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The retail food environment is a potential population-level determinant of diet and nutrition-related chronic
diseases, yet little is known about its composition and association with diabetes in low- and middle-income
countries. Our objectives were: (1) to describe changes in the composition of the retail food environment in
Mexican neighborhoods from 2010 to 2016 and (2) to examine the association between these changes and
diabetes cases diagnosed over the same period. Individual level data came from the 2016 Mexican Health and
Nutrition Survey (N = 2808 adults). Neighborhood level retail food environment data for 2010 and 2016 came
from the National Directory of Economic Units of Mexico. Multilevel logistic regression was used to examine the
adjusted association between changes in the neighborhood density per km? of fruit and vegetable stores, chain
convenience stores and supermarkets with diabetes. Small store formats still predominate in Mexico’s food
environment, however there is evidence of fast increase in chain convenience stores and supermarkets. Adults
living in neighborhoods that saw a decline in fruit and vegetable store density and a simultaneous increase in
chain convenience store density experienced higher odds of diabetes, compared to adults who lived in neigh-
borhoods where fruit and vegetable and convenience stores did not change (OR 3.90, 95% CI 1.61, 9.48).
Considering the complex interplay between store types, understanding the mechanisms and confirming the
causal implications of these findings could inform policies that improve the quality of food environments in
cities.

consumed. For example, a higher availability of fruit and vegetable
stores has been associated with higher consumption of fruits and vege-
tables which in turn could be preventive of diabetes (Duran et al., 2016;

1. Introduction

The burden of diabetes type 2 in the Latin American region is high

and increasing (Rojas-Martinez et al., 2018; World Health Organization,
2011). Specifically, the prevalence of diabetes in Mexico in 2016 was
13.7% (Basto-Abreu et al., 2020). This burden is linked to rising obesity
prevalence and changes in diet such as higher consumption of refined
carbohydrates, added sweeteners and edible oils (Imamura et al., 2015;
Popkin, 2015). The retail food environment, i.e. where people shop for
their food, is a potential population-level determinant of an individual’s
diet and diet-related chronic diseases. The mix of food outlets in a local
area determines the type of foods available to be purchased and
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Qian et al., 2019). On the other hand, a higher availability of stores
which sell mainly ultra-processed foods and beverages may increase the
risk of diabetes through higher consumption of ultra-processed foods
(Imamura et al., 2015). The food environment may also be linked to
diabetes indirectly through the effect of these dietary behaviors on body
mass index (Imamura et al., 2015; Schwingshackl et al., 2017) (Sup-
plementary Fig. 1). Therefore, the retail food environment is a potential
modifiable factor that may help in reducing diabetes burden (Glanz
et al., 2005).
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The food environment in Latin American cities is characterized by
the predominance of small retailers over large chains. Small retailers
include fruit and vegetable stores and other specialized stores which sell
almost exclusively fresh produce and do not sell ultra-processed foods.
However, the food environment in this region is experiencing significant
changes concurrent with the increase in obesity and diabetes preva-
lence. In Mexico, for example, the grocery and convenience store mar-
kets are growing approximately 10 percent per year, with smaller
supermarkets and chain convenience stores being the fastest growing
sectors in retail (Deloitte Planet Retail, 2017; USDA Foreign Agricultural
Service, 2016). In the convenience store sector, this growth has been
fueled mostly by outlets of the chain OXXO (over 11,000 outlets or
nearly 80% of the market (Mexico News Daily, 2014),) and 7-eleven
(over 1800 outlets) (7-Eleven Corporate, 2016). Chain convenience
stores sell mostly ultra-processed foods and beverages. It is not clear to
what extent supermarkets and chain convenience stores are displacing
smaller stores selling healthy food. In Spain, areas with increasing
growth of supermarkets have seen a decrease in food and vegetable
stores and other food stores that do not sell ultra-processed foods (Bilal
et al., 2018b).

The association between the food environment and obesity and
diabetes has been studied repeatedly in high-income countries (Bilal
et al., 2018a; Cobb et al., 2015). In a systematic review of the literature,
there was weak to null evidence on the association between grocery
stores or supermarkets and lower diabetes risk (Bilal et al., 2018a).
However, diabetes incidence and prevalence was found to be higher in
people who live in, or move to areas with a higher density of conve-
nience stores and fast-food outlets (Christine et al., 2015; Gebreab et al.,
2017; Mezuk et al., 2016). Little work has been done to assess the
contribution of the retail food environment to obesity and diabetes in
Latin America (Perez-Ferrer et al., 2019). Research in this context is
necessary because of the unique characteristics of the food environment
(i.e. high density of fresh produce stores) which may be protective
against nutrition related chronic diseases, but also because of the fast
changes in the environment which may be having a negative effect on
health. Understanding the health effect of growth in convenience stores
and supermarkets against potentially decreasing numbers of fresh pro-
duce stores is crucial for planning place based interventions.

Another aspect to consider when studying the food environment and
its effect on health is that it may not affect all individuals equally. More
socially advantaged groups may be in a position to travel further dis-
tances to buy their choice of food. Further, education is associated with
dietary choices (Hinnig et al., 2018) so individuals exposed to the same
retail food environment could chose different types of food depending
on their education level. Education level may therefore act as a buffer to
unhealthy food environments. There is evidence that education is
inversely associated with obesity and diabetes especially among women
in low and middle income countries (Hinnig et al., 2018; Pérez-Ferrer
et al., 2018; Rojas-Martinez et al., 2018). To our knowledge, no study in
Latin America has assessed the association of the retail food environ-
ment with diabetes, the role of changes in the food environment in
nutrition-related diseases, the role of education as a potential effect
modifier of this association, or has looked at more than one city or a few
neighborhoods (Duran et al., 2016; Jaime et al., 2011; Mendes et al.,
2013; Molina et al., 2017; Pessoa et al., 2015).

Therefore, in this study our objectives were: (1) to describe the
changes in the composition of the retail food environment in Mexican
cities from 2010 to 2016, using an economic census of Mexico (Instituto
Nacional de Geografia y Estadistica, 2018); and (2) to examine the as-
sociation between changes in the composition of the retail food envi-
ronment, specifically fruit and vegetable stores, chain convenience
stores and supermarkets, from 2010 to 2016 and diabetes cases diag-
nosed over the same period. We further explored the potential effect
modification role of individual level education and simultaneous
changes in the density of fruit and vegetable stores, chain convenience
stores and supermarkets.
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2. Methods
2.1. Setting

This study was conducted as part of the SALURBAL (SALud URBana
en América Latina) Study (Diez Roux et al., 2019; Quistberg et al., 2018)
that has compiled data on cities (defined as agglomerations of admin-
istrative units that share a common urban built-up extent) with a pop-
ulation of 100,000 or more in Latin America. We restricted our analysis
to the 53 cities of Mexico with person-level data on diagnosed diabetes.
This included 149 neighborhoods defined as Areas Geoestadisticas
Basicas (AGEB, the equivalent of a US census tract). An urban AGEB is
made up by a group of blocks (1-50) and delimited by streets or avenues
(Instituto Nacional de Geografia y Estadistica, 2010b).

2.2. Person-level data

Person-level data were obtained from the National Health and
Nutrition Survey of 2016 (ENSANUT) which is a cross-sectional popu-
lation-based household survey carried out to collect information on
nutrition, health and health related services and interventions. The
design of the sample included stratification and multistage sampling to
ensure representativeness at the national, regional and urban/rural
levels (Romero-Martinez et al., 2017). We used data from 8824 adults
aged >20 years that completed the survey’s health, socioeconomic and
demographic modules. We then selected adults living in urban areas,
defined here as cities with >100,000 inhabitants (n = 3333). Rural areas
were excluded because commercial food establishments are not
well-represented in the database (rural food environments have much
higher density of food cultivation and informal food establishments).
Observations with incomplete information on the variables of interest
(n =306, 9%), and gestational diabetes cases (n = 6) were excluded (see
appendix Table S1 for basic characteristics of complete and incomplete
observations). Subsequently, we excluded individuals diagnosed with
diabetes before 2010 (n=213) because the exposure variable is a
measure of change in the food environment from 2010 to 2016 as
described below. The final sample consisted of 2808 men and women
aged 20 years-old and older living in 149 neighbourhoods of 53 cities in
Mexico. See appendix Fig. 2 for detailed sample flowchart. Survey par-
ticipants were geolocated to the AGEB level.

2.3. Retadil food environment data

Retail food environment data were obtained from the National Sta-
tistic Directory of Economic Units of 2010and 2016 (acronym in Spanish
DENUE) which is an inventory of five million non-itinerant economic
units related to manufacturing, commerce and services, their main
economic activity and location (Instituto Nacional de Geografia y
Estadistica, 2018). The information for this directory is based on the
National Economic Censuses which occur every five years (2009, 2014,
2019 being the latest), and updated on a yearly basis using economic
surveys and field work coordinated by the National Institute of Geog-
raphy and Statistics (United Nations Economic Commission for Europe,
2011).

We classified food stores as follows: fruit and vegetable stores, su-
permarkets, chain convenience stores, small food retail and fresh food
retail (see appendix Table S2 for details). The North American Industrial
Classification (NAICS) (United States Census Bureau, 2017) was used to
identify fruit and vegetable stores, supermarkets, small food stores and
fresh food stores. The NAICS was developed jointly by the US, Canada
and Mexico economic and statistics offices to allow comparability in
business statistics (United States Census Bureau, 2017). Chain conve-
nience stores were searched by name since NAICS codes do not distin-
guish this type of store format. Chain convenience stores typically are
less than 500 m? in size, open >18h a day for 365 days a year and sell
mainly processed and ultra-processed food products and beverages. Six



C. Pérez-Ferrer et al.

companies control 90% of the market and were included in the chain
convenience store classification: OXXO, 7-Eleven, Extra, Circle K,
Bodega Aurrera Express and Chedraui Supercito (America Retail, 2018).

We calculated the density of food stores within each neighborhood
by dividing the number of establishments by the area in km?. We then
calculated the change in the density of each store type from 2010 to
2016 and created a categorical variable for change (no change, decrease
in density, increase in density). Person-level data were linked to
neighborhood level data using a unique AGEB identifier. Only neigh-
borhoods with person-level data were kept for analyses, therefore
neighborhoods included are a sample of the total number of AGEBs in
cities.

2.4. Outcome variable

The main outcome of this study was diabetes cases diagnosed on or
after 2010 (yes/no), with cases defined as individuals that responded
having been diagnosed with diabetes or "high blood sugar’ by a doctor
from 2010 to 2016. The year of diagnosis was self-reported by the study
participant. Gestational diabetes cases were excluded from the analyses
since gestational diabetes is a temporary condition which usually re-
solves after birth.

2.5. Person-level covariates

We used data on sex (male or female), age (in years, continuous),
educational attainment (incomplete high school, completed high school
or above) and a household wealth index (in tertiles) (Howe et al., 2008).
The wealth index was constructed using principal components analysis
from household assets and characteristics —ownership of refrigerator,
vehicle, computer, pay TV, internet connection and washing machine,
household floor material, number of rooms, number of lightbulbs and
water source. Household wealth indexes are commonly used in low- and
middle-income countries as a proxy for consumption expenditure (Howe
et al., 2012). Asset ownership and household quality characteristics are
likely based at least partially on economic wealth and unlikely to change
in response to short-term economic shocks. A detailed description of the
methodology used to construct the index can be found elsewhere
(Pérez-Ferrer et al., 2018).

2.6. Area-level covariates

We selected a number of neighborhood-level covariates that may be
related to both changes in density of fruit and vegetable stores, chain
convenience stores and supermarkets and diagnosed diabetes. These
included: change in density of all small food retail, change in density of
fresh food retail (calculated as described above for fruits and vegeta-
bles), density of sports and recreational facilities (DENUE 2016),
marginalization index, proportion of the population without health in-
surance whether public or private and population density (population/
km?). The last two variables were derived from the 2010 census and the
State and Municipal Data Base System (Instituto Nacional de Geografiay
Estadistica, 2010a, c). The marginalization index is an area-level
deprivation measure calculated by the National Population Council
based on the 2010 census that incorporates 10 indicators from four di-
mensions: education, health, housing and assets (Consejo Nacional de
Poblacion, 2010). We chose these covariates because we hypothesize
they have an impact on diabetes, and will be correlated with our main
exposure (changes in the food environment).

2.7. Statistical analyses

The overarching goals of this analysis were to explore the changes in
the composition of the retail food environment in Mexico and to study
the association between these changes and diabetes cases diagnosed
from 2010 to 2016. First, we described the neighborhood food
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environment for the period 2010-2016. We present the absolute number
of each store type by year and its percent change. Second, we studied the
association between the change in neighborhood food environment and
person-level diagnosed diabetes. We used two-level logistic regression
with random intercepts for neighborhood to account for correlations in
diabetes response among persons living within the same neighborhood.

The outcome variable was recently (2010-2016) diagnosed diabetes
and the exposure variables were change in fruit and vegetable store
density, change in supermarket density, and change in chain conve-
nience store density at neighborhood level. The focus was on these three
store formats as exposures because 1. Fruit and vegetable stores unam-
biguously sell ‘healthy food’, as opposed to other small stores which sell
both healthy and unhealthy foods and 2. We were interested in inves-
tigating the effect of the recent changes in the food environment which
have been driven by the growth of chain convenience stores and su-
permarkets. Exposure variables were entered together into the model.
The model was adjusted progressively to first understand how much of
the variability in diabetes was accounted for by person characteristics
and then by area-level factors (Yamada et al., 2020). Next we explored
whether the association between the change in food store density and
diabetes was modified by person-level educational attainment. We also
explored whether change in convenience store and supermarket density
modified the association between change in fruit and vegetable stores
and diabetes. Interaction terms were added to separate (one for each
interaction) fully adjusted models.

We performed three sensitivity analyses. First, we adjusted the model
for the baseline (2010) density of each store type to account for the
absolute number of stores at the beginning of the study period and
isolate the effect of change over time. Second, we constructed the food
store change variables in a different way; change from 2010 to 2016 for
each type of store was centered and standardized by subtracting the
mean for each observation and dividing by the standard deviation (SD).
For fruit and vegetable stores, we further categorized the standardized
variable into seven categories: 1. Decline in density of more than two SD;
2. Decline in density of between one and two SD; 3. decline of between
zero and one SD; 4. no change in density, 5. increase of between zero and
one SD; 6. Increase of between one and two SD; 7. Increase of more than
two SD. There was not enough variation in the change in convenience
store and supermarket density to create a similar variable. We ran the
models again with these new variables. In the third and final sensitivity
analysis we introduced a lag between exposure and outcome to explore
if the estimated associations could reflect some underlying causal
mechanism. We constructed variables for change in the food environ-
ment (as described for the main analyses) from 2010 to 2014 and kept
only cases of diabetes diagnosed on or after 2015 (N =74). Then we
used two-level logistic regression with random intercepts for neighbor-
hood to investigate the association between them in fully adjusted
models.

All analyses were conducted in STATA 14 (StataCorp, College Sta-
tion, TX). We present results from analyses that do not use survey
weights due to evidence indicating the complexity of using them when
fitting multilevel models and minimal differences from scaled weighted
and unweighted estimates (Yamada et al., 2020).

3. Results

Table 1 shows the characteristics of the sample in 2016. The mean
age was 45.4 years old, 73.8% had less than complete high school ed-
ucation. One hundred and eighty-five individuals or 6.6% of the sample
were diagnosed with diabetes between 2010 and 2016.

The first three columns of Table 2 describe the total number of food
stores by type for all 149 neighborhoods included in this study in 2010
and 2016. Overall, there was a small increase (3%) in the total number
of food stores over time. While small food retail stores were far more
numerous than chain convenience stores and supermarkets, their num-
ber declined slightly over time (1% decline from 2010 to 2016). We
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Table 1
Descriptive characteristics of adults (ENSANUT, 2016) and neighborhoods
(N =149) in the analytic sample.

Variables N (%) Mean (SD)
Individual level N = 2808

Sex, %

Male 909 (32.4)

Female 1899 (67.6)

Age 45.4 (16.6)
Education, %

Incomplete high school or less 2071 (73.8)

Complete high school or more 737 (26.3)

Wealth, %

Tertile 1 (poorest) 512 (18.2)

Tertile 2 841 (30.0)

Tertile 3 (richest) 1455 (51.8)

Diabetes (new cases 2010-2016), % 185 (6.6)

Neighborhood level N =149

Proportion without health insurance (2010) 34.3 (11.5)
Availability of sports and recreational facilities (2016), % (SD)  49.0 (50.2)
Marginalization index (2010) —0.2 (0.7)

Population density per km2 (2010) 11543.2 (8081.7)

found 496 and 516 fruit and vegetable stores in 2010 and 2016,
respectively, representing a 4% increase over time. In comparison, we
found 40 and 71 chain convenience stores and 5 and 9 supermarkets in
2010 and 2016, respectively, representing a 77.5% and 80% increase
over time. In summary, we found that the share of convenience stores
and supermarkets, relative to fruit and vegetable stores, increased over
time: in 2010, there were 12 and 99 fruit and vegetable stores per
convenience store and supermarket, respectively, but these numbers
declined by around 40% to 7 and 57 fruit and vegetable stores to con-
venience stores and supermarkets, respectively.

All neighborhoods included in the sample (149) had at least one
small food retail store in 2010 and 2016 (Table 2, last three columns).
Sixty-eight percent had at least one fruit and vegetable store in 2010
increasing to 78.5% in 2016. Chain convenience stores were present in
31 out of 149 neighborhoods (20.8%) in 2010 increasing to 51 of 149
(34.2%) in 2016, while the number of neighborhoods with a super-
market in this sample doubled from 4 to 8. Fig. 1 shows that at the
neighborhood level, the density of chain convenience stores and su-
permarkets did not change in 77.9% and 94.6% of AGEBs respectively.
Chain convenience stores and supermarkets increased in 19.5% and
4.0% of AGEBs. There was more change in the density of fruit and
vegetable stores at neighborhood level over the period 2010-2016. In
25.5% of AGEBs, the density of fruit and vegetable store declined while
in 35.6% the number of these types of stores did not change, and in
38.9% the density increased.

Table 3 shows the association between the change in the neighbor-
hood density of fruit and vegetable stores, chain convenience stores and
large supermarkets and recently (2010-2016) diagnosed diabetes. The
adjusted models suggest that adults living in neighborhoods that saw a
decline in fruit and vegetable store density experienced higher odds of

Table 2
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diabetes compared to adults who lived in neighborhoods where fruit and
vegetable store density remained stable (OR 1.64 95%CI 1.06, 2.53).
The association was robust to adjustments for confounders at the indi-
vidual and neighborhood levels. Changes in the density of convenience
stores and supermarkets were not associated with diabetes.

Fig. 4a shows that the association between changes in fruit and
vegetable store density and recently diagnosed diabetes was similar for
those with higher and lower education (p for interaction = 0.27). Fig. 4b
shows that the association between a decline in fruit and vegetable store
density and recently diagnosed diabetes was only significant among
individuals who were living in areas where there was a simultaneous
increase in convenience stores (OR 3.90 95% CI 1.61,9.48) and not in
areas with no change in convenience stores (OR 1.25 95%CI 0.76, 2.06;
interaction p =0.025). The association between fruit and vegetable
store change and diabetes was not modified by change in supermarket
density (Supplementary Fig. S5).

3.1. Sensitivity analyses

Supplementary table S3 shows that adjusting for baseline density of
all store types did not change the results. Supplementary Table S4 shows
the results of the sensitivity analysis where standardized change vari-
ables were used as the exposure. Results were analogous to the main
findings, with declines of up to 1 standard deviations in fruit and
vegetable stores associated with increased odds of diabetes (OR 1.80
95% CI 1.15, 2.81). Larger reductions in fruit and vegetable store den-
sity were not associated with diabetes, but we had very few neighbor-
hoods and individuals in these categories. Consistent with the main
findings, an increase of 1 standard deviation in chain convenience stores
and supermarkets was not associated with the prevalence of diabetes.

Table S5 shows the association between change in the food envi-
ronment from 2010 to 2014 and diabetes cases diagnosed on or after
2015. The results support the main findings; a decline in the density of
fruit and vegetable stores was associated with increased odds of diabetes
(OR 2.03 95%CI 1.14, 3.63) and there was no association between
changes in convenience stores/supermarkets and diabetes.

4. Discussion

There are two key findings in this study of retail food environments
and diabetes in Mexican urban areas: (1) small store formats still pre-
dominate in the food environment of Mexico, however there is evidence
of a fast increase in chain convenience stores and supermarkets; (2)
people living in neighborhoods with a decline in the density of fruit and
vegetable stores and a simultaneous increase in chain convenience
stores had higher odds of diabetes.

Previous studies have documented the growth in supermarkets and
chain convenience stores in Mexico associated with the North American
Free Trade Agreement (NAFTA) signed in the 1990s (Hawkes, 2006).
The number of chain supermarkets and convenience stores increased
from less than 700 in 1997 to 5729 in 2004, i.e. over 100% increase per

Total number of food stores in 149 neighborhoods included in the sample, and proportion of neighborhoods with one store or more in 2010 and 2016.

Total number of stores (%)

N (%) AGEBs with >1 store

2010 2016 Change 2010 2016 Change
Total stores selling food 5304 (100.0) 5465 (100.0) 161 (3.0) 149 (100) 149 (100) 0
-Small food retail 4101 (77.3) 4061 (74.3) —40 (-1.0) 149 (100) 149 (100) 0
—Fresh food retail 662 (12.5) 808 (14.8) 146 (22.1) 122 (81.9) 123 (82.6) 1(0.8)
—Fruit and vegetable stores 496 (9.4) 516 (9.4) 20 (4.0) 101 (67.8) 117 (78.5) 16 (15.8)
Chain convenience stores 40 (0.8) 71 (1.3) 31 (77.5) 31 (20.8) 51 (34.2) 29 (64.5)
Supermarkets 5(0.1) 9(0.2) 4 (80.0) 4(2.7) 8(5.4) 4 (100.0)
Ratio FV:convenience 12.4 7.3 —41.4%
Ratio FV:supermarket 99.2 57.3 —42.2%
Ratio FV:convenience + supermarket 11.0 6.5 —41.5%

FV: Fruit and vegetable store.
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Fig. 1. Change in the density of food stores at AGEB level, 2010-2016.

Table 3

Association between change in food store density (2010-2016) at neighborhood level and odds of diabetes in 2016.

Density change Sample size Diabetes cases

Model 1 Model 2 Model 3

Fruit and vegetable shops, change

1 (decline) 647 57
2 (no change) 1041 57
3 (increase) 1120 71
Convenience stores, change

1 (no change) 2256 147
2 (increase) 552 38
Supermarkets, change

1 (no change) 2688 178
2 (increase) 120 7

1.66 (1.13,2.43)
1.00
1.16 (0.81,1.67)

1.00
1.02 (0.85,1.23)

1.00
0.96 (0.65,1.43)

1.61 (1.09,2.38)
1.00
1.21 (0.84,1.75)

1.00
1.01 (0.83,1.22)

1.00
1.04 (0.69,1.55)

1.64 (1.06,2.53)
1.00
1.26 (0.86,1.87)

1.00
1.04 (0.85,1.27)

1.00
1.00 (0.66,1.53)

Model 1: No adjustments; Model 2: adjusted for sex, age, wealth tertile and education level; Model 3: Model 2 + population density, marginalization index, change in
small food retail, change in fresh food, presence of sports facilities and proportion of the population without health insurance (public or private). Tertiles of con-
venience store and supermarket change at ageb level were collapsed into two categories because of variable distribution (predominance of zero values).

year (Hawkes, 2006). Our study documents the continuation of this
trend although the rate of increase seems to have slowed down
(approximately 13% per year increase in urban neighborhoods). This
study also shows that although the relative increase in supermarkets and
chain convenience stores is large, traditional food retail channels, such
as tiendas de abarrotes and fresh food stores, continue being the pre-
dominant type of store in Mexico, with 67 small food retailers per su-
permarket or chain convenience store. Small food stores are generally
family owned and vary significantly in their stock. Some sell both
healthy and unhealthy foods while others sell mainly ultra-processed
foods. These stores are key to the distribution of ultra-processed foods
in Mexico, accounting for an important proportion of the sales of
transnational food companies including sugar sweetened beverages,
baked goods, snacks, beer and dairy (Pallares, 2013). Small stores face
growing competition from new chain convenience stores and super-
markets however, they have been resilient, and their number have
declined only slightly (1% decline 2010-2016). Fresh food stores
including butchers, poultry shops, fishmongers and other specialized
shops increased over the study period, regardless of competition from

new supermarkets.

Findings from this study on the association between the density of
fruit and vegetable stores and diabetes are consistent with other Latin
American studies which have shown that a higher density of these types
of stores are associated with favorable nutrition outcomes (Duran et al.,
2016; Jaime et al., 2011; Molina et al., 2017; Pessoa et al., 2015). This
study investigated this association further by looking at it in the context
of other changes in the food environment and found that fruit and
vegetable stores were only significantly associated with diabetes in
neighborhoods that also saw an increase in chain convenience stores,
not in areas with no change in convenience stores. This is consistent with
the idea that both healthy and unhealthy food stores may be associated
with diabetes. Specifically, neighborhoods with a decline in fruit and
vegetable stores and an increase in convenience stores face a
doubly-negative change in the food environment, which may have an
impact on diet and diet related diseases such as diabetes. If the protec-
tive role of fruit and vegetable stores is confirmed with longitudinal
studies and/or health experiments, findings can be used to design
place-based policies at the city and neighborhood level. Currently,
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Fig. 4. Association between change in the density of fruit and vegetable stores and odds of diabetes in 2016 by a) education level and b) change in chain convenience

store density.

policies targeting the retail food environment in Mexico are lacking
(Nieto et al., 2019). There are examples from other countries where
there are local policies that support fruit and vegetable stores and
guarantee supply of healthy food at affordable prices (Lopes et al.,
2017).

We did not observe an independent association between changes in
the density of chain convenience stores and supermarkets with diabetes.
These findings are consistent with studies from the USA that have found
null or weak association between grocery stores and supermarkets with
diabetes (Bilal et al., 2018a). The number of chain convenience stores
and supermarkets is still small relative to independent small food stores
but their relative share continues to increase. It is possible that we were

not able to detect an effect from changes in convenience stores and su-
permarkets due to little variation observed at the neighborhood level. It
is therefore important to continue monitoring their growth, potential
changes in their stock, and potential impacts on health outcomes.

We acknowledge some limitations. First, we have food retail envi-
ronment data from 2010 onwards, so we are only able to capture the last
six years of supermarket and convenience store growth, missing part of
the exponential growth that occurred in the 1990s and 2000s (Hawkes,
2006). Second, we relied on self-reported diagnosed diabetes.
Self-reported diabetes is commonly used in surveillance surveys and has
previously been found to be a valid measurement of prevalent diabetes
(Schneider et al., 2012). The estimated prevalence of total diabetes
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(diagnosed + undiagnosed) in Mexico is 13.7% (Basto-Abreu et al.,
2020). If diabetes is under-diagnosed among those with lower
socio-economic levels (Basto-Abreu et al., 2020), then our results may be
a conservative estimate of the association between increases in conve-
nience stores/supermarket density and diabetes (based on the assump-
tion that lower SES areas were exposed to greater increases in
convenience stores and supermarkets (Duran et al., 2013)). Further, our
interest was studying diabetes type 2 which is associated with modifi-
able factors such as diet. The survey question on diabetes diagnosis was
not specific to this type of diabetes. However, the prevalence of type 1
diabetes is low (less than 0.5% in the United States, unknown for
Mexico) and three fourths of cases are diagnosed in childhood and
adolescence (Maahs et al., 2010). While it is still possible that the
outcome variable may have some measurement error, by focusing this
study on adults and eliminating diagnosis made before 2010, we likely
eliminated most cases of type 1 diabetes. An additional point regarding
the outcome variable is that there may be recall bias for the question on
year of diagnosis. Potentially by focusing on more recent diagnoses, we
may have limited the effect of this bias on our results. Third, we use
cross-sectional individual level data therefore, temporality in the asso-
ciations cannot be established. To account for some of this, we restricted
the analytic sample to individuals diagnosed with diabetes on or after
2010 to ensure that diagnosis occurred at least at the same time as
changes in the food environment. We also carried out the sensitivity
analysis where we introduced a lag and found very similar results to the
main analysis. Future studies using longitudinal data or natural exper-
iments (Franco et al., 2013; Ghosh-Dastidar et al., 2017) are needed to
better understand the causal pathways between the food environment
and nutrition and health outcomes. In addition, due to the
cross-sectional nature of the data we do not know whether survey re-
spondents have moved during this time period, meaning they might
have been exposed to other food environments over the 6-year period.
Fourth, the economic census relies on economic activity data (NAICS
code), but there may still be significant heterogeneity within types of
stores, with some supermarkets selling healthier foods as compared to
others (Cannuscio et al., 2013; Chrisinger et al., 2018), leading to po-
tential measurement error. Consumer food environment studies with
in-store audits are needed in Mexico in order to better classify stores and
identify those that are more relevant to health and disease. Finally, this
study used the neighborhood as the spatial unit of analysis for the food
environment. This is a strength of this study since no previous studies in
Mexico had analyzed the food environment at this level and because we
were able to construct a more precise measure of exposure compared to
aggregating information at the municipality level or higher. However,
the analysis at the neighborhood level also presented limitations
because there was limited variability in change over the period for a
large number of neighborhoods. Further, people might not always shop
close to home (Bilal et al., 2018a; Chrisinger et al., 2018), and the
neighborhood level does not capture the effect of the food environment
in a wider area of influence.

5. Conclusion

We found that, adults living in neighborhoods that saw a decline in
fruit and vegetable store density and a simultaneous increase in chain
convenience store density experienced higher odds of diabetes,
compared to adults who lived in neighborhoods where fruit and vege-
table and convenience stores did not change. Considering the complex
interplay between store types, understanding the mechanisms and
confirming the causal implications of these findings could inform pol-
icies that improve the quality of food environments in Latin American
cities.
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