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Abstract

Introduction: Research examining the influence of neighborhood healthy food environment on
diet has been mostly cross-sectional and lacked robust characterization of the food environment.
We examined longitudinal associations between features of the local food environment and healthy
diet, and whether associations were modified by race/ethnicity.

Methods: Data on 3,634 adults aged 45-84 at Exam 1 and followed for 10 years were obtained
from the Multi-Ethnic Study of Atherosclerosis. Diet quality was assessed using the Alternative
Healthy Eating Index at Exam 1 (2000-2002) and Exam 5 (2010-2012). We assessed four
measures of local food environment using survey-based measures (e.g. perceptions of healthier
food availability) and geographic information system (GIS)-based measures (e.g. distance to and
density of healthier food stores) at Exam 1 and Exam 5. Random effects models adjusted for age,
sex, education, moving status, per capita adjusted income, and neighborhood socioeconomic status
and interactions terms to assess effect modification by race/ethnicity.

Results: Net of confounders, one standard z-score higher average composite local food
environment was associated with higher average AHEI diet score (1.39, 95% CI: 1.05, 1.73) over
the follow-up period from Exam 1 to 5. This pattern of association was consistent across both GIS-
based and survey-based measures of local food environment and was more pronounced among
minoritized racial/ethnic groups. There was no association between changes in neighborhood
environment and change in AHEI score, or effect modification by race/ethnicity.

Conclusion: Our findings suggest that neighborhood-level food environment is associated with
better diet quality, especially among racially/ethnically minoritized populations.
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Lack of access to healthy food may negatively impact diet and subsequently lead to worse
health outcomes (Caspi et al., 2012b; Cobb et al., 2015; Gamba et al., 2015). Healthier food
availability, as an important aspect of the local food environment, has been cross-sectionally
associated with the consumption of fruits and vegetables as well as dietary quality (Blitstein
etal., 2012; Curl et al., 2013; Franco et al., 2009; Laraia et al., 2004; L.V. Moore et al.,
2008; L. V. Moore et al., 2008; Morland et al., 2002; Pearce et al., 2008; Rose and Richards,
2004; Zenk et al., 2009). Furthermore, neighborhoods with higher proportions of minoritized
racial/ethnic populations and low income residents may have less access to healthy food

due to distance to healthy food stores, prices of healthy food options, and perception of
availability (Black et al., 2014; Caspi et al., 2012a; Cobb et al., 2015; Larson et al., 2009).

Although existing studies highlight the potential importance of the neighborhood food
environments on diet, several limitations exist. First, studies have been largely cross-
sectional, which cannot capture changes in neighborhood healthier food environment over
time or allow the estimation of causal effects since temporality cannot be established.
Second, among the few longitudinal studies that focused on healthier food environments,
findings have been mixed. One longitudinal study of young adults in the US found that
greater availability of supermarkets was not associated with fruit and vegetable intake
(Boone-Heinonen et al., 2011). Another study of middle-aged residents in a city in Australia
found that relocation to a neighborhood with healthier food was associated with greater fruit
and vegetable consumption (Bivoltsis et al., 2020). More longitudinal studies are needed

to establish temporality and explore how changes in healthier food environment over time
affect changes in diet.

Another limitation is the lack of studies that examine the relationship between the local

food environment and diet using a robust exposure assessment method that accounts for
both perceived and objective food environment. Measures of food environment can include
objective assessment, participants’ perception, or a combination of both (Caspi et al., 2012b;
Rahmanian et al., 2014). Objective measures can assess the presence of healthier food
retailers, the availability and affordability of healthier food items, and marketing influence
within the stores through the use of Geographic Information Systems (GIS) and market
research data (Charreire et al., 2010; Kern et al., 2017). Subjective measures capture the
participants’ impressions of accessibility and affordability of food options, as well as

the food shopping experiences, in their neighborhoods (Lytle, 2009; Zenk et al., 2014).
Studies comparing objective and perception-based measures are scarce in the literature.

A cross-sectional study found that while both types of measures were associated with
dietary outcomes, they were not identical and may provide complementary information (L.V.
Moore et al., 2008). Thus, measures of the food environment that include both GIS-derived,
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objective measures, as well as survey-based, perceptive measures, can form a more complete
characterization of healthy food availability (Bowen et al., 2015).

A final gap in knowledge is the limited investigation of effect measure modification by
race/ethnicity (Galvez et al., 2008; Morland et al., 2002; Powell et al., 2007). While studies
have documented racial/ethnic disparities in diet quality, few studies have examined whether
the associations between local food environment and dietary outcomes may be more or

less pronounced among different racial/ethnic groups (Hiza et al., 2013; Raffensperger

et al., 2010). Filling this gap can inform whether improving the availability of healthier
foods in the local environment would lead to stronger influence on the dietary quality of
racially/ethnically minoritized populations. One study found that living in a census tract with
supermarkets and full-service restaurants was associated with having a healthier diet, and
this association was more pronounced among African Americans compared to their white
counterparts (Morland et al., 2002). Another study found a positive association between

the presence of grocery stores and increased fruit and vegetable intake among Hispanic
participants, but not among Black participants (Zenk et al., 2009). Authors of these studies
suggest that mediating pathways between healthier food availability and diet, such as vehicle
access, cultural preferences, and acculturation status, may contribute to the varying influence
of healthy food environment for specific minoritized racial/ethnic groups. No study has
investigated the local food environment and diet among Asian populations. Given limited
literature, more studies are needed in order to examine whether certain minoritized racial/
ethnic groups are more susceptible to the impact of the local food environment.

Using data from the Multi-Ethnic Study of Atherosclerosis, a racially/ethnically diverse
sample of middle-aged adults, we examined associations between the local food
environment and diet over a ten-year follow-up period. We also assessed associations
between changes in neighborhood food environment and change in diet quality between
Exam 1 (2000-2002) and Exam 5 (2010-2012). We evaluated the robustness of these
associations to ascertain whether the environment was best characterized via surveys
(perception of environment), GIS, or a combination of the two. Lastly, we evaluated
effect measure modification by race/ethnicity. We hypothesized that a better local food
environment would be associated with increased diet quality, and this association would
be more pronounced for minoritized racial/ethnic groups in the study sample, compared to
non-Hispanic white participants.

Study Population:

This study used data from the Multi-Ethnic Study of Atherosclerosis (MESA). Details about
the study design are described elsewhere (Bild, 2002). Briefly, MESA is a prospective cohort
study designed to examine the determinants of subclinical cardiovascular disease in adults
aged 45-84 years at baseline. Non-Hispanic Black, Chinese, and Hispanic participants who
were free of clinical cardiovascular disease at baseline were recruited from six sites in

the United States: New York, New York; Baltimore City and County, Maryland; Forsyth
County, North Carolina; St. Paul, Minnesota; Chicago, Illinois; and Los Angeles County,
California. Five additional examinations have been completed since baseline. This study
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also used data from the MESA Neighborhood Ancillary study, which aimed to assess

how neighborhood conditions impact cardiovascular disease. The Neighborhood Ancillary
study collected survey-based and GIS-derived information on the neighborhood social and
physical environment around the participants’ home residences. In addition to MESA
participants, individuals residing in the same neighborhoods as MESA participants were
recruited as a part of the Community Survey (CS) and asked to rate several aspects of their
neighborhoods. The CS reduced same source bias, increased within-neighborhood sample
size for constructing contextual variables, and provided a more representative view of the
neighborhoods (Echeverria, 2004; Mujahid et al., 2007)

Dietary data were collected as a part of the Dietary Ancillary Study at Exam 1 (2000-2002)
and Exam 5 (2010-2012). Of the 6,191 participants who consented to be a part of the
Neighborhood Ancillary study, 5,427 participants completed the dietary questionnaire at
Exam 1. We excluded those who did not also have diet information at Exam 5 (n=1,718).
Participants who did not complete dietary questionnaire at Exam 5 were fairly similar

to those who completed dietary questionnaires at both Exams in terms of exposure and
covariate distribution, except that those lost to follow-up had lower income and education
and were more likely to be Chinese or non-Hispanic Black. We also excluded those who
did not have complete exposure information at Exam 1 and at least one available exposure
measure at Exam 5 (n=52), and those missing any covariate information at Exam 1 (n=23).
The final analytic sample included 3,634 participants. This study was approved by the
Institutional Review Boards at each study site and all participants gave written informed
consent.

Neighborhood Food Environment:

Participants’ home addresses were geocoded using TeleAtlas EZ-Locate. Based on the
participants’ residential addresses, we characterized their neighborhood food environment
using four measures: 1. GIS-derived distance to nearest favorable food store, 2. GIS-derived
one-mile kernel density of favorable food stores, 3. survey-based measure of perception

of healthy food availability, and 4. summary measure combining GIS-derived one-mile
kernel density of favorable food stores and survey-based measure of participants’ perception
of healthy food availability (composite of measure 2 and 3). All four measures were
modeled as continuous and categorical variables. We standardized the continuous measures
into standard z-scores by subtracting the mean and dividing by standard deviation. For
categorical measures, we used the standardized continuous score to create tertiles and used
the lowest tertile as the referent.

For GIS-derived objective measures, we assessed distance to closest favorable food store

in meters and density of favorable food stores within a one-mile radius. One-mile area

was chosen as the boundary because it aligned with some U.S. government definitions of
access to services and was consistent with the one-mile area that survey respondents were
asked to consider in surveys (described below) (Ver Ploeg et al., 2009). Data came from the
National Establishment Time Series yearly data from Walls and Associates. Favorable food
stores included chain and non-chain supermarkets and fruit and vegetable markets (details
described elsewhere) (Auchincloss et al., 2012). Supermarkets were defined as businesses
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that had a “grocery or supermarket” Standard Industrial Classification (SIC) code, with 25
or more employees, or generated sales of $2 million or greater. Fruit and vegetable markets
were defined as businesses with SIC code #5431.We used Kernel estimation to calculate the
densities, such that food retailers closer to participants’ addresses were given more weight
than stores farther away (Silverman, 1986). These measures were calculated using ArcGIS
9.3 (ESRI, 2009). Higher scores indicate longer distance to the closest favorable food store
or higher density of favorable food stores.

For survey-based measures, MESA and CS participants were asked to consider the area
approximately one-mile around their homes and respond to a three-question survey which
measured the perceived availability of healthy food in their neighborhoods. Participants
were asked to indicate the extent to which they agreed with the following statements: 1. a
large selection of fruits and vegetables is available; 2. the fresh fruits and vegetables in my
neighborhood are of high quality, and 3. a large selection of low-fat products is available.
Responses were aggregated using conditional empirical Bayes estimates for census tracts,
which were derived from three-level hierarchical linear models (i.e. scale items nested
within individuals nested within neighborhoods), conditioning on the respondents’ sex, age,
whether in MESA or CS sample, and study site (Mujahid et al., 2008). A higher value
indicated better availability of healthy food. The composite score of the neighborhood food
environment was created using exploratory principal components analysis and Cronbach’s
alpha statistics were used to validate this scale, which was also standardized across both
Exam 1 and 5. The composite score included G1S-assessed one-mile kernel density of
favorable food retailers and survey-based conditional empirical Bayes estimate scale about
the perceived availability of healthy food in participants’ neighborhoods. Participants who
did not have the perception-based measure at Exam 5 also did not have the composite
measure (n=157). Higher score indicated better food environment.

Dietary Outcome:

The Alternative Healthy Eating Index (AHEI) was used to measure the overall quality of the
participants’ diets. The AHEI is a summary measure of diet quality that has been associated
with lower risk of chronic disease (McCullough et al., 2002; McCullough and Willett,
2006; Nettleton et al., 2006; Sundstrom et al., 2006). This diet measure was computed

from responses to the 120-item food frequency questionnaire at Exam 1 (2000-2002) and
Exam 5 (2010-2012). The AHEI was derived from MESA dietary data based on previously
developed methods (L. V. Moore et al., 2008; Nettleton et al., 2006). A higher AHEI score
(range: 0-110) indicates higher intake of fruits and vegetables, nuts and soy protein, white
meat (vs. red meat), cereal fibers, and polyunsaturated fat, as well as moderate alcohol
consumption, multivitamin use, and lower intake of trans fat (L. V. Moore et al., 2008). We
modeled the AHEI score continuously and as changes in AHEI score between Exam 5 and
Exam 1.

For descriptive analyses, we also categorized the AHEI score into healthy and unhealthy
diet. A participant’s diet was classified as “healthy” if it was in the top quintile of the sample
distribution, based on prior work (McCullough et al., 2002; McCullough and Willett, 2006;
L. V. Moore et al., 2008). We also examined the fruit and vegetable-specific AHEI score,
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calculated from summing the AHEI vegetable component (1-10 points) and the AHEI whole
fruit component (1-10 points), in our sensitivity analyses, since fruit and vegetable intake
has been used as a proxy for healthy diet quality (Chor et al., 2016).

Participant-level covariates include baseline sex, race/ethnicity (non-Hispanic white, non-
Hispanic Black, Chinese American, and Hispanic), level of education, age (year), per capita
adjusted income per $10,000, as well as an indicator for residential relocation during the
entire follow-up period. At the census-tract level, we adjusted for neighborhood SES as a
confounder due to its relationship with both neighborhood environment features, including
healthier food availability, and diet. Using data from the 2000 U.S. Census, we calculated a
previously developed composite index such that higher scores indicate more socioeconomic
advantage (Diez-Roux et al., 2001).

Statistical Analyses:

We described the sample distribution, at Exam 1, overall and by healthy/unhealthy diet
quality and present the mean AHEI score by participants’ covariates, including age, sex,
race/ethnicity, education, individual-level income, neighborhood-level disadvantage, and
whether the participant has moved over the course of follow-up.

To examine the association between neighborhood food environment and AHEI scores

over the study follow-up, we first used three-level random effects models to estimate the
associations between average neighborhood food environment standardized scores at Exam
1 and at Exam 5 and average AHEI score at Exam 1 and at Exam 5, using random
intercepts to account for repeated measures at two time points and neighborhood clustering.
To control for residential self-selection into neighborhoods, we adjusted for an indicator

of whether the participant moved during follow-up. Time-varying covariates age, income,
and neighborhood disadvantage were included in models. Next, we used two-level random
effects models (i.e. random intercept to account for neighborhood clustering) to assess the
longitudinal association between changes in neighborhood environment (differences in food
environment between Exam 5 and Exam1) in relation to change in diet (difference in AHEI
between Exam 5 and Exam 1), adjusting for the same set of confounders. For both models,
we assessed effect measure modification by race/ethnicity by including a cross-product term
between exposure and race/ethnicity and performing race/ethnicity-stratified models. We
used a threshold of p value<0.05 to assess the significance of the interaction terms.

We performed four sets of sensitivity analyses. First, given recent efforts in evaluating
supermarket-related interventions as a strategy to improve healthier food environment and
diet, we assessed distance to and density of chain and non-chain supermarkets as the
exposure measures, in place of distance to and density of favorable food stores, to examine
if associations were robust across these objective GIS measures (Chrisinger, 2016; Dubowitz
et al., 2015; Elbel et al., 2015). Second, we tested for interaction by relocation during
follow-up to see if associations differed between those who moved and those who did not.
Third, we examined if the results differed using the fruit and vegetable specific AHEI score
as the outcome. Lastly, due to loss to follow up, 157 participants did not have a perception
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measure or composite measure of food environment at Exam 5. Thus, we also conducted
a sensitivity analysis by restricting analyses to all participants who had complete exposure
variables at both Exam 1 and Exam 5 to evaluate selection bias due to loss to follow-up
(n=3,477).

For all analyses, we report estimates and 95% confidence intervals. Analyses were
conducted in STATA (StataCorp., 2013).

The final analytic sample included 3,634 participants with a baseline mean age of 60.3
(SD=9.5) and 51.3% identified as female. The race/ethnic distribution was 44.2% non-
Hispanic white, 10.9% Chinese, 24.1% non-Hispanic Black, and 20.8% Hispanic. Table

1 shows mean AHEI score and healthy/unhealthy diet by study population characteristics

at Exam 1. The mean AHEI score was higher for those who are of older age, female
(compared to males), have a Bachelor’s education or above, and have higher income.
Chinese participants had the highest average AHEI scores, followed by white, Black, and
Hispanic participants, respectively. Similarly, those who had a healthy diet were more likely
to be female, between the age of 45-64, completed a Bachelor’s degree or graduate school,
and have higher individual income. There were also bivariate associations between our
neighborhood measures and diet measures. The mean AHEI score increased with decreases
in distance to the nearest favorable food stores, and with increases in neighborhood SES,
density of favorable food stores, perception of healthy food access, and the composite
measure of healthy food environment. In terms of absolute change over time for exposure
and outcomes, between Exam 1 and 5, the average change in distance to closest favorable
food store was 144 meters, the density of favorable food stores decreased by —0.19 stores on
average, and perception of the food environment and overall composite score increased by
0.27 and 0.56 on average, respectively (Supplemental Table 1). The mean change in AHEI
score from Exam 1 to 5 was 3.05.

Three-level random-effect hierarchical modeling results showed that average neighborhood
food environment standardized scores were associated with average AHEI scores over

time and between individuals in a given neighborhood (Table 2, Model 1; Figure 1). A
one-unit higher average composite standard score was significantly associated with 1.39-unit
higher average AHEI score at Exam 5 and Exam 1 (95% ClI: 1.05, 1.73), controlling

for confounders. In addition to the composite food environment results, Figure 1 further
displays the associations between distance to closest favorable food store, density of
favorable food stores, and survey-based healthy food environment scores in relation to
AHEI scores. Those in the medium and high tertiles of composite perceived and objective
availability of healthy food environment experienced 1.09 (95% ClI: 0.41, 1.76) and 3.21
(95% ClI: 2.42, 3.99) increase in average AHEI scores compared to the lowest tertile,
respectively (Figure 1). Across all four measures of food environment, there were graded
associations between categorical exposure variables and AHEI scores: those in the medium
tertile experienced a weaker association compared to the referent category than those in the
high tertile (Figure 1).
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Results from models examining changes in local food environment and change in AHEI
scores are displayed in Table 2 (Model 2) and Figure 2. Changes in composite food
environment score was not associated with change in AHEI score, but the directions of
associations were as expected and similar to those in Model 1.

Assessment of effect measure modification showed that race/ethnicity significantly modified
the association between neighborhood food environment (density of food stores (p-value
for interaction<0.01) and perception of food environment (p-value for interaction=0.03))
and average AHEI scores (Table 3). Race/ethnicity-stratified analyses showed that only
among Black participants, all four measures of local food environment were significantly
associated with AHEI scores, and the measures of association were larger in magnitude
for Black participants compared to their white counterparts. For example, one standard
score in composite healthy food environment was associated with 0.85-unit higher average
AHEI score among white participants (95% CI: 0.34, 1.37) but 1.73-unit higher average
AHEI score among Black participants (95% CI: 1.11, 2.35). On the other hand, only

the survey measure and composite measure of the food environment were statistically
significantly associated with average AHEI score in Hispanic and Chinese groups. These
associations were also more pronounced in Chinese and Hispanic groups compared to
their white counterparts. Race/ethnicity did not modify the association between changes in
neighborhood food environment and change in AHEI scores.

In sensitivity analyses, we found that a one-unit increase in the standardized distance to the
closest supermarket was associated with —0.39 unit change in AHEI score (95% CI: —0.76,
-0.02) in Model 2. We did not find significant interaction by relocation status during follow-
up. Both GIS measures were associated with the fruit and vegetable-specific AHEI score
(Distance: continuous: —0.12, 95% Cl: —0.22, —0.01; categorical 2" vs. 15t tertile: —0.30,
95% ClI: -0.59, —0.02; categorical 3" vs. 15t tertile: —0.50, 95% ClI: —0.81, —0.20) (Density:
categorical 3" vs. 15t tertile: 0.44, 95% CI: 0.13, 0.75). There was also an association

with the survey-based standardized score (continuous: 0.16, 95% CI: 0.09, 0.23; categorical
3rd s, 15t tertile: 0.46, 95% Cl: 0.29, 0.63), as well as the summary composite score
(continuous: 0.15, 95% CI: 0.08-0.22; categorical 3" vs. 1t tertile: 0.51, 95% Cl: 0.34,
0.68). Changes in local food environment were not associated with change in AHEI score
of fruits and vegetables. Lastly, restricting analysis to those who had complete exposure
information across all four measures at both Exams, by excluding the 157 participants who
had objective measures but not perception-based measures at Exam 5, did not change the
results.

Discussion:

Using data from a sample of racially and ethnically diverse group of older adults in the
United States, we found that residents who lived in a better food environment—in terms

of proximity to and density of favorable food stores, as well as perception of a healthier

food environment—nhad higher diet quality over a 10-year period and associations were more
pronounced for minoritized racial/ethnic groups. Changes in local food environment in terms
of favorable food stores and availability of healthy food over the 10-year follow-up were not
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associated with change in overall dietary quality. Our study contributes to existing evidence
on the impact of the local food environment on diet in middle-aged and older adults.

While numerous cross-sectional studies have documented the influence of healthier food
environment on diet, our study further leveraged longitudinal data to strengthen evidence of
this relationship and added to the mixed findings from existing longitudinal studies (Franco
et al., 2009; Laraia et al., 2004; Morland et al., 2002). For example, Boone-Heinonen

et al. used fifteen years of data from the Coronary Artery Risk Development Study to
document that supermarket availability (within 1-2.9 km of the home) was associated with
greater adherence to fruit and vegetable recommendations but not overall dietary quality in
men. There were no associations between supermarket availability and dietary outcomes in
women (Boone-Heinonen et al., 2011). Another longitudinal analysis of the RESIDential
Evironments Study in Perth, Australia, found that moving to a neighborhood with a greater
percentage of healthy food outlets (i.e. supermarkets and greengrocers) around the home
was associated with an increase in healthy food and fruit/vegetable intake. However, this
study did not assess a measure of overall dietary quality (Bivoltsis et al., 2020). We found
that the local food environment, measured using both survey-based and GIS measures,

was associated with better average dietary quality, and to a similar extend, with fruit and
vegetable consumption. over a ten-year period, providing a missing link in the existing
literature.

This study also examined how changes in neighborhood food environment relates to changes
in dietary quality. The fact that we did not find associations between changes may be
because changes in neighborhood environment over the 10-year period were relatively small.
More longitudinal studies that capture larger changes in food environment and dietary
quality over a longer follow-up period may be beneficial. In sensitivity analyses, we found
that change in distance to the closest supermarket was negatively associated with change in
AHEI scores such that increasing distance between Exam 1 and 5 is associated with worse
diet. This suggests that more studies evaluating supermarkets as a diet-improving feature

of the neighborhood may be needed, given current initiatives to subsidize supermarket

and other food store development in neighborhoods lacking healthier food retailers to
promote healthy diet. Studies evaluating whether improvements in the healthy food retail
environment positively influence diet have yielded mixed results. For example, studies

have leveraged natural experiment design to assess diet outcomes after the opening of a
supermarket and did not find significant change (Cummins, 2005; Cummins et al., 2014;
Elbel et al., 2015). However, one quasi-experimental longitudinal design in Pittsburgh found
improvement in some outcomes such as overall diet quality and perceived access to healthy
food, but not in other health outcomes such as fruit and vegetable intake and body mass
index (Dubowitz et al., 2015). The largely null findings in existing quasi-experimental
studies may suggest that more investigation is needed to identify other effective strategies to
modify the food environment. Longitudinal study design can examine a variety of changes
in food environment, include both low- and well-resourced neighborhoods over larger
geographic regions, and recruit diverse study populations. These features would enable
identification of changes needed to improve population health and address racial/ethnic
disparities in dietary quality.
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Another significant contribution of our study was the use of both GIS and survey measures
in analytic models. In existing literature, GIS-derived objective measures have been more
frequently used to characterize the food environment than perceptive measures (Caspi et
al., 2012b; Rahmanian et al., 2014). However, the GIS-characterized food environment

has produced more mixed associations with diet quality, whereas the perception-based
measures have been more consistently related to diet (Charreire et al., 2010). Despite the
increasing popularity of GIS measures due to improvements in technology and availability
of spatial data, there are some conceptual and methodological challenges in using them to
characterize the local food environment. For example, access to healthy food also involves
material and social dimensions that are not captured by density and proximity of retailers
such as cultural norms and affordability. Furthermore, the definition of a “neighborhood”
varies widely between GIS-derived measurements of local food environment (Caspi et

al., 2012b; Charreire et al., 2010; Matthews et al., 2009). In this study, we found that
shorter distance to favorable food stores and higher one-mile kernel density of favorable
food stores were significantly associated with average AHEI scores, lending support that
GIS-measures can capture the influence of food environment on diet quality. Similarly,

we found that the survey-based measure yielded the same findings as the GIS-derived
measures, The composite measure, which included both the participants’ perception and the
density of healthy food retailers, was associated with slightly larger increase in diet quality
compared to the survey-only measure or GIS-only measures, suggesting that comprehensive
characterization of the local food environment may need both types of measures to capture
the influence on dietary quality. On the other hand, we only found change in distance to
supermarkets to be associated with change in AHEI score. This may have been due to a
larger change in distance to supermarkets over time but much smaller changes in our other
measures, including distance to and density of favorable food stores. A re-examination of
these associations with an additional follow-up may improve our ability to capture changes
in food environment.

The overall quality of the diet of racially/ethnically minoritized populations may be more
strongly associated with the influence of the food environment. We found support for

this for two of our four measures such that associations were most pronounced among

Black participants (density of favorable food stores) and Hispanic participants (perception
measure) (p<0.05). Associations among Chinese participants were also stronger than among
their white counterparts for the perception and composite measures. These findings suggest
that while better local food environment may promote healthier diets for all, a healthier food
environment can influence diet among minoritized racial/ethnic groups more prominently.
Hispanic and Chinese groups may have different culturally diet-related practices compared
to Black and white participants, which can explain why the perception of a healthy food
environment matters more than the presence of favorable food stores around the homes
(Pérez-Escamilla, 2009; Zenk et al., 2009). Studies have documented how ethnic markets

in low-income, immigrant neighborhoods may also promote healthier diet (Joassart-Marcelli
etal., 2017; Khojasteh and Raja, 2017). At the same time, lack of favorable food stores,
including supermarkets, can be indicative of structural disinvestment, since these retailers
are less likely to be located in Black and low-income neighborhoods potentially due to
structural racism and residential segregation, driving the associations between GIS measures
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and AHEI scores among Black participants that are absent in other minoritized groups
(Bower et al., 2014; Boyd et al., 2020; Kurtz, 2013). Thus, given the stronger association
between local food environment and diet among racially/ethnically minoritized participants,
addressing structural factors that shape the food environment may be necessary to address
racial/ethnic disparities in diet.

Several limitations warrant comment. First, we defined a neighborhood as the area within
one mile of the residents” homes, which may not accurately capture the area where people
primarily access food and other boundaries have also been assessed (Charreire et al., 2010;
Morland et al., 2002). Second, we only evaluated the areas surrounding the participants’
homes, but other contexts, such as the food environment around workplaces or in schools,
may also matter. Additional studies can further evaluate other aspects that influence people’s
interactions with their food environment, such as mode of transportation, prices and quality
of food items, and community norms around diet. Third, our GIS-derived measures only
included supermarkets and fruit and vegetable markets, but our perception-based measures
broadly assessed the food environment which may have included other type of retailers such
as ethnic markets, smaller grocery stores, seasonal farmers’ markets, etc., a discrepancy

that may have accounted for the different magnitude of associations between these two
measures. Outcome assessment, which were based on AHEI score, could be another source
of limitation. AHEI may not fully characterize ethnic diets, which can result in bias due to
misclassification of diet outcomes among racially/ethnically minoritized study participants
in our sample. Furthermore, the AHEI score largely characterized a healthy diet, and the
food environment may also influence unhealthy dietary patterns, which was not extensively
examined in this study. We also had loss-to-follow-up with regards to outcome, which may
create bias since participants with lower SES were more likely to be lost to follow-up. There
could be confounding by poorly measured individual-level variables or common factors
that influenced both the food environment and diet that we did not adjust for. However,

we were able to control for neighborhood SES, individual income and education, which
allowed us to examine associations between food environment and diet quality independent
of SES. While adjusting for relocation status may have helped to address self-selection

into neighborhoods, future studies should investigate more rigorous approaches for dealing
with neighborhood self-selection (i.e. longitudinal structural equation models with control
groups, marginal structural modeling) (Cao et al., 2009; Lei et al., 2019). Social conditions,
including SES and structural racism, have been cited as fundamental causes of disease; local
food environment may be one “intervening mechanism” through which fundamental causes
operate to influence health disparities (Link and Phelan, 1995; Phelan and Link, 2015).
Fundamental causes shape neighborhood social and material conditions, as well as people’s
differential access to resources that determines their selection into neighborhoods. Future
studies should examine fundamental causes that shape neighborhood food environment.

In conclusion, average proximity to and density of favorable food stores, as well as
perception of the local food environment, were significantly associated with average

diet quality at Exam 1 and Exam 5 over the 10-year follow up. Another important

finding was that the influence of the food environment was more pronounced among
minoritized racial/ethnic groups. Our study provides additional evidence that the local food
environment matters for diet quality, highlighting the importance of incorporating both
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GIS- and perception-based measures as well as selecting appropriate dietary outcomes.
Furthermore, our findings suggest that interventions that improve the food environment
may benefit minoritized racial/ethnic groups due to the stronger influence on diet. These
findings can inform local, state, and national policies on community development and
promotion of access to healthy food. By including longitudinal follow-up data, assessing
multiple exposure measures of the food environment, and controlling for neighborhood-
level socioeconomic status, this study offered evidence that the local food environment
significantly impacts diet quality.
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Refer to Web version on PubMed Central for supplementary material.
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B-Coefficient (95% Confidence Intervals)

Associations between average local food environment measures and average Alternative
Healthy Eating Index (AHEI) scores at Exam 1 and 5, Multi-Ethnic Study of
Atherosclerosis, 2000-2012.
1. All neighborhood measures were standardized into z-scores

2. For categorical exposure measures, the reference group is the lowest tertile

3. N=3634 for all models using distance and kernel density G1S-based measures; N=3477
for healthy food environment survey measure and composite measure

4. All models adjust for age, sex, education, moving status, per capita adjusted income,

neighborhood SES
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Associations between change in neighborhood environment measures and change in
Alternative Healthy Eating Index (AHEI) scores, Multi-Ethnic Study of Atherosclerosis,

2000-2012.

1. Change in neighborhood environment was measured by difference in neighborhood
standard scores at Exam 1 and Exam 5
2. Change in diet quality was measured by difference in AHEI scores at Exam 1 and Exam 5

T
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3. All models adjust for age, sex, education, moving status, per capita adjusted income,

neighborhood SES
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Baseline Participant Characteristics and Exposure Categories by Alternative Healthy Eating Index (AHEI)
Score, Multi-Ethnic Study of Atherosclerosis, 2000-2002.

Alternative Healthy Eating I ndex

N(%)  Mean AHEl Unhealthy Diet (%)" Healthy diet (%)"
(n=3634) (n =2915) (n=719)

Sex

Female 1866 (51.3)  53.8+12.1 1270 (48.8) 423 (65.4)

Male 1768 (48.7)  49.9+11.2 1334 (51.2) 224 (34.6)
Age (mean=60.3, SD=9.5)

45 -54 1220 (33.6)  49.9+12.0 1030 (35.3) 190 (26.4)

55 — 64 1122 (30.9)  52.0+117 895 (30.7) 227 (31.6)

65— 74 990 (27.2)  53.6+115 754 (25.9) 236 (32.8)

75-84 302(8.3) 545+111 236 (8.1) 66 (9.2)
Race/Ethnicity

Non-Hispanic White 1607 (442)  52.6+12.2 1244 (42.7) 363 (50.5)

Non-Hispanic Black 875 (24.1) 50.3+12.1 732 (25.1) 143 (19.9)

Hispanic 756 (20.8) 49.9+10.8 656 (22.5) 100 (13.9)

Chinese American 396 (10.9) 56.3+10.1 283 (9.7) 113 (15.7)
Education

Less than High School 458 (12.6) 50.3+10.6 402 (13.8) 56 (7.8)

High school 614 (16.9)  49.4+117 528 (18.1) 86 (12.0)

Technical school or associate 1038 (28.6) 50.7£12.0 850 (29.2) 188 (26.1)

Bachelor’s or Graduate Degree 1524 (41.9) 542+ 117 1135 (38.9) 389 (54.1)
Moved during follow up

Yes 1080 (29.7)  52.2+118 857 (29.4) 223 (31.0)

No 2554 (70.3) 51.8+11.8 2058 (70.6) 496 (69.0)
Per capita Adjusted income per $10,000

<1.25 826 (22.7)  50.9+10.9 701 (24.0) 125 (17.4)

1.25-2.25 805(22.2) 50.0+115 682 (23.4) 123 (17.1)

2.25-3.75 930 (25.6) 52.1+12.2 745 (25.6) 185 (25.7)

>=3.75 1073 (29.5)  54.1+12.0 787 (27.0) 286 (39.8)
Neighborhood SES

Low 1196 (32.9)  50.4+11.3 1025 (35.2) 171 (23.8)

Medium 1176 (32.4)  50.7+115 978 (33.6) 198 (27.5)

High 1262 (347)  545+122 912 (31.3) 350 (48.7)
Distance to favorable food stores (meter)®

Tertile 1 1164 (32.0) 52.8+119 914 (31.4) 250 (34.8)

Tertile 2 1281 (35.3) 52.0+116 1022 (35.1) 259 (36.0)

Tertile 3 1174 (32.3)  51.0+119 979 (33.6) 210 (29.2)
Density of favorable food stores (1 mile)?

Tertile 1 1224 (33.7)  50.9+12.0 1005 (34.5) 219 (30.5)
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Alternative Healthy Eating I ndex
N (%) Mean AHEI  Unhealthy Diet (%)"  Healthy diet (%)
(n=3634) (n = 2915) (n=719)
Tertile 2 1236 (34.0) 51.7+114 1016 (34.9) 220 (30.6)
Tertile 3 1262 (34.7)  53.3+12.0 894 (30.7) 280 (38.9)
Healthy Food Environment (Survey)3
Tertile 1 1619 (446)  50.2+11.8 1358 (46.6) 261 (36.3)
Tertile 2 1208 (33.2)  51.9+112 989 (33.9) 219 (30.5)
Tertile 3 807 (22.2) 555+11.9 568 (19.5) 239 (33.2)
Healthy Food Environment (Survey + GIS)*
Tertile 1 1592 (43.8)  50.2+11.8 1333 (45.7) 259 (36.0)
Tertile 2 1042 (28.7)  52.7+11.1 830 (28.5) 212 (29.5)
Tertile 3 1000 (27.5)  53.8+12.2 752 (25.8) 248 (34.5)

*
We categorized those whose AHEI scores were in the top-fifth of percentiles as having a healthy diet

Tertile categories represent tertiles of continuous standardized score for each neighborhood environment measures
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