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Abstract

Introduction—Blacks, Hispanics, and women of lower socioeconomic status tend to have a 

higher risk of obesity. Numerous studies over the past decade examined the role of the 

neighborhood food environment in body weight. However, few were longitudinal.

Purpose—This study examined whether multiple measures of neighborhood food availability 

were associated with body mass index (BMI) over time in a predominately black and Hispanic 

adult sample living in low to moderate income urban neighborhoods.

Methods—This longitudinal study utilized two waves of data (2002 (2008), including 

interviewer-measured height and weight, from a community survey of adults (n=219). In both 

2002 and 2008, multiple measures characterized neighborhood food availability: GIS-derived 

availability of retail food outlets (large grocery store, small grocery store, convenience store, liquor 

stores), observed fruit and vegetable availability (count of stores selling 10 or more fresh fruit or 

vegetable varieties), and perceived fruit and vegetable access. Random intercept models estimated 

multivariable associations, controlling for individual-level demographics and neighborhood 

median household income.

Results—Small grocery store availability was associated with 1.22-unit increase in BMI 

(p=0.047), while each unit increase in perceived fruit and vegetable access was associated with a 

0.69-unit decrease in BMI (p=0.055). BMI over time was not associated with large grocery store, 

convenience store, or liquor store availability, or with observed fruit and vegetable availability.
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Conclusions—Findings suggest that improving the neighborhood food environment, 

particularly at small grocery stores, may help urban residents living in low to moderate income 

neighborhoods achieve healthier body weights over time.
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Introduction

Obesity is a public health threat that disproportionately affects many socially and 

economically disadvantaged groups (Berghofer et al., 2008; Flegal, Carroll, Kit, & Ogden, 

2012; Hossain, Kawar, & El Nahas, 2007; Kelly, Yang, Chen, Reynolds, & He, 2008; 

Thorburn, 2005). The overall age-adjusted prevalence of obesity in the U.S. is 34.9% and is 

even higher among non-Hispanic black women (56.6%) and Hispanic women (44.4%) 

compared to non-Hispanic white women (32.8) (Ogden, Carroll, Kit, & Flegal, 2014). Non-

Hispanic black men (37.1%) and Hispanic men (40.1%) also have somewhat higher age-

adjusted prevalence of obesity than non-Hispanic white men (32.1%) (Ogden et al., 2014). 

Obesity is also inversely associated with socioeconomic status (SES) among women, 

although association strength can vary by race/ethnicity (Freedman & Centers for Disease 

Control and Prevention (CDC), 2011; Grabner, 2012; Ljungvall & Zimmerman, 2012). 

Obesity increases risk of a variety of adverse health conditions including cancer, type 2 

diabetes, cardiovascular disease, osteoarthritis, and depression (Calle, Rodriguez, Walker-

Thurmond, & Thun, 2003; Flegal, Graubard, Williamson, & Gail, 2007; Luppino et al., 

2010; McTigue et al., 2012; Sowers & Karvonen-Gutierrez, 2010). Excess energy intake 

relative to energy expenditure contributes to weight gain and ultimately obesity (Kumanyika 

et al. 2008). Fruit and vegetable intake is among the dietary behaviors that may help adults 

prevent weight gain, although it is still unclear whether the effects are independent of 

reductions in energy intake (Ledoux, Hingle, & Baranowski, 2011; Mytton, Nnoaham, 

Eyles, Scarborough, & Mhurchu, 2014). The scope of the obesity problem calls for upstream 

approaches to promote healthier body weights. Social ecological models propose 

environmental factors, such as the food environment, as one upstream level of influence on 

or “risk regulator” of dietary behaviors and body weight (Glass & McAtee, 2006; Story, 

Kaphingst, Robinson-O’Brien, & Glanz, 2008).

Considerable research over the past decade examined the role of the neighborhood food 

environment in adult obesity; however, less than half measured height and weight 

objectively (Zenk, Thatcher, Reina, & Odoms-Young, 2014) and few studies were 

longitudinal (Auchincloss et al., 2013; Block, Christakis, O’Malley, & Subramanian, 2011; 

Boone-Heinonen et al., 2013; Gibson, 2011; Han, Powell, & Isgor, 2012; Li et al., 2009; 

Powell & Han, 2011). Some cross-sectional studies found that living in neighborhoods with 

more healthy food options or fewer retailers that predominately sell energy-dense, nutrient-

poor foods was associated with lower body weight, while other studies found no association 

(Feng, Glass, Curriero, Stewart, & Schwartz, 2010; Fleischhacker, Evenson, Rodriguez, & 

Ammerman, 2011; Larson & Story, 2009; Lovasi, Hutson, Guerra, & Neckerman, 2009; 

Zenk, Thatcher, et al., 2014). Longitudinal studies based on objectively measured outcomes 
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are needed to strengthen the evidence base. Like cross-sectional studies, extant longitudinal 

research produced mixed results and most commonly measured healthy and unhealthy food 

availability solely as the number, density, or proximity of retail food outlets based on 

secondary data (Block et al., 2011; Boone-Heinonen et al., 2013; Gibson, 2011; Han et al., 

2012; Li et al., 2009; Powell & Han, 2011).

Retail food outlet type is a reasonable proxy for healthy food availability. Absolute and 

relative availability of healthier foods tend to be highest in supermarkets and large grocery 

stores and lowest in convenience stores and liquor stores (Farley et al., 2009; Glanz, Sallis, 

Saelens, & Frank, 2007; Liese, Weis, Pluto, Smith, & Lawson, 2007; Sharkey, Dean, & 

Nalty, 2012; Zenk, Powell, et al., 2014). Direct observation, nonetheless, arguably provides 

the most accurate estimate of healthy food availability, while perceived measures may 

capture other dimensions of food access such as food quality difficult to capture through 

other measures (Farley et al., 2009; Moore, Diez Roux, Nettleton, & Jacobs, 2008; Williams, 

Thornton, Ball, & Crawford, 2012; Zenk et al., 2009). However, neither type of measure is 

typically available in longitudinal studies. One longitudinal study measured neighborhood 

healthy food availability based on an aggregate of local informants’ perceptions and found a 

one standard deviation increase in the average score was associated with a 10% decrease in 

incident obesity during the 5-year follow-up period (Auchincloss et al., 2013). To our 

knowledge, no longitudinal study to date on the neighborhood food environment and body 

weight used directly observed neighborhood food availability.

The question of whether neighborhood food availability is associated with change in body 

weight (body mass index or BMI) over time remains a pressing one in the field. We 

addressed this question in a predominately black and Hispanic sample of urban adults living 

in low to moderate income neighborhoods who had their height and weight measured at two 

time points, 6 years apart. Our study captured the impact on BMI not only of change in 

neighborhood food availability between the two time points, but also of living in a 

neighborhood with stable food availability over time, such as a consistently “good” or “bad” 

food environment. Multiple measures were used to characterize neighborhood food 

availability. We hypothesized that availability of a large grocery store and better observed 

and perceived fruit and vegetable availability in the neighborhood are negatively associated 

with BMI over time, while neighborhood availability of a small grocery store, convenience 

store, and more liquor stores are positively associated with BMI over time.

Methods

Design and Sample

This was a longitudinal cohort study using two waves of data (2002 (2008) from a 

community survey of adults ages >25 years conducted by the Healthy Environments 

Partnership, a community-based participatory research partnership working together to 

understand and address cardiovascular disease risk in Detroit, Michigan (Schulz et al., 

2005). The 2002 baseline survey involved a stratified two-stage equal probability sample of 

occupied housing units in three areas of Detroit: eastside, southwest, and northwest. It was 

designed to achieve similar distributions of socioeconomic status (SES) across the 

predominant racial/ethnic groups: blacks, Hispanics, and whites. Interviews were completed 
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with 75% of households in which an eligible respondent was identified, with 919 completing 

the survey at baseline (Schulz et al., 2005). In 2008, interviews were conducted with current 

residents of those households. Interviews were completed at 80% of eligible households, 219 

of which were re-interviews with respondents who had completed the 2002 survey and 

remained at the same address. Based on a multivariable regression approach to detecting 

selection bias (Cuddeback, Wilson, Orme, & Combs-Orme, 2004), we found no association 

between 2008 survey participation and age, education, or income. However, men were 

significantly less likely than women and non-Hispanic whites were significantly less likely 

than Hispanics to have been re-interviewed in 2008. The final sample for this analysis was 

219 respondents for which data were available in 2002 and 2008. Respondent were nested in 

102 census blocks, and those census blocks were, in turn, nested in 61 census block groups. 

(See the Figure for more information on the sample across survey waves.)

Measures

Body mass index—The dependent variable was BMI. A trained interviewer measured 

height to the nearest centimeter using a stadiometer and body weight using a calibrated 

digital scale. BMI was calculated using the standard formula of weight in kilograms divided 

by height in meters squared (kg/m2). For descriptive purposes, we categorized BMI as 

underweight (BMI <18.5), normal weight (BMI 18.5–24.9), overweight (BMI 25–29.9), 

obese, class I (BMI 30–34.9), obese, class II (BMI 34–39.9), and obese, class III (BMI 

>39.9).

Neighborhood food availability—In 2002 and 2008, we measured three aspects of 

neighborhood food availability: availability of four types of food stores, observed fruit and 

vegetable availability, and perceived fruit and vegetable access. The first two measures were 

derived based on direct observation of respondents’ neighborhoods (Izumi et al., 2012; 

Zenk, Schulz et al., 2012; Zenk et al., 2006). In each survey year, a list of food stores was 

obtained from the Michigan Department of Agriculture, ground-truthed using field 

observations, and audited for food availability by trained field staff. Respondents’ 

“neighborhoods” were defined as a 0.5-mile radial buffer around their census block centroid, 

a common metric in prior neighborhood food environment research (Charreire et al., 2010). 

Census block centroids are good representations for respondents’ homes in this sample due 

to the small size of census blocks (median=0.009 square miles) (Zenk et al., 2011).

Food stores were classified as liquor stores (categorized “liquor” store in the telephone 

directory; had “liquor” or “party” in name; or had “liquor,” “beer,” or “wine” as largest sign 

on storefront), specialty stores (e.g., meat market, produce market), convenience stores (food 

stores with limited capacity for customer check-out (i.e., food stores where cashiers encased 

in plexiglass with only turnstile for ringing up groceries but not a liquor or specialty store; 

not including gas stations), small grocery stores (food stores with less than three cash 

registers and not a liquor, specialty, or convenience store), and large grocery stores (food 

stores with at least three cash registers but not a liquor, specialty, or convenience store). For 

large grocery stores, small grocery stores, and convenience stores, availability was included 

in the analysis as a dichotomous indicator for presence of at least one store of that type in 

the neighborhood. Liquor store availability was included as a count due to the large number 
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of these stores. Specialty stores were not included in the analysis as a separate store type 

because there were too few.

Observed fruit and vegetable availability was measured in 2002 and 2008 based on store 

audits as a count of the number of food stores in the neighborhood (0.5 mile radius from 

centroid of the census block) that carried at least 10 fresh fruits or vegetable varieties (Izumi 

et al., 2012; Zenk et al., 2012; Zenk et al., 2006), which we considered a “good” selection.

Perceived fruit and vegetable access was measured in 2002 and 2008 as an individual-level 

variable using a 3-item scale. Respondents rated their satisfaction from 1 (very satisfied) to 4 

(not at all satisfied) with the variety, quality, and price or affordability of fresh fruits and 

vegetables in their neighborhood, defined as a 10–15 minute walk or 5-minute drive 

(roughly corresponding to 0.5 mile). Scores were reverse coded, and mean scores calculated, 

with higher scores corresponding with greater satisfaction (α=0.86 in 2002 and 0.82 in 

2008).

Covariates—Time-varying covariates derived from the respondent surveys in 2002 and 

2008 were age, annual per capita income (annual household income divided by the number 

of household members), employment status (in the workforce or not), auto ownership, home 

ownership, length of neighborhood residence, and a physical limitations scale that was the 

mean of responses to four items assessing the degree of difficulty with doing heavy work 

around the house (e.g., washing walls, shoveling snow), climbing flights of stairs, walking 

several blocks, or bathing (1=no difficulty at all, 5=can’t do it at all) (House et al., 1994). 

Neighborhood median household income was measured at the census block group level 

using data from the 2000 decennial census (for 2002) and the 2005–2009 American 

Community Survey (for 2008). Time-invariant covariates were self-reported race/ethnicity 

(non-Hispanic black or African American, Hispanic or Latino, non-Hispanic white, and non-

Hispanic other), gender, and education [less than a high school diploma or general 

equivalency diploma (GED), high school diploma or GED, and more than a high school 

education].

Data Analysis

Multiple imputation using Imputation and Variance Estimation software (IVEware, Ann 

Arbor MI, 2002) was performed to account for missing data. Weighted four-level 

hierarchical linear models using PROC MIXED procedure (SAS 9.2, SAS Institute, Cary 

NC, 2008) were employed to estimate multivariable associations between neighborhood 

food availability and BMI over time. Specifically, we used random intercept models to 

regress BMI change on each category of time-varying neighborhood food availability 

variables (store type, observed fruit and vegetable availability, perceived fruit and vegetable 

access), year, and interaction terms between these food availability variables and year in a 

series of models rather than a single model, controlling for covariates. In these models, level 

1 was time (observations within respondents); level 2 was respondents (including measures 

of individual gender and race/ethnicity); level 3 was neighborhoods or 0.5 mile buffers 

around census block centroid (including measures of observed food store availability and 

observed fruit and vegetable availability); and level 4 was census block groups (including 
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median household income). Weights were applied to account for loss to follow up, adjust for 

probabilities of selection within race and SES strata, and match the sample to Census 2000 

population distributions of the study communities.

We tested the sensitivity of the results to inclusion of additional neighborhood-level 

covariates that may confound associations between neighborhood food availability and BMI: 

fast food restaurant density (2008 only), street connectivity (i.e., mean number of streets 

connecting with each street; 2002 only), land use mix (i.e., mix of residential, industrial, and 

commercial land uses; 2002 only), and population density (i.e., population per square mile). 

With the exception of population density which was measured at the census block group 

level (level 4), the other variables were measured for respondents’ neighborhoods, or 0.5 

mile buffers from census block centroids (level 3). We also conducted sensitivity analyses 

for a different version of the observed fruit and vegetable availability measure: number of 

stores with any (1 or more) fresh fruit or vegetable variety.

Results

Table 1 shows descriptive statistics of sample, neighborhood, and census block group 

characteristics at baseline. The mean BMI at baseline was 32.1 kg/m2 (SE=0.5), with 16.7% 

underweight or normal weight, 27.2% overweight and 56.2% obese (class I-III). This 

includes 16.3% with class III obesity.

Table 2 presents multivariable regression results for associations between neighborhood food 

availability and BMI over time. Small grocery store availability was associated with a 1.22-

unit (SE=0.59) increase in BMI over time (p=0.047), controlling for individual-level 

covariates, neighborhood median household income, and other store types (Model 1). There 

was no statistically significant association between observed fruit and vegetable availability 

and BMI over time, controlling for individual-level covariates and neighborhood median 

household income (Model 2). Each unit increase in perceived fruit and vegetable access was 

marginally significantly associated with a 0.69-unit reduction (SE=0.34) in BMI over time 

(p=0.055), controlling for individual-level covariates and neighborhood median household 

income (Model 3).

Sensitivity analyses including other potential neighborhood-level confounders (fast food 

restaurant density, population density, street connectivity, land use mix) did not change the 

results appreciably (not shown). Therefore, we presented results from the more 

parsimonious models in order to maximize statistical power with our limited sample size. 

Sensitivity analyses for Model 2 that substituted a measure of the number of stores with any 

fresh fruit or vegetable variety were also consistent with those presented here (not shown).

Discussion

To our knowledge, this longitudinal cohort study was one of the first to examine multiple 

measures of neighborhood food availability in relation to BMI over time. Results suggest 

that improving some aspects of the neighborhood food environment may lead to healthier 

body weights among urban residents living in low to moderate income neighborhoods. 

Consistent with our expectations, small grocery store availability was positively associated 
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with BMI over time, while perceptions of better neighborhood fruit and vegetable access 

was negatively associated with BMI over time. However, we found no associations of BMI 

over time with availability of large grocery stores, convenience stores, liquor stores, or 

number of stores with fresh fruits or vegetables.

Our finding that small grocery store availability was associated with higher BMI over time 

adds to inconsistent findings from longitudinal as well as cross-sectional research on grocery 

store availability and body weight (Block et al., 2011; Gibson, 2011; Powell & Han, 2011; 

Zenk, Thatcher, et al., 2014). The Framingham Heart Study Offspring Cohort Study found 

proximity to a grocery store (any size non-chain grocery store) was negatively associated 

with BMI over time, although the effect was small (Block et al., 2011). Data from the Panel 

Study of Income Dynamics showed mixed results for grocery stores (any size) in different 

subgroups, with a small negative association between grocery store density and BMI 

observed for poor men and small positive associations among some women (e.g., non-poor 

and those with no child) (Powell & Han, 2011). Only Gibson looked at small grocery stores 

specifically (Gibson, 2011). Using data from the NLSY79, she found a negative association 

between a 2-year change in neighborhood small grocery store density and BMI for 

respondents who moved from a rural to an urban area, although there was a positive cross-

sectional association between small grocery store density and BMI among urban residents 

(Gibson, 2011).

Because they offer fewer healthier foods and beverages, small grocery or “corner” store 

availability may contribute to poorer diets, specifically higher energy intake, and thus higher 

body weights among local residents who shop there (Gibson, 2011). Research shows that 

small grocery or food stores generally have lower absolute and relative availability of 

healthy products than large grocery stores or supermarkets (Farley et al., 2009; Glanz, Sallis, 

Saelens, & Frank, 2007; Liese et al., 2007; Zenk, Powell, et al., 2014). For example, a study 

in Louisiana and Los Angeles found that the ratio of shelf space for healthier to less healthy 

products was 0.18 and 0.30, respectively, in small food stores compared to 0.55 and 0.72, 

respectively, in supermarkets (Farley et al., 2009). Because grocery stores are more 

heterogeneous in the healthfulness of food offerings than supermarkets, convenience stores, 

or other food stores (which may contribute to discrepancies in findings to date) (Zenk, 

Powell, et al., 2014), it is important that future studies distinguish between different sizes of 

grocery stores in order to better understand their role in body weight.

Despite that they also have a lower ratio of healthier alternatives to less healthy food 

products (Farley et al., 2009; Zenk, Powell, et al., 2014) and contrary to our hypothesis, we 

found no associations of BMI change over time with convenience or liquor store availability. 

One potential explanation is that people do not use these store types to obtain much of their 

groceries; therefore, their presence does not affect body weight (Gibson, 2011).

We unexpectedly found no evidence that BMI change over time was associated with large 

grocery store availability. Overall, longitudinal research on the association between large 

grocery store availability and BMI is mixed (Block et al., 2011; Boone-Heinonen et al., 

2013; Gibson, 2011; Han et al., 2012). Some research suggests that the evidence for 

salubrious effects of large grocery stores is strongest for very large “supermarkets,” 

Zenk et al. Page 7

Health Educ Behav. Author manuscript; available in PMC 2018 January 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



particularly chain supermarkets (Powell, Auld, Chaloupka, O’Malley, & Johnston, 2007). 

Detroit had very few chain full-service supermarkets in 2002 and 2008 and only one located 

in the study neighborhoods (Zenk et al., 2005). Thus, it is possible that the large grocery 

stores located in the study neighborhoods did not offer as large of a selection of healthy 

foods at low enough prices to help local residents achieve healthier weights over time.

Our finding that perceptions of better fruit and vegetable access in the neighborhood was 

negatively associated with BMI over time (p=0.055), while marginal, is consistent with the 

only other longitudinal study that we identified of perceived food availability and body 

weight (Auchincloss et al., 2013). Observed fruit and vegetable availability was not 

associated with BMI change. It is possible that perceptions more accurately reflect fruit and 

vegetable access than the observational data, for example, capturing quality and price, in 

addition to fruit and vegetable availability. The perceived fruit and vegetable access measure 

may also correlate better with the availability of other foods that are supportive of healthy 

weights such as whole grains and low-fat dairy. Still, we cannot rule out that perceived food 

availability reflects unmeasured personal factors (e.g., importance placed on nutrition or 

maintaining a healthy weight) that were correlated with weight change over time.

Implications for Future Research

With relatively little longitudinal research on the food environment and BMI, more research 

is needed in adults as well as children and in urban as well as rural areas. Research with 

children and rural populations need to consider the uniqueness of these populations 

including, for example, their independent interactions with the food environment as well as 

the influence of parents’ food environments and the relevant exposure area (e.g., 0.5-mile 

buffer may not be relevant or realistic in rural areas), respectively. Longitudinal research is 

important to identify the most promising arenas in which to focus policy and other 

environmental interventions. This includes longitudinal studies that: (1) move beyond retail 

food outlet type as a proxy to include observed measures of the food environment; (2) are 

based on larger and more socioeconomically diverse samples with more variability in the 

neighborhood food environment; (3) account for change over time in environmental features 

that may influence energy expenditure or otherwise confound food environment-BMI 

relationships over time; (4) incorporate food shopping and purchasing behaviors—such as 

those included in the USDA’s National Household Food Acquisition and Purchase Survey—

as a mediator in food environment-BMI associations; and (5) assess other objectively 

measured health outcomes such as blood pressure (Zenk, Thatcher, et al., 2014). Quasi-

experimental studies that evaluate naturally occurring changes in the neighborhood food 

environment, such as those supported by the Pennsylvania Fresh Food Financial Initiative 

and the federal Healthy Food Financing Initiative, are also a valuable direction for additional 

research (Cummins, Flint, & Matthews, 2014; Cummins, Petticrew, Higgins, Findlay, & 

Sparks, 2005; Elbel et al., 2015; Mayne, Auchincloss, & Michael, 2015; Wrigley, Warm, & 

Margetts, 2003).

Implications for Interventions

Although more longitudinal and quasi-experimental research is needed, our findings suggest 

that improving neighborhood food availability, as one upstream level of influence on weight 
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outcomes according to social ecological models, may help urban residents living in low to 

moderate income neighborhoods achieve healthier body weights. While evidence outside the 

U.S. is more equivocal (Ball, Timperio, & Crawford, 2009; Beaulac, Kristjansson, & 

Cummins, 2009; Cummins & Macintyre, 2006; Winkler, Turrell, & Patterson, 2006), a 

number of U.S. studies have shown that black and low-income neighborhoods have fewer 

supermarkets and potentially more small grocery stores (or “corner stores” or “bodegas”) 

(Morland, Wing, Diez Roux, & Poole, 2002; Powell, Slater, Mirtcheva, Bao, & Chaloupka, 

2006; Zenk et al., 2005). They may also have fewer healthy options, after accounting for 

store type (Baker, Schootman, Barnidge, & Kelly, 2006; Franco, Diez Roux, Glass, 

Caballero, & Brancati, 2008; Zenk, Powell, et al., 2014). Our results suggest the importance 

of working with small grocery stores to increase healthier food options and reduce less 

healthy offerings. This could be accomplished by providing small grocers with financial and 

other incentives to renovate their space and offer more healthy alternatives, an option 

available through the Healthy Food Financing Initiative and similar state initiatives (Centers 

for Disease Control and Prevention, n.d.; Fleischhacker, Flournoy, & Moore, 2013; Karpyn, 

Young, & Weiss, 2012). It may also be achieved through buying cooperatives that help small 

grocery stores obtain fresh fruits and vegetables and other healthy foods at lower prices. 

Revisions to the USDA Special Supplemental Nutrition Program for Women, Infants, and 

Children (WIC) that strengthened minimum stocking requirements for healthy foods have 

also proved successful in increasing healthy food availability in small stores (Andreyeva, 

Luedicke, Middleton, Long, & Schwartz, 2012; Hillier et al., 2012; Schultz, Shanks, & 

Houghtaling, 2015; Zenk, Odoms-Young et al., 2012). Strengthening USDA Supplemental 

Nutrition Assistant Program (SNAP) minimum stocking requirements for healthy foods is 

another opportunity to improve healthy food availability in small stores (Kennelly, Neff, & 

Rutkow, 2013) because an even larger proportion of retail food outlets are SNAP retailers. In 

2008 in our study’s communities, for example, 22% of stores were authorized WIC retailers 

while 77% were authorized SNAP retailers. The success of strategies to improve the 

neighborhood food environment is likely to be enhanced by policymakers, local residents, 

advocates, and when possible, the business community working in partnership (Karpyn et 

al., 2012; Ulmer, Rathert, & Rose, 2012). Evaluation data examining changes in diet and 

body weight among community members where these initiatives are unfolding will provide 

critical information to help assess their implications for health and well being of community 

residents (Chiasson et al., 2013; Schultz et al. 2015; Whaley, Ritchie, Spector, & Gomez, 

2012).

Strengths and Limitations

In contrast to most longitudinal studies to date that relied solely on secondary data of retail 

food outlet locations (Zenk, Thatcher, et al., 2014), a notable strength of this study is the use 

of multiple time-varying measures of neighborhood food availability. This includes GIS-

derived measures of retail food outlet availability and fruit and vegetable availability at 

stores derived from direct observation of respondents’ neighborhoods, as well as perceived 

fruit and vegetable access. Other study strengths include the racially/ethnically diverse 

sample and BMI assessed via interviewer-measured height and weight. Furthermore, 

although sometimes only with measures from one time point, we were also able to test 
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whether the results were sensitive to controls for other aspects of the neighborhood 

environment that may confound the associations of interest.

Nonetheless, the study has limitations, including related to the sample. The sample was 

small, and a relatively small proportion of the original probability sample from 2002 was 

retained in 2008 for several reasons. First, because of our understanding factors that affect 

health in the study neighborhoods, we surveyed the originally sampled housing units in 

2008, rather than following individuals who moved outside the focal neighborhoods. 

Second, the study period (2002–2008) occurred during a period of substantial population 

outmigration in the city of Detroit, with 25% of the city’s population leaving the city 

between the 2000 and 2010 decennial census (Wisely & Spangler, 2011). Our survey was 

conducted in low to moderate income neighborhoods, and there is evidence that low-income 

households move more frequently than higher income households (Coulton, Theodos, & 

Turner, 2012). Third, the study period overlapped with the beginning of the mortgage crisis, 

which disproportionately affected Detroit homeowners: 5% of Detroit households entered 

some stage of foreclosure in 2007 alone (Rooney, 2008). Still, those who participated in the 

2008 survey differed from non-participants only on gender and race/ethnicity, but not age, 

education, or income. Related to the sample size, some of the estimates, including for small 

grocery store and perceived fruit and vegetable access, are rather imprecise, as evidenced by 

the wide confidence interval. Thus, the results should be interpreted carefully in the context 

of similar studies. The sample tended to have a higher BMI and had a higher prevalence of 

overweight and obesity than the U.S. population. Thus, while it represents an important 

population, it is possible that the results do not apply to the general population.

While this is the first longitudinal study to our knowledge to include both directly observed 

and perceived measures of healthy food availability, there are limitations associated with 

these measures, as well as the diet measure. Even though a number of studies show that 

healthy food availability tends to differ significantly by retail food outlet type, healthy food 

availability can differ across neighborhoods among outlets of the same type (Franco, Diez 

Roux, Glass, Caballero, & Brancati, 2008). Moreover, other aspects of the retail food 

environment may differ by retail food outlet type such as food quality, prices, and marketing. 

Thus, interpretation of the findings regarding small grocery stores is subject to alternative 

explanations beyond healthy food availability. Another limitation is the observed healthy 

food availability measure is restricted to fresh fruit and vegetables and does not capture 

availability of other types of healthy foods important for maintaining a healthier body 

weight. Finally, we were unable to directly test whether diet mediated associations between 

neighborhood food availability over time, due to non-comparable measures of diet in 2002 

and 2008.

Conclusions

Despite these limitations, this study contributes to a still small number of longitudinal 

research examining associations between the neighborhood food environment and body 

weight. Prior research shows that low-income individuals, blacks, and to some extent 

Hispanics are disproportionately exposed to neighborhoods with poor availability of 

healthier foods like fruits and vegetables and more small food stores that predominately sell 
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energy-dense, nutrient poor foods and few healthier alternatives. Our study suggests this 

may have adverse consequences for their body weight over time, and is consistent with 

recommendations that promoting better access to healthy foods may help residents of low to 

moderate income urban communities maintain a healthier weight.
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Figure. 
Healthy Environments Partnership’s community survey sampling outcomes across two 

waves
aHousing unit eligibility criteria: Located in one of three areas of Detroit: east side, 

southwest, or northwest.
bHousing unit was ineligible if vacant or demolished.
cEligible respondent: Adult age 25 or older
dIf the original 2002 survey respondent was still living in the housing unit, re-interview was 

attempted. If original 2002 survey respondent was no longer living in housing unit and new 

eligible respondents were identified in the housing unit, a new respondent was randomly 

selected.
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