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Abstract

The retail food environment is a key modifiable driver of food choice and the risk of non-com-
municable diseases (NCDs). This study aimed to assess the relationship between the den-
sity of food retailers, body mass index (BMI), dietary patterns, and socioeconomic position
in Mexico. Cross-sectional dietary data, BMI and socioeconomic characteristics of adult par-
ticipants came from the nationally representative 2012 National Health and Nutrition Survey
in Mexico. Geographical and food outlet data were obtained from official statistics. Densities
of food outlets per census tract area (CTA) were calculated. Dietary patterns were deter-
mined using exploratory factor analysis and principal component analysis. The association
of food environment variables, socioeconomic position, BMI, and dietary patterns was
assessed using two-level multilevel linear regression models. Three dietary patterns were
identified—the healthy, the unhealthy and the carbohydrates-and-drinks dietary pattern.
Lower availability of fruit and vegetable stores was associated with an unhealthier dietary
pattern whilst a higher restaurant density was associated with a carbohydrates-and-drinks
pattern. A graded and inverse association was observed for fruit and vegetable store density
and socioeconomic position (SEP)—Ilower-income populations had a reduced availability of
fruit and vegetable stores, compared with higher-income populations. A higher density of
convenience stores was associated with a higher BMI when adjusting for unhealthy dietary
patterns. Upper-income households were more likely to consume healthy dietary patterns
and middle-upper-income households were less likely to consume unhealthy dietary pat-
terns when exposed to high densities of fruit and vegetable stores. When exposed to a high
concentration of convenience stores, lower and upper-lower-income households were more
likely to consume unhealthy dietary patterns. Food environment and sociodemographic con-
ditions within neighbourhoods may affect dietary behaviours. Food environment interven-
tions and policies which improve access to healthy foods and restrict access to unhealthy
foods may facilitate healthier diets and contribute to the prevention of NCDs.
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Introduction

Food choice is influenced by a complex set of determinants that include biological, economic,
and social factors as well as attitudes, knowledge and beliefs [1, 2]. Unhealthy food choices are
a major modifiable risk factor for diet related non-communicable diseases (NCDs) [3]. The
retail food environment has been identified as a key driver of food choice [4, 5]. It encom-
passes the accessibility of food retailers, the availability of healthy or unhealthy foods and bev-
erages within these establishments, and their affordability and promotion [6]. Unhealthy retail
food environments have been associated with a higher risk of diet related NCDs [7].

The implementation of the North American Free Trade Agreement (NAFTA) agreement
between Mexico, the US and Canada in 1994 allowed an increased importation of ultra-pro-
cessed foods and growth in internationally owned fast-food chain retailers along with the export
of fruits and vegetables to the US [8, 9]. Mexico has experienced a nutritional transition, includ-
ing a decline in fruit and vegetable intake, and an increasing trend of overweight and obesity
[10, 11], such that the country now has one of the highest prevalence of obesity worldwide at
75% [12]. With the intention to curb the obesity trend, in 2014, Mexico became one of the first
countries to implement a sugar-sweetened beverage (SSB) tax [13]. Since then, several policies
have targeted nutritional labelling and televised food marketing. However, the burden of obesity
continues to grow along with an increasingly obesogenic food environment which offers a wide
range of high-calorie and low-nutrient foods and beverages at low prices [12, 14, 15].

Previous studies have shown that healthier dietary intakes can be enabled through support-
ive food environments which facilitate access to healthy and affordable food choices, such as
fruits and vegetables [16]. Inequalities in access to affordable, healthy, and nutritious food can
contribute to health disparities. Research has shown that low-income areas have limited access
to healthy foods which may limit the ability of individuals to have healthier diets, exposing
them to a greater risk of obesity and NCDs [16].

The price of fruits and vegetables has been rising more than most other foods, including
energy-dense processed foods in Mexico [17]. This is concerning and reflects a current lack of
policies to address the declining consumption of fruit and vegetables in the country. In addi-
tion, the consumption of energy dense foods high in saturated fat, salt and sugar (HFSS) and
ultra-processed foods, has increased [18]. Mexico has become one of the highest consumers of
HFSS and SSBs in Latin America [19]. From 2009 to 2014, sales of ultra-processed foods
increased by 5% Mexico and SSBs contributed to 22% of the total energy intake per capita
[19]. Main policy recommendations include to reduce consumption of ultra-processed foods.
Yet, although previous research has assessed the relationship of the food environment and obe-
sity in Mexico [20, 21], evidence of the impact of the retail food environment on dietary intake
and particularly dietary patterns is limited in Mexico. Furthermore, no actions have been
undertaken at national level to improve the food environment to enable healthier food choices.
Therefore, the aims of this study were 1) to test the association of dietary patterns and the retail
food environment, 2) to test the association of the retail food environment and BMI whilst
considering dietary patterns and 3) to test the role of socioeconomic position (SEP) in dietary
patterns and the retail food environment.

This study builds on previous research in which the association of body mass index (BMI)
and food environment in Mexico were studied [20]. In addition to BMI the present study con-
siders the interaction of dietary patterns with the food environment and the confounding
effect of diet when testing the association of the food environment and BMI. We hypothesized
that a healthy dietary pattern would be associated with a higher supermarket and fruit and veg-
etable store availability due to the potential higher availability of healthy foods (e.g. fruits and
vegetables) and that this association would be more evident in upper-income SEP households due
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to previous studies showing greater availability of healthy foods and outlets in higher-income
neighbourhoods [22-24]. We also hypothesized that unhealthy dietary patterns would be associ-
ated with food stores which focused their sales on unhealthy low-nutrient, energy-dense foods.

Methods
Ethics statement

Ethical approval was sought and obtained by the National Institute of Health (INSP) in Mexico
from the NIH Research Ethics Committee to carry out the National Health and Nutrition Sur-
vey (ENSANUT).

Study design

This study involved a secondary analysis of cross-sectional and population-based survey data.
Dietary and sociodemographic data were obtained from the 2012 Mexican National Survey of
Health and Nutrition (ENSANUT, acronym in Spanish) [25]. This was a national probabilistic
survey with state level representation by urban and rural strata and an oversampling of house-
holds with the greatest deprivation levels in the country. The sample for ENSANUT included
the overrepresentation of households in the country in conditions of greater vulnerability, on
the assumption that the support of health and social programs is focused on these households.
All used survey data was previously anonymised by the National Institute of Health and Nutri-
tion (INSP, acronym in Spanish) in Mexico.

Data collection

Anthropometric and sociodemographic data. Body weight and height were measured
by trained personnel for the 2012 ENSANUT survey [26]. Sociodemographic data, including
sex, age, car ownership, type of health service user, participation in food programmes (type of
programme is described in the results section) and region were extracted for this study from
the 2012 ENSANUT survey [26] and captured in a database in STATA 14 [27].

Physical activity was self-reported and was assessed by the ENSANUT survey through the
International physical activity questionnaire (IPAQ short), which was previously validated
[26]. Physical activity levels were defined as active, moderately active, and inactive/sedentary
according to the criteria stablished by the World Health Organization [26, 28].

Household socioeconomic position (SEP) was obtained from the 2012 ENSANUT [12]
which considered demographic and socioeconomic characteristics, including characteristics of
the head of the family, sociodemographic structure, characteristics of the home, household
goods, family consumption patterns and characteristics of the geographical area of residence
based on the 2010 National Income and Expenditure Survey [29]. Distribution of SEP house-
hold characteristics was described by predicted decile. Deciles were then compared with a
measure of poverty to create quintiles which were then equally assigned to each household
member. A lower quintile indicates lower-income whilst a higher quintile indicates a higher-
income [20, 29]. Study population data focused on the general adult population and excluded
data from women who were pregnant, survey participants <18 years of age, and participants
without a valid, measured weight and height. Participants with BMI values of >3 standard
deviations from the mean were excluded (<15 kg/m2 and >58 kg/m2) in case of possible
underlying illnesses, eating disorders or implausible values.

Dietary intake. Dietary information was obtained through a validated, semi quantitative
food frequency questionnaire (FFQ) [26, 30], which was applied to 11% of the ENSANUT par-
ticipant sample population [26]. The analytical sample size was N = 1,572. The FFQ included
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data regarding the consumption of 140-food items. For each food item, portion size and fre-
quency per day, week and year was registered [26].

Geocoding of individuals and food outlets. The geographical areas of study were urban
neighbourhoods in the country of Mexico. Census tract areas (CTA) were used as a proxy for
neighbourhoods. A CTA in Mexico is defined as a geographic area formed by of a set of blocks
delimited by streets or identifiable pathways with land used for residential industrial or com-
mercial services [31]. Urban CTAs contain a population of >2,500 inhabitants. There were
55,427 urban CTAs in this study, with mean area of 0.59 km”. The smallest CTA was 0.009
km? and the largest 5.20 km? [31].

Anonymised participants from the 2012 ENSANUT were geocoded to the centroid of their
urban CTA with ArcGIS 10.2.2 (ESRI, Redlands, CA). Exact ENSANUT participant’s geoloca-
tion (home address) was unavailable to protect participant’s privacy. Geographic coordinates
of food outlets were obtained from INEGI, 2014 [32]. On-site verification of nine geographic
area samples was undertaken to verify the geolocation, existence, and type of food outlet.
Urban CTAs were grouped into a single shapefile, which was spatially merged with geolocation
and sociodemographic characteristics of participants and food outlets.

Food retail data. Retail data were obtained from the 2014 Economic Census from the
National Institute of Statistics and Geography (INEGI, acronym in Spanish) [31]. Food outlets
encompassed convenience stores fast-food outlets, restaurants, supermarkets and fruit and
vegetable stores. Classification of food outlets was according to INEGI and revised on our pre-
vious study [20]. To summarise, for this study, food outlets, including informal and mobile
food carts, which specialised in pizzas, hamburgers, hotdogs, and fried chicken were classified
as fast-food outlets. Outlets that mainly sold SSBs and unhealthy snacks were classified as con-
venience stores. We assumed that all convenience stores and fast-food outlets sold mainly
SSBs, snacks and ultra-processed foods. Food outlets with an 4 la carte menu, that included
healthy food alternatives with sitting options available, were classified as restaurants. Mega-
supermarkets and grocery stores, which offered greater food options than convenience stores,
including fruits and vegetables, were classified as supermarkets. Fruit and vegetable stores out-
lets included informal fruit stands, small shops, and farmer market style locations. These estab-
lishments were characterised by mainly selling fruit and/or vegetables.

Store data, which included type of store and location, was obtained from the 2014 economic
census from the National Institute of Statistics and Geography (INEGI) [31]. Density of food
outlets was calculated considering the total number of food outlet (e.g. restaurants, fast-food
outlets, convenience stores and fruit and vegetable stores) per CTA. Density units are
expressed as food outlet per CTA km?. The density of food outlets by state was mapped to visu-
alize the distribution in the country. Due to a lower availability of food outlets, a higher avail-
ability of informal commerce not in record and a higher density of food crops) [20, 21] rural
areas were excluded from this study.

Statistical analyses

Dietary patterns. The 140-food items from the FFQs were aggregated grouping together
food items according to their nutritional and common habitual dietary consumption (i.e., how
foods are usually paired up for consumption in the study population (e.g., tortillas with beans
or milk with cereal), based on previous research [33, 34]. Dietary patterns were computed
using exploratory factor analysis (FA), principal component as the extraction method and vari-
max rotation. Kaiser-Meyer-Olkin test was undertaken to investigate the adequacy of FA to
the data. A scree plot was used to select the number of factors to retain (S1 Fig). Food items
with factor loading >0.30 were retained in the pattern. Factor scores were computed and
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included in the regression analysis using SAS OnDemand for Academics (SAS Institute Inc.,
Cary, USA) [35].

Association of dietary patterns and the retail food environment. The main outcome of
this study was dietary intake represented as dietary patterns and the exposure was food outlet
store density (food outlet count per census tract area). Statistical models were constructed
after drawing the postulated relationship of variables through directed acyclic graphs (DAG)
[36], which captured the dependence structure of multiple variables and allow more robust
conclusions about the direction of association. Three multilevel linear regression models were
used to test the association between food outlet density and dietary patterns. State, or CTA
were used as a second random effect in the three models (Table 1).

Association of the retail food environment and BMI whilst considering dietary pat-
terns. Models A, B and C were replicated to test first the association of the food environment
and BMI considering the interaction of the food environment with the dietary patterns and
second, to test the association of the food environment and BMI whilst considering the dietary
patterns as confounders. To assess sex differences, results were also stratified by sex.

Role of SEP in dietary patterns and the retail food environment. To assess the influence
of household SEP, Model A, B and C were considered and stratified by household SEP to
understand if there were variations within the population. Also, the interaction between socio-
economic position and food retail density was tested. In addition, two-level multinomial logis-
tic regressions with random effects were undertaken to assess the role of socioeconomic
aspects of the environment and their influence on dietary patterns in urban CTAs of Mexico.

Multicollinearity was measured for each model by considering variance inflation factors.
Variance inflation factors did not exceed the value of 4.0 for any of the included variables and
were therefore all included in the models. Survey design and weights were accounted in all
models and statistical analyses were undertaken in STATA 14 [27].

Results
General characteristics of the population and the retail food environment

From the study sample, (N = 5,080), 56% were female, 35% (n = 2,824) had a sedentary life-
style, 12% (n = 585) owned a car and 14% (n = 690) participated in a form of food programme

Table 1. Multilevel linear regression models used to test the association of food outlet density and dietary

patterns.
Model Covariates Second random effect

level

Model | Age, sex, and SEP. State

A

Model Age, sex, SEP, physical activity level, car ownership, neighbourhood CTA

B deprivation level.

Model | Age, sex, SEP, CTA deprivation level, and urbanity level. State

C

SEP: socioeconomic position, quintiles: lowest, second lowest, middle, second highest and highest.

Physical activity was self-reported and was assessed in the ENSANUT survey through the International physical
activity questionnaire (IPAQ short), which was previously validated [26]. Physical activity levels were defined as
active, moderately active, and inactive/sedentary according to the criteria stablished by the World Health
Organization [26, 28].

CTA: Census tract area. CTA deprivation level: defined as low or high.

Urbanity level: defined as metropolitan area (i.e., >1 million inhabitants), urban centres (i.e., cities with >15,000 and

<1 million inhabitants), or rural (excluded from this study) [37].

https://doi.org/10.1371/journal.pgph.0001069.t001
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(Table 2). Food programmes encompassed the Oportunidades programme (n = 395, 68%), a
national conditional cash transfer program targeting poor and extremely poor households;
Oportunidades school scholarships (n = 22, 4%); funding support for the elderly (n = 8, 1%);
Progresa medical support (n = 21, 4%); monetary support from the Ayuda programme; milk
supply programmes Liconsa or Conasupo (n = 46, 8%); food pantries from DIF (n = 24, 4%);
food pantries from other organisations, social kitchens and canteens (n = 11, 2%); school
breakfasts (n = 1, 0.2%); other educational scholarships (n = 13, 2%); non-governmental or
civil organization (n = 1, 0.2%); other financial support for the elderly (n = 1, 0.2%); other

(n = 38, 6%).

The assessment of the food environment in Mexico was undertaken as part of the first
phase of this study and has been published and is described elsewhere [20]. To summarise, out
of 72,892 CTAs in Mexico, only 10,145 CTAs (14%) had access to a fruit and vegetable store.
When looking at the distribution of food outlets in Mexico, a higher fruit and vegetable store
concentration was evident in the centre and South of Mexico compared with the North and
metropolitan regions of Mexico. The North of Mexico shows a very low availability of fruit
and vegetable stores compared to the rest of the country. In addition, convenience stores and
fast-food outlets were widely available throughout the country.

Dietary patterns. Kaiser’s measure of sampling adequacy was 0.79 which indicated that
FA was appropriate method due to a correlation of variables [38]. Three dietary patterns were
retained, according to the scree plot (S1 Fig), which together explained a variance of 26.3% for
factor 1; 26.1% for factor 2; and 16.4% for factor 3 of the total variance of the data. We retained
the factors above the inflection point of the curve of the scree plot (patterns that showed and
eigen value >1/0).

For each of the food groups, a factor loading value >0.28 indicated that the food group was
included in the factor. Therefore, considering all food groups and corresponding factor load-
ings, factor 1 was classified as a healthy pattern, characterized by a higher consumption, in
comparison of other factors, of fruits and vegetables, cooked meals, pulses, fish and seafood,
meat, fermented dairy, soups, bread, and natural drinks. Factor 2 was classified as an unhealthy
dietary pattern, mainly composed of fats, high meat and fatty meals, sugar and desserts, sau-
sages, dressings, soda, fast-food, ready to eat soups, potato chips and candy. Factor 3 was
denominated as carbohydrates-and-drinks pattern, which encompassed juice and natural
drinks, whole wheat products, milk, and refined cereal (S1 Table).

Associations of dietary patterns and the retail food environment. Fruit and vegetable
store density was inversely associated with unhealthy dietary patterns. This finding was repli-
cated in the three statistical models that were tested (Models A, B and C) (Table 2). Restaurants
were repeatedly and positively associated with the carbohydrates-and-drinks type of dietary
pattern for models A (B: 0.003 95% CI: 0.0016, 0.005, P < 0.001), B (B: 0.004, 95%CI: 0.002,
0.005, P < 0.001) and C (B: 0.003 95%CI: 0.001, 0.005, P < 0.001) and inversely associated with
the unhealthy dietary pattern for models B and C. Fast-food outlets, supermarkets and conve-
nience stores were not statistically significantly associated with any type of dietary pattern
(Table 3).

Association of the retail food environment and BMI whilst considering
dietary patterns

When testing the association of the food environment and dietary patterns, a higher density of
supermarkets and fruit and vegetable stores was inversely associated with the carbohydrates-
and-drinks dietary pattern (factor 3) for model A (Bsupermarkets = -0.36, 95%CI: -0.65, -0.06,

P =0.02); (Bfruit and vegetable stores = ~0.40, 95%CI: -0.69, -0.11, P = 0.01); model B (Bsupermarkets =
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Table 2. Sociodemographic, and economic characteristics of Mexican adults aged 18+ inhabiting urban areas of

Mexico .
Variable Total N (%)
Gender
Men 2,256 (44)
Women 2,824 (56)
Age
18-24 640 (13)
25-34 506 (10)
35-44 628 (12)
45-54 451 (9)
55-64 336 (7)
65+ 323 (6)
Missing 2,196 (43)
Physical activity
Active 401 (8)
Moderately active 266 (5)
Inactive 1,793 (35)
Missing 2,620 (52)
Household SEP®
Highest 1,027 (22)
Second highest 960 (21)
Middle 938 (20)
Second lowest 955 (20)
Lowest 803 (17)
Missing 397 (8)
Car ownership
Owns a car 585 (12)
Does not own a car 2,295 (45)
Missing 2,200 (43)
Region
South 1,729 (34)
North 1,242 (24)
Centre 1,769 (35)
Metropolitan area 340 (7)
Area deprivation level
Low 3,041 (60)
High 2,039 (40)
Urbanicity
Rural (excluded) 1,830 (36)
Urban 1,025 (20)
Metropolitan 2,225 (44)
Food programme
Participated 581 (11)
Did not participate 2,303 (45)
Did not respond/did not know 2,196 (43)
Health service
Covered 663 (13)
Not covered 2,221 (44)
(Continued)
PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0001069  February 23, 2023 7/20
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Table 2. (Continued)

Variable Total N (%)
Did not respond/did not know 2,196 (43)

* Provided data is from the nationally representative, cross-sectional, 2012 ENSANUT (National Health and
Nutrition) Survey in Mexico.

® Physical activity levels were defined as active, moderately active, and inactive/sedentary according to the criteria
stablished by the World Health Organization [26, 28].

© SEP: socioeconomic position, quintiles: lowest, second lowest, middle, second highest and highest.

‘Missing’ indicates number of participants that did not have a record due to not responding the survey for this
section or not knowing what to respond.

N = 5,080

https://doi.org/10.1371/journal.pgph.0001069.t002

-0.33, 95%Cl: -0.63, 0.03, P = 0.03); (Biruit and vegetable stores -0-37, 95%Cl: -0.67, -0.08, P = 0.01);
and model C (Bgupermarkets = -0.35, 95%CI: -0.65, -0.06, P = 0.02); (Bfruit and vegetable stores = -0-40,
95%Cl: -0.69, -0.10, P = 0.01) (S2 Table).

When testing the association of the food environment and BMI whilst considering dietary pat-
terns as a confounder, a higher density of convenience stores showed a statistically significant associ-
ation with a higher risk of obesity (Bconvenience stores = 0.06, 95%CI: 0.01, 0.12, P = 0.03) (S3 Table).
No statistically significant findings were identified when stratifying results by sex (S4 Table).

Role of SEP in dietary patterns and the retail food environment

When assessing the relationship of fruit and vegetable store density and household SEP, a
graded and inverse association was observed in which lower-income households had a reduced

Table 3. Multivariate associations between dietary patterns and food outlet density; data from the nationally representative, cross-sectional, 2012 ENSANUT"—

Dietary assessment component.

Food outlet density (number of stores/CTA)

Fruit and vegetable stores Model A
Fruit and vegetable stores Model B
Fruit and vegetable stores Model C
Fast-food outlets Model A
Fast-food outlets Model B
Fast-food outlets Model C
Restaurants- Model A

Restaurant Model B

Restaurant Model C

Supermarkets Model A
Supermarkets Model B
Supermarkets Model C
Convenience stores Model A
Convenience stores Model B

Convenience stores Model C

Factor 1 Healthy pattern Factor 2 Unhealthy pattern Factor 3 Carbohydrate & drinks

pattern
B (95% CI) P-value B (95% CI) P-value B (95% CI) P-value
0.002 (-0.0001, 0.005) 0.064 -0.002 (-0.004, -0.0002) 0.029 0.001 (-0.001, 0.003) 0.435
0.002 (-0.0006, 0.004) 0.131 -0.003 (-0.005, -0.001) <0.001 0.002 (-0.0006, 0.004) 0.129
0.002 (-0.0001, 0.005) 0.060 -0.002 (-0.004, -0.0003) 0.025 0.001(-0.001, 0.003) 0.397
0.001 (-0.005, 0.008) 0.692 -0.004 (-0.01, 0.001) 0.127 0.006 (-0.007, 0.014) 0.077
0.001 (-0.006, 0.009) 0.734 -0.004 (-0.01, -0.36) 0.094 0.007 (-0.0001, 0.014) 0.053
0.001 (-0.0062, 0.008) 0.781 -0.005 (-0.011, 0.0003) 0.066 0.005 (-0.002, 0.012) 0.141
0.0008 (-0.0008, 0.002) 0.344 -0.001 (-0.002, 0.00005) 0.060 0.003 (0.0016, 0.005) <0.001
0.0006 (-0.001, 0.002) 0.482 -0.002 (-0.004, -0.001) <0.001 0.004 (0.002, 0.005) <0.001
0.0007 (-0.0009, 0.002) 0.404 -0.001 (-0.003, -0.0002 0.027 0.003 (0.001, 0.005) <0.001
0.014 (0.024, 0.053) 0.478 -0.03 (-0.057, 0.004) 0.094 0.012 (-0.027, 0.052) 0.541
0.01 (-0.031, 0.05) 0.635 -0.028 (-0.060, -0.003) 0.081 0.020 (-0.020, 0.060) 0.323
0.014 (-0.025, 0.053) 0.479 -0.028 (-0.059, 0.003) 0.077 0.012 (-0.27, 0.522) 0.533
0.0002 (-0.001, 0.001) 0.797 -0.0007 (-0.002, 0.0003) 0.163 -0.0007 (-0.002, 0.0007) 0.327
0.0002 (-0.001, 0.001) 0.792 0.005 (-0.003, 0.12) 0.239 0.000007 (-0.001, 0.001) 0.991
0.0002 (-0.001, 0.001) 0.708 -0.0009 (-0.002, 0.0002) 0.112 -0.0005 (-0.002, 0.0009) 0.480

Model A: Age, sex, and socioeconomic position, N = 1,572

Model B: Model A + socioeconomic position, physical activity, car ownership, neighbourhood deprivation level, CTA (2nd level), N = 1,568
Model C: Model A + deprivation and urbanity of CTA, N = 1,572

https://doi.org/10.1371/journal.pgph.0001069.t003
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Table 4. Association of household SEP and food outlet density; data from the nationally representative, cross-sec-
tional, 2012 ENSANUT?, N = 22,219.

SEP Food outlet density *
B (95% CI) P-value

Fruit and vegetable store

Upper-income Ref

Middle-upper-income -0.0009 (-0.002, 0.0005) 0.185

Middle-income -0.002 (-0.004, -0.0007) 0.006

Upper-lower-income -0.005 (-0.007, -0.002) <0.001

Lower-income -0.007 (-0.011, -0.004) <0.001
Fast-food outlets

Upper-income Ref

Middle-upper-income 0.002 (-0.004, 0.008) 0.503

Middle-income -0.0005 (-0.011, 0.001) 0.152

Upper-lower-income -0.026 (-0.034, -0.018) <0.001

Lower-income -0.061 (-0.072, -0.050) <0.001
Restaurants

Upper-income Ref

Middle-upper-income -0.002 (-0.004, -0.001) <0.001

Middle-income -0.004 (-0.005, -0.002) <0.001

Upper-lower-income -0.007 (-0.009, -0.006) <0.001

Lower-income -0.014 (-0.017, -0.012) <0.001
Supermarkets

Upper-income Ref

Middle-upper-income -0.048 (-0.078, -0.018) 0.001

Middle-income -0.086 (-0.119, -0.054) <0.001

Upper-lower-income -0.161 (-0.202, 0.119) <0.001

Lower-income -0.198 (0.253, -0.144) <0.001
Convenience stores

Upper-income Ref

Middle-upper-income 0.006 (0.005, 0.007) <0.001

Middle-income 0.006 (0.005, 0.008) <0.001

Upper-lower-income 0.006 (0.004, 0.007) <0.001

Lower-income 0.005 (0.003, 0.006) <0.001

SEP: socioeconomic position, quintiles: lowest, second lowest, middle, second highest and highest.

Results indicate B coefficients and 95% confidence intervals from two-level multinomial logistic regressions with
random effects were undertaken to assess the role of socioeconomic aspects of the environment and their influence
on dietary patterns in urban CTAs of Mexico.

* Model A, adjusted by age and sex.

https://doi.org/10.1371/journal.pgph.0001069.t004

availability of fruit and vegetable stores, compared with higher-income households (B: -0.007,
95% CI -0.0011, -0.004), P < 0.001) (Table 4). Furthermore, when stratifying the association of
dietary patterns with fruit and vegetable store density by household SEP, upper-income house-
holds were more likely to consume healthy dietary patterns (B: 0.004, 95% CI: 0.0004, 0.007,
P =0.027). Additionally, middle-upper-income households were less likely to consume
unhealthy dietary patterns when exposed to high densities of fruit and vegetable stores (f:
-0.003, 95% CI: -0.006, -0.0002, P = 0.036) (Table 5).

A low fast-food outlet density was associated with lower-income (B: -0.061, 95% CI: -0.072,
-0.050, P < 0.001) and upper-lower-income households (f: -0.026, 95% CI: -0.034, -0.018,
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Table 5. Association of dietary pattern and food outlet density, stratified by household SEP.

SEP

Fruit and vegetable stores

Upper-income
Middle-upper-income
Middle-income
Upper-lower-income
Lower-income
Fast-food outlets
Upper-income
Middle-upper-income
Middle-income
Upper-lower-income
Lower-income
Restaurants
Upper-income
Middle-upper-income
Middle-income
Upper-lower-income
Lower-income
Supermarkets
Upper-income
Middle-upper-income
Middle-income
Upper-lower-income
Lower-income
Convenience stores
Upper-income
Middle-upper-income
Middle-income
Upper-lower-income

Lower-income

SEP: socioeconomic position, quintiles: lowest, second lowest, middle, second highest and highest.

Healthy dietary pattern (Factor 1) *

B (95%CI)

0.004 (0.0004, 0.007)
0.001 (-0.002, 0.005)
0.003 (-0.009, 0.02)
-0.001 (-0.007, 0.004)
0.01 (-0.019, 0.045)

0.005 (-0.007, 0.017))
0.001 (-0.010, 0.012)
0.0006 (-0.015, 0.016)
-0.007 (-0.352, 0.79)
-0.001 (-0.043, 0.040)

0.001 (-0.0009, 0.004)
0.0006 (-0.002, 0.003)
-0.0003 (-0.004, 0.004)
-0.001 (-0.005, 0.003)
0.004 (0.008, 0.017)

0.037 (-0.022, 0.096)
0.002 (-0.070, 0.073)
-0.016 (-0.109, 0.077)
-0.053 (-0.170, 0.063)
0.081 (-0.087, 0.250)

-0.006 (-0.023, 0.011)
0.004 (-0.012, 0.020)
-0.007 (-0.028, 0.014)
0.003 (-0.021, 0.027)
0.010 (-0.052, 0.072)

P-value

0.027
0.524
0.581
0.634
0.434

0.443
0.822
0.936
0.542
0.943

0.218
0.674
0.895
0.622
0.479

0.220
0.962
0.741
0.371
0.345

0.493
0.634
0.527
0.824
0.744

* Model A, adjusted by age and sex, and stratified by SEP.
Bold values indicate statistically significant values (p < 0.05)

https://doi.org/10.1371/journal.pgph.0001069.t005

Unhealthy dietary pattern (Factor 2) *

B (95%CI)

-0.003 (-0.006, 0.0005)
-0.003 (-0.006, -0.0002)
0.002 (-0.007, 0.01)
-0.005 (-0.01, 0.00001)
0.01 (-0.01, 0.03)

-0.007 (-0.018, 0.004)
-0.009 (-0.019, -0.0003)
-0.0031 (-0.015, 0.009)
-0.0004 (-0.018, 0.17)
-0.026 (0.0002, 0.053)

-0.002 (-0.005, -0.0001)
-0.002 (-0.005, 0.0003)
-0.0006 (-0.004, 0.002)
-0.001 (-0.005, 0.002)
0.005 (-0.003, 0.013)

-0.034 (-0.088, 0.021)
-0.067 (-0.124, -0.010)
-0.030 (-0.102, 0.042)
0.108 (0.014, 0.203)
-0.184 (-0.29, -0.076)

0.005 (-0.010, 0.021)
-0.010 (-0.024, 0.004)
0.003 (-0.014, 0.020)
0.023 (0.003, 0.043)
0.069 (0.029, 0.011)

P-value

0.105
0.036
0.582
0.051
0.352

0.209
0.043
0.622
0.964
0.048

0.038
0.027
0.721
0.509
0.266

0.225
0.021
0.412
0.025
0.001

0.495
0.158
0.737
0.025
0.001

Carbohydrate dietary pattern (Factor

3)®
B (95%CI)

-0.001 (-0.006, 0.003)
0.002 (-0.002, 0.006)
0.004 (-0.007, 0.015)
0.004 (-0.001, 0.01)
-0.004 (-0.03, 0.02)

-0.001 (-0.017, 0.013)
0.013 (0.0008, 0.025)
-0.0001 (-0.014, 0.013)
0.011 (-0.008, 0.030)
0.008 (-0.027, 0.042)

0.003 (-0.0005, 0.006)
0.003 (-0.0002, 0.006)
0.001 (-0.002, 0.005)
0.005 (0.002, 0.009)
0.017 (0.007, 0.027)

-0.074 (-0.149, 0.00007)
0.038 (-0.037, 0.114)
0.095 (0.013, 0.177)
0.041 (-0.061, 0.149)
0.059 (-0.084, 0.201)

0.007 (-0.014, 0.029)
0.012 (-0.006, 0.030)
0.010 (-0.009, 0.028)
-0.001 (-0.023, 0.020)
-0.020 (-0.072, 0.031)

P-value

0.582
0.296
0.501
0.159
0.752

0.846
0.036
0.986
0.266
0.667

0.096
0.070
0.381
0.005
0.001

0.050
0.322
0.023
0.455
0.421

0.510
0.194
0.301
0.903
0.443

P < 0.001). Similarly, a low density of restaurants and supermarkets was associated with low-
income neighbourhoods, but a graded association showed that as income increased, a higher
availability of restaurants and supermarkets became available to higher-income sectors of the
population. Convenience stores were widely available in all socioeconomic strata (Table 4). No

statistically significant associations were identified when testing the interaction between socio-

economic position and the density of each of the food outlets tested in this study.
Regarding the association of dietary patterns and food outlet density, stratified by house-
hold SEP, when exposed to a high density of fast-food outlets, middle-upper-income popula-
tions were associated with the consumption of a carbohydrates-and-drinks type of dietary (p:
0.013, 95% CI 0.0008, 0.025, P = 0.036). Whereas middle-upper-income (B: -0.009, 95% CI
-0.019, -0.0003, P = 0.043) and lower-income populations (B: -0.026, 95% CI 0.0002, 0.053,
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P =0.036) were associated with an unhealthy dietary pattern (Table 5). Regarding restaurants,
lower-income (B: 0.017, 95% CI: 0.007, 0.027, P = 0.001) and upper-lower-income households
(B: 0.005, 95% CI: 0.002, 0.009, P = 0.005) were associated with a dietary pattern rich in carbo-
hydrates and drinks whilst middle-upper-income (B: -0.002, 95% CI: -0.005, 0.0003, P = 0.027)
and upper-income households (B: -0.002, 95% CI: -0.005, -0.0001, P = 0.038) were inversely
associated with unhealthy dietary patterns when exposed to a high density of restaurants.
When exposed to a high density of supermarkets, lower-income neighbourhoods (B: -0.184,
95% CI: -0.29, -0.076, P = 0.001) were inversely associated with unhealthy dietary patterns
whilst for upper-lower-income households there was an increased association with consuming
an unhealthy dietary patterns (f: 0.108, 95% CI: 0.014, 0.203, P = 0.025) and middle-income
households were associated with a carbohydrates-and-drinks type of pattern (f: 0.095, 95% CIL:
0.013,0.177, P = 0.023) (Table 5). In geographical areas with a high concentration of conve-
nience stores, lower-income (B: 0.069, 95% CI: 0.029, 0.011, P = 0.001) and upper-lower-
income households (B: 0.023, 95% CI: 0.003, 0.043, P = 0.025) were associated with unhealthy
dietary patterns (Table 5).

Discussion

This study assessed 1) the dietary patterns from the Mexican population according to the
ENSANUT survey; 2) the association between food outlet density and dietary patterns; 3) the
association of the food environment and BMI a) considering diet as a confounder and b) con-
sidering the interaction of the food environment and diet, 4) the association and interaction of
food outlet density and SEP and 5) the association of dietary patterns and SEP.

Food outlet density and dietary pattern association

Fruit and vegetable store density in Mexico was inversely associated with an unhealthy dietary
pattern in the Mexican population, which may be indicating that having a low availability of
fruit and vegetable stores could influence unhealthy dietary patterns. Other studies that
assessed fruit and vegetable store availability and dietary intake have observed similar findings
[39, 40]. Ollberding et al. [41], identified that living in areas with a greater healthy food outlet
access was associated with a higher mean intake of fruits and vegetables [41]. Another study by
Menezes et al. [42], observed that the average consumption of fruit and vegetables was higher
in neighbourhoods with higher-income and concentration of food stores, and better access to
healthy foods. Additionally, fruit and vegetable consumption is low, particularly in low- and
middle-income countries (LMIC) where affordability poses an important barrier [43]. World-
wide policies that enhance the availability and affordability of fruits and vegetables may be key
to improve dietary intake [43].

Intervention studies that have focused on increasing fruit and vegetable intake have identi-
fied that affordability, palatability, and accessibility are some of the key factors that can influ-
ence healthy food selection such as fruits and vegetables. However, many interventions
focused on increasing fruit and vegetable availability have mostly identified that fruit, but not
vegetable consumption, has increased after interventions [44, 45]. Other studies suggest that
greater spatial accessibility to food outlets comprising the local food environment may not
guarantee fruit and vegetable consumption. This could be explained by a number of factors
including high price, low quality and the availability of unhealthy alternatives including ultra-
processed foods and beverages which tend to be more affordable, widely accessible and heavily
marketed [46]. Therefore, in addition to the availability of fruit and vegetable stores which
offer affordable and good quality foods, the restriction of unhealthy and ultra-processed foods
to the population are important elements to consider when aiming to improve dietary intake.
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Between 2012 and 2014, Mexico exported $3.8 billion a year worth of fruits and nuts; by
2015-17, Mexican fruit and nut exports increased over 55% to $6 billion a year [47] whilst
ultra-processed goods were imported to Mexico [48-50]. As the availability of food outlets sell-
ing mostly ultra-processed foods has increased, fruit and vegetable stores availability has not
[20, 21]. Therefore, increasing accessibility to fruit and vegetable stores that offer a wide variety
and high quality of fruits and vegetables along the regulation of unhealthy food offers to the
local population could be an important factor to promote healthy food choices.

Our study also identified that restaurants were associated with a dietary pattern rich in car-
bohydrates and drinks. Complementary food and a high availability of sugar-sweetened bever-
ages (SSBs) and alcoholic drinks, which are all high in simple carbohydrates are common in
restaurant environments. Previous studies have identified that restaurant consumers may con-
sume a higher level of carbohydrates [51], sugar-sweetened beverages [52] and alcohol [51]
which relates to a higher caloric intake when eating out of home [51].

Previous interventions have focused on including nutritional information on restaurant
menus [53]. However, replacing unhealthy appetizers and complementary foods with healthy
alternatives (e.g., fruits, vegetables, pulses, nuts) and increasing the ratio of healthy vs
unhealthy options may have a more effective impact on improving and facilitating healthier
dietary patterns [53].

BMLI, diet, and food environment

When considering dietary patterns as confounders, we identified that a high density of conve-
nience stores was associated with unhealthy dietary patterns and a higher BMI risk. This result
aligns with the results identified on our previous study which showed a significant association
between a higher density of convenience stores and a higher risk of obesity [20]. Although a
higher availability of healthy food options (e.g., fruit and vegetables) and consumption of
healthier dietary patterns may be important for the prevention of obesity and NCDs this does
not seem to override the abundant availability of food outlets which offer unhealthy food
options such as HFSS and ultra-processed foods. This coincides with findings from other stud-
ies which suggest that unhealthy food cues have a larger effect than healthier food. Thus,
reducing the availability of unhealthy food outlets and removing or restricting less healthy
food choices as opposed to only increasing the availability of healthier food options may have a
greater impact on dietary intake and the prevention of obesity and diet related NCDs [54-57].

Socioeconomic position, dietary patterns, and food outlet density

An inverse association was observed between SEP and fruit and vegetable stores and super-
market availability, indicating low-income households were more likely to inhabit areas with a
lower access to fruit and vegetable stores and supermarkets. In addition, when exposed to
areas with a high availability of fruit and vegetable stores, upper-income households were
more likely to consume healthier dietary patterns whilst upper middle-income households
were less likely to consume unhealthy dietary patterns.

Fruit and vegetable stores and supermarkets offer a greater availability and variety of
healthy food choices (e.g., fruits and vegetables, whole grain alternatives and low-fat options)
compared with fast-food outlets, restaurants, and convenience stores. Therefore, having a
lower availability of food stores that offer healthy foods such as fruit and vegetable stores and
supermarkets in deprived areas may be key barrier to access healthy and affordable foods. Sim-
ilar findings have been reported in other middle-income countries such as Brazil, where it was
observed that socially disadvantaged neighbourhoods had lower access to fruits and vegetables
or were of a lower quality [58].
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In contrast, convenience stores, which may offer more unhealthy food and beverage
options, were widely available for lower-income populations as well as all other household
strata. These type of food stores tend to offer a wide range of foods high in saturated fat, salt
and sugar which may increase the risk of obesity and NCDs as shown by previous studies [20,
59].

Regarding fast-food outlet exposure and SEP, lower-income households were less exposed
to high concentrations of fast-food outlets (B: -0.061 95%CI: -0.072, -0.050; P < 0.001) and
were less likely to consume unhealthy dietary patterns when exposed to high concentrations of
fast-food outlets (B: -0.026, 95% CI: 0.0002, 0.053; P = 0.04). This could be explained by the
low level of development and commercial infrastructure to which lower-income populations
may be exposed to [20, 60, 61]. Our previous study assessed the distribution of food outlets
according to the level of urbanicity and it was observed that in areas of higher urbanicity, there
was a higher availability of fast-food outlets [20]. Similarly, previous studies have shown that
fast-food outlets tend to aggregate in the same geographic areas and locate in areas of greater
visibility and connectivity, such as city centres, commercial areas and highstreets which may
have a higher street intersection density, a higher availability of public transport and infra-
structure that facilitates walkability and safe mobility (e.g., sidewalks, bike lanes, parks) [62].
This strategy helps fast food outlets dominate the market and maximise profits [62] which
explains why fast-food outlets in lower-income neighbourhoods were less available for low-
income households in this study. Previous studies have also observed that a high availability of
fast-food outlets increases the risk of obesity by discouraging healthy dietary behaviours along
an high exposure to unhealthy food outlets which enable unhealthy food options [63].

Similarly, for restaurants, these were less likely to be found in lower-income areas compared
with upper-income areas. However, upper-income populations were less likely to acquire
unhealthy dietary patterns when highly exposed to unhealthy food outlets whereas lower-
income populations who were exposed to fast-food outlets were more likely to consume a diet
rich in carbohydrates. This could be explained by higher-income populations having more
purchase power, options, and mobility (e.g., car ownership) to acquire food from a diversity of
food outlets and may typically be able to travel further to access a greater diversity of food
shops and healthier food choices [64, 65]. Supporting this finding, as indicated in the 2019 Pan
American Health Organization report [19], ultra-processed foods purchases increased as avail-
able money increased. In Mexico, gross domestic product (GDP) per capita increased by 23%
between 2009 and 2014.

Supermarkets were less available for lower-income populations; however, when lower-
income populations did have access to supermarkets, a lower likelihood of an unhealthy diet
was observed. This could be explained by an increased access to staple foods at more affordable
prices and an increased availability of fruits and vegetables. Previous studies have observed
that lower-income areas are less likely to have access to supermarkets and grocery stores that
carry healthy foods compared with predominantly middle- and higher-income areas [16, 66,
67]. However, when exposed to a high density of supermarkets, upper-lower-income popula-
tions were more likely to have an unhealthy dietary pattern. This may be explained by a higher
purchase power and an increased exposure to purchase snacks and additional discretionary
foods [68]. Previous studies have found a correlation between an increase in purchase power
unhealthy food purchases in Latin American countries [68].

Middle- and low-income populations may be more vulnerable to unhealthy foods and bev-
erages commonly displayed at cash points which previous research has observed to incentive
unhealthy food choices. Point of purchase policy regulations may target smaller portion sizes
for unhealthy foods and beverages; unhealthy combo meal-like promotions; and food choice
architecture (e.g. placement and marketing) restrictions on HFSS and ultra-processed foods
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and increased saliency for healthier alternatives [69]. Adoption of these type of policies could
contribute significantly to the prevention of obesity and diet-related NCDs [69].

Our findings indicate that the food environment might explain some of the socioeconomic
disparities related with dietary intake. Supporting these finding, a study by Pérez-Ferrer et al.
indicated that household wealth can be an effect modifier in the association between education
and obesity, mainly in women [70]. The study also indicated that as countries like Mexico
develop economically, there tends to be a cross-over to higher rates of obesity among socially
disadvantaged groups [70]. As our study indicates, a lack of healthy food store availability for
the most deprived may increase the susceptibility to unhealthy diets which may increase the
risk of obesity and NCDs.

In Mexico, the nutrition transition and an increase in obesity coincided with the NAFTA
agreement [50, 71], which may be related to growth in unhealthy food retail outlets [50]. Our
findings indicate that environmental and sociodemographic conditions within neighbour-
hoods may affect dietary behaviours [58]. Additionally, household income can influence access
to food products and food stores, thereby making it difficult for low-income families to priori-
tize the purchase healthy foods, especially when these are more expensive or not as appetising
[58].

Strengths and limitations

The findings presented here should be interpreted with caution. Among the limitations of our
study is the use of cross-sectional data, which does not permit examination of how changes in
fruit and vegetable store density influenced consumption. Retail food environments are
dynamic, and a longitudinal design could help understand the effect of the retail food environ-
ment on dietary intake. Similarly, a natural experimental evaluation could have minimized
potential bias and provide critical information about the impacts of food retail interventions
on dietary intake [72] or obesity [73]. There was a two-year difference between the health and
geographic data that were used in this study. However, data-verification two years later found
the prevalence, position and type of food store was still accurate, suggesting little change over
time. Additionally, due to data confidentiality, dietary intake data were recorded at the cen-
troid of the residents’ CTA as precise individual level area data were not available. CTA was
used to calculate food outlet density as a proxy for individual’s food environment. CTA has
been considered a gold standard for measuring food environment and has been used by vari-
ous studies as the unit of analysis to study food environments [74, 75]. However, individuals
often cross the boundaries of their residential area to access food which may underestimate
food availability [74]. Additionally, residents in impoverished areas may have limited capital
resources, such as car ownership, making it feasible to assume that there may be greater reli-
ance on proximal food sources [76] or low-income populations may travel long distances for
work during the day and thus shift across food environments. Additionally, even if healthier
food options are available, food affordability may be a barrier if working or commuting via
high-income areas. Missing data could have impacted the association of the food environment,
diet, obesity, and SEP. ENSANUT carried out a dietary assessment to 11% of the population
[26]; therefore, the study’s sample size was restricted to participants who had a measure of die-
tary intake and the retail food environment. Individuals who did not have a measure of diet,
lived in a rural area, or did not have a measure of the retail food environment were excluded
from this study.

Although informal food vendors were identified in the food outlet data verification stage, it
is possible that some mobile food units, which represent an important influence on dietary
intake in Mexico [77], may not have been included in the food outlet database used in this
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study, which could have been due to lack of registration compliance to sell food or because of
the provision of a home address rather than the place of sale. A lack of data on the affordability
and quality of fruit and vegetables sold and the availability of unhealthy alternatives is a limita-
tion of this study. To account for this limitation, household SEP and dietary intake in the form
of dietary patterns were included in the statistical models. Lastly, due to the self-reporting
nature of FFQ questionnaires to assess dietary intake, bias may occur due to underreporting of
food consumption or low accuracy (recall bias). In addition, because an FFQ is composed of a
specific list of food items, a single FFQ may not reflect the consumption patterns of a given
population [78].

In terms of strengths, this study included a comprehensive dietary assessment which per-
mitted examination of the diet through dietary patterns. Dietary patterns may be a better pre-
dictor of dietary intake than individual nutrient analysis because they consider the overall diet
consumption and account for the interaction of nutrients within foods and their potential
effect on health [79]. Additionally, we used principal component and factor analysis to deter-
mine dietary patterns, which is the most common approach to determine dietary patterns and
therefore allows comparison with other studies. Instead of classifying individuals into a single
pattern, individuals receive a score of each pattern instead of being subjectively classified into a
single cluster or group [79]. Other strengths include the use of measured data; the geographical
location verification of food outlets; accounting for selection bias; and the use of a statistical
method that was able to detect discrepancies between different geographical levels and account
for clustering. To our knowledge, this is the only study to has assessed the relationship between
food retailer availability, dietary patterns, BMI and its interaction with diet, and socioeco-
nomic position at a national level in a middle-income country setting. This study advances the
existing literature of the retail food environment and its relationship with food choice and the
application of geographical information systems.

Conclusions

A lower density of fruit and vegetable stores was associated with unhealthier dietary patterns
whilst a high exposure to convenience stores was linked with unhealthy dietary patterns and a
higher risk of BMI particularly in low-income populations. Actions to regulate the food envi-
ronment by decreasing the availability of unhealthy foods and increasing the availability of
healthy food and beverage options, particularly in low-income neighbourhoods, may help
improve dietary intake in the Mexican population and contribute to the prevention of obesity
and diet related NCDs in the country.
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