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There is evidence of the association between different retail stores and food consumption, yet research is still limited in low- and medium-income countries, where the context of the food retail environment is different from that observed in high-income countries. Specifically, less is known about how convenience and small grocery stores, which offer products with immediate access, are associated with the diet as a whole. The present study assessed the association between density of convenience and small grocery stores and diet quality in adults from the Mexico City Representative Diabetes Survey 2015. A final sample size of 1,023 adults aged 20–69 years was analyzed. The density of stores was measured using Euclidean buffers within 500 meters of each participant's home. The Mexican Alternate Healthy Eating Index (MxAHEI) was used to assess diet quality. Multivariable Poisson models were used to test the association of convenience and small grocery stores densities with the MxAHEI. Although our results were not statistically significant, we observed a lower diet quality score among adults from Mexico City living in areas with a higher density of small grocery and convenience stores. More research is needed on the influence of environmental food retail on food consumption.
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Introduction

Low-quality diets have been associated with obesity, cancer, and other cardiometabolic outcomes (1–3). In 2017, low-quality diets accounted for 16% of disability-adjusted life years and were responsible for 22% of global deaths, with cardiovascular disease as the leading cause (3). The global shift toward unhealthy dietary patterns (diets high in saturated and trans-fat, added sugars or sodium, and low in fiber) has been a public health concern. This transition has been accompanied by increased marketing of ultra-processed foods and exponential growth of food retailers (4). The food retail environment, defined as places where people shop for food, is one of the key determinants of diet as it can facilitate the intake of healthy or unhealthy foods (5).

There is evidence of the association between different food retailers and food consumption. In high-income countries (HICs), primary access to supermarkets and limited access to convenience stores-small store with mostly ultra-processed and ready-to-eat foods-has been associated with a healthier diet (6). Convenience stores have been linked with low intake of fruits and whole grains, low diet quality scores in adults, and higher intake of sugar-sweetened beverages in children and adolescents (7–10). However, evidence of the association between food retail environment and food intake could be limited in medium- and low-income countries (LMICs), mainly due to the different contexts (11). For example, within the Latin American context, including Mexico, the food environment is characterized by a high proportion of small retailers. These retailers are mainly family-owned businesses located near homes that regularly offer staple foods, fresh products, as well as a low proportion of ultra-processed products (12–15). Nevertheless, the food environment in Latin America is shifting from healthier products to unhealthy food options, specifically due to the expansion of long-chain supermarkets, convenience stores, and fast-food restaurants (12, 15).

Since the creation of the North American Free Trade Agreement (NAFTA) in 1990, the availability of convenience stores that offer ultra-processed food, has increased in Mexico (16). From 2010 to 2018, the availability of convenience stores in urban environments grew by 142%, whereas the proportion of small grocery stores increased from 2 to 24% (17). Nonetheless, small grocery stores continue to be the most predominant type of traditional retailer in Mexico, where most of the impulsive and unplanned purchases are made (15).

The density of convenience and small grocery stores could contribute to diet quality. Evidence of the association between the density of this type of food stores and diet quality in Mexico is scarce. Most of the food environment evidence has focused on the availability of unhealthy food around schools (18, 19). Others described the increasing trends of stores offering ultra-processed food and their association with health outcomes in specific settings and populations (12, 18, 20, 21). Notwithstanding, little is known about the association between the density of these establishments and the consumption of certain types of food, as well as the whole diet. Thus, the aim of this article was to assess the association between the density of convenience and small grocery stores and diet quality in adults in Mexico City.



Materials and methods


Study design and data collection

We used data from the Mexico City Representative Diabetes Survey 2015 (MCRDS, 2015). This survey has a probabilistic multistage stratified cluster sampling design. Participants were selected through cluster sampling, using basic geostatistical areas (AGEB in Spanish acronym) as the primary sampling unit. From each AGEB, systematic sampling was conducted to six houses within six blocks. Two adults aged 20–69 years were systematically selected in each house. Trained personnel conducted face-to-face interviews using validated questionnaires between May and June 2015. The response rate for the original study was 71.4%. The MCRDS 2015 collected information on demographics, lifestyles, diet habits, and chronic diseases of 1,313 adults from Mexico City (22). We excluded adults with invalid or incomplete information on diet and those with potentially implausible intakes by food group and total energy > 3 S.D. (n = 299). Hence, the final analyses included 1,023 individuals.



Variable definition
 
Mexican alternate healthy eating index

Diet data came from a validated semi-quantitative food frequency questionnaire (SFFQ). The SFFQ contained 140 foods that asked about participants' dietary intake over the previous seven days. This was administered by trained personnel using standardized data collection and entry procedures. Participants were asked to report the frequency of consumption of a standard portion of each food in the last 7 days and the times per day (one to six) (23). We estimated the diet quality for each participant by using the Mexican Alternate Healthy Eating Index (MxAHEI) (24). Details of the MxAHEI have been described elsewhere. Briefly, the MxAHEI includes 12 components: (1) vegetables, (2) whole fruit, (3) whole-grain cereals, (4) legumes, (5) seafood, poultry, or eggs, (6) polyunsaturated fat excluding long-chain fatty acids (EPA-eicosapentaenoic acid and DHA-docosahexaenoic acid), (7) long-chain fatty acids, (8) sugar-sweetened beverages, (9) red and processed meat, (10) sodium, (11) trans-fat, and (12) alcohol. Scores for each component ranged from 0 to 9. Zero “0” means that the individuals do not adhere to a recommended diet, whereas “9” represents those that fully adhere to a recommended diet. Solely, “5” for legumes and nuts refers to those that adhere to a recommended diet. Individuals that with a lower score, had a higher consumption of sugar-sweetened, red and processed meat, sodium, trans fat, and alcohol. Given the skewed distribution of the MxAHEI scores (total and by component), these were divided by the median into two categories: (1) high and (2) low consumption (24).



Density of grocery and convenience stores

We obtained the information on food retail in Mexico City from the 2015 National Statistical Directory of Economic Units (DENUE for its Spanish acronym). The information was collected by the National Institute of Geography and Statistics (INEGI for its Spanish acronym), based on the economic census conducted in 2014 (25). DENUE classifies economic units based on the North American Industrial Classification System (NAICS). Based on NAICS, we disaggregated “mini supermarkets” categories (code 462112) into small grocery stores (code 461110) and chain convenience stores (26). Spirits and beer outlets were excluded. We focus our analysis on these two types of food outlets because there are located nearby people's homes and offer ready-to-eat products (12, 17, 20, 21). We further considered for the analysis the presence of fruits and vegetable stores (fruterías y verdulerías), animal-based products stores (carnicerías, pollerías, marisquerías y pescaderías), supermarket, mini supermarkets stores, non-alcoholic beverage stores, bakeries (panaderías), corn tortilla stores (tortillería), sweets and confectionery stores (dulcerías) and ice cream parlors (heladerías) (Supplementary Table 1).

In order to verify if establishments were classified correctly, we manually reviewed the food outlet's name for DENUE food retail trade categories database. In cases where the food retail name or relevant information was not provided, we used Google maps street view to verify and insert the correct type of store.



Geocodification of individuals and food store

We used the Geographic Information System Software (QGIS) v3.10 to geocode the participants' homes and types of food outlets (27). Euclidean buffer of 500 meters was built around each participant's home (28). This buffer has been used in previous studies; in addition, this represents the walkability distance from home to any other place and is useful for cities with high connectivity, such as Mexico City (28–33). The density of small grocery, convenience stores, and other types of stores was defined as the total number of establishments within the buffer divided by the mean population of the census tract within the buffer zone (28–31). Then, the density of stores was standardized by dividing 1,000 inhabitants. In addition, based on previous studies, the density of stores by population was stratified into tertiles (18, 28, 29, 31, 32). Further information related to the density of stores per 1,000 inhabitants is described in Supplementary Table 2.



Covariates

Covariates included: sex, age, educational attainment, employment status, car possession, socioeconomic status, urban marginalization degree, and density of other stores. Age was classified into three categories (20 to 39 years, 40 to 59 years, and 60 years or more). We defined educational attainment as elementary school or less, middle school, and high school or more. Employment status was categorized into three groups: unemployed, 48 working or less per week, and working more than 48 per week (34). Car possession was dichotomized as yes or no. We constructed a socioeconomic status (SES) index by combining eight variables that assessed household characteristics, goods, and available services, including construction materials of the floor, ceiling, and wall; household goods (stove, microwave, washing machine, refrigerator, and boiler); and electrical goods (television, computer, radio, and telephone) (35). The index was divided into tertiles and used as a proxy for low, medium, and high SES. Urban marginalization degree was constructed based on the marginalization index calculated by National Population Council (CONAPO for its Spanish acronym), 2010. The index was based on variables aggregated at the municipal level that indicate the level of education (illiterate population or population without complete primary education aged 15 or over), the level of access to public services and housing conditions (without drainage, electricity, piped water, sanitary service, with overcrowding and earth floor), working and economic conditions (subsist with income up to 2 minimum wages) prevailing within each buffer zone determined for each household. This index was stratified into four levels: very low, low, medium, and high. Finally, the density of fruits and vegetable stores, animal-based products stores, supermarkets, mini supermarkets, non-alcoholic beverages stores, bakeries, corn tortilla stores, and ice cream parlors was split, at the median into categories of low density and high density (Supplementary Table 2).




Statistical analyses

We first described the sociodemographic and lifestyle characteristics of the study sample. Second, we used Pearson's chi-squared test to examine the bivariate relationship of the density of small grocery and convenience stores and sociodemographic variables with the MxAHEI. Then we performed multivariable Poisson models to test the association of small grocery and convenience store densities with MxAHEI (overall and by component). The models were adjusted for sex, age, educational attainment, employment status, car possession, socioeconomic status, urban marginalization degree, and density of other types of stores. We considered the MxAHEI as the outcome variable using the high score as the reference category. We used the variance inflation factor (VIF) to check for multicollinearity. VIF values ranged from 1.22 to 3.26 suggesting no linear relationship among the predictors (36). The significance level was established at alpha 0.05. However, as recommended, we also described and discussed results that, even though not statistically significant, provide a broader picture of the findings (37). Statistical analyses were performed using Stata 14 (Stata corp LLC, College Station, TX, USA) (38). We used survey commands to account for survey design and weighting to generate nationally representative results.




Results

A total sample of 1,023 adults was analyzed from the MCDRS 2015. As shown in Table 1, 63.2% are women, 43.4% are adults aged 40 to 59 years, and 41.7% had a higher level of schooling. More than half of adults worked 48 h or more per week (58.6%), and less than one-third owned cars (25.9%). The 31.8% of adults were classified with a high socioeconomic level, and 91.3% resided in areas with a very low to medium degree of marginalization.


TABLE 1 Sociodemographic characteristics of study participants.
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Table 2 and Supplementary Table 3 show the characteristics of the study sample by the total MxAHEI score categories. We observed that the distribution of the total MxAHEI score was not statistically different across the density categories of grocery and convenience stores (Table 2). Likewise, we did not find differences in the total MxAHEI across densities of supermarkets, mini supermarkets, fruit and vegetable stores, corn tortilla stores, bakeries, and ice cream parlors (Supplementary Table 3). However, a higher number of adults with a high total MxAHEI score lived in buffers with a high density of fruit and vegetable stores. Otherwise, the total MxAHEI score distribution was statistically different across the density of animal-based products stores, sweets and confectionery stores, and non-alcoholic beverages stores. We found that more adults living in areas with a higher density of these stores had a lower total MxAHEI score (Supplementary Table 3).


TABLE 2 Mexican Alternate Healthy Eating Index scores by participants' characteristics.
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A higher percentage of adults aged ≥60 had a higher total MxAHEI score than younger participants (<60 years). Also, a higher percentage of adults with elementary school or less had a higher MxAHEI score than those with higher educational attainment. Finally, a higher proportion of adults living in areas with a high degree of marginalization had a lower total MxAHEI score (Table 2).

Table 3 presents the association between the density of grocery stores and the total MxAHEI score adjusted for covariates. A lower prevalence of the total MxAHEI score was higher among adults residing in areas with a medium versus low density of grocery stores (PR = 1.18, 95% CI = 0.99, 1.38); however, this association was not statistically significant. Likewise, specifically by component, adults living in buffers with a medium and a high density of grocery stores had a higher prevalence of a low legumes score (PR = 1.09, 95%CI = 0.88, 1.35; PR = 1.20, 95%CI = 0.86, 1.68, respectively) and polyunsaturated fat score (PR = 1.08, 95%CI = 0.87, 1.34; PR = 1.06, 95%CI = 0.81, 1.06, respectively) compared to those living in areas with low density. Although these associations were not statistically significant.


TABLE 3 Association between the density of grocery stores with Mexican Alternate Healthy Eating Index overall and componentsa.
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Table 4 shows the association of the density of convenience stores with the total MxAHEI score adjusted for covariates. There was no statistically significant association between convenience stores and the overall MxAHEI score. However, the prevalence of a low total MxAHEI score was higher among adults living in buffers with a medium and high vs. low density of convenience stores (PR = 1.15, 95%CI = 0.92,1.43; PR = 1.14, 95%CI = 0.93,1.40, respectively). Moreover, we found a statistically significant association between adults living in areas with a medium and higher density of convenience stores and a lower prevalence of a low polyunsaturated fat score (PR = 0.78, 95%CI = 0.69, 0.94; PR = 0.76, 95%CI = 0.60, 0.95, respectively). Regarding other components, we did not find a statistically significant associations; however, a high prevalence of a low vegetable score was observed among adults residing in areas with medium and high vs. low density of convenience stores (PR = 1.19, 95% CI = 0.98, 1.45: PR = 1.13, 95%CI 0.92, 1.39, respectively). Furthermore, adults living in areas with a medium and high density of convenience stores had a higher prevalence of a low legumes score (PR = 1.17, 95%CI = 0.94, 1.46; PR = 1.18, 95%CI = 0.95, 1.47, respectively) and long-chain (n-3) fats (EDA+DHA) score (PR = 1.04, 95%CI = 0.79, 1.37; PR = 1.14, 95%CI = 0.92, 1.42, respectively) compared to those living in areas with low density. Nevertheless, adults living in areas with medium and high density had a higher intake (low score) of processed meat (PR = 1.02, 95%CI = 0.95, 1.09; PR = 1.06, 95%CI = 0.98, 1.14, respectively) compared to adults living in areas with low density.


TABLE 4 Association between the density of convenience stores with Mexican Alternate Healthy Eating Index overall and componentsa.
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Discussion

To our knowledge, this is one of the first studies that analyzed the association of the density of small grocery and convenience stores with the diet quality of adults living in Mexico City. We found that the small grocery stores were not statistically associated with quality diet, overall or by component. However, we did observe a lower diet quality score in buffers with medium vs. low density of small grocery stores. Specifically, a higher percentage of adults living in areas with medium and high density of small grocery stores had lower scores for legumes and polyunsaturated fat. Regarding the convenience stores, although not statistically significant, we found that a medium and high density of these stores was associated with a lower score in the overall diet quality. Also, a higher number of adults living in areas with a medium and high density of convenience stores had lower scores for vegetables, legumes, and long-chain (n-3) fats. However, we observe that a high and medium density of convenience stores was statistically associated with higher polyunsaturated fat intake.


Grocery stores and diet quality

Our findings of an inverse association not statistically significant between a higher density of small grocery stores and diet quality score can be explained by several reasons. First, the results seem to be consistent with what these establishments offer. Bridle-Fitzpatrick et al., studied the food environment in a city in a northern state of Mexico (Mazatlán, Sinaloa); they found that small grocery stores sold a small selection of fresh fruit and vegetables and large quantities of sugar-sweetened beverages (SSBs) and packaged snacks (20). Second, although the number of convenience stores has increased, the small grocery stores (tiendas de abarrotes) continue to be the most predominant food retailer in Mexico; there are 67 small retail stores per chain convenience store (12). Small grocery stores have great cultural importance, affordable prices, are located nearby homes, and offer credit to the customers (15), which might promote the intake of unhealthy and energy-dense foods at a lower cost. Moreover, it has been documented that small grocery stores account for an important proportion of the sales of transnational food companies in Mexico, including SSBs, baked goods, snacks, beer, and dairy (39).

Although not statistically significant, we observed an inverse association between small grocery store density and legumes intake. Even though small grocery stores offer dry and canned legumes, we do not exclude the possibility that people purchase their legumes from other stores like supermarkets (40). However, we do not have information on purchases of legumes by type of food store. Moreover, the estimations could be a reflection of the low intake of legumes in Mexico. Aburto et al. (41), found that legumes had the lowest energy contribution (3.8%) of the total energy intake among the Mexican population, especially in urban localities (42).

We did not observe an association between the density of small grocery stores and other diet components (vegetables, whole fruits, whole grains, seeds, red and processed meats, long-chain (n-3) fats (EPA+DHA), SSBs, trans-fat, alcohol). One possible explanation of this finding is that these foods are found in fresh food stores in Mexico (e.g., fruit and vegetable stores, butchers, poultry shops, fishmongers, and other specialized shops) (17, 20), and their purchases are likely independent of what is acquired in small grocery stores.



Convenience stores and diet quality

Although not statistically significant, we found an inverse association between convenience stores and the overall diet quality. In the same line, Lind et al., found that higher availability of convenience stores within 500 meters network buffers was associated with an unhealthy diet among 16 years and older Danish (32). Also, a longitudinal study in young adults in the United States found an association between a higher density of convenience stores and a low score quality of the diet for participants living within a 3-kilometer distance along the street network (7). One potential explanation for our not statistically significant results could be that the number of convenience stores in Mexico is still small relative to small grocery stores (12, 21). However, the relative proportion of convenience stores continues to rise (12, 15, 17, 21). Therefore, monitoring the association between convenience stores and diet intake will be needed. Also, the density of convenience stores is more likely to be related to specific food components than the overall diet.

Specifically, we found a not statistically significant inverse association between convenience store density and the vegetable component score. This finding is consistent with the study by Zhang et al. (43), who observed that a higher density of convenience stores was associated with an increased likelihood of infrequent vegetable consumption in the Chinese population (41). Another study performed in an urban multiethnic population in the United States found that the presence of a convenience store in the neighborhood was negatively associated with vegetable intake among Latinos (7). Although convenience stores represent a small proportion of the total stores (1.3% in 2016), it is the fastest-growing store type in Mexico (12). The availability of convenience stores could negatively influence the consumption of healthy food products because convenience stores typically carry fewer whole grains, legumes, fruit, and vegetables than other retail food outlets. A recent study in Mexico showed that the density of convenience stores was associated with higher purchases of ultra-processed food and SSBs, probably linked to their low prices and large availability in these stores (15).

We also found that a high and medium density of convenience stores was statistically associated with a higher intake of polyunsaturated fat, excluding long-chain fat. This finding can be explained by the fact that vegetable oils, highly accessible in convenience stores, are a major source of no-long-chain fat in Mexico (43). Although polyunsaturated fats can have a protective role against cardiovascular disease, this effect could be detrimental when used to fried the food (44, 45). Future analysis will be needed to determine the type of polyunsaturated fats purchased by the retail food store and how they are consumed.



Strengths and limitations

Our study has several limitations. First, this was a cross-sectional study; therefore, it is not possible to determine the causal relationship between grocery and convenience store density and diet quality. However, the findings highlight the potential of the food environment to influence the diet of adults in Mexico City. Future longitudinal studies will be needed to confirm our results. Second, the data analyzed are not recent. However, the association between the density of food outlets and diet quality is not expected to change significantly over a short time. Third, we do not rule out the possibility of selection bias since the missingness in diet information might be related to the diet itself. Fourth, our findings could be only extrapolated to areas with populations with a socioeconomic status distribution similar to our study sample, which was different from those observed in the excluded sample (Supplementary Table 4). Moreover, although the original study might be representative of adults from Mexico City, this might not be true by geographic region. Given the nature of our analyses, it is likely that more individuals were clustered in some buffers than others. Therefore, our no statistically significant results might be partially explained by the low variability in the exposure and outcome due to the geographic distribution of our study sample. The dichotomization of the outcome variable can also explain the low variability in the MxAHEI scores across buffers and, therefore, the non-significant results. Nevertheless, we considered the results informative given the directions of the estimations. Fifth, we estimated store density to quantify the availability of food stores by using geographic information methods only (46). However, we did not conduct any store audit or checklist to assess the food availability in the food outlets of interest in more detail (47). Sixth, we did not consider other types of food stores, such as informal or mobile food outlets (as the DENUE data do not include information about informal food vendors), which could impact the diet, as shown in other studies (17, 18). Moreover, as mentioned before, we focused on small grocery and convenience stores because of their proximity to people's homes and their supply of products with immediate access (12, 17, 20). Seventh, although Euclidean buffer zones have limitations concerning street network buffers, both metrics have similar correlation results in terms of the level of pseudo individual density (at the same distance), and the correlation increased so when accounting for larger neighborhoods (400 m rs = 0.667 and 800 m rs = 0.667 p < 0.001) (28). Eighth, we focused on the food environment around homes in a buffer of 500 meters; however, likely individuals do not shop (or not always) at small grocery or convenience stores near home. Nineth, one of the main limitations of the SFFQ is it might underestimate the food intake; however, it is not a limitation in our study since the MxAHEI considers the total energy intake. Finally, we recognized that the MxAHEI scores calculated might not reflect the variability in dietary intake by seasonality since the survey was conducted between May and June. Future studies considering food information from different seasons would provide further insights into the potential association between the food environment and diet quality. For future studies, it is important to consider combining multiple evaluation techniques, including individual factors and social contexts of Mexican populations, for example, promotion, price, availability of homemade food/beverages, and acceptability, which have been linked with unhealthy diets (19). Therefore, counting more of these variables would help better understand the mechanisms for which the food environment potentially affects the food intake.

This study's strength includes using an economic census database to estimate the density of convenience stores rather than self-report of stores. Also, this is one of the first studies that explore the association between the density of two types of food retails (small grocery and convenience stores) and the diet quality among Mexican adults. This study contributes to the literature on the community food environment.




Conclusion

We observed an association not statistically significant between a higher density of small grocery stores and convenience stores and lower overall diet quality among adults in Mexico City. Despite the limitations, this study adds new insights to understanding the role of the grocery and convenience stores in adopting a healthy diet, regardless of individual characteristics. Nevertheless, more evidence is required to narrow the knowledge gap on the underlying causes of unhealthy dietary patterns by making the food environment visible as a risk factor.
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