 25.6 <.0001
22 26.3 26.1 28.2 424
Fruit & vegetable intake Meeting guidelines 111 8.9 12.1 15.4 0008
Not meeting guidelines 88.9 91.1 87.9 84.6 '
BMI 28.6 28.0 27.7 27.1 .0005
Percent calories from fat 35.0 34.7 34.1 35.0 <.0001
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