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ABSTRACT
Nancy Paulina López Olmedo: Examining socioeconomic disparities in the diet quality and the
association with cardiometabolic measures among Mexican adults
(Under the direction of Barry Popkin)

There are limited studies about the association of diet quality with cardiometabolic outcomes
among Mexican adults, and still less is known about whether socioeconomic status (SES) modifies this
association. With a higher burden of obesity and many untreated cardiometabolic diseases among low
SES individuals, understanding this relationship is important.
Using data from the Mexican National Health and Nutrition Survey 2012, our primary aim was to
examine the association of diet quality with body mass index (BMI), waist circumference (WC), and
cardiometabolic risk. We evaluated the diet quality using the total Mexican Diet Quality Index and
Mexican Healthy Eating Index and defined cardiometabolic risk as diabetes, atherogenic dyslipidemia,
and inflammatory risk. We found that diet quality was not associated with BMI, WC, or cardiometabolic
risk in the overall population for either index.
Our secondary aim was to examine the association between diet quality and cardiometabolic
outcomes by SES, specifically education level. We found that poor diet quality was associated with
higher predicted BMI and WC for men with lower but not higher education level. Among women,
education level did not modify the association of diet quality with BMI and WC. Education level did not
modify the association between diet quality and cardiometabolic risk in men. Among women, the
probability of diabetes and atherogenic dyslipidemia risk was lower for each 10 units increase in the diet
quality score in women with low but not high education level. Finally, we examined the association
between SES (using education level and assets index) and diet quality. We found that education level was
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inversely associated with diet quality in women, but not in men, while a household assets index was
inversely associated with diet quality in men, but not in women.
In conclusion, a higher diet quality was associated with lower BMI and WC in lower-educated
men, and lower diabetes and atherogenic dyslipidemia risk in lower-educated women. Lower SES was
inversely associated with diet quality in Mexican adults. Longitudinal analyses are needed to confirm our
results and identify the utility of improving dietary quality as a strategy for reducing cardiometabolic
disease in this population.
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CHAPTER 1. INTRODUCTION
Background
Non-communicable diseases (NCDs), including obesity, type 2 diabetes and cardiovascular
disease, are the leading causes of global morbidity and mortality. The World Health Organization
estimates that 40% of all deaths from NCDs are related to the consumption of foods high in saturated fat,
sodium, refined cereals, or added sugars, and low in fruits, vegetables, or whole grains.1 Research into
diet-disease relationships had been traditionally focused on the role of single nutrients or food groups
without considering the possible interactions between nutrients or foods.2, 3 However, the examination of
dietary intake has recently broadened to include overall diet quality to capture the complexity of people’s
diet and, as result, better assess the diet-disease relation.4
Numerous studies show that diverse diet quality indices are associated with NCD-related
outcomes, including manifestation of type 2 diabetes and incidence for mortality due to cardiovascular
disease.2, 4-6 However, only a few studies have examined the relationship of overall diet quality with
anthropometric measurements related with cardiometabolic outcomes, such as body mass index (BMI)
and waist circumference (WC), and results have been inconsistent.7-10 Furthermore, there is limited
research about the association of diet quality with cardiometabolic biomarkers. In addition, less is known
about the potential modifying effect of education, an indicator of socioeconomic status, on the association
of diet quality with cardiometabolic outcomes. A stronger inverse association between diet quality and
cardiometabolic outcomes among higher- than lower-educated groups would be expected, since better
diet quality among the more highly educated might interact with other favorable health factors to produce
larger improvements in cardiometabolic outcomes.11, 12 Finally, the relationship between education level
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and diet quality by sex has been barely studied, despite previous evidence showing that women may be
more concerned with the quality of the food,13 and health consciousness might vary by education level.14
Studies of socioeconomic disparities, especially in rapidly transitioning countries, can provide important
clues into which population subgroups should be targeted for interventions focused on reducing the risk
of obesity and cardiometabolic diseases through diet.
Mexico provides a unique context to examine the association of diet quality with cardiometabolic
outcomes. Mexico has experienced one of the world´s largest increases in the prevalence of obesity and
cardiometabolic diseases,15, 16 concurrent with dramatic increases in the intakes of non-essential, energy
dense, nutritionally deficient foods and sugar-sweetened beverages.17, 18 Dietary quality indices have been
developed to evaluate the diet quality in Mexican adults. However, they do not consider potential
predictors of NCDs, such as whole-grain and refined cereals, nor take into account that the quantity of
food consumed depends on individual’s energy intake.19, 20 Consequently, alternate diet quality indices for
Mexican adults are needed for addressing the limitations of previous ones.
This study used data from Mexican adults, aged twenty to sixty-nine years, who participated in
the Mexican National Health and Nutrition Survey (ENSANUT, by its Spanish acronym Encuesta
Nacional de Salud y Nutrición) 2012. The ENSANUT is representative at the national, regional, and state
levels and for urban and rural areas in Mexico. This survey contains information about sociodemographic
characteristics, nutrition, and health. Information about diet, physical activity and blood samples were
collected in a random subsample, representing the national, regional, and urban/rural population. Our
primary goal with this project was to evaluate the cross-sectional association of diet quality with
cardiometabolic outcomes (BMI, WC, and cardiometabolic risk using biomarkers) among Mexican men
and women. Our secondary goal was to examine the potential modifier effect of education level on the
association between diet quality and cardiometabolic outcomes in Mexican adults. In addition, we
evaluated the association between socioeconomic status and diet quality in this population.
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Research Aims
Aim 1: Examine the cross-sectional association of diet quality with BMI and WC, overall and by
education level, among Mexican men and women.
1a. We developed two diet quality indices for Mexico: a) the Mexican Diet Quality Index based on the
current dietary guidelines in Mexico and, b) the Mexican Alternate Healthy Eating Index, based on foods
and nutrients associated with cardiometabolic risk.
1b. We explored the cross-sectional associations of the Mexican Diet Quality Index and the Mexican
Alternate Healthy Eating Index scores with BMI and WC in the overall sample of men and women.
1c. We determined the cross-sectional associations of the Mexican Diet Quality Index and the Mexican
Alternate Healthy Eating Index scores with BMI and WC among Mexican men and women by education
level.
We hypothesized that diet quality scores would be inversely associated with BMI and WC in the overall
sample of Mexican adults. Furthermore, the association of diet quality with BMI and WC would be
stronger in individuals with higher education level.
Aim 2. Determine the cross-sectional association between diet quality and cardiometabolic risk
(diabetes, atherogenic dyslipidemia, and inflammatory risk), overall and by education level, among
Mexican men and women.
We hypothesized that the total Mexican Diet Quality Index score would be associated with lower
likelihood of diabetes, atherogenic dyslipidemia, and inflammation risk in Mexican adults. In addition,
the association of total diet quality score with cardiometabolic risks would be stronger in higher-educated
adults.
Aim 3. Examine the cross-sectional association between socioeconomic status and diet quality
among Mexican men and women.
3a. We explored the cross-sectional association of education level and tertiles of assets index with total
diet quality among Mexican men and women.
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3b. We determined the cross-sectional associations of education level and tertiles of assets index with
dietary components among Mexican men and women.
We hypothesized that education level and the assets index would be positively associated with diet
quality.
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CHAPTER 2. LITERATURE REVIEW
Why studying overall diet quality is relevant globally and in Mexico?
Of the 55 million total deaths that occurred in 2013 worldwide, an estimated 70% were due to
non-communicable diseases (NCDs) such as type 2 diabetes and cardiovascular disease.21 According to
the Global Burden of Disease Group, poor quality diets (diets that are high in saturated fat, sodium,
refined cereals, or added sugars, but low in fruits, vegetables and whole-grain cereals) are the leading risk
factors for morbidity and mortality from NCDs.22 In several countries, diets high in energy, saturated fat,
added sugars, or sodium are becoming more frequent; at the same time, higher-fiber foods, including
fruits, vegetables, legumes, and whole grains, are being replaced by processed foods focused more on
refined cereals, added sugars, sodium, and unhealthy saturated fats.23-25 These changes are paralleled by
major changes in health outcomes, including higher prevalence of obesity, type 2 diabetes, and
cardiovascular disease. Therefore, improving diet on a population level is an important area for action
worldwide.
In Mexico, NCDs currently represent the greatest challenge for the national health system.26
Indeed, NCDs led to 437 800 deaths in a population of 111.2 million in 2008 and accounted for 71% of
the total disability-adjusted life years in 2010.1, 21 Moreover, national surveys show that the prevalence of
type 2 diabetes in adults increased approximately 60%, from 5.7% in 2000 to 9.1% in 2012, and the
current prevalence of overweight and obesity is approximately 70% in this population.27-29 At the same
time, previous studies also using national surveys data show that total energy intake from beverages
increased from 250 kcal to 347 kcal in adults from 1999 to 2012.17 Furthermore, results from the
ENSANUT 2012 indicate that the second highest contribution to total energy intake came from food
products high in saturated fat or added sugars.18 As a result, Mexico is currently the fourth largest
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per-capita consumer in the world of energy-dense, ultra-processed food and drinks, including sugarsweetened beverages, sweet and savory snacks, confectionery, ice cream, biscuits, spreads, sauces, and
ready-meals.30
How does the study of overall diet quality contribute to evaluate the relationship between diet and
cardiometabolic outcomes?
Traditionally, studies in the area of nutrition epidemiology have been focused largely on the
investigation of single or a few nutrients or foods in relation to health outcomes.31 However, this approach
does not consider the complexity of dietary behaviors, as nutrients and foods are not eaten in isolation.32
Therefore, the major focus of work in recent years has been to measure diet quality from diverse
perspectives and in a comprehensive manner as a complementary approach that attempts to capture the
impact of combinations of dietary exposures.33, 34 Currently, two major approaches have been widely
used: the data-driven and hypothesis-driven methods. The first one, also called a posteriori method, use
statistical approaches to provide information about existing dietary patterns within the population.35
However, this approach not always identiy patterns that can be easily identified as “healthy” and
“unhealthy” and there is no guarantee that the identified patterns will be related to specific health
outcomes.36 On the other hand, the hypothesis-driven or a priori method is based on available evidence
on the relation between variety of foods and nutrients and health outcomes used to evaluate overall diet
quality.37 Dietary indices, or scores, are the most common hypothesis-oriented approaches that provide an
overall rating, on a numeric scale, of an individual intake in reference to a nutrient or dietary
recommendations used to examine the association between overall diet quality and NCDs.6, 38, 39
Accordingly, the a priori approach was considered the most suitable option in the present dissertation to
develop two diet quality indices and assess their association with cardiometabolic outcomes.
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Previous studies about the association of diet quality with cardiometabolic outcomes
Body mass index and waist circumference
Asghari et al. 2017 conducted a systematic review of literature published between January 1990
and January 2016 regarding the association of dietary indices with general and abdominal obesity, using
measurements of body mass index or waist circumference, among adults participating in observational
studies.9 They excluded articles that assessed specific diets, such as the Mediterranean and the Dietary
Approaches to Stop Hypertension scores. Therefore, most of the studies included in this systematic
review were udpated or modified versions of the Healthy Eating Index (HEI), including the Alternate HEI
(AHEI), HEI-2005, and HEI-2010, as well as the Diet Quality Index. This systematc review showed that
most of the studies conducted in high-income countries used updated or modified versions of the HEI,
and found an inverse association between diet quality and obesity. Furthermore, the HEI was a better
obesity predictor in men than in women in these countries. Findings in other studies not included in this
systematic review or using other measurements of obesity (for example percentage of body fat) were
similar to those summarized by Asghari et al.8, 40 On the other hand, authors of the systematic review
identified four studies carried out in three low- to middle-income countries among overall adults, and
found inconsistent results.9 These findings suggest that there is a need for better measures of diet quality
as well as sex-specific analyses in low- to middle-income countries. Therefore, the analyses part of this
dissertation were sex-specific.
Cardiometabolic biomarkers
Higher diet quality scores have been associated with lower risks of type 2 diabetes and
cardiovascular disease.4, 6 However, less is known about how diet quality is associated with intermediate
markers of cardiometabolic risk, including glucose, lipids, and C-reactive protein (CRP). Furthemore,
most of the studies have been conducted in developed countries, especially in US population. Fung et al.
2005 found that the AHEI and alternate Mediterranean score, but not the HEI, were associated with lower
CRP in women participating in the Nurses’ Health Study. The CRP concentrations were 30% and 24%
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lower in the top than in the bottom quintile of the AHEI and of the alternate Mediterranean score,
respectively.41 Likewise, AlEssa et al. 2017 studied healthy women in the Women’s Lifestyle Validation
Study that was conducted within the Nurses’ Health Study. They found that the Dietary Approaches to
Stop Hypertension and the Alternate Mediterranean scores were associated with lower levels of highdensity lipoprotein cholesterol. In addition, the Alternate Mediterranean score was associated with lower
levels of triglycerides.42 Jacobs et al. 2017 studied US adults from different backgrounds and showed that
the HEI-2010, the AHEI-2010, the Alternate Mediterranean score, and the Dietary Approaches to Stop
Hypertension scores were associated with lower levels of triglycerides in both men and women. Likewise,
these four diet quality scores were associated with lower CRP levels in men. Among women, only the
HEI-2010 and the AHEI-2010 were associated with lower levels of CRP. On the other hand, the AHEI2010 and the Dietary Approaches to Stop Hypertension score were positively associated with highdensity lipoprotein cholesterol levels in women, but not in men.43 Alkerwi et al. 2015 analyzed adults
residing in Luxembourg and found that the Mediterranean score was inversely associated with lowdensity lipoprotein cholesterol levels among overall adults.44 Like the analyses of the association of diet
quality with body mass index and waist circumference, the aforementioned studies indicate the relevance
of examining the associations between diet quality scores and cardiometabolic biomarkers by stratifying
the analyses by sex.
Only two studies about the association between diet quality and cardiometabolic biomarkers in
adults from middle-income countries have been published, to our best knowledge. Ventura et al. 2014
found that the Brazilian HEI was not associated with any of the biomarkers analyzed (glucose, total
cholesterol, low- and high-density lipoprotein cholesterol). Wang et al. 2017 showed that the tailored
AHEI was not associated with fasting blood glucose in Chinese adults.45 More research is needed in lowto middle-income countries to understand how diet quality is associated with cardiometabolic biomarkers.
Furthermore, these previous studies suggest that the analysis of several cardiometabolic biomarkers,
especially lipid biomarkers, may result in inconlusive results. Thus, the analysis of cardiometabolic
biomarkers using accepted definitions of cardiometabolic risk may help to understand the findings.
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Why develop new diet quality indices to evaluate the diet quality of Mexican adults?
Previous dietary quality indices have been developed to evaluate diet quality of Mexican adults,
but they have limitations and only one was developed to predict a specific NCD. Ponce et al. constructed
three diet quality indices: a cardio-protective index, a micronutrient adequacy index and a dietary
diversity index to evaluate Mexican adults’ diet.20 Therefore, only the cardio-protective index was
developed to evaluate diet intakes related to cardiovascular disease. The cardio-protective index was
based on seven World Health Organization dietary guidelines for the prevention of cardiovascular
disease: intake of protein ≥10% of total energy (%TE), total fat ≤30 %TE, saturated fat ≤10 %TE,
polyunsaturated fat <10 %TE, cholesterol <300 mg/d, fiber ≥20 g/d, and a fruit and vegetable intake ≥400
g/d.46 For the construction of the index, 1 point was given if the individual complied with one of these
dietary recommendations and 0 points otherwise. Therefore, the maximum possible number of points was
7 and the minimum number was 0; the higher the cardio-protective index, the better the dietary quality
from the standpoint of its cardio-protective effect. The strength of the cardio-protective index is that
considers different factors related to a specific NCD (cardiovascular disease). However, this index
assumes all nutrients or foods have the same estimated effect on health or contribute equally to diet
quality. Therefore, this may also affect the diagnostic ability of this index, since it seems more plausible
to assign greater weights to items that exert greater influence on predicting cardiovascular disease or are
more important for diet quality.2
Macedo-Ojeda designed an index to assess the characteristics of a healthy diet in adults using
multiple dietary intake data (food frequency questionnaires and dietary records) collected over one year
(n=150 at baseline).19 The main strength of this index was the inclusion of key elements that allow for
evaluation of overall usual diet quality. Nevertheless, this index contains components where absolute
intakes of fruit, vegetables, cereals and legumes are considered (e.g. at least 400 g from vegetables and
fruits). Therefore, these criteria do not consider that the quantity of food consumed depends on
individual’s energy requirement. Additionally, this study was not developed to be associated with health
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outcomes and most subjects were students of health sciences from the Central region of the country, and
thus this index may not be valid for other Mexican adults.
In the present dissertation, we developed a new diet quality index, the Mexican Diet Quality
Index based on the current Mexican Dietary Guidelines.47 The aims of these guidelines in terms of diet
are 1) prevent malnutrition, for both deficiency and excess of food intake, but especially focused on the
prevention of overweight and obesity and other NCDs; 2) promote healthy eating habits; 3) preserve the
food culture, and 4) support sustainable food production. These guidelines were developed by an expert
committee based on literature review, including scientific information at local, regional and international
level, and the revision of the dietary patterns in the Mexican population.47 Furthermore, these guidelines
contain the number and size of servings recommended for 9 food groups, by age group and by total
energy intake. Therefore, we used as a reference the number of servings recommended for adults and
calculated the scores of each one of the Mexican Diet Quality Index components on energy density basis
(per 2,000 kcal).
The Alternate Healthy Eating Index (AHEI) was created in 2002 as an alternative to the Healthy
Eating Index, which was developed in conformance with the Dietary Guidelines for Americans.48, 49 The
AHEI was created by Harvard researchers based on findings from the Nurses’ Health and Health
Professional Follow-up studies.50-52 Higher scores on the AHEI have been strongly associated with lower
risk of major NCDs, including cardiovascular disease, type 2 diabetes, heart failure, and cardiovascular
mortality.51-54 Since the creation of the AHEI, substantial evidence had emerged to support a role of
additional dietary factors in the development of NCDs. Thus, Harvard researchers created the AHEI-2010
based on a comprehensive review of the relevant literature and discussions with other nutrition
researchers to identify foods and nutrients that have been associated consistently with lower risk of
chronic disease in clinical and epidemiologic investigations, including information from the original
AHEI.48 This diet score includes 12 components scored from 0 (worst) to 5 or 10 (best), and the total
AHEI-2010 score ranges from 0 (nonadherence) to 110 (perfect adherence). For developing the Mexican
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Alternate Healthy Eating Index, we used the original AHEI-2010 criteria for minimum and maximum
score, except for sodium. We considered the same sodium criteria as for the Mexican Diet Quality Index,
since the cutoffs for sodium in the AHEI-2010 were based on deciles of distribution in the population.48
Furthermore, serving sizes were based on the Mexican System of Foods Equivalents.55
Why studying the association between diet quality and cardiometabolic measures by education level
is relevant?
It is well established that there are socioeconomic inequalities in health.56, 57 Some of these
inequalities are mediated by different exposures to risk factors such as poor diet. Indeed, in economically
developed countries most but not all studies have reported healthier diet among subjects with higher
socioeconomic status, whereas people with low socioeconomic status have dietary profiles less consistent
with nutritional recommendations or dietary guidelines, hence contributing to their poorer health status.58
Therefore, both social inequity and diet quality, reflected by healthy dietary behaviors are areas of active
public health concern.59
Three variables have been used most to characterize socioeconomic groups: income, occupation,
and education. There is a general agreement among researchers that these variables are conceptually
distinct, since their influence is transmitted by different social processes contributing individually to the
relationship between socioeconomic disparities and diet.60 Income, for example, reflects the availability of
economic and material resources and directly determines dietary quality by making healthy and nutritious
food more affordable and readily accessible.61 Occupation may affect diet through work-based cultures
and networks.62 Education might influence food choice by facilitating or constraining one´s ability to
understand the information communicated in nutrition education messages or on food labels.63, 64
Moreover, education may facilitate the acquisition of positive psycho-social and economic skills as well
as healthier lifestyles, including better diet quality, more physical activity, and less smoking.11, 12, 65
Income has been found to be difficult to capture in low- to middle-income countries, including
Mexico. Income tends to fluctuate greatly because of self-employment and informal earnings are more
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common in less developed.66, 67 Furthermore, individuals may be reluctant to share information about their
income openly, which makes it difficult to measure during household surveys.66 Those that most often can
hide their income are the poor (to appear poorer and therefore get assistance or additional assistance)
and rich people (fearful of the possibility of taxation, political repercussions, and robbery).68
Asset-based measures have been widely used in low- to middle-income countries as an attempt to
estimate income because varies less in response to fluctuations in income, which is particularly important
in these countries where the volatility and seasonality in consumption patterns may be greater than in
high-income countries.67, 69An asset index divided into tertiles has been widely used as an indicator of
low, medium, and high socioeconomic status to examine the diverse information collected in the National
Health Surveys in Mexico, including diet and health conditions.70-72 This asset index includes information
of participant-reported housing conditions (such as flooring and roofing materials), ownership of home
appliances (refrigerator, stove, washing machine, television, radio, video player, telephone and computer)
and number of rooms in the house (other than bathroom, kitchen and corridors). The asset index provides
a rapid and simple method for collecting socioeconomic status data. However, the asset index can also
have a key limitation. Since the asset index is an indicator of socioeconomic status at household level, the
interpretation of the asset index may depend on the relationship of the individual to the household. For
example, it may represent parent’s socioeconomic status for adults still in the family home, or the
socioeconomic status of the head of the household.67 Therefore, the assets index may have a different
association with diet quality in comparison to individual-level measurements, such as education level and
occupation.
Information of education and occupation have been collected in the last surveys, including the
ENSANUT 2012; however, these indicators are not extensively used to analyze potential diet- or healthrelated disparities in the Mexican population. The analysis of occupation status in Mexican adults may be
difficult because of the complexity of understanding the potential sex differences. In the ENSANUT
2012, 78% of men reported they had paid work the week prior to the interview, whereas 62% of women
reported unpaid work in the same period. Moreover, the detail of the type of paid or unpaid work is
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limited.73 On the other hand, education attainment is comparatively easy to measure, garners a high
response rate, and is relevant to people regardless of age or working circumstances, unlike other
indicators of socioeconomic status.74 Information about reading/writing skills was also collected as part of
the ENSANUT 2012, which could provide additional information to the education attainment. In fact,
some studies suggest that the lack of reading and writing skills can have an important social and
economic impact in Latin American and Caribbean region.75, 76
In the present study, we tested the potential modifier effect of education level on the association
between diet quality and cardiometabolic outcomes. We decided to define education level based on
education attainment and reading/writing skills. Furthermore, we analyzed the association of education
level and assets index, indicators of socioeconomic status, with diet quality.
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CHAPTER 3. THE CROSS-SECTIONAL ASSOCIATION OF DIET QUALITY WITH BODY
MASS INDEX AND WAIST CIRCUMFERNCE, OVERALL AND BY EDUCATION LEVEL, IN
MEXICAN ADULTS

Overview
Little is known about the association of overall diet quality with body mass index (BMI) and
waist circumference (WC), overall and by education level, in Mexican adults, which is relevant given the
high prevalence of obesity in this population. Therefore, we evaluated the association of two measures of
diet quality with BMI and WC, overall and by education level, among Mexican men and women. We
used data on 986 men and 1 395 nonpregnant women from the Mexican National Health and Nutrition
Survey 2012 to construct two a priori indices of diet quality, the Mexican Diet Quality Index (MxDQI)
and the Mexican Alternate Healthy Eating Index (MxAHEI), which we examined relative to BMI and
WC. We computed sex-specific multivariable linear regression models for total sample and by education
level. We found evidence of modification by education level in men. For men with the lowest education
level, predicted BMI was 6 units and 5 units lower in the 95th percentile than 5th percentile of total
MxDQI score and total MxAHEI score distributions, respectively. Likewise, predicted WC was 15 cm
lower in the 95th percentile than 5th percentile of total MxDQI score and total MxAHEI score
distributions (P < 0.05) in men with the lowest education level. In women, education level did not modify
the association of diet quality scores with BMI and WC. Our findings suggest that a higher diet quality in
men with low but not high education is associated with lower BMI and WC.
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Introduction
Mexico is a middle-income country that has experienced a nutrition transition characterized by a
decrease in the prevalence of different forms of undernutrition, whereas the prevalence of obesity has had
one of the world’s largest increases.15, 77 For instance, 76% of women and 69% of men had overweight or
obesity in 2016, while 88% of women and 65% of men had abdominal obesity during the same year.16
Diets high in energy, saturated fat, sodium, refined carbohydrates, or added sugars but low in
fruits, vegetables, or whole-grain products are thought to be the leading risk factors for morbidity and
mortality from obesity and obesity-related diseases.22 Previous studies in Mexico indicate that the
consumption of caloric beverages doubled from 1999 to 2006, whereas in 2012, the contribution of sugarsweetened beverages and food products high in saturated fat or added sugars to the total energy intake
was around 10% and 16%, respectively, in all age groups.18, 78 However, the approach of analyzing single
or a few nutrients or foods does not consider the complexity of dietary behaviors, as nutrients and foods
are not eaten in isolation.32
Dietary indices, or scores, are the most common approaches to providing an overall rating of an
individual intake in reference to dietary recommendations used to examine the association between
overall diet quality and health outcomes, including manifestation of type 2 diabetes and incidence or
mortality due to cardiovascular disease.2, 4-6 However, only a few studies have analyzed the relationship of
overall diet quality with body mass index (BMI) or waist circumference (WC), finding inconsistent
results.7-10 Furthermore, limited research has been conducted to analyze the potential modifying effect of
education level on the association of diet quality with BMI and WC. This analysis is essential because it
may provide an understanding to develop appropriate targeted policies to help ameliorate recent trends in
obesity.79, 80 Education can be associated with health via health literacy, but also via health behaviors,
including diet, physical activity, and use of medical care.79, 81, 82 Therefore, diet could interact with other
health behaviors closely linked to education to change BMI and WC. In this paper, we examine the
association of diet quality with BMI and WC, overall and by education level, among Mexican men and
women.
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Methods
Study design and population
We used data from the National Health and Nutrition Survey (ENSANUT, by its Spanish
acronym Encuesta Nacional de Salud y Nutrición) 2012. We obtained information about
sociodemographic characteristics, nutrition, and health from 96 031 people from 50 528 randomly
selected households. Dietary collection and assessment have been described elsewhere, but in brief, we
collected dietary information in a random subsample (n =10 886), representing the national, regional
(North/Central/South), and urban/rural population.73 We used the twenty-four-hour dietary recall
developed by the United States Department of Agriculture, adapting it to the Mexican context.83, 84 We
calculated energy and nutrient intake using the food composition database compiled by the National
Institute of Public Health.85-88
We included nonpregnant and nonlactating adults aged twenty to sixty-nine years with dietary
information (n = 2 676). We excluded individuals classified as underweight (BMI < 18.5 kg/m2) (n = 28);
without weight, height, or WC measurements (n = 107); without information of diabetes or smoking
status (n = 282); and without information of parity (n = 3). We also excluded those with a ratio of total
energy intake to estimated energy requirement (in logarithmic scale) below -3 standard deviations and
above +3 standard deviations (n = 30), as previously described.72 Some subjects were excluded for two or
more variables; therefore, the total number of excluded participants does not equal the sum of all the
excluded participants by variable. The analytic sample was composed of 2 313 adults.
Variable definitions
BMI and WC
We measured weight with light clothing using digital scales (model 872, Seca) with 0.1 kg
precision and height using stadiometers (Dyna-top, model E-1, Mexico) with 0.1 cm precision. Trained
personnel took the measurements using standard procedures.89, 90 We calculated BMI using the standard
equation and categorized based on World Health Organization definitions.91 We measured WC using
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fiberglass measuring tape at the midpoint between the highest part of the iliac crest and the lowest part of
the ribs margin of the median axial line.92 Men and women with a WC ≥ 90 cm and ≥ 80 cm, respectively,
were also categorized as having abdominal obesity, using as reference the classification by the
International Diabetes Federation.93
Mexican Diet Quality Index
We developed the MxDQI based on the Mexican Dietary Guidelines, which were published in
2015.47 These guidelines recommend the number and size of servings for nine food groups, by age group
and by total energy intake. We used the number of servings recommended for adults with a total energy
intake of 2 000 kcal per day as reference (for more details see Appendix 1). We created thirteen MxDQI
components based on all food groups except tap water because the Mexican Dietary Guidelines include
only a suggested range of water consumption, since water needs can vary by age, physical activity, and
weather (Appendix 2). Rather than number of servings, we used cutoff points recommended by the World
Health Organization, as well as recommendations of fat intake for Mexican population, to define
minimum and maximum scores for polyunsaturated fat, saturated fat, and added sugars.46, 94, 95 Finally, we
considered sodium intake as an MxDQI component because the Mexican Dietary Guidelines, consistent
with international guidelines, recommend consuming no more than 2 000 mg of sodium. We defined the
minimum score for sodium based on the results of systematic reviews and meta-analyses.96 We defined
scores between 0 (noncompliance) and 15 (intakes close to recommended) for each component.
Specifically, we assigned a maximum score of 5 to those MxDQI components derived from the same food
group (e.g., whole-grain and refined-grain cereals). We also assigned the added sugars and sodium
components a maximum score of 15, given their high consumption in the Mexican population and
therefore their potential impact on health (Appendix 1).97, 98
Mexican Alternate Healthy Eating Index
The Alternate Healthy Eating Index (AHEI) includes twelve components scored from 0 (worst) to
5 or 10 (best), and the total AHEI-2010 score ranges from 0 (nonadherence) to 110 (perfect adherence).48
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For developing the Mexican AHEI, we used the original AHEI-2010 criteria for minimum and maximum
score, except for sodium. We considered the same sodium criteria as for MxDQI, since the cutoffs for
sodium in AHEI-2010 were based on deciles of distribution in the population.48 Furthermore, we based
serving sizes on the Mexican System of Foods Equivalents.55 We scaled up the MxAHEI to 100 for
comparisons with MxDQI (Appendix 2).
Covariates
The ENSANUT 2012 captured several variables through questionnaire; for our analysis, we
considered education level, diabetes status, age, sex, parity, smoking status, area and region of residence,
and physical activity. We defined education level as no reading/writing skills, reading/writing skills or 3–
9 y of school (elementary and middle school), and ≥ 10 y of school (high school or more), based on the
reported grade completed and whether participants knew how to read and write. We selected these
categories based on studies about the social and economic impact of illiteracy (including individuals ≤ 2 y
of elementary school) in Latin American and Caribbean regions.75, 76 We determined diabetes status
(yes/no) based on previous diagnosis by a doctor. We classified parity as none, 1–2, 3–4, and ≥ 5
pregnancies. We categorized smoking status as current, former, and none. We classified locations with <
2 500 inhabitants as rural and locations with ≥ 2 500 inhabitants as urban, and we defined regions as
North, Central, and South.a We assessed physical activity using the Spanish short version of the
International Physical Activity Questionnaire and classified based on World Health Organization
recommendations.99
Statistical analysis
We conducted all the analyses using Stata 14.0 (StataCorp, Stata Statistical Software, Release 14,
2015). We used survey commands to account for survey design and weighting to generate nationally

a

States by region: North: Baja California, Chihuahua, Coahuila, Durango, Nuevo León, Sinaloa, Sonora,
Tamaulipas, Zacatecas; Central: Aguascalientes, Ciudad de México, Colima, Estado de México, Guanajuato,
Hidalgo, Jalisco, Michoacán, Querétaro, San Luis Potosí, Tlaxcala; South: Campeche, Chiapas, Guerrero, Morelos,
Oaxaca, Puebla, Tabasco, Veracruz, Yucatán.
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representative results. Statistical tests were two-tailed and considered significant at P < 0.05. We
examined characteristics of anthropometric measurements, total diet scores, sociodemographic variables,
and lifestyle behaviors by sex. We first performed sex-specific multivariable linear regression models for
testing the statistically significant associations of MxDQI and MxAHEI scores, total and by component,
with BMI and WC, adjusting for age (quadratic), total energy intake, smoking status, diabetes status,
parity, area and region of residence, and education level. Furthermore, we adjusted MxDQI models for
alcohol intake. Models including dietary components as explanatory variables were also adjusted for the
other dietary components to take into account the potential correlation among all components. To test
whether the associations differed by education level, we additionally performed models that included
interaction terms between diet score and the three defined levels of education. We performed global Wald
tests to determine whether any diet score coefficients differed across the three education levels in men and
women. We did not find statistically significant associations of diet quality scores with BMI and WC in
the overall sample of men and women, but the global interactions between total MxDQI and MxAHEI
scores and education levels were significant (P < 0.05) in men. Therefore, presented results and
subsequent discussion are from models stratified by education level. For the analyses of total scores, we
present predicted means of BMI and WC at different points of the distribution of total diet scores and
predicted changes in BMI and WC for each one-unit increase in diet quality scores.
Sensitivity analyses
We did not include physical activity in the main analyses due to the poor validity of the
International Physical Activity Questionnaire short form for assessing moderate-to-vigorous physical
activity among Mexican adults.100 However, physical activity could be an important confounder of the
relationship between diet quality and anthropometry. Thus, we conducted sensitivity analyses to test
whether the inclusion of crude physical activity data in models altered the associations of dietary indices
with BMI and WC. Second, we conducted analyses in which corn tortilla was treated as a refined grain
instead of a whole grain, since it is uncertain whether all corn tortillas are made with whole grains. Third,
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a set of sensitivity analyses focused on different approaches for examining the association of dietary
components with BMI and WC. We tested two additional types of models, models that were not adjusted
for other dietary components and models that adjusted for total score minus the dietary component of
interest, to assess whether estimations are different from those obtained when adjusting for the other
dietary components.
Results
The prevalence of overweight and obesity as well as abdominal obesity was higher in women
than in men, as observed in the entire ENSANUT 2012 sample. Moreover, the mean of total MxDQI and
MxAHEI score was about 40 in men and women, and a higher proportion of adults classified with
reading/writing skills or 3–9 y of school (Table 3.1).
Association of total MxDQI and MxAHEI score with BMI by education level in men and women
We found that education level modified the association between diet scores and BMI in men (Pinteraction < 0.05). The predicted BMI was 6 units and 5 units lower in the 95th percentile in comparison
to the 5th percentile of total MxDQI score and total MxAHEI score distributions, respectively, for men
with the lowest level of education. There was no association between the dietary indices and BMI for
higher-educated men. In women, education level did not modify the association of total MxDQI and
MxAHEI scores with BMI (Figure 3.1). The predicted changes in BMI for each one-unit increase in total
diet scores are presented in Supplemental Figure 3.1.
Association of MxDQI and MxAHEI components with BMI by education level in men
We observed that education modified the association of the legumes and refined grains MxDQI
components, as well as the trans fat MxAHEI component, with BMI (P-interaction < 0.05). A one-unit
increase in the legumes and refined grains MxDQI components was associated with a decrease in BMI of
0.34 (95% CI: ‒0.55, ‒0.13) kg/m2 and 0.45 (95% CI: ‒0.88, ‒0.0.02) kg/m2, respectively, in men with
the lowest education level (Table 3.2). Likewise, a one-unit increase in the trans fat MxAHEI component
score was associated with a 12.81 (95% CI: 7, 18.62) kg/m2 increase in BMI in men with no
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reading/writing skills (P-interaction < 0.05). There was no association between the above-mentioned
dietary indices and BMI in higher-educated men (Table 3.2).

Association of MxDQI and MxAHEI components with BMI by education level in women
Education level in women modified the association between the seafood, poultry, and eggs
MxDQI component and BMI (P-interaction < 0.05). In women with ≥ 10 y of school, a one-unit increase
in the seafood, poultry, and eggs MxDQI component score was associated with a decrease in BMI of 0.47 (95% CI: ‒0.8, ‒0.14) kg/m2. There was no association between the seafood, poultry, and eggs
component and BMI in women with lower education levels (Table 3.2). In MxAHEI, education level
modified the association between the long-chain (n-3) fats component and BMI (P-interaction < 0.05). A
high score on the long-chain (n-3) fats component was associated with a ‒0.33 (95% CI: ‒0.54, ‒0.12)
kg/m2 change in BMI in women with ≥ 10 y of school. We did not observe an association between the
long-chain (n-3) fats component and BMI in women with the lowest education level (Table 3.2).
Association of total MxDQI and MxAHEI score with WC by education level in men and women
As observed for BMI, education level modified the association between diet scores and WC in
men (P-interaction < 0.05). The predicted WC was 15 cm and 16 cm lower in the 95th percentile in
comparison to the 5th percentile of total MxDQI score and total MxAHEI score distributions,
respectively, for men with no reading/writing skills (Figure 3.2). Education did not modify the association
between dietary scores and WC in women. The predicted changes in WC for each one-unit increase in
total diet scores are presented in Supplemental Figure 3.2.
Association of MxDQI and MxAHEI components with WC by education level in men
Education modified the association of the legumes, 100% fruit juices, and red and processed meat
MxDQI components with WC in men (P-interactions < 0.05). A one-unit increase in legumes, 100% fruit
juices, and red and processed meat MxDQI component scores was associated with a decrease in WC of
0.94 (95% CI: ‒1.60, ‒0.28) cm, 4.25 (95% CI: ‒8.17, ‒0.33) cm, and 1.99 (95% CI: ‒3.26, ‒0.72) cm,
respectively, in men with no reading/writing skills. We did not find differences in WC by the above21

mentioned dietary components in men with higher education levels (Table 3.3). For MxAHEI, education
level modified the association of trans fat scores with WC (P-interaction < 0.05). In men with the lowest
education level, a one-unit increase in trans fat score was associated with a 37.61 (95% CI: 17.15. 58.07)
cm change in WC. We observed no differences in WC by legumes or trans fat score for higher-educated
men (Table 3.3).
Association of MxDQI and MxAHEI components with WC by education level in women
Education level modified the association of the whole fruits and whole-grain cereals MxDQI
components with WC (P-interactions < 0.05). A one-unit increase in whole fruit and whole-grain cereals
was associated with a decrease in WC of 1.11 (95% CI: ‒1.89, ‒0.33) cm and 1.89 (95% CI: ‒3.44, ‒0.34)
cm, respectively, in women with no reading/writing skills. We did not observe a difference in WC by
these dietary components in higher-educated women (Table 3.3). For MxAHEI, education level modified
the association of the whole-grain cereals and long-chain (n-3) fats components with WC (P-interaction <
0.05). A one-unit increase in whole-grain cereals score was associated with a WC 1.14 (95% CI: ‒2.02, ‒
0.25) cm lower in women with the lowest-education level. We observed no differences in WC by wholegrain cereals in more educated women. On the other hand, a one-unit increase in long-chain (n-3) fats was
associated with a reduction of WC of 1.05 (95% CI: ‒1.77, ‒0.33) cm in women with ≥ 10 y of school.
We did not find associations between long-chain (n-3) fats and WC in women with lower education levels
(Table 3.3).
Results of sensitivity analyses
Estimated changes in BMI and WC for a one-unit increase in total MxDQI and MxAHEI scores
were similar to those observed when total MxDQI and MxAHEI models were further adjusted for
physical activity. However, when physical activity was included as covariate, interactions were no longer
statistically significant in men, whereas in women these interactions were statistically significant in the
MxAHEI models (Supplemental Table 3.1). Likewise, estimated changes in BMI and WC for a one-unit
increase in total diet scores were similar to those observed when corn tortilla was considered as refined
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instead of whole grain. The whole-grain cereals MxDQI component was positively associated with BMI
and WC in less-educated men when corn tortilla was considered as refined grain (Supplemental Tables
3.2 and 3.3). Supplemental Tables 3.4 through 3.7 present the results of testing the association of diet
quality scores with BMI and WC without adjusting for the other dietary components and adjusting for
total scores minus the dietary component of interest, which were similar to those obtained using models
adjusted for the other dietary components.
Discussion
This is one of the first studies to examine the potential estimated modifier effect of education
level in the association of diet quality with BMI and WC in adults. A better understanding of the role of
education is important, considering that low education is associated with poorer health outcomes in
general101 and because education can potentially be modified through policy.102 We found that for men
with the least education, poor diet quality was associated with higher predicted mean BMI and WC, while
high diet quality was associated with lower mean BMI and WC. In contrast, there was no association
between diet quality and BMI or WC in higher-educated men.
It is not clear from the current study why better diet quality predicts lower BMI and WC for
lower-educated but not higher-educated men. Several studies have found that individuals with lower
socioeconomic status more frequently undertake behaviors detrimental to health than those of higher
socioeconomic status, such as low physical activity, smoking, or poor sleep duration.56, 103 Thus, one
possibility is that improvements in diet quality offset these other determinantal health behaviors in loweducated men. A second possibility might be that for low-educated men, diet quality is a proxy for better
health behavior overall; men who seek out healthy diets despite the norm may also be more likely to
engage in other health-promoting behaviors, and this combined effect leads to better weight outcomes. A
third possibility relates more specifically to the role of physical activity: men with less education may
have jobs that are more physically demanding in comparison to higher-educated men; higher diet quality
scores together with higher work-related physical activity could be associated with a reduction of BMI
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and WC. Previous studies in low- and middle-income countries have found that individuals with less
education were more active than groups with more education,104 and occupational activity has been found
to be one of the major contributors to the intensity of overall physical activity.105 Unfortunately, we were
unable to include physical activity in the main analyses due to the poor validity of the International
Physical Activity Questionnaire short form in Mexican adults,100 so we were able to examine only crude
physical activity in our models. Furthermore, the ENSANUT does not include data related to sleep
duration. More research is needed to understand how diet interacts with other key lifestyle components,
such as physical activity, sedentary activity, occupation, and sleep duration, to understand the pathway
between diet and obesity across the population.
In our primary models, education level did not modify the association of total MxDQI and
MxAHEI scores with BMI and WC in women, but the pattern of the associations tended to be the
opposite than in men. We found a statistically significant association of total MxAHEI score with BMI
and WC in women with ≥ 10 y of education. Although associations were not statistically significant in
women with lower education levels, BMI and WC estimations were in the same direction as those
observed in higher-educated women. Sex differences in associations between risk factors and obesity
have been reported elsewhere, and several explanations have been proposed given the complexity of the
subject matter, including differences in the duration and intensity of occupational physical activity.
Studies suggest that higher-educated women could have higher physical activity levels than lowereducated women, which in turn can be associated with lower BMI or WC if women improve the quality
of their diet.106, 107 One reason for the lack of modification by education may be because lower-educated
women could also have levels of housework-related physical activity that interact with diet to reduce BMI
and WC, but not enough to find statistically significant associations. However, education did modify the
association between total MxAHEI score and WC in women after adjusting for physical activity. Future
research using valid measurements of physical activity will be needed to understand how diet might
interact with physical activity in women.
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Limitations
It is important to acknowledge the limitations of our study. First, the potential reverse causal link
between diet quality and obesity cannot be dismissed, given the nature of the cross-sectional study design.
Second, this study was based on a single twenty-four-hour recall, which does not allow between- and
within-person variability to be distinguished, and therefore usual intake cannot be estimated. Specifically,
episodically consumed dietary components, such as alcohol, could be misrepresented. Finally, we selected
education level as the measure of socioeconomic status, rather than occupation or income. Education level
can determine the occupation, and education level and occupation are jointly associated with income
level.62 However, these three proxies of socioeconomic status could also have an independent role in
predicting health-related behaviors. We considered it inappropriate to analyze occupation because of the
complexity of understanding the potential sex differences, since 78% of men reported they had paid work
the week prior to the interview, whereas 62% of women reported unpaid work in the same period.
Moreover, income was measured using an open-ended question. Income is more difficult to estimate in
low- to middle-income countries because of greater reliance on the informal economy and selfemployment.67 Despite the limitations, the results presented provide an overview of how education level
can potentially modify the association of diet quality and obesity in a representative sample of Mexican
men and women, which offers critical insights for understanding diet–health outcomes disparities in
Mexico.
Conclusion
Results show that education level modified the association of total MxDQI and MxAHEI scores
with BMI and WC in Mexican men. In Mexican women, education level did not modify the association of
diet quality scores with BMI and WC. These results provide insights when implementing public actions
that prevent or ameliorate the high prevalence of obesity in Mexican adults, considering the potential
interaction between diet quality and education, as well as the differences on such interactions by sex.
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Tables and Figures

Table 3.1 Characteristics of Mexican men and women. ENSANUT 2012 (n 2313)1
Men (n 956)

Age (years)
BMI (kg/m2)
Waist circumference (cm)
Total MxDQI score
Total MxAHEI score
BMI categories
Normal
Overweight
Obesity
Abdominal obesity
Education level
No reading / writing skills
Reading / writing skills or 3-9 y of school
≥10 y of school
Previously diagnosed with diabetes
Parity categories
None
1-2
3-4
≥5
2
Area
Urban
Rural
Region
North
Central
South
Smoking status
Never
Former
Current
Physical activity
Inactive
Moderately active
Active

Women (n 1357)

Mean

SE

Mean

SE

41
27
95
37
40
%

0.7
0.2
0.9
0.5
0.7
SE

42
29
93
40
40
%

0.5
0.2
0.5
0.4
0.5
SE

36
40
25
61

2.5
2.4
1.9
2.5

22
39
39
85

1.6
2.1
2.0
1.4

8
61
31
6

1.1
2.4
2.3
1.2

8
64
27
7

1.0
1.9
1.8
1.1

41
25
17
18

2.1
1.8
1.8
1.4

72
28

1.6
1.6

75
25

1.3
1.3

20
46
33

1.4
2.2
1.8

19
49
32

1.1
1.7
1.5

49
27
24

2.4
2.1
2

82
11
8

1.7
1.4
1.2

n 902
13
10
76

1

n 1281
1.7
1.6
2.3

16
12
72

1.4
1.3
1.7

Data are from the Mexican National Health and Nutrition Survey (ENSANUT 2012). MxDQI, Mexican Diet
Quality Index; MxAHEI, Mexican Alternate Healthy Eating Index.
2 Urban: >2500 inhabitants; Rural: ≤2500 inhabitants.
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Figure 3.1 Predicted body mass index at different points of the distribution of the total Mexican Diet
Quality Index and total Mexican Alternate Healthy Eating Index score in men and women1
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Predicted body mass index (BMI) at different points of the distribution of the total Mexican Diet Quality Index
(MxDQI) score in men (A), total Mexican Alternate Healthy Eating Index (MxAHEI) score in men (B), MxDQI
score in women (C) and MxAHEI score in women (D). Values are predicted means ± 95% confidence intervals,
n=104 with no reading / writing skills, n=641 with reading / writing skills or 3-9 y of school and n=241 with ≥ 10 y
of school in men; n=172 with no reading / writing skills, n=935 with reading / writing skills or 3-9 y of school and
n=288 with ≥ 10 y of school in women. Results are derived from the Mexican National Health and Nutrition Survey
2012. Multivariable linear regression models were used to predict the association of total MxDQI score and total
MxAHEI score with BMI, adjusting for age (quadratic), total energy intake, smoking status (current, former, none),
diabetes status (yes/no), parity (1-2, 3-4, ≥5), region (North, Center and South), and area of residence (rural/urban).
MxDQI models were further adjusted for alcohol intake. *β coefficients statistically significant, P < 0.05.
**Interactions between diet scores and education level categories were statistically significant in men, P < 0.05.
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Table 3.2 Association of Mexican Diet Quality Index and Alternate Healthy Eating Index components with body mass index in men and
women by education level, adjusting for the other dietary components. ENSANUT 2012 (n 2313)1
Education level
No reading/writing skills
β
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Men
n
MxDQI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Seafood, poultry, or eggs
Low-fat dairy
Polyunsaturated fat
100% fruit juices
Refined grains
Red and processed meat
Added sugars
Sodium
Saturated fat
MxAHEI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Nuts
Polyunsaturated fat
Long-chain (n-3) fats
SSB
Red and processed meat
Sodium
Trans fat
Alcohol

95% CI

Reading/writing skills or
3–9 y of school
β

100

95% CI

≥ 10 y of school
β

621

P-value
interaction

95% CI
235

-0.15
-0.03
-0.35
-0.34
-0.21
-0.03
-0.14
-0.73
-0.45
-0.60
-0.11
-0.05
-0.11

-0.45, 0.14
-0.39, 0.32
-0.84, 0.15
-0.55, -0.13*
-0.64, 0.23
-1.92, 1.86
-0.36, 0.08
-1.47, 0.01
-0.88, -0.02*
-1.01, -0.19*
-0.23, 0.02
-0.2, 0.10
-0.57, 0.34

-0.16
0.13
0.02
<0.01
-0.14
-0.07
<-0.01
-0.12
0.18
-0.11
<0.01
<0.01
0.10

-0.3, -0.02*
-0.03, 0.29
-0.24, 0.28
-0.12, 0.13
-0.36, 0.09
-0.54, 0.4
-0.10, 0.11
-0.47, 0.23
-0.07, 0.43
-0.34, 0.11
-0.08, 0.08
-0.09, 0.09
-0.13, 0.33

-0.09
0.11
-0.15
-0.05
-0.47
-0.03
0.05
0.16
0.11
-0.10
-0.01
-0.13
0.11

-0.32, 0.13
-0.17, 0.40
-0.48, 0.18
-0.23, 0.13
-0.81, -0.13*
-0.67, 0.61
-0.15, 0.25
-0.16, 0.48
-0.24, 0.46
-0.44, 0.24
-0.11, 0.10
-0.27, 0.02
-0.26, 0.48

0.88
0.71
0.38
0.01
0.27
0.99
0.39
0.07
0.02
0.08
0.33
0.30
0.67

-0.20
-0.21
-0.22
-0.37
0.27
-0.27
-0.13
0.16
-0.31
0.06
12.81
-0.18

-0.60, 0.19
-0.58, 0.16
-0.48, 0.04
-0.76, 0.02
-0.27, 0.8
-0.62, 0.07
-0.47, 0.21
-0.38, 0.70
-0.54, -0.08*
-0.18, 0.31
7.00, 18.62*
-0.47, 0.12

-0.17
0.15
< 0.01
0.13
0.54
-0.03
0.07
0.21
-0.11
0.07
0.15
0.01

-0.35,
-0.08,
-0.15,
-0.11,
-0.18,
-0.20,
-0.11,
-0.04,
-0.25,
-0.09,
-1.00,
-0.22,

-0.03
0.27
-0.11
-0.05
0.40
-0.22
-0.04
0.05
-0.07
-0.06
0.25
0.06

-0.52, 0.46
-0.21, 0.75
-0.31, 0.08
-0.37, 0.27
0.01, 0.78*
-0.61, 0.17
-0.36, 0.27
-0.23, 0.33
-0.27, 0.12
-0.26, 0.15
-1.64, 2.14
-0.12, 0.24

0.83
0.18
0.30
0.07
0.83
0.33
0.53
0.69
0.21
0.59
< 0.01
0.41

0.01
0.37
0.15
0.36
1.25
0.14
0.25
0.46
0.02
0.23
1.30
0.24

30

Women
n
MxDQI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Seafood, poultry, or eggs
Low-fat dairy
Polyunsaturated fat
100% fruit juices
Refined grains
Red and processed meat
Added sugars
Sodium
Saturated fat
MxAHEI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Nuts
Polyunsaturated fat
Long-chain (n-3) fats
SSB
Red and processed meat
Sodium
Trans fat
Alcohol†
1 Linear

166

910

281

-0.35
-0.33
-0.73
-0.17
-0.53
0.82
0.09
-0.35
-0.11
-0.02
0.08
0.01
-0.30

-0.69, -0.02*
-0.64, -0.02*
-1.41, -0.05
-0.51, 0.18
-1.22, 0.16
-0.03, 1.66
-0.29, 0.46
-1.29, 0.58
-0.81, 0.60
-1.01, 0.97
-0.16, 0.33
-0.21, 0.24
-1.12, 0.52

0.11
0.06
0.03
-0.02
0.03
0.08
0.12
0.21
0.07
-0.10
-0.04
-0.01
-0.18

-0.03,
-0.10,
-0.22,
-0.16,
-0.19,
-0.33,
-0.01,
-0.03,
-0.18,
-0.32,
-0.11,
-0.10,
-0.42,

0.26
0.21
0.27
0.11
0.26
0.49
0.24
0.45
0.32
0.12
0.04
0.07
0.05

0.06
0.11
-0.01
-0.20
-0.47
0.59
-0.05
-0.21
-0.04
-0.29
0.04
-0.03
-0.04

-0.18, 0.29
-0.09, 0.31
-0.42, 0.40
-0.42, 0.02
-0.80, -0.14*
-0.72, 1.89
-0.24, 0.13
-0.92, 0.50
-0.43, 0.34
-0.60, 0.01
-0.07, 0.16
-0.17, 0.11
-0.39, 0.31

0.03
0.06
0.11
0.35
0.01
0.28
0.30
0.30
0.82
0.51
0.36
0.94
0.74

-0.53
-0.57
-0.41
-0.43
-0.65
0.23
0.22
0.50
-0.03
0.16
-4.23
-

-1.08, 0.02
-1.08, -0.06*
-0.8, -0.02*
-1.13, 0.27
-2.42, 1.12
-0.36, 0.83
-0.53, 0.97
-1.07, 2.08
-0.59, 0.53
-0.24, 0.55
-14.00, 5.54
-

0.13
0.03
-0.03
-0.03
0.74
0.18
0.2
0.14
-0.05
-0.07
-0.78
0.95

-0.08, 0.35
-0.19, 0.25
-0.16, 0.10
-0.27, 0.20
-0.61, 2.09
0.01, 0.35
-0.02, 0.42
-0.15, 0.44
-0.17, 0.06
-0.19, 0.06
-2.67, 1.10
0.19, 1.72 *

0.20
0.18
-0.04
-0.43
-0.27
-0.02
-0.33
0.18
-0.20
-0.14
0.71
2.51

-0.12, 0.52
-0.08, 0.45
-0.29, 0.20
-0.79, -0.07*
-1.18, 0.63
-0.28, 0.23
-0.54, -0.12*
-0.16, 0.52
-0.37, -0.03*
-0.33, 0.04
-1.38, 2.81
1.95, 3.06*

0.06
0.03
0.19
0.13
0.37
0.40
< 0.01
0.90
0.30
0.37
0.41
< 0.01

regression models were computed using survey weights to account for complex design and adjusted for age (quadratic), t otal energy intake,
smoking status (current, former, none), diabetes status (yes/no), parity (1-2, 3-4, ≥5), region (North, Central, and South), area of residence (rural/urban),
and the other dietary components. MxDQI models were further adjusted for alcohol intake. P for interactions were calculated using Wald test. *P < 0.05.
Blank cells indicate variable was omitted from model. ENSANUT, National Health and Nutrition Survey; MxDQI, Mexican Diet Quality Index;
MxAHEI, Mexican Alternate Healthy Eating Index; SSB, sugar-sweetened beverages.

Figure 3.2 Predicted waist circumference at different points of the distribution of the total Mexican Diet
Quality Index and total Mexican Alternate Healthy Eating Index score in men and women1
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Predicted waist circumference (WC) at different points of the distribution of the total Mexican Diet Quality Index
(MxDQI) score in men (A), total Mexican Alternate Healthy Eating Index (MxAHEI) score in men (B), MxDQI
score in women (C) and MxAHEI score in women (D). Values are predicted means ± 95% confidence intervals,
n=104 with no reading / writing skills, n=641 with reading / writing skills or 3-9 y of school and n=241 with ≥ 10 y
of school in men; n=172 with no reading / writing skills, n=935 with reading / writing skills or 3-9 y of school and
n=288 with ≥ 10 y of school in women. Results are derived from the Mexican National Health and Nutrition Survey
2012. Multivariable linear regression models were used to predict the association of total MxDQI score and total
MxAHEI score with WC, adjusting for age (quadratic), total energy intake, smoking status (current, former, none),
diabetes status (yes/no), parity (1-2, 3-4, ≥5), region (North, Center and South), and area of residence (rural/urban).
MxDQI models were further adjusted for alcohol intake. *β coefficients statistically significant, P < 0.05.
**Interactions between diet scores and education level categories were statistically significant in men, P < 0.05
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Table 3.3 Association of Mexican Diet Quality Index and Alternate Healthy Eating Index components with waist circumference in men and women by
education level, adjusting for the other dietary components. ENSANUT 2012 (n 2 313)1
P-value
interaction

Education level
No reading/writing skills
β

33

Men
n
MxDQI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Seafood, poultry, or eggs
Low-fat dairy
Polyunsaturated fat
100% fruit juices
Refined grains
Red and processed meat
Added sugars
Sodium
Saturated fat
MxAHEI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Nuts
Polyunsaturated fat
Long-chain (n-3) fats
SSB
Red and processed meat
Sodium
Trans fat
Alcohol

95% CI

Reading/writing skills or
3–9 y of school
β
95% CI

100

≥ 10 y of school
β

621

-0.38
-0.13
-1.02
-0.94
-0.78
0.93
-0.57
-4.25
-0.82
-1.99
-0.38
-0.05
0.15

-1.30, 0.55
-1.04, 0.79
-3.02, 0.99
-1.60, -0.28*
-2.14, 0.58
-7.34, 9.20
-1.24, 0.09
-8.17, -0.33*
-2.25, 0.61
-3.26, -0.72*
-0.80, 0.05
-0.47, 0.37
-1.39, 1.69

-0.71
0.21
-0.15
0.07
-0.49
0.02
0.03
-0.03
0.36
-0.09
< -0.01
0.02
0.73

-0.42
-0.73
-0.67
-1.12
1.23
-0.98
-0.86
0.90
-1.10
0.52
37.61
-0.62

-1.53, 0.69
-1.88, 0.41
-1.74, 0.41
-2.36, 0.13
-0.74, 3.2
-2.02, 0.05
-1.89, 0.17
-0.68, 2.47
-1.80, -0.39*
-0.20, 1.23
17.15, 58.07*
-1.75, 0.51

-0.80
0.18
0.02
0.48
0.95
-0.10
0.36
0.27
-0.23
0.29
1.38
-0.12

95% CI
235

-1.14, -0.27*
-0.26, 0.69
-1.00, 0.70
-0.36, 0.51
-1.27, 0.29
-1.36, 1.39
-0.33, 0.39
-1.06, 1.00
-0.47, 1.20
-0.76, 0.59
-0.31, 0.31
-0.27, 0.32
0.04, 1.43

0.26
0.65
-0.55
-0.21
-1.71
-0.7
-0.08
0.6
0.45
-0.99
-0.09
-0.66
-0.32

-1.37,
-0.49,
-0.42,
-0.41,
-0.79,
-0.81,
-0.34,
-0.47,
-0.68,
-0.28,
-2.29,
-0.81,

0.85
1.52
-0.57
-0.34
0.22
-1.10
-0.57
-0.45
-0.53
0.03
0.40
0.16

-0.23
0.86
0.45
1.36
2.69
0.62
1.05
1.02
0.22
0.86
5.06
0.56

-0.85, 1.36
-0.96, 2.27
-2.08, 0.97
-0.95, 0.52
-3.37, -0.06*
-2.49, 1.09
-1.08, 0.93
-0.45, 1.65
-1.13, 2.02
-2.49, 0.51
-0.49, 0.30
-1.27, -0.05
-1.87, 1.24
-2.07,
-1.40,
-1.45,
-1.66,
-1.23,
-3.29,
-1.60,
-1.56,
-1.36,
-0.92,
-4.85,
-0.42,

3.77
4.45
0.31
0.98
1.66
1.08
0.47
0.66
0.30
0.97
5.66
0.74

0.28
0.64
0.72
0.03
0.41
0.78
0.24
0.04
0.31
0.02
0.36
0.10
0.46
0.55
0.22
0.27
0.06
0.64
0.22
0.09
0.20
0.10
0.69
< 0.01
0.46
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Women
n
166
910
281
MxDQI score
Vegetables
-0.72
-1.48, 0.04
0.24
-0.11, 0.58
0.25
-0.31, 0.81
0.07
Whole fruit
-1.11
-1.89, -0.33*
0.20
-0.16, 0.57
0.30
-0.22, 0.82
0.01
Whole-grain cereals
-1.89
-3.44, -0.34*
0.14
-0.45, 0.73
0.54
-0.40, 1.48
0.03
Legumes
0.01
-0.77, 0.78
-0.01
-0.32, 0.29
-0.39
-0.97, 0.19
0.50
Seafood, poultry, or eggs
-1.17
-2.67, 0.32
0.13
-0.39, 0.64
-1.01
-1.82, -0.21*
0.02
Low-fat dairy
3.04
1.22, 4.87*
0.19
-0.86, 1.23
0.69
-1.56, 2.93
0.02
Polyunsaturated fat
0.29
-0.50, 1.08
0.14
-0.13, 0.41
-0.01
-0.49, 0.47
0.76
100% fruit juices
0.18
-4.00, 4.36
0.38
-0.36, 1.12
-0.42
-1.52, 0.69
0.50
Refined grains
0.32
-1.26, 1.90
0.06
-0.50, 0.63
0.19
-0.70, 1.08
0.94
Red and processed meat
0.06
-2.19, 2.31
-0.06
-0.58, 0.47
-0.89
-1.73, -0.06
0.16
Added sugars
0.15
-0.34, 0.64
-0.08
-0.26, 0.09
0.11
-0.18, 0.40
0.38
Sodium
0.05
-0.51, 0.61
-0.03
-0.23, 0.18
-0.11
-0.40, 0.19
0.86
Saturated fat
-0.40
-2.09, 1.29
-0.63
-1.18, -0.08
-0.13
-1.10, 0.84
0.62
MxAHEI score
Vegetables
-1.13
-2.43, 0.18
0.17
-0.32, 0.67
0.47
-0.26, 1.21
0.11
Whole fruit
-1.89
-3.21, -0.57*
0.21
-0.36, 0.79
0.40
-0.34, 1.14
0.01
Whole-grain cereals
-1.14
-2.02, -0.25*
0.05
-0.27, 0.38
0.20
-0.33, 0.73
0.03
Legumes
-0.43
-2.01, 1.15
-0.13
-0.68, 0.42
-0.83
-1.71, 0.04
0.38
Nuts
-3.36
-7.43, 0.70
2.40
-1.20, 5.99
-0.79
-2.09, 0.51
0.11
Polyunsaturated fat
0.76
-0.51, 2.02
0.27
-0.16, 0.70
0.03
-0.69, 0.75
0.57
Long-chain (n-3) fats
0.18
-1.60, 1.96
0.35
-0.14, 0.84
-1.05
-1.77, -0.33*
< 0.01
SSB
-0.06
-2.60, 2.47
-0.04
-0.7, 0.61
0.21
-0.62, 1.03
0.89
Red and processed meat
< -0.01
-1.28, 1.28
-0.02
-0.33, 0.28
-0.54
-1.03, -0.06*
0.12
Sodium
0.30
-0.59, 1.19
-0.18
-0.47, 0.12
-0.34
-0.81, 0.13
0.45
Trans fat
-13.11
-33.87, 7.65
-2.42
-6.52, 1.69
5.54
-4.05, 15.13
0.16
Alcohol†
1.14
0.13, 2.16 *
1.54
0.51, 2.56*
0.57
1 Linear regression models were computed using survey weights to account for complex design and adjusted for age (quadratic), t otal energy intake,
smoking status (current, former, none), diabetes status (yes/no), parity (1-2, 3-4, ≥5), region (North, Central, and South), area of residence (rural/urban),
and the other dietary components. MxDQI models were further adjusted for alcohol intake. P for interactions were calculated using Wald test. *P < 0.05.
Blank cells indicate variable was omitted from model. ENSANUT, National Health and Nutrition Survey; MxDQI, Mexican Diet Quality Index;
MxAHEI, Mexican Alternate Healthy Eating Index; SSB, sugar-sweetened beverages.

Supplemental Figure 3.1 Mean change in body mass index for one unit increase in total Mexican Diet
Quality Index score and in total Mexican Alternate Healthy Index score in Mexican men and women1

BMI (kg/m2) change
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*
*

-0.4
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Total MxDQI score

Total MxAHEI score

BMI (kg/m2) change

B
0.5

No reading / writing skills

0.4

Reading / writing skills or 3-9 y of school

0.3

≥10 y of school

0.2
0.1
0.0
-0.1
-0.2

*

-0.3
-0.4
-0.5
Total MxDQI score

Total MxAHEI score

1

Mean change in body mass index (BMI) for unit increase in total Mexican Diet Quality Index (MxDQI)
score and total Mexican Alternate Healthy Eating Index (MxAHEI) score in Mexican men (A) and
women (B), by education level. Values are β coefficients ± 95% confidence intervals. *β coefficients
statistically significant, P < 0.05. **Interactions between diet scores and education level categories were
statistically significant in men, P < 0.05.
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Supplemental Figure 3.2 Mean change in waist circumference for one unit increase in total Mexican
Diet Quality Index score and in total Mexican Alternate Healthy Index score in Mexican men and
women1

A**
0.4

No reading / writing skills

0.3

Reading / writing skills or 3-9 of school
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≥10 y of school

WC (cm) change
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-0.3

*

-0.4
-0.5

*

-0.6
-0.7

*

-0.8
Total MxDQI score

Total MxAHEI score

B
0.4
0.3

No reading / writing skills
Reading / writing skills or 3-9 of school

0.2

≥10 y of school

B

WC (cm) change

0.1
0.0
-0.1
-0.2
-0.3
-0.4

*

-0.5
-0.6
-0.7
-0.8
Total MxDQI score

Total MxAHEI score

1

Mean change in waist circumference (WC) for unit increase in total Mexican Diet Quality Index
(MxDQI) score and total Mexican Alternate Healthy Eating Index (MxAHEI) score in Mexican men (A)
and women (B), by education level. Values are β coefficients ± 95% confidence intervals. *β coefficients
statistically significant, P < 0.05. **Interactions between diet scores and education level categories were
statistically significant in men, P < 0.05.
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Supplemental Table 3.1 Association of total Mexican Diet Quality Index and Mexican Alternate Healthy Eating Index with body mass index
and waist circumference in men and women by education level, using different approaches. ENSANUT 2012 (n 2313)

No reading / writing skills
β
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BMI
Men
Total MxDQI
Model 1
Model 2
Model 3
Model 4
Total MxAHEI
Model 5
Model 6
Model 7
Model 8
Women
Total MxDQI
Model 9
Model 10
Model 11
Model 12
Total MxAHEI
Model 13
Model 14
Model 15
Model 16
WC
Men
Total MxDQI
Model 1
Model 2
Model 3
Model 4
Total MxAHEI
Model 5
Model 6
Model 7

95% CI

Education level
Reading / writing skills or
3-9 y of school
β
95% CI

≥ 10 y of school
β

P-value
interaction

95% CI

-0.11
-0.12
-0.10
-0.11

-0.17,
-0.19,
-0.17,
-0.19,

-0.05*
-0.05*
-0.03*
-0.03*

-0.01
-0.01
-0.01
-0.01

-0.04,
-0.04,
-0.04,
-0.05,

0.03
0.03
0.03
0.03

-0.03
-0.03
-0.04
-0.04

-0.08,
-0.08,
-0.09,
-0.10,

0.01
0.01
0.01
0.01

0.01
0.02
0.05
0.07

-0.16
-0.14
-0.14
-0.13

-0.23,
-0.22,
-0.24,
-0.24,

-0.09*
-0.07*
-0.05*
-0.02*

-0.02
-0.02
-0.02
-0.02

-0.07,
-0.07,
-0.07,
-0.08,

0.03
0.04
0.03
0.04

-0.04
-0.02
-0.06
-0.04

-0.11,
-0.10,
-0.14,
-0.13,

0.03
0.06
0.03
0.06

<0.01
0.01
0.08
0.22

-0.10,
-0.11,
-0.12,
-0.13,

0.03
0.03
0.01
0.02

0.37
0.48
0.36
0.48

-0.06
-0.05
-0.06
-0.05

-0.15,
-0.15,
-0.15,
-0.15,

0.03
0.05
0.03
0.05

<-0.01
<-0.01
-0.01
-0.01

-0.03,
-0.03,
-0.04,
-0.04,

0.03
0.03
0.02
0.02

-0.04
-0.04
-0.05
-0.05

-0.03
0.01
-0.02
0.02

-0.19,
-0.18,
-0.19,
-0.18,

0.14
0.20
0.15
0.21

< 0.01
0.01
-0.01
<-0.01

-0.04,
-0.04,
-0.06,
-0.05,

0.05
0.07
0.04
0.05

-0.11
-0.11
-0.14
-0.13

-0.20, -0.02*
-0.20, -0.02*
-0.23, -0.04
-0.23, -0.04

0.10
0.06
0.05
0.04

-0.30
-0.34
-0.27
-0.31

-0.48,
-0.54,
-0.49,
-0.55,

-0.12*
-0.14*
-0.06*
-0.07*

-0.02
-0.02
-0.02
-0.01

-0.15,
-0.15,
-0.15,
-0.16,

0.11
0.12
0.12
0.14

-0.18
-0.2
-0.18
-0.20

-0.32, -0.04*
-0.38, -0.02*
-0.33, -0.03*
-0.40, 0.01

0.03
0.02
0.09
0.08

-0.48
-0.42
-0.41

-0.69, -0.27*
-0.68, -0.16*
-0.74, -0.09*

-0.07
-0.07
-0.06

-0.24, 0.11
-0.25, 0.12
-0.24, 0.13

-0.19
-0.13
-0.21

-0.41, 0.03
-0.39, 0.14
-0.46, 0.04

0.01
0.08
0.14

Model 8
Women
Total MxDQI
Model 9
Model 10
Model 11
Model 12
Total MxAHEI
Model 13
Model 14
Model 15
Model 16

-0.35

-0.73, 0.04

-0.06

-0.27, 0.14

-0.14

-0.45, 0.17

0.42

-0.08
-0.07
-0.08
-0.07

-0.26,
-0.28,
-0.27,
-0.29,

0.11
0.14
0.11
0.15

-0.01
-0.01
-0.02
-0.03

-0.08,
-0.09,
-0.09,
-0.11,

0.06
0.07
0.05
0.05

-0.04
-0.06
-0.06
-0.09

-0.19,
-0.22,
-0.22,
-0.25,

0.11
0.10
0.09
0.08

0.75
0.75
0.77
0.79

-0.10
-0.02
-0.09
-0.01

-0.40,
-0.36,
-0.41,
-0.35,

0.21
0.32
0.23
0.34

0.01
0.01
-0.01
-0.03

-0.1, 0.12
-0.11, 0.13
-0.12, 0.10
-0.15, 0.09

-0.23
-0.27
-0.29
-0.33

-0.05*
-0.08*
-0.10*
-0.14*

0.07
0.04
0.04
0.02

-0.42,
-0.46,
-0.48,
-0.52,
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ENSANUT, National Health and Nutrition Survey; MxDQI, Mexican Diet Quality Index; MxAHEI, Mexican Alternate Healthy Eating Index.
*P < 0.05.
Model 1 was adjusted for total energy intake, number of servings of alcohol intake (quadratic), diabetes status (yes/no), age (quadratic), alcohol
intake ( smoking status (none/current/former), region (North/Central/South) and area (rural/urban). Tortilla was considered as whole grain, n
956.
Model 2 was adjusted for total energy intake, number of servings of alcohol intake (quadratic), diabetes status (yes/no), age (quadratic), alcohol
intake ( smoking status (none/current/former), region (North/Central/South) and area (rural/urban). Tortilla was considered as refined grain, n
956.
Model 3 was Model 1 further adjusted for physical activity (inactive/moderately active/active), n 902.
Model 4 was Model 2 further adjusted for physical activity (inactive/moderately active/active), n 902.
Model 5 was adjusted for total energy intake, diabetes status (yes/no), age (quadratic), smoking status (none/current/former), region
(North/Central/South) and area (rural/urban). Tortilla was considered as whole grain, n 956.
Model 6 was adjusted for total energy intake, diabetes status (yes/no), age (quadratic), smoking status (none/current/former), region
(North/Central/South) and area (rural/urban). Tortilla was considered as refined grain, n 956.
Model 7 was Model 5 further adjusted for physical activity (inactive/moderately active/active), n 902.
Model 8 was Model 6 further adjusted for physical activity (inactive/moderately active/ active), n 902.
Model 9 was adjusted for total energy intake, number of servings of alcohol intake (quadratic), diabetes status (yes/no), age (quadratic), parity
(none/1-2/3-4/≥5), smoking status (none/current/former), region (North/Central/South) and area (rural/urban). Tortilla was considered as whole
grain, n 1357.
Model 10 was adjusted for total energy intake, number of servings of alcohol intake (quadratic), diabetes status (yes/no), ag e (quadratic), parity
(none/1-2/3-4/≥5), smoking status (none/current/former), region (North/Central/South) and area (rural/urban). Tortilla was considered as
refined grain, n 1357.
Model 11 was Model 9 further adjusted for physical activity (inactive/moderately active/active), n 1281.
Model 12 was Model 10 further adjusted for physical activity (inactive/moderately active/active), n 1281.
Model 13 was adjusted for total energy intake, diabetes status (yes/no), age (quadratic), parity (none/1-2/3-4/≥5), smoking status
(none/current/former), region (North/Central/South) and area (rural/urban). Tortilla was considered as whole grain, n 1357.
Model 14 was adjusted for total energy intake, diabetes status (yes/no), age (quadratic), parity (none/1-2/3-4/≥5), smoking status
(none/current/former), region (North/Central/South) and area (rural/urban). Tortilla was considered as refined grain, n 1357.
Model 15 was Model 13 further adjusted for physical activity (inactive/moderately active/active), n 1281.
Model 16 was Model 14 further adjusted for physical activity (inactive/moderately active/active), n 1281.

Supplemental Table 3.2 Association of whole-grains cereals and refined grains components with body mass index without considering tortilla as whole grain in men and women by education level. ENSANUT 2012 (n 2313)1
Education level
No reading / writing
skills
β
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M en
n
M xDQI score
Whole-grain cereals
Adjusting for other dietary components
Without adjusting for other dietary components
Adjusting for total minus the dietary component
Refined grains
Adjusting for other dietary components
Without adjusting for other dietary components
Adjusting for total minus the dietary component
M xAHEI score
Whole-grain cereals
Adjusting for other dietary components
Without adjusting for other dietary components
Adjusting for total minus the dietary component

95% CI

Reading / writing skills
or 3-9 y of school
β

100

95% CI

≥ 10 y of school
β

621

P-value
interaction

95% CI
235

0.86
1.24
1.19

-0.02, 1.73
0.58, 1.90*
0.57, 1.80*

0.20
0.35
0.36

-0.29, 0.68
-0.14, 0.84
-0.13, 0.85

0.14
0.27
0.26

-0.28, 0.56
-0.14, 0.68
-0.18, 0.7

0.31
0.04
0.04

0.32
0.66
0.61

-0.17, 0.81
0.27, 1.05*
0.21, 1.00*

0.29
0.43
0.44

-0.41, 1.00
-0.42, 1.29
-0.38, 1.27

0.51
0.52
0.61

0.10, 0.92
0.09, 0.96*
0.17, 1.04*

0.80
0.85
0.93

0.02
0.04
0.04

-0.2, 0.25
-0.2, 0.28
-0.2, 0.27

-0.11
-0.13
-0.12

-0.27, 0.04
-0.29, 0.03
-0.28, 0.03

0.01
0.01
0.01

-0.20, 0.22
-0.24, 0.26
-0.24, 0.26

0.54
0.45
0.47

Women
n
166
910
281
M xDQI score
Whole-grain cereals
Adjusting for other dietary components
1.81
0.08, 3.54*
0.07
-0.51, 0.66
0.04
-0.52, 0.60
0.15
Without adjusting for other dietary components
1.98
0.32, 3.64*
0.12
-0.46, 0.70
0.09
-0.38, 0.56
0.10
Adjusting for total minus the dietary component
1.97
0.27, 3.66*
0.12
-0.46, 0.70
0.11
-0.37, 0.58
0.11
Refined grains
Adjusting for other dietary components
-1.16
-2.32,<-0.01*
0.39
0.03, 0.75*
0.58
-0.27, 1.44
0.04
Without adjusting for other dietary components
-1.31
-2.67, 0.05
0.35
<0.01, 0.70*
0.68
-0.17, 1.52
0.04
Adjusting for total minus the dietary component
-1.23
-2.56, 0.10
0.36
0.01, 0.70*
0.68
-0.17, 1.53
0.05
M xAHEI score
Whole-grain cereals
Adjusting for other dietary components
0.23
-0.22, 0.69
-0.06
-0.19, 0.06
-0.12
-0.33, 0.09
0.40
Without adjusting for other dietary components
0.23
-0.24, 0.70
-0.06
-0.20, 0.08
-0.11
-0.31, 0.10
0.44
Adjusting for total minus the dietary component
0.24
-0.23, 0.71
-0.06
-0.20, 0.08
-0.10
-0.3, 0.10
0.44
1
Linear regression models were computed using survey weights to account for complex design and adjusted for age (quadratic), t otal energy intake, smoking status (current,
former, none), diabetes status (yes/no), parity (1-2, 3-4, ≥5), region (North, Central, and South), area of residence (rural/urban), and the indicated in table. M xDQI models were
further adjusted for alcohol intake. P for interactions were calculated using Wald test. *P < 0.05. Blank cells indicate variable was omitted from model. ENSANUT, National
Health and Nutrition Survey; M xDQI, M exican Diet Quality Index; M xAHEI, M exican Alternate Healthy Eating Index.

Supplemental Table 3.3 Association of whole-grains cereals and refined grains components with waist circumference without considering tortilla as wholegrain in men and women by education level. ENSANUT 2012 (n 2313)1
Education level
No reading / writing
skills
β

95% CI

Reading / writing skills
or 3-9 y of school
β

95% CI

≥ 10 y of school
β

P-value
interaction

95% CI
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M en
n
100
621
235
M xDQI score
Whole-grain cereals
Adjusting for other dietary components
2.68
0.18, 5.18*
-0.29
-1.45, 0.88
-0.46
-2.22, 1.30
0.05
Without adjusting for other dietary components
3.78
1.94, 5.63*
0.24
-0.94, 1.43
0.10
-1.50, 1.69
< 0.01
Adjusting for total minus the dietary component
3.57
1.81, 5.34*
0.28
-0.91, 1.46
0.04
-1.65, 1.72
< 0.01
Refined grains
Adjusting for other dietary components
1.25
-1.23, 3.74
0.90
-1.23, 3.03
0.81
-0.68, 2.31
0.95
Without adjusting for other dietary components
1.93
-0.09, 3.94
1.38
-1.19, 3.94
0.92
-0.84, 2.67
0.73
Adjusting for total minus the dietary component
1.72
-0.36, 3.80
1.42
-1.01, 3.86
1.24
-0.49, 2.97
0.94
M xAHEI score
Whole-grain cereals
Adjusting for other dietary components
0.24
-0.49, 0.96
-0.24
-0.97, 0.49
-0.06
-0.82, 0.71
0.68
Without adjusting for other dietary components
0.25
-0.58, 1.08
-0.32
-1.02, 0.38
-0.09
-0.90, 0.72
0.60
Adjusting for total minus the dietary component
0.25
-0.57, 1.06
-0.30
-0.98, 0.39
-0.07
-0.88, 0.73
0.63
Women
n
166
910
281
M xDQI score
Whole-grain cereals
Adjusting for other dietary components
0.87
-1.75, 3.48
0.01
-1.18, 1.21
0.19
-1.33, 1.71
0.84
Without adjusting for other dietary components
1.25
-1.20, 3.70
0.04
-1.17, 1.24
0.20
-1.17, 1.57
0.68
Adjusting for total minus the dietary component
1.22
-1.28, 3.73
0.05
-1.16, 1.25
0.23
-1.16, 1.62
0.71
Refined grains
Adjusting for other dietary components
-1.85
-5.30, 1.61
0.17
-1.08, 1.43
0.82
-0.67, 2.31
0.37
Without adjusting for other dietary components
-1.98
-5.79, 1.82
0.03
-1.28, 1.34
0.98
-0.61, 2.58
0.33
Adjusting for total minus the dietary component
-1.86
-5.60, 1.89
0.04
-1.26, 1.34
0.99
-0.62, 2.60
0.35
M xAHEI score
Whole-grain cereals
Adjusting for other dietary components
0.31
-0.38, 1.00
-0.16
-0.49, 0.16
-0.26
-0.76, 0.24
0.40
Without adjusting for other dietary components
0.30
-0.38, 0.99
-0.17
-0.50, 0.16
-0.27
-0.75, 0.21
0.39
Adjusting for total minus the dietary component
0.33
-0.35, 1.02
-0.15
-0.48, 0.18
-0.25
-0.73, 0.23
0.38
1
Linear regression models were computed using survey weights to account for complex design and adjusted for age (quadratic), t otal energy intake, smoking status (current,
former, none), diabetes status (yes/no), parity (1-2, 3-4, ≥5), region (North, Central, and South), area of residence (rural/urban), and the indicated in table. M xDQI models were
further adjusted for alcohol intake. P for interactions were calculated using Wald test. *P < 0.05. Blank cells indicate variable was omitted from model. ENSANUT, National
Health and Nutrition Survey; M xDQI, M exican Diet Quality Index; M xAHEI, M exican Alternate Healthy Eating Index.

Supplemental Table 3.4 Association of Mexican Diet Quality Index and Alternate Healthy Eating Index components with body mass index in men and
women by education level, without adjusting for other dietary components. ENSANUT 2012 (n 2313)1
Education level
No reading / writing skills
β
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Men
n
Mexican DQI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Seafood, poultry or eggs
Low-fat dairy
Polyunsaturated fat
100% fruit juices
Refined grains
Red and processed meat
Added sugars
Sodium
Saturated fat
Mexican AHEI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Nuts
Polyunsaturated fat
Long-chain (n-3) fats
SSB
Red and processed meat
Sodium
Trans-fat
Alcohol

95% CI

Reading / writing skills or
3-9 y of school
β

100

95% CI

≥ 10 y of school
β

621

P-value
interaction

95% CI
235

-0.12
-0.04
-0.31
-0.37
-0.22
0.12
-0.21
-0.77
-0.41
-0.60
-0.06
0.01
-0.17

-0.43, 0.18
-0.39, 0.31
-0.79, 0.17
-0.57, -0.17*
-0.66, 0.23
-1.61, 1.84
-0.42, <0.01
-1.41, -0.12*
-0.87, 0.05
-1.01, -0.20
-0.21, 0.08
-0.15, 0.16
-0.65, 0.32

-0.15
0.14
0.01
0.01
-0.18
-0.15
-0.03
-0.23
0.13
-0.16
< 0.01
0.03
0.09

-0.29, -0.01*
-0.03, 0.31
-0.28, 0.30
-0.11, 0.13
-0.42, 0.05
-0.66, 0.35
-0.13, 0.07
-0.63, 0.18
-0.12, 0.38
-0.39, 0.06
-0.08, 0.08
-0.05, 0.11
-0.13, 0.31

-0.12
0.13
-0.22
-0.04
-0.52
-0.07
-0.03
0.21
0.10
-0.12
-0.02
-0.06
0.16

-0.35, 0.12
-0.16, 0.42
-0.55, 0.12
-0.23, 0.15
-0.86, -0.18*
-0.79, 0.65
-0.23, 0.18
-0.12, 0.53
-0.24, 0.45
-0.49, 0.25
-0.12, 0.07
-0.21, 0.08
-0.19, 0.50

0.97
0.65
0.42
0.01
0.28
0.95
0.31
0.02
0.10
0.12
0.77
0.52
0.54

-0.22
-0.21
-0.20
-0.56
0.31
-0.33
-0.20
0.22
-0.30
0.08
11.26
-0.19

-0.62, 0.17
-0.57, 0.15
-0.44, 0.04
-0.93, -0.18*
-0.19, 0.82
-0.66, -0.01*
-0.52, 0.13
-0.37, 0.82
-0.53, -0.06*
-0.17, 0.33
6.52, 16.00*
-0.52, 0.13

-0.18
0.15
0.01
0.04
0.49
-0.04
-0.01
0.18
-0.09
0.07
0.22
-0.03

-0.36, <-0.01*
-0.08, 0.39
-0.16, 0.17
-0.18, 0.26
-0.25, 1.23
-0.20, 0.13
-0.20, 0.19
-0.07, 0.44
-0.22, 0.04
-0.09, 0.22
-0.85, 1.28
-0.26, 0.21

-0.05
0.27
-0.13
-0.07
0.24
-0.24
-0.12
0.06
-0.05
-0.02
0.41
0.06

-0.56, 0.46
-0.20, 0.75
-0.31, 0.05
-0.4, 0.27
-0.22, 0.69
-0.62, 0.13
-0.48, 0.23
-0.20, 0.31
-0.26, 0.17
-0.23, 0.19
-1.78, 2.60
-0.10, 0.23

0.86
0.18
0.31
0.03
0.83
0.22
0.56
0.73
0.21
0.77
< 0.01
0.39

Women
n
Mexican DQI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Seafood, poultry or eggs
Low-fat dairy
Polyunsaturated fat
100% fruit juices
Refined grains
Red and processed meat
Added sugars
Sodium
Saturated fat

42

Mexican AHEI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Nuts
Polyunsaturated fat
Long-chain (n-3) fats
SSB
Red and processed meat
Sodium
Trans-fat
Alcohol
1

166

910

281

-0.37
-0.33
-0.76
-0.18
-0.45
0.91
0.09
-0.45
-0.18
-0.09
0.08
< -0.01
-0.43

-0.72, -0.02*
-0.66, -0.01*
-1.46, -0.05*
-0.53, 0.16
-1.14, 0.24
0.05, 1.78*
-0.28, 0.45
-1.36, 0.47
-0.89, 0.53
-1.04, 0.86
-0.17, 0.32
-0.23, 0.22
-1.24, 0.38

0.10
0.05
0.02
-0.03
0.02
0.21
0.11
0.17
0.01
-0.15
-0.03
-0.03
-0.27

-0.04, 0.24
-0.10, 0.21
-0.22, 0.26
-0.16, 0.10
-0.18, 0.23
-0.15, 0.57
< 0.01, 0.22*
-0.09, 0.43
-0.22, 0.24
-0.36, 0.05
-0.11, 0.04
-0.10, 0.04
-0.48, -0.06

0.05
0.11
-0.02
-0.24
-0.55
0.80
-0.05
-0.24
-0.13
-0.38
0.05
-0.06
-0.15

-0.18, 0.28
-0.08, 0.30
-0.43, 0.40
-0.46, -0.02*
-0.90, -0.20*
-0.41, 2.01
-0.23, 0.14
-1.05, 0.58
-0.51, 0.24
-0.67, -0.09*
-0.07, 0.17
-0.19, 0.07
-0.53, 0.23

0.05
0.06
0.11
0.25
0.01
0.29
0.37
0.32
0.76
0.38
0.38
0.89
0.77

-0.49
-0.52
-0.40
-0.42
-0.67
0.19
0.25
0.44
-0.04
0.12
-4.61
-

-1.05, 0.07
-1.02, -0.02*
-0.80, 0.01
-1.10, 0.27
-2.80, 1.45
-0.38, 0.75
-0.49, 0.99
-1.17, 2.05
-0.58, 0.50
-0.27, 0.50
-14.11, 4.88
-

0.17
0.04
-0.02
-0.04
0.87
0.17
0.22
0.13
-0.07
-0.10
-1.00
0.86

-0.03, 0.38
-0.19, 0.27
-0.16, 0.11
-0.27, 0.20
-0.41, 2.14
< 0.01, 0.33*
0.01, 0.43*
-0.18, 0.44
-0.19, 0.04
-0.21, 0.01
-2.88, 0.88
0.12, 1.60

0.20
0.14
-0.02
-0.47
-0.18
-0.11
-0.33
0.11
-0.22
-0.18
0.89
2.28

-0.14, 0.53
-0.12, 0.40
-0.26, 0.23
-0.83, -0.10*
-1.02, 0.67
-0.37, 0.15
-0.53, -0.12*
-0.24, 0.46
-0.39, -0.05*
-0.37, 0.02
-1.26, 3.04
1.73, 2.82

0.07
0.07
0.22
0.12
0.32
0.22
< 0.01
0.93
0.31
0.39
0.28
< 0.01

Linear regression models were computed using survey weights to account for complex design and adjusted for age (quadratic), t otal energy intake, smoking status
(current, former, none), diabetes status (yes/no), parity (1-2, 3-4, ≥5), region (North, Central, and South), and area of residence (rural/urban). M xDQI models were further
adjusted for alcohol intake. P for interactions were calculated using Wald test. *P < 0.05. Blank cells indicate variable was omitted from model. ENSANUT, National
Health and Nutrition Survey; M xDQI, M exican Diet Quality Index; M xAHEI, M exican Alternate Healthy Eating Index; SSB, sugar-sweetened beverages.

Supplemental Table 3.5 Association of Mexican Diet Quality Index and Alternate Healthy Eating Index components with body mass index in men and
women by education level, adjusting for total score minus the dietary component of interest. ENSANUT 2012 (n 2313)1
Education level
No reading / writing skills
β

43

Men
n
Mexican DQI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Seafood, poultry or eggs
Low-fat dairy
Polyunsaturated fat
100% fruit juices
Refined grains
Red and processed meat
Added sugars
Sodium
Saturated fat
Mexican AHEI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Nuts
Polyunsaturated fat
Long-chain (n-3) fats
SSB
Red and processed meat
Sodium
Trans-fat
Alcohol

95% CI

Reading / writing skills or
3-9 y of school
β

95% CI

≥ 10 y of school
β

95% CI
235

621

100

P-value
interaction

-0.12
-0.02
-0.29
-0.36
-0.22
-0.04
-0.21
-0.77
-0.34
-0.59
-0.06
-0.01
-0.11

-0.42, 0.17
-0.38, 0.34
-0.77, 0.19
-0.56, -0.16*
-0.66, 0.22
-1.72, 1.64
-0.41, <-0.01*
-1.44, -0.10
-0.79, 0.11
-0.98, -0.19*
-0.20, 0.08
-0.16, 0.15
-0.58, 0.36

-0.16
0.14
0.04
0.02
-0.18
-0.14
-0.02
-0.22
0.18
-0.15
0.01
0.03
0.12

-0.30, -0.02*
-0.03, 0.31
-0.25, 0.33
-0.10, 0.14
-0.41, 0.05
-0.63, 0.35
-0.12, 0.07
-0.62, 0.18
-0.09, 0.45
-0.37, 0.07
-0.07, 0.08
-0.05, 0.11
-0.10, 0.35

-0.12
0.14
-0.19
-0.03
-0.51
-0.04
-0.02
0.20
0.17
-0.11
-0.01
-0.07
0.21

-0.22
-0.20
-0.23
-0.53
0.24
-0.32
-0.19
0.15
-0.29
0.06
10.93
-0.21

-0.62, 0.18
-0.56, 0.15
-0.47, 0.01
-0.90, -0.16*
-0.23, 0.7
-0.64, <0.01
-0.52, 0.13
-0.43, 0.73
-0.52, -0.06*
-0.18, 0.31
6.14, 15.72*
-0.53, 0.1

-0.19
0.14
0.02
0.07
0.47
-0.03
<0.01
0.17
-0.09
0.07
0.12
-0.01

-0.36, -0.01*
-0.08, 0.37
-0.14, 0.18
-0.16, 0.29
-0.25, 1.19
-0.20, 0.14
-0.19, 0.20
-0.09, 0.42
-0.22, 0.05
-0.09, 0.23
-0.91, 1.16
-0.25, 0.22

-0.05
0.26
-0.12
-0.05
0.26
-0.23
-0.13
0.06
-0.05
-0.05
0.45
0.05

-0.35, 0.12
-0.15, 0.44
-0.52, 0.15
-0.22, 0.16
-0.86, -0.16*
-0.74, 0.66
-0.22, 0.19
-0.12, 0.52
-0.18, 0.53
-0.48, 0.25
-0.11, 0.09
-0.21, 0.07
-0.14, 0.55
-0.55,
-0.21,
-0.30,
-0.38,
-0.19,
-0.62,
-0.48,
-0.20,
-0.26,
-0.25,
-1.61,
-0.12,

0.46
0.73
0.05
0.29
0.70
0.15
0.22
0.32
0.17
0.15
2.51
0.22

0.95
0.72
0.42
< 0.01
0.29
0.97
0.27
0.02
0.09
0.11
0.73
0.49
0.55
0.85
0.19
0.22
0.02
0.84
0.22
0.54
0.84
0.21
0.63
< 0.01
0.36
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Women
n
Mexican DQI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Seafood, poultry or eggs
Low-fat dairy
Polyunsaturated fat
100% fruit juices
Refined grains
Red and processed meat
Added sugars
Sodium
Saturated fat
Mexican AHEI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Nuts
Polyunsaturated fat
Long-chain (n-3) fats
SSB
Red and processed meat
Sodium
Trans-fat
Alcohol
1

-0.36
-0.33
-0.73
-0.18
-0.45
0.94
0.10
-0.43
-0.14
-0.08
0.08
-0.01
-0.43

-0.49
-0.51
-0.39
-0.41
-0.63
0.22
0.25
0.41
-0.04
0.12
-4.69

-
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-0.71, <-0.01*
-0.65, <-0.01*
-1.43, -0.03*
-0.52, 0.17
-1.14, 0.24
0.08, 1.79
-0.27, 0.47
-1.34, 0.49
-0.86, 0.58
-1.04, 0.88
-0.16, 0.33
-0.24, 0.22
-1.24, 0.39

0.10
0.05
0.05
-0.03
0.03
0.24
0.12
0.17
0.04
-0.15
-0.03
-0.03
-0.27

-1.05, 0.07
-1.02, -0.01*
-0.80, 0.01
-1.10, 0.28
-2.75, 1.50
-0.36, 0.80
-0.49, 0.99
-1.25, 2.07
-0.58, 0.51
-0.26, 0.51
-14.04, 4.65
-

0.17
0.04
-0.02
-0.03
0.85
0.19
0.22
0.11
-0.07
-0.10
-0.90
0.85

910
-0.04, 0.24
-0.10, 0.21
-0.20, 0.30
-0.16, 0.10
-0.18, 0.23
-0.12, 0.60
0.01, 0.23*
-0.09, 0.43
-0.21, 0.29
-0.36, 0.07
-0.10, 0.05
-0.10, 0.04
-0.48, -0.06*

-0.03, 0.38
-0.19, 0.27
-0.15, 0.12
-0.27, 0.21
-0.42, 2.13
0.03, 0.36*
0.01, 0.43*
-0.20, 0.42
-0.19, 0.05
-0.21, 0.01
-2.78, 0.98
0.09, 1.62*

0.04
0.11
0.00
-0.24
-0.55
0.78
-0.04
-0.23
-0.10
-0.38
0.05
-0.06
-0.14

281
-0.18, 0.27
-0.08, 0.30
-0.42, 0.42
-0.46, -0.02
-0.89, -0.20
-0.39, 1.96
-0.23, 0.14
-1.04, 0.57
-0.46, 0.26
-0.67, -0.09*
-0.06, 0.17
-0.19, 0.07
-0.53, 0.24

0.18
0.15
-0.02
-0.45
-0.18
-0.11
-0.33
0.11
-0.22
-0.18
0.96
2.21

-0.14, 0.51
-0.10, 0.41
-0.26, 0.23
-0.81, -0.09
-1.04, 0.67
-0.36, 0.15
-0.54, -0.12
-0.24, 0.45
-0.39, -0.04*
-0.37, 0.02
-1.18, 3.10
1.64, 2.77*

0.05
0.07
0.11
0.25
0.01
0.30
0.34
0.33
0.77
0.37
0.39
0.90
0.78

0.08
0.06
0.20
0.12
0.34
0.16
< 0.01
0.94
0.31
0.39
0.27
0.01

Linear regression models were computed using survey weights to account for complex design and adjusted for age (quadratic), t otal energy intake, smoking status
(current, former, none), diabetes status (yes/no), parity (1-2, 3-4, ≥5), region (North, Central, and South), area of residence (rural/urban), and for total score minus the
dietary component of interest. M xDQI models were further adjusted for alcohol intake. P for interactions were calculated using Wald test. *P < 0.05. Blank cells indicate
variable was omitted from model. ENSANUT, National Health and Nutrition Survey; M xDQI, M exican Diet Quality Index; M xAHEI, M exican Alternate Healthy Eating
Index; SSB, sugar-sweetened beverages.

Supplemental Table 3.6 Association of Mexican Diet Quality Index and Alternate Healthy Eating Index components with waist circumference in men
and women by education level, without adjusting for other dietary components. ENSANUT 2012 (n 2313)1
Education level
No reading / writing skills
β

95% CI

Reading / writing skills or
3-9 y of school
β

95% CI

≥ 10 y of school
β
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Men
n
Mexican DQI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Seafood, poultry or eggs
Low-fat dairy
Polyunsaturated fat
100% fruit juices
Refined grains
Red and processed meat
Added sugars
Sodium
Saturated fat

-0.27
-0.17
-0.85
-1.06
-0.83
1.62
-0.76
-4.29
-0.71
-1.99
-0.23
0.14
-0.08

-1.22, 0.67
-1.04, 0.70
-2.91, 1.21
-1.68, -0.44*
-2.26, 0.60
-6.35, 9.59
-1.40, -0.12*
-7.80, -0.79*
-2.27, 0.84
-3.25, -0.73*
-0.69, 0.23
-0.30, 0.58
-1.74, 1.59

-0.66
0.25
-0.23
0.08
-0.69
-0.56
-0.08
-0.38
0.16
-0.25
-0.01
0.13
0.67

-1.11, -0.22*
-0.26, 0.77
-1.20, 0.74
-0.32, 0.48
-1.48, 0.11
-2.16, 1.05
-0.42, 0.26
-1.55, 0.78
-0.63, 0.94
-0.89, 0.40
-0.31, 0.29
-0.14, 0.41
-0.04, 1.38

0.14
0.74
-0.83
-0.17
-1.91
-1.07
-0.34
0.84
0.37
-1.08
-0.17
-0.45
-0.19

Mexican AHEI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Nuts
Polyunsaturated fat
Long-chain (n-3) fats
SSB
Red and processed meat
Sodium
Trans-fat
Alcohol

-0.57
-0.63
-0.60
-1.76
1.57
-1.17
-1.08
1.17
-1.03
0.60
32.57
-0.53

-1.66, 0.52
-1.69, 0.42
-1.60, 0.39
-2.97, -0.55*
-0.25, 3.38
-2.18, -0.16*
-2.11, -0.05*
-0.43, 2.76
-1.78, -0.27
-0.17, 1.37
15.08, 50.06*
-1.69, 0.64

-0.85
0.22
-0.03
0.15
0.78
-0.17
0.14
0.18
-0.15
0.27
1.09
-0.21

-1.43, -0.28*
-0.48, 0.91
-0.50, 0.43
-0.58, 0.89
-1.09, 2.65
-0.79, 0.45
-0.54, 0.83
-0.50, 0.87
-0.55, 0.25
-0.31, 0.84
-2.10, 4.28
-0.89, 0.47

0.72
1.54
-0.67
-0.59
-0.32
-1.27
-0.89
-0.48
-0.46
0.19
0.82
0.11

100

621

P-value
interaction

95% CI
235
-0.99, 1.26
-0.89, 2.37
-2.33, 0.66
-0.95, 0.60
-3.55, -0.27*
-3.27, 1.14
-1.32, 0.64
-0.24, 1.91
-1.13, 1.87
-2.75, 0.59
-0.52, 0.18
-0.98, 0.09
-1.44, 1.06
-2.28,
-1.44,
-1.43,
-2.08,
-2.16,
-3.44,
-2.22,
-1.42,
-1.36,
-0.68,
-5.86,
-0.54,

3.72
4.51
0.09
0.90
1.52
0.90
0.44
0.46
0.44
1.07
7.51
0.75

0.41
0.52
0.78
0.01
0.42
0.78
0.16
0.01
0.51
0.05
0.69
0.15
0.48
0.62
0.23
0.37
0.03
0.29
0.17
0.11
0.15
0.13
0.70
< 0.01
0.62

-0.73
-1.11
-1.96
-0.05
-0.98
3.30
0.34
-0.05
0.20
-0.10
0.15
0.01
-0.58

-1.51, 0.04
-1.90, -0.32*
-3.54, -0.37*
-0.81, 0.71
-2.47, 0.52
1.61, 4.99*
-0.42, 1.10
-4.41, 4.31
-1.35, 1.76
-2.25, 2.04
-0.35, 0.64
-0.55, 0.57
-2.24, 1.07

0.20
0.19
0.14
-0.04
0.09
0.53
0.16
0.30
-0.03
-0.20
-0.07
-0.05
-0.74

-0.12, 0.52
-0.19, 0.57
-0.43, 0.72
-0.33, 0.25
-0.39, 0.56
-0.38, 1.44
-0.09, 0.41
-0.47, 1.06
-0.56, 0.49
-0.71, 0.3
-0.24, 0.10
-0.23, 0.12
-1.23, -0.26*

0.20
0.30
0.49
-0.47
-1.14
1.14
0.03
-0.45
0.07
-1.11
0.15
-0.16
-0.25

-0.36, 0.76
-0.22, 0.82
-0.50, 1.47
-1.07, 0.12
-1.99, -0.30*
-0.84, 3.12
-0.45, 0.51
-1.66, 0.77
-0.77, 0.92
-1.95, -0.28
-0.16, 0.45
-0.44, 0.12
-1.26, 0.77

0.08
0.01
0.03
0.44
0.03
0.02
0.76
0.60
0.95
0.12
0.35
0.79
0.66

Mexican AHEI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Nuts
Polyunsaturated fat
Long-chain (n-3) fats
SSB
Red and processed meat
Sodium
Trans-fat
Alcohol

-1.04
-1.78
-1.17
-0.34
-3.34
0.67
0.29
-0.06
-0.05
0.25
-14.22
-

-2.33, 0.25
-3.06, -0.51*
-2.08, -0.25*
-1.86, 1.18
-7.95, 1.27
-0.52, 1.86
-1.44, 2.03
-2.62, 2.49
-1.26, 1.16
-0.58, 1.08
-34.06, 5.62
-

0.28
0.21
0.02
-0.09
2.56
0.22
0.42
0.00
-0.08
-0.22
-2.74
1.00

-0.20, 0.75
-0.37, 0.80
-0.29, 0.34
-0.64, 0.45
-0.79, 5.91
-0.18, 0.63
-0.05, 0.88*
-0.67, 0.67
-0.37, 0.22
-0.49, 0.05
-6.75, 1.27
0.16, 1.84

0.47
0.32
0.22
-0.86
-0.50
-0.05
-1.03
0.18
-0.61
-0.39
6.08
1.18

-0.29, 1.22
-0.38, 1.03
-0.34, 0.78
-1.79, 0.07
-1.80, 0.81
-0.77, 0.68
-1.76, -0.29*
-0.65, 1.01
-1.09, -0.12*
-0.86, 0.08
-4.17, 16.33
0.24, 2.13

0.13
0.01
0.03
0.37
0.11
0.56
< 0.01
0.94
0.12
0.43
0.12
0.77
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Women
n
Mexican DQI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Seafood, poultry or eggs
Low-fat dairy
Polyunsaturated fat
100% fruit juices
Refined grains
Red and processed meat
Added sugars
Sodium
Saturated fat

1

166

910

281

Linear regression models were computed using survey weights to account for complex design and adjusted for age (quadratic), t otal energy intake, smoking status
(current, former, none), diabetes status (yes/no), parity (1-2, 3-4, ≥5), region (North, Central, and South), and area of residence (rural/urban). M xDQI models were further
adjusted for alcohol intake. P for interactions were calculated using Wald test. *P < 0.05. Blank cells indicate variable was omitted from model. ENSANUT, National
Health and Nutrition Survey; M xDQI, M exican Diet Quality Index; M xAHEI, M exican Alternate Healthy Eating Index; SSB, sugar-sweetened beverages.

Supplemental Table 3.7 Association of Mexican Diet Quality Index and Alternate Healthy Eating Index components with waist circumference in men
and women by education level, adjusting for total diet score minus the dietary component of interest. ENSANUT 2012 (n 2313)
Education level
No reading / writing skills
β

47

Men
n
Mexican DQI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Seafood, poultry or eggs
Low-fat dairy
Polyunsaturated fat
100% fruit juices
Refined grains
Red and processed meat
Added sugars
Sodium
Saturated fat
Mexican AHEI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Nuts
Polyunsaturated fat
Long-chain (n-3) fats
SSB
Red and processed meat
Sodium
Trans-fat
Alcohol

95% CI

Reading / writing skills or
3-9 y of school
β

100

95% CI

≥ 10 y of school
β

621

P-value
interaction

95% CI
235

-0.27
-0.09
-0.75
-1.02
-0.83
0.99
-0.74
-4.31
-0.45
-1.91
-0.21
0.09
0.18

-1.18, 0.64
-1.02, 0.84
-2.87, 1.36
-1.64, -0.41*
-2.23, 0.57
-6.81, 8.79
-1.36, -0.12*
-7.79, -0.83*
-2.00, 1.09
-3.14, -0.68*
-0.66, 0.23
-0.35, 0.52
-1.42, 1.78

-0.70
0.24
-0.12
0.14
-0.67
-0.49
-0.05
-0.36
0.36
-0.18
0.02
0.13
0.82

-1.15, -0.24*
-0.26, 0.74
-1.05, 0.80
-0.27, 0.56
-1.45, 0.11
-2.06, 1.07
-0.38, 0.28
-1.52, 0.81
-0.48, 1.20
-0.81, 0.44
-0.28, 0.32
-0.15, 0.40
0.14, 1.50*

0.15
0.79
-0.72
-0.13
-1.87
-0.96
-0.30
0.81
0.63
-1.05
-0.11
-0.46
0.02

-0.97, 1.27
-0.84, 2.42
-2.23, 0.78
-0.89, 0.63
-3.53, -0.22*
-3.11, 1.19
-1.3, 0.70
-0.26, 1.89
-0.93, 2.18
-2.72, 0.62
-0.48, 0.25
-1.00, 0.07
-1.22, 1.25

0.38
0.59
0.78
0.01
0.44
0.86
0.13
0.01
0.50
0.05
0.68
0.15
0.54

-0.56
-0.62
-0.70
-1.68
1.29
-1.12
-1.07
0.93
-0.99
0.53
31.33
-0.60

-1.66, 0.53
-1.65, 0.40
-1.74, 0.34
-2.87, -0.49*
-0.38, 2.96
-2.12, -0.13
-2.09, -0.04*
-0.63, 2.50
-1.74, -0.25*
-0.19, 1.26
14.93, 47.73*
-1.69, 0.49

-0.88
0.17
< 0.01
0.23
0.71
-0.14
0.17
0.12
-0.13
0.28
0.74
-0.17

-1.45, -0.30*
-0.48, 0.83
-0.45, 0.45
-0.54, 1.01
-1.08, 2.51
-0.76, 0.48
-0.52, 0.86
-0.58, 0.81
-0.52, 0.26
-0.30, 0.86
-2.40, 3.89
-0.83, 0.49

0.73
1.50
-0.65
-0.52
-0.25
-1.23
-0.91
-0.46
-0.45
0.08
0.97
0.07

-2.27, 3.73
-1.45, 4.45
-1.41, 0.10
-2.02, 0.98
-2.07, 1.57
-3.46, 0.99
-2.23, 0.42
-1.40, 0.47
-1.35, 0.45
-0.76, 0.92
-5.23, 7.16
-0.58, 0.73

0.60
0.24
0.31
0.02
0.40
0.17
0.10
0.24
0.13
0.70
< 0.01
0.59
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Women
n
Mexican DQI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Seafood, poultry or eggs
Low-fat dairy
Polyunsaturated fat
100% fruit juices
Refined grains
Red and processed meat
Added sugars
Sodium
Saturated fat
Mexican AHEI score
Vegetables
Whole fruit
Whole-grain cereals
Legumes
Nuts
Polyunsaturated fat
Long-chain (n-3) fats
SSB
Red and processed meat
Sodium
Trans-fat
Alcohol
1

281

910

166
-0.72
-1.10
-1.91
-0.04
-0.98
3.33
0.37
-0.03
0.27
-0.11
0.15
0.00
-0.61

-1.50, 0.06
-1.90, -0.31
-3.51, -0.32*
-0.81, 0.73
-2.47, 0.52
1.68, 4.99*
-0.41, 1.14
-4.40, 4.34
-1.31, 1.86
-2.29, 2.08
-0.34, 0.65
-0.55, 0.56
-2.28, 1.05

0.20
0.19
0.19
-0.04
0.09
0.57
0.17
0.29
0.01
-0.21
-0.06
-0.05
-0.77

-0.12, 0.52
-0.19, 0.57
-0.41, 0.79
-0.34, 0.26
-0.39, 0.56
-0.34, 1.48
-0.08, 0.42
-0.47, 1.05
-0.54, 0.57
-0.73, 0.32
-0.23, 0.11
-0.23, 0.12
-1.27, -0.27*

0.20
0.30
0.52
-0.47
-1.14
1.12
0.03
-0.45
0.13
-1.12
0.15
-0.16
-0.26

-0.36, 0.76
-0.22, 0.82
-0.47, 1.50
-1.06, 0.12
-1.99, -0.29*
-0.82, 3.06
-0.45, 0.51
-1.65, 0.76
-0.71, 0.97
-1.96, -0.27*
-0.15, 0.45
-0.45, 0.12
-1.27, 0.75

0.09
0.01
0.03
0.44
0.03
0.02
0.74
0.60
0.94
0.12
0.36
0.79
0.65

-1.05
-1.77
-1.16
-0.33
-3.23
0.75
0.29
-0.13
-0.03
0.26
-14.39
-

-2.33, 0.23
-3.06, -0.49*
-2.06, -0.25*
-1.85, 1.19
-7.85, 1.38
-0.48, 1.98
-1.44, 2.02
-2.77, 2.51
-1.26, 1.20
-0.58, 1.09
-33.89, 5.11
-

0.27
0.22
0.05
-0.08
2.53
0.28
0.42
-0.03
-0.07
-0.22
-2.51
0.98

-0.20, 0.75
-0.37, 0.81
-0.27, 0.37
-0.63, 0.47
-0.84, 5.89
-0.13, 0.68
-0.05, 0.89
-0.71, 0.64
-0.37, 0.23
-0.49, 0.05
-6.54, 1.51
0.09, 1.88*

0.43
0.35
0.21
-0.81
-0.51
-0.04
-1.03
0.17
-0.60
-0.39
6.24
1.02

-0.31, 1.18
-0.35, 1.05
-0.34, 0.77
-1.74, 0.11
-1.82, 0.79
-0.76, 0.67
-1.77, -0.29*
-0.66, 1.00
-1.09, -0.11*
-0.86, 0.08
-3.97, 16.46
0.07, 1.98*

0.13
0.01
0.03
0.39
0.12
0.49
< 0.01
0.92
0.11
0.42
0.12
0.95

Linear regression models were computed using survey weights to account for complex design and adjusted for age (quadratic), t otal energy intake, smoking status
(current, former, none), diabetes status (yes/no), parity (1-2, 3-4, ≥5), region (North, Central, and South), area of residence (rural/urban), and for total score minus the
dietary component of interest. M xDQI models were further adjusted for alcohol intake. P for interactions were calculated using Wald test. *P < 0.05. Blank cells indicate
variable was omitted from model. ENSANUT, National Health and Nutrition Survey; M xDQI, M exican Diet Quality Index; M xAHEI, M exican Alternate Healthy Eating
Index; SSB, sugar-sweetened beverages.

CHAPTER 4. THE CROSS-SECTIONAL ASSOCIATION BETWEEN DIET QUALITY AND
CARDIOMETABOLIC RISK, OVERALL AND BY EDUCATION LEVEL, IN MEXICAN
ADULTS
Overview
Studies about the association of overall diet quality with cardiometabolic risk by education level
are limited. Therefore, we aimed to examine the cross-sectional association of overall diet quality with
cardiometabolic risk, overall and by education level, among Mexican men and women. We used data on
636 men and 876 women from the Mexican National Health and Nutrition Survey 2012. We used
internationally definitions of cardiometabolic risk and developed the Mexican Diet Quality Index. We
computed sex-specific multivariable logistic regression models to estimate associations between total
dietary quality score and cardiometabolic risks, for total sample and by education level. We did not find
statistically significant associations of diet quality with cardiometabolic risk factors in the total sample or
in men by education level. However, education level in women modified the association of diet quality
with diabetes risk (P-interaction = 0.04) and atherogenic dyslipidemia risk (P-interaction < 0.01). The
odds of diabetes risk in women with no reading/writing skills was 0.48 (95% CI: 0.26,0.87) relative to the
odds in women with ≥ 10 years of school, for each increase of 10 units in the dietary quality score. The
odds of having three versus no lipid biomarker level above/below risk threshold in lower-educated
women was 0.31 (95% CI: 0.12,0.78) relative to the odds in higher-educated women, for each increase of
10 units in the dietary quality score. Our findings suggest that education level modified the association of
diet quality with diabetes and atherogenic dyslipidemia in women, but not in men.
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Introduction
Cardiometabolic diseases are a major public health concern in Mexico. In 2013, diabetes and
ischemic heart disease were ranked as top causes of morbidity and mortality in Mexico.15 Diets high in
energy, saturated fat, sodium, refined cereals, or added sugars, and low in fruits, vegetables, or wholegrain products were within the top risk factors that accounted for the most disease in this country.15
However, the focus on analyzing single nutrients or foods may not provide a realistic picture of the
association between diet and health outcomes, since the combinations and quantities of foods and
beverages consumed can have synergistic or antagonistic effects.
To address this concern, many studies have analyzed the role of overall diet quality in association
with non-communicable diseases, including cardiometabolic diseases, using index-based dietary patterns
that capture the complexity of the diet.4, 6, 108 Randomized controlled trials have estimated effects of diet
quality indices on risk of cardiometabolic diseases, including type 2 diabetes and cardiovascular
disease.109-111 Some studies have also found that diet quality indices are associated with higher
concentrations of biomarkers which are strong predictors of cardiometabolic diseases.42, 112 However, the
association of overall diet quality with multiple cardiometabolic biomarkers have not been investigated in
Mexican population, to our best knowledge. Furthermore, there is little understanding of whether the
relationship between diet quality and cardiometabolic biomarkers varies by sex, despite previous evidence
that women have more cardiometabolic risk than men because of inherent and lifestyle factors.113, 114
Even less is known about whether the association between diet quality and cardiometabolic
biomarkers varies by education level. Many studies have documented an association between higher
education status and health.12, 115 For example, higher educated people may have more financial resources,
better social-psychological profiles, and healthier lifestyles (e.g., less smoking , more physical activity),
and these may have synergistic effects.11, 12 Therefore, we would expect to find a stronger inverse
association between diet and cardiometabolic risk among higher- than lower-educated groups, since better
diet among the more highly educated might interact with other favorable health factors to produce larger
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improvements in cardiometabolic risk. An understanding of whether education modifies the association
between diet quality and cardiometabolic risk will be important for developing policies to prevent
increased cardiometabolic risk in the Mexicans and similar populations.
We aimed to determine whether higher overall diet quality was associated with lower
cardiometabolic risk in Mexican adults. Furthermore, we examined whether the association between
overall diet quality and cardiometabolic risk was different across education levels.
Methods
Study design and population
The National Health and Nutrition Survey (ENSANUT, by its Spanish acronym Encuesta
Nacional de Salud y Nutrición) is a probabilistic survey with health and sociodemographic information
obtained from 96 031 randomly selected individuals. Fasting blood samples and dietary intake data were
obtained from a subsample of participants. Informed consent was obtained for each eligible adult and the
survey protocol was approved by the Ethics Committee of the National Institute of Public Health.
We included non-pregnant and non-lactating adults ages twenty to sixty-nine years with
information of dietary intake and fasting blood samples (n = 1 921). We excluded individuals with
previous diagnosis of diabetes or hypertension (n = 387) and with a ratio of total energy intake to
estimated energy requirement (in logarithmic scale) below -3 standard deviations and above +3 standard
deviations (n = 30), as previously described.72 Some subjects were excluded for two or more variables;
therefore, the total number of excluded participants does not equal the sum of all the excluded participants
by variable. The analytic sample was composed of 1 512 adults (58% women).
Study measurements
Cardiometabolic biomarkers
Two fasting blood samples, whole-blood and serum samples, were obtained from an antecubital
vein for each participant. Serum was separated by spinning down the blood sample in situ at 2 500 g in a
portable centrifuge. Serum and whole blood aliquots were stored in cryovials placed in liquid nitrogen
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and transported to the National Institute of Public Health in Cuernavaca, Mexico. The serum
concentrations of glucose, triglycerides (TG), total cholesterol, and high-density lipoprotein cholesterol
(HDL-C) were measured in an automatic immunoassay analyzer (CI8200 Architect, Abbott Diagnostics,
Wiesbaden, Germany). Glucose was measured using glucose oxidase, TG using a hydrolysis method,
total cholesterol using an enzymatic digestion and oxidation method, and HDL-C by a direct enzymatic
colorimetric method after removing chylomicrons. Low-density lipoprotein cholesterol (LDL-C) was
calculated using the Friedewald equation.116 C-reactive protein (CRP) was assessed by nephelometry,
using monoclonal ultrasensitive antibodies (Behring Nephelometer 100 Analyzer, Behring Laboratories,
Messer Grisheim Gmbh, Frankfurt, Germany).
Definitions of diabetes, atherogenic dyslipidemia and inflammatory risk
We used nationally and internationally accepted definitions of cardiometabolic risk. For diabetes
risk, we used high fasting glucose (≥100 mg/dL).117 We considered the following lipids biomarkers: high
TG (>150 mg/dL), low HDL-C (<40 mg/dL for men, <50 mg/dL for women) and high LDL-C (>130
mg/dL),117, 118 and defined atherogenic dyslipidemia risk as none, one, two or all lipid biomarkers
above/below risk threshold. Inflammatory risk for coronary heart disease was represented by CRP >3
mg/L but <10 mg/L.119
Dietary intake
Details on dietary collection and assessment are described elsewhere, but in brief, dietary
information was obtained from a random subsample of ENSANUT participants using the twenty-fourhour dietary recall developed by the United States Department of Agriculture (automated 5-step multiplepass method), adapted to the Mexican context.83, 84 A second twenty-four-hour dietary recall was
conducted in a random subsample of ~9% of participants with the first twenty-four-hour dietary recall.
We used information of the first twenty-four-hour recall only.
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Mexican Diet Quality Index
We developed the Mexican Diet Quality Index based on the Mexican Dietary Guidelines, which are
focused on the prevention of overweight, obesity and other non-communicable diseases.47 We used the
number of servings recommended for adults with a total energy intake requirement of 8 372 kJ (2 000
kcal) per day; (see Appendix 1 for more details) to create 13 Mexican Diet Quality Index components
(Appendix 2).
Statistical analysis
We conducted all the analyses in Stata 15.0 (StataCorp, Stata Statistical Software, Release 15,
2017). We used survey commands to account for survey design and weighting to generate nationally
representative results. Statistical tests were two-tailed and considered significant at p <0.05. We first
descriptively examined characteristics of biomarkers and anthropometric measurements, total diet scores,
and sociodemographic variables by education level and sex. We performed sex-specific binary logistic
regression models for testing the association of total diet quality score with diabetes and inflammatory
risk. We analyzed the association between total dietary quality score and atherogenic risk using
multinomial logistic regression models, using as reference the category of having no lipid biomarker
below/above risk threshold. We examined the associations between each 10-unit increase in total diet
quality score and cardiometabolic risks. We adjusted the models for age (continuous, quadratic, or
categorical term, depending on the lowest Akaike information criterion value identified for each model),
total energy intake, number of servings of alcohol, parity (none, 1-2, 3-5 and ≥ 5 pregnancies), education
level (no reading/writing skills, reading/writing skills or 3-9 years of school, and ≥10 years of school),
smoking status (current/former/none), region (North/Central/South) and area of residence (urban/rural).
To test whether the associations differed by education level, we included models with interaction terms
between total diet score and the three defined levels of education: 1) no reading/writing skills and 2)

53

reading/writing skills or 3-9 years of school versus 3) ≥10 years of school. We obtained the overall pvalues for interaction through global Wald tests.
Sensitivity analyses
We did not include physical activity in the main analyses due to the poor validity of the
International Physical Activity Questionnaire short form for assessing physical activity among Mexican
adults.100 However, physical activity could be an important confounder of the relationship between diet
quality and cardiometabolic biomarkers. Thus, we conducted sensitivity analyses to test whether the
inclusion of physical activity in models altered the associations between diet quality and cardiometabolic
risk. We also conducted analyses in which corn tortilla was not considered as a whole-grain cereal, since
it is uncertain whether all corn tortillas are made with whole grains.
Results
Health, lifestyle and sociodemographic characteristics of Mexican adults by sex and education
level are shown in Table 4.1. A higher percentage of men with lower education were categorized with
atherogenic dyslipidemia risk (all lipid biomarkers below/above risk threshold) and inflammatory risk.
Lower-educated men also had higher total dietary quality score. A higher percentage of women with no
reading/writing skills had diabetes risk in comparison with women with higher education. However, the
percentage of women categorized with atherogenic dyslipidemia and inflammatory risk was lower in
those with lower-education level. Lower-educated women had higher total dietary quality scores.
Association of diet quality score with diabetes, atherogenic dyslipidemia and inflammatory risk in men
and women, overall and by education level
We did not find statistically significant associations of diet quality scores with diabetes,
atherogenic dyslipidemia or inflammatory risk in the overall sample of men and women (Table 4.2).
Moreover, education level did not modify the association of dietary quality score with diabetes,
atherogenic dyslipidemia or inflammatory risk in men (Table 4.3). The education level in women
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modified the association between the diet quality score and diabetes risk (P-interaction = 0.04). The odds
of diabetes risk in women with no reading/writing skills were around the half (OR: 0.48, 95%CI:
0.26,0.87) of the odds of diabetes risk in women with ≥10 years of school, for each increase of 10 units in
the dietary quality score. The association between the total dietary quality score and atherogenic
dyslipidemia risk was also modified by education level (P-interaction <0.01). The odds of having one
versus no lipid biomarker above/below risk threshold in women with no reading/writing skills were 75%
(95% CI: 42%,89%) the odds in women with higher education, for each 10 units-increase in the dietary
quality score. Likewise, the odds of having all versus no lipid biomarker above/below risk threshold in
women with no reading/writing skills were 69% (95% CI: 22%,88%) the odds in women with ≥10 years
of school for each increase of 10 units in the dietary quality score. The association between total dietary
quality score and inflammatory risk was not modified by education level.
Results of sensitivity analyses
Estimated odds of diabetes, atherogenic dyslipidemia, and inflammatory risk for each 10-unit
increase in the total dietary quality score, in men and women, in overall sample and by education level,
were similar to those observed when we further adjusted models for physical activity (Supplemental
Tables 4.1 to 4.3). Likewise, estimations, were similar to those observed when we did not consider corn
tortilla as whole-grain cereal, but the interaction between the dietary quality score and education level in
women for diabetes risk was no longer statistically significant (Supplemental Tables 4.4 to 4.6).
Discussion
The current study is the first to analyze the cross-sectional association of diet quality with
cardiometabolic risk in Mexican adults, to our knowledge. In the overall sample, diet quality was not
associated with diabetes, atherogenic dyslipidemia, or inflammatory risk. The Mexican Diet Quality
Index may be a limited predictor of cardiometabolic risk in Mexican adults, a population undergoing the
nutritional transition. Thus, longitudinal diet and cardiometabolic research is needed prior to creating an
appropriate Mexican diet quality index linked with reduced cardiometabolic disease risks.
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We found that education level modified the association of dietary quality score with diabetes and
atherogenic risk in women, but not men. For women with the lowest education level, a higher dietary
quality score was associated with lower likelihood of diabetes and atherogenic dyslipidemia risk, in
comparison to higher-educated women. The reasons underlying these findings are unclear. Some studies
suggest that women with low education level have more psychosocial risks than men with the same level
of education.114, 120 Increased psychosocial risk may be associated with higher cardiometabolic risk in
lower-educated women, as observed in previous studies.121 Thus, one possibility is that a better diet
quality may offset the higher likelihood of cardiometabolic risk by psychological factors only in lowereducated women. Another possibility is that the observed results in women can be due to chance,
resulting from the multiple testing analyses. However, descriptive results indicate that the percentage of
women categorized with diabetes and atherogenic dyslipidemia risk as well as the total dietary score
differed by education level. Therefore, education level may modify the association of diet quality with
diabetes and atherogenic dyslipidemia risk in women. Under the assumption that our results are not
chance findings, future research focused on identifying mechanisms responsible for sex differences in the
relation between diet quality and cardiometabolic risk by education level would provide better knowledge
of the potential pathways.
Several studies also indicate that low-educated women tend to have other risky lifestyle
behaviors, such as smoking, low physical activity, sedentary activity or poor sleep duration.121-123 High
diet quality could counteract these factors and lead to reduced cardiometabolic risk. For higher educated
women, who have fewer other risk factors, a high-quality diet may not be sufficient to further reduce their
cardiometabolic risk. It is unlikely smoking could influence the results observed in the present study since
models were adjusted for this factor. Moreover, although we included physical activity as covariate only
in sensitivity analyses, results in women were similar to those observed in the main results. More research
will be needed to understand whether other lifestyle factors that were not collected in the ENSANUT
2012, such as sleep duration and sedentary behaviors, modify the association between diet quality and
cardiometabolic risk.
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That a higher diet quality was associated with lower probability of diabetes and atherogenic
dyslipidemia in lower- versus higher-educated women may be also related to differential dietary
misreporting. Dietary information was self-reported and therefore might be subject to social desirability,
124

which appears to bias more the dietary data of women than men,125, 126 and seems to be more common

in higher-educated women.127, 128 In this study, if women who were of low-education were less prone to
social desirability bias, women who truly consumed unhealthy foods may have been more likely to report
them accurately, allowing for more variability in diet quality and better detection of the association of the
relationship between diet quality and cardiometabolic disease risks. On the other hand, if higher educated
women were more prone to social desirability, women who consumed more unhealthy foods may not
have reported them, making it look like their diet was more similar to women who consumed more
healthy food and thus obscuring the relationship between diet quality and cardiovascular disease risk.
More research will be needed to understand the drivers of this differential association between diet quality
and cardiovascular disease risk by education in women, and whether this is due to reporting issues or
because an interaction with other lifestyle factors.
The interaction between dietary quality score and education level in women for diabetes risk was
statistically significant when we classified corn tortilla as whole-grain cereal, but not when we did not
consider it as such. These results suggest that corn tortilla not only contributed substantially to the wholegrain cereals, but also to the total diet quality score. Although it is uncertain whether all corn tortillas are
made with whole grains, corn tortillas are characterized by low-fat and low-sodium content, and has ~1.4
g of fiber for every 10 g of carbohydrates,87 which might contribute to reduce the risk of diabetes.
However, what is not clear from the current study is why we only observed an association between the
dietary quality score, considering tortilla as whole grain, and diabetes risk in lower-educated women.
Flores et al. 2010 identified three major dietary patterns in Mexican adults. One of these patterns was
traditional, where corn and corn-based foods accounted for almost 50% of energy intake, and had the
lowest contribution to total energy intake for most of the other food groups, except for beans and
legumes, compared with the other dietary patterns. Furthermore, the traditional pattern was associated
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with lower socioeconomic status and higher fiber intake.129 It is possible that, in women with lower
education, the consumption of corn tortillas reflects a healthier diet ‒with more traditional foods and less
processed packaged foods or Western fast food‒ which in turn could reduce the risk of diabetes.
Our analysis has several limitations that are important to acknowledge. First, it is not possible to
establish a causal inference between diet quality and cardiometabolic risks given the cross-sectional
nature of this study. Second, we estimated dietary quality scores based on a single twenty-four-hour
recall, which may not represent the long-term dietary habits of the participants.130 Third, the method we
used to define atherogenic dyslipidemia risk assumes that having lipid levels above/below risk threshold
in any of the lipid biomarkers has the same atherogenic risk. However, this classification is consistent
with those used to analyze the risk of metabolic syndrome.117, 131 Last, we cannot rule out bias on the
observed association between diet quality and atherogenic dyslipidemia risk in women, since the sample
of women with no reading/writing skills and normal levels in all lipid biomarkers was small (n = 7).
However, some simulation studies indicate that a minimum of 5-10 observations per variable in logistic
regression models may be enough to obtain reliable results.132, 133
Despite the limitations, this study highlights the potential modifying effect of education on the
association between diet quality and cardiometabolic risk in women, but not men, using a representative
sample of Mexican men and women, with detailed diet data as well as information of several key
cardiometabolic biomarkers and covariates.
In conclusion, there was no association between diet quality and cardiometabolic disease risk in
Mexican adults. However, education level modified the association of diet quality with diabetes and
atherogenic dyslipidemia risk in Mexican women, but not in men. A higher diet quality was associated
with lower diabetes and atherogenic dyslipidemia risk in lower- but not higher-educated women. Our
findings provide important clues into which population subgroups could be targeted for interventions
focused on improving the quality of the diet and, in turn, reduce the likelihood of cardiometabolic risk.
Future research using longitudinal data will be needed to confirm our results.
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Tables and Figures

Table 4.1 Characteristics of Mexican men and women by education level. ENSANUT 2012 (n 1 512)1

No
reading/writing
skills
Unweighted, n

75

Men
Reading /
writing skills
or 3-9 y of
school
424

≥10 y of
school

No
reading/writing
skills

137

92

Women
Reading /
writing skills
or 3-9 y of
school
588

≥10 y of
school

196

Weighed (in millions), n
Age (years), mean (SE)

1.3

9.8

3.9

1.3

11.5

5.5

48 (2.3)

41 (1.0)

35 (1.6)

50 (1.7)

40 (0.7)

35 (1.1)

Glucose (mg/dL), mean (SE)

96 (3.7)

97 (1.4)

92 (1.2)

110 (9.3)

99 (1.6)

95 (1.7)

TG (mg/dL), mean (SE)

59

203 (23.4)

204 (9.0)

191 (13.2)

165 (16.1)

164 (5.4)

157 (9.9)

HDL-C (mg/dL), mean (SE)

38 (1.3)

37 (0.6)

36 (0.8)

41 (1.0)

41 (0.6)

42 (0.8)

LDL-C (mg/dL), mean (SE)

105 (6.3)

109 (2.4)

108 (3.3)

107 (4.5)

107 (2.4)

103 (4.1)

CRP (mg/L), mean (SE)

2 (0.4)

3 (0.4)

3 (0.5)

4 (0.8)

4 (0.3)

3 (0.5)

Diabetes risk (glucose ≥ 100 mg/dL), % (SE)

29 (6.4)

25 (3.1)

17 (3.7)

36 (8.1)

33 (2.8)

25 (4.2)

High triglycerides (> 150 mg/dL), % (SE)
Low HDL-C (< 40 mg/dL for men, < 50
mg/dL for women), % (SE)
High LDL-C (> 130 mg/dL), % (SE)
Atherogenic dyslipidemia risk (lipid
biomarkers below/above risk threshold), %
(SE)
None

57 (7.7)

58 (3.4)

55 (5.7)

39 (7.6)

45 (3.1)

39 (4.8)

69 (6.7)

67 (3.3)

69 (5.0)

87 (4.4)

81 (2.4)

81 (3.5)

31 (6.4)

24 (3.0)

25 (4.6)

19 (6.1)

23 (2.5)

25 (4.3)

15 (4.8)

17 (2.6)

18 (3.8)

6 (3)

12 (2.1)

12 (3)

One

32 (7.8)

29 (3.4)

27 (5.3)

48 (8.4)

38 (2.9)

44 (4.9)

Two

34 (7.2)

42 (3.4)

43 (5.9)

40 (8)

38 (3.2)

31 (4.6)

19 (5.1)

12 (2.3)

12 (3.7)

6 (2.3)

11 (1.9)

13 (3.2)

14 (3.8)

16 (2.7)

23 (5.5)

22 (5.7)

30 (2.9)

28 (4.3)

44 (1.1)

40 (0.7)

37 (0.9)

46 (1.9)

41 (0.5)

38 (0.9)

All
Inflammatory risk (CRP > 3 mg/L but < 10
mg/L), % (SE)
Total Mexican Diet Quality score, mean (SE)

Parity categories, % (SE)
None

-

-

-

53 (8.2)

32 (2.9)

39 (4.8)

1-2

-

-

3-4

-

-

-

7 (5.7)

27 (2.9)

39 (4.5)

-

10 (4.0)

18 (2.2)

15 (3.2)

≥5

-

-

-

29 (6.9)

23 (2.2)

7 (2.2)

Urban

46 (7.5)

66 (3.1)

82 (3.7)

54 (7.9)

70 (2.2)

79 (3.6)

Rural

54 (7.5)

34 (3.1)

18 (3.7)

46 (7.9)

30 (2.2)

21 (3.6)

North

15 (5.1)

20 (2.2)

23 (4.2)

7 (3.1)

19 (1.7)

17 (2.6)

Central

35 (7.4)

43 (3.7)

43 (5.8)

38 (9.2)

50 (2.6)

54 (4.2)

South

51 (7.5)

37 (3.2)

34 (5.1)

55 (8.7)

31 (2.2)

29 (3.6)

Never

53 (7.8)

47 (3.4)

59 (5.8)

97 (2.1)

85 (2.5)

74 (4.4)

Former

24 (6.2)

29 (3.0)

20 (4.3)

0

12 (2.4)

13 (3.1)

Current

24 (6.3)

24 (3.1)

21 (5.2)

3 (2.1)

4 (1.0)

13 (3.7)

Inactive

7 (4.0)

9 (2.2)

18 (4.3)

15 (5.4)

19 (2.5)

14 (2.8)

Moderately active

15 (6.0)

10 (2.7)

11 (3.7)

10 (5.9)

13 (1.9)

7 (2.5)

Active

78 (6.7)

80 (3.8)

70 (5.2)

75 (7.4)

69 (2.9)

79 (3.5)

Area, % (SE)

Region, % (SE)

Smoking status, % (SE)
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Physical activity, % (SE)

1

Data are from the Mexican National Health and Nutrition Survey (ENSANUT 2012).

Table 4.2 Adjusted Odds Ratios for the association of the dietary quality score (10-unit increment) with diabetes, atherogenic dyslipidemia
and inflammatory risk in men and women. ENSANUT 2012 (n 1 512)1

OR
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Diabetes risk
High versus normal glucose
Atherogenic dyslipidemia risk
One versus none lipid biomarker below/above risk
threshold
Two versus none lipid biomarker below/above risk
threshold
All versus none lipid biomarker below/above risk
threshold
Inflammatory risk
CRP levels related versus not-related with inflammatory
risk
1

Men (n 636)
95% CI
P-value

OR

Women (n 876)
95% CI
P-value

0.90

0.77, 1.06

0.20

1.08

0.93, 1.26

0.33

0.98

0.79, 1.21

0.85

1.08

0.87, 1.34

0.48

1.08

0.90, 1.30

0.40

1.09

0.87, 1.37

0.44

0.99

0.71, 1.40

0.96

1.19

0.90, 1.58

0.22

0.97

0.75, 1.24

0.79

0.98

0.83, 1.15

0.81

Logistic regression models (logistic for diabetes and inflammatory risk and multinomial for atherogenic dyslipidemia risk) were computed using survey
weights to account for complex design and adjusted for age (continuous, quadratic, or categorical term, depending on the lowest Akaike information
criterion value identified for each model), total energy intake, number of servings of alcohol, parity (1-2, 3-4, ≥5), education level (no reading/writing skills,
reading/writing skills or 3-9 y of school, and ≥10 y of school), smoking status (current, former, none), region (North, Central, and South), area of residence
(rural/urban). CRP, C-reactive protein; ENSANUT, National Health and Nutrition Survey.

Table 4.3 Adjusted odds of diabetes, atherogenic dyslipidemia and inflammatory risk in adults with reading/ writing skills or 3-9 y of school, or ≥ 10 y of school in
comparison with adults with no reading/writing skills for each 10-unit increase in dietary quality score. ENSANUT 2012 (n 1 512)1
Men (n 636)
OR

95% CI

P-value

No reading/writing skills

1.26

0.69, 2.29

0.45

Reading/writing skills or 3-9 y of school

1.37

0.89, 2.12

0.15

Women (n 876)
Pinteraction

OR

95% CI

P-value

0.48

0.26, 0.87

0.02

0.87

0.60, 1.27

0.48

Pinteraction

Diabetes risk
High versus normal glucose
0.35

Ref

≥ 10 y of school

0.04

Ref

Atherogenic dyslipidemia risk
One versus none lipid biomarker below/above risk threshold
No reading/writing skills

1.00

0.50, 2.01

0.99

0.25

0.11, 0.58

< 0.01

Reading/writing skills or 3-9 y of school

1.00

0.61, 1.65

0.99

0.74

0.41, 1.32

0.31

Ref
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≥ 10 y of school

Ref

Two versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.90

0.49, 1.68

0.75

Reading/writing skills or 3-9 y of school

1.23

0.78, 1.96

0.37

0.71

0.45

0.18, 1.08

0.07

1.24

0.64, 2.40

0.53

Ref

≥ 10 y of school

< 0.01

Ref

All versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.78

0.36, 1.69

0.53

0.31

0.12, 0.78

0.01

Reading/writing skills or 3-9 y of school

1.28

0.62, 2.63

0.50

0.75

0.36, 1.59

0.46

Ref

≥ 10 y of school

Ref

Inflammatory risk
CRP levels related versus not-related with inflammatory risk
No reading/writing skills

0.58

0.33, 1.02

0.06

Reading/writing skills or 3-9 y of school

0.71

0.42, 1.20

0.20

≥ 10 y of school
1

Ref

0.16

0.78

0.49, 1.25

0.30

0.76

0.55, 1.06

0.11

0.27

Ref

Logistic regression models (logistic for diabetes and inflammatory risk and multinomial for atherogenic dyslipidemia risk) were computed using survey weights to
account for complex design and adjusted for age (continuous, quadratic, or categorical term, depending on the lowest Akaike information criterion value identified for
each model), total energy intake, number of servings of alcohol, parity (1-2, 3-4, ≥5), smoking status (current, former, none), region (North, Central, and South), area
of residence (rural/urban). P for interactions were calculated using Wald test. CRP, C-reactive protein; ENSANUT, National Health and Nutrition Survey.

Supplemental Table 4.1 Odds Ratios for the association of the dietary quality score (10-unit increment) with diabetes, atherogenic dyslipidemia, and
inflammatory risk in men and women using logistic regression models further adjusted for physical activity. ENSANUT 2012 (n 1 467)1
Men (n 615)

Women (n 852)

OR

95% CI

P-value

OR

95% CI

P-value

0.88

0.75, 1.04

0.14

1.11

0.94, 1.30

0.21

One versus none lipid biomarker below/above risk threshold

1.01

0.81, 1.26

0.93

1.09

0.87, 1.38

0.45

Two versus none lipid biomarker below/above risk threshold

1.12

0.91, 1.37

0.28

1.11

0.88, 1.40

0.39

All versus none lipid biomarker below/above risk threshold

1.04

0.73, 1.48

0.81

1.25

0.94, 1.67

0.12

0.97

0.76, 1.25

0.84

0.98

0.83, 1.15

0.82

Diabetes risk
High versus normal glucose
Atherogenic dyslipidemia risk
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Inflammatory risk
CRP levels related versus not-related with inflammatory risk
1 Logistic

regression models (logistic for diabetes and inflammatory risk and multinomial for atherogenic dyslipidemia risk) were computed using survey weights to
account for complex design and adjusted for age (continuous, quadratic, or categorical term, depending on the lowest Akaike information criterion value identified for
each model), total energy intake, number of servings of alcohol, parity (1-2, 3-4, ≥5), education level (no reading/writing skills, reading/writing skills or 3-9 y of school,
and ≥10 y of school), smoking status (current, former, none), region (North, Central, and South), area of residence (rural/urban), and physical activity (inactive,
moderately active, and active). ENSANUT, National Health and Nutrition Survey.

Supplemental Table 4.2 Odds of diabetes, atherogenic dyslipidemia, and inflammatory risk in men with reading/ writing skills
or 3-9 y of school, or ≥ 10 y of school in comparison with men with no reading/writing skills for each 10-unit increase in dietary
quality score using logistic regression models further adjusted for physical activity. ENSANUT 2012 (n 615)
OR

95% CI

P-value

No reading/writing skills

1.55

0.86, 2.81

0.15

Reading/writing skills or 3-9 y of school

1.63

1.06, 2.50

0.03

P-interaction

Diabetes risk
High versus normal glucose

≥ 10 y of school

0.08

Ref

Atherogenic dyslipidemia risk
One versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.98

0.48, 1.97

0.95

Reading/writing skills or 3-9 y of school

1.11

0.66, 1.88

0.7

≥ 10 y of school

Ref
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Two versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.92

0.48, 1.74

0.79

Reading/writing skills or 3-9 y of school

1.35

0.82, 2.22

0.24

≥ 10 y of school

0.61

Ref

All versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.65

0.31, 1.38

0.26

Reading/writing skills or 3-9 y of school

1.17

0.58, 2.33

0.66

≥ 10 y of school

Ref

Inflammatory risk
CRP levels related versus not-related with inflammatory risk
No reading/writing skills

0.61

0.34, 1.08

0.09

Reading/writing skills or 3-9 y of school

0.79

0.46, 1.34

0.37

≥ 10 y of school
1

0.23

Ref

Logistic regression models (logistic for diabetes and inflammatory risk and multinomial for atherogenic dyslipidemia risk) were computed
using survey weights to account for complex design and adjusted for age (continuous, quadratic, or categorical term, depending on the lowest
Akaike information criterion value identified for each model), total energy intake, number of servings of alcohol, region (North, Central, and
South), area of residence (rural/urban), and physical activity (inactive, moderately active, and active). ENSANUT, National Health and
Nutrition Survey.

Supplemental Table 4.3 Odds of diabetes, atherogenic dyslipidemia, and inflammatory risk in men with reading/
writing skills or 3-9 y of school, or ≥ 10 y of school in comparison with women with no reading/writing skills for
each 10-unit increase in dietary quality score using logistic regression models further adjusted for physical
activity. ENSANUT 2012 (n 852)
OR

95% CI

P-value

No reading/writing skills

0.46

0.25, 0.85

0.01

Reading/writing skills or 3-9 y of school

0.87

0.59, 1.29

0.50

Pinteraction

Diabetes risk
High versus normal glucose

≥ 10 y of school

0.04

Ref

Atherogenic dyslipidemia risk
One versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.25

0.11, 0.59

< 0.01

Reading/writing skills or 3-9 y of school

0.79

0.43, 1.45

0.45

≥ 10 y of school

Ref
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Two versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.42

0.18, 1.02

0.06

Reading/writing skills or 3-9 y of school

1.21

0.62, 2.34

0.58

≥ 10 y of school

< 0.01

Ref

All versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.26

0.10, 0.66

0.01

Reading/writing skills or 3-9 y of school

0.67

0.31, 1.45

0.31

≥ 10 y of school

Ref

Inflammatory risk
CRP levels related versus not-related with inflammatory risk
No reading/writing skills

0.75

0.46, 1.24

0.27

Reading/writing skills or 3-9 y of school

0.77

0.54, 1.10

0.15

≥ 10 y of school
1

0.32

Ref

Logistic regression models (logistic for diabetes and inflammatory risk and multinomial for atherogenic dyslipidemia risk)
were computed using survey weights to account for complex design and adjusted for age (continuous, quadratic, or
categorical term, depending on the lowest Akaike information criterion value identified for each model), total energy intake,
number of servings of alcohol, parity (1-2, 3-4, ≥5), region (North, Central, and South), area of residence (rural/urban), and
physical activity (inactive, moderately active, and active). ENSANUT, National Health and Nutrition Survey.

Supplemental Table 4.4 Odds Ratios for the association of dietary quality score (10-unit increment) with diabetes, atherogenic dyslipidemia, and
inflammatory disease risk in men and women using logistic regression models without considering corn tortilla as whole-grain cereal. ENSANUT 2012
(n 1 512)
Men (n = 636)

Women (n = 876)

OR

95% CI

P-value

OR

95% CI

P-value

0.90

0.75, 1.07

0.24

1.06

0.90, 1.25

0.48

One versus none lipid biomarker below/above risk threshold

1.00

0.78, 1.27

0.98

1.06

0.84, 1.32

0.64

Two versus none lipid biomarker below/above risk threshold

1.13

0.91, 1.39

0.27

1.07

0.85, 1.35

0.58

All versus none lipid biomarker below/above risk threshold

1.02

0.72, 1.45

0.89

1.14

0.85, 1.52

0.39

0.96

0.75, 1.23

0.75

0.97

0.82, 1.16

0.76

MxDQI
Diabetes risk
High versus normal glucose
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Atherogenic dyslipidemia risk

Inflammatory risk
CRP levels related versus not-related with inflammatory risk
1

Logistic regression models (logistic for diabetes and inflammatory risk and multinomial for atherogenic dyslipidemia risk) were computed using survey weights to
account for complex design and adjusted for age (continuous, quadratic, or categorical term, depending on the lowest Akaike information criterion value identified for
each model), total energy intake, number of servings of alcohol, region (North, Central, and South), and area of residence (rural/urban). ENSANUT, National Health
and Nutrition Survey.

Supplemental Table 4.5 Odds Ratios for the association of the dietary quality score (10-unit increment) with
diabetes, atherogenic dyslipidemia, and inflammatory risk by education level in men using logistic regression
models without considering corn tortilla as whole-grain cereal. ENSANUT 2012 (n 636)
OR

95% CI

P-value

No reading/writing skills

1.23

0.64, 2.37

0.54

Reading/writing skills or 3-9 y of school

1.24

0.78, 1.98

0.37

Pinteraction

Diabetes risk
High versus normal glucose

≥ 10 y of school

0.67

Ref

Atherogenic dyslipidemia risk
One versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.89

0.41, 1.92

0.76

Reading/writing skills or 3-9 y of school

0.98

0.56, 1.74

0.96

≥ 10 y of school

Ref

67

Two versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.84

0.43, 1.62

0.60

Reading/writing skills or 3-9 y of school

1.24

0.74, 2.06

0.41

≥ 10 y of school

0.61

Ref

All versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.63

0.28, 1.42

0.26

Reading/writing skills or 3-9 y of school

1.17

0.55, 2.48

0.69

≥ 10 y of school

Ref

Inflammatory risk
CRP levels related versus not-related with inflammatory risk
No reading/writing skills

0.58

0.31, 1.06

0.08

Reading/writing skills or 3-9 y of school

0.76

0.44, 1.33

0.34

≥ 10 y of school
1

0.21

Ref

Logistic regression models (logistic for diabetes and inflammatory risk and multinomial for atherogenic dyslipidemia risk)
were computed using survey weights to account for complex design and adjusted for age (continuous, quadratic, or
categorical term, depending on the lowest Akaike information criterion value identified for each model), total energy intake,
number of servings of alcohol, region (North, Central, and South), and area of residence (rural/urban). ENSANUT, National
Health and Nutrition Survey.

Supplemental Table 4.6 Odds Ratios for the association of the dietary quality score (10-unit increment) with
diabetes, atherogenic dyslipidemia, and inflammatory risk by education level in women using logistic regression
models without considering corn tortilla as whole-grain cereal. ENSANUT 2012 (n 876)
OR

95% CI

P-value

No reading/writing skills

0.48

0.25, 0.93

0.03

Reading/writing skills or 3-9 y of school

0.85

0.56, 1.28

0.43

Pinteraction

Diabetes risk
High versus normal glucose

≥ 10 y of school

0.09

Ref

Atherogenic dyslipidemia risk
One versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.24

0.09,0.60

< 0.01

Reading/writing skills or 3-9 y of school

0.71

0.38, 1.34

0.29

≥ 10 y of school

Ref

Two versus none lipid biomarker below/above risk threshold
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No reading/writing skills

0.44

0.16,1.17

0.10

Reading/writing skills or 3-9 y of school

1.24

0.60, 2.59

0.57

≥ 10 y of school

0.01

Ref

All versus none lipid biomarker below/above risk threshold
No reading/writing skills

0.27

0.10,0.76

0.01

Reading/writing skills or 3-9 y of school

0.70

0.32, 1.54

0.37

≥ 10 y of school

Ref

Inflammatory risk
CRP levels related versus not-related with inflammatory risk
No reading/writing skills

0.74

0.44,1.25

0.26

Reading/writing skills or 3-9 y of school

0.74

0.51, 1.06

0.10

≥ 10 y of school

0.25

Ref

Logistic regression models (logistic for diabetes and inflammatory risk and multinomial for atherogenic dyslipidemia risk)
were computed using survey weights to account for complex design and adjusted for age (continuous, quadratic, or
categorical term, depending on the lowest Akaike information criterion value identified for each model), total energy intake,
number of servings of alcohol, parity (1-2, 3-4, ≥5), region (North, Central, and South), area of residence (rural/urban), and
physical activity (inactive, moderately active, and active). ENSANUT, National Health and Nutrition Survey.

CHAPTER 5. CROSS-SECTIONAL ASSOCIATION BETWEEN SOCIOECONOMIC STATUS
AND DIET QUALITY IN MEXICAN MEN AND WOMEN

Overview
Studies about the association between socioeconomic status and diet quality in Mexican adults
are limited and no work has examined this association by sex, to our best knowledge. Improving the diet
quality in Mexican adults is relevant to prevent adverse health outcomes, especially in low socioeconomic
status groups which have much untreated non-communicable diseases. Therefore, our aim was to
determine the association between socioeconomic status and diet quality among Mexican men and
women. We analyzed data from 1 045 men and 1 450 women participating in the Mexican National
Health and Nutrition Survey 2012. We used education level (no reading/writing skills, reading writing
skills or 3-9 years of school, and ≥ 10 years of school) and tertiles of assets index (low, medium, and
high) as indicators of socioeconomic status, while the Mexican Diet Quality Index was used to examine
the diet quality in Mexican adults. We computed sex-specific bivariate and multivariable linear regression
models to estimate the association of education level and tertiles of assets index with diet quality score.
Education level was not associated with total diet quality score among men in multivariable-adjusted
model. The average total diet quality score in women with reading writing skills or 3-9 years of school
and with ≥10 years of school was around 7 and 9 points lower, respectively, than in women with no
reading/writing skills, after adjusting for sociodemographic variables, including the assets index (P <
0.05). The mean total diet quality score was 3 points and 7 points lower in men classified with medium
and high assets index, respectively, versus low assets index, after adjusting for sociodemographic
variables, including education level (P < 0.05). Among women, the differences in total diet quality score
by tertiles of assets index were no longer statistically significant when models were further adjusted for
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education level. Our findings suggest that education level is inversely associated with diet quality in women,
but not in men. On the other hand, the assets index seems to be inversely associated with diet quality in
men, but not in women
Introduction
In 2016, poor diets (diets high in red meat, sugar-sweetened beverages, or sodium, but low in
fruits, vegetables, legumes, or whole grains) were the second global leading factor for disability-adjusted
life-years and responsible for 50% of cardiovascular disease deaths.134 In Mexico, a middle-income
country, poor diets were the risk factors that accounted for the most cardiometabolic diseases, after high
body mass index and high fasting glucose, both of which are also partially linked with dietary patterns.15
In addition, a transition of the non-communicable disease (NCD) burden from high to low socioeconomic
groups over time has been documented in Mexico and many other high and middle-income countries.135,
136

Therefore, improving diets is pivotal to prevent or ameliorate adverse health outcomes, especially in

low socioeconomic status groups which have much more untreated or poorly treated NCDs.137, 138
The intakes of sugar-sweetened beverages (SSB) and energy-dense nutrient-poor foods are
especially problematic and have been widely studied in Mexico. National surveys indicate that the intake
of caloric beverages increased 38% (from 250 kcal to 337 kcal) from 1999 to 2012.17 Furthermore, for
2012 the contribution of foods high in saturated fat or added sugars to the total energy intake was 16.1%
in all age groups.18 However, nutrients or foods are not eaten in isolation and their intake may have
synergistic or antagonistic effects.3, 32 For this reason, the major focus of extensive research in recent
years has been to measure the overall quality of the diet in a comprehensive manner by using dietary
indices or scores developed to reflect the relation between variety of foods and nutrients and health
outcomes.37, 38 These dietary indices have been widely used for predicting NCDs, including
cardiovascular disease and type 2 diabetes.4, 6, 45 However, to our knowledge, virtually no work has
examined dietary quality in Mexican adults using a dietary score or index recently.
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In addition, a few studies have explored the potential differences in diet quality among
socioeconomic subgroups in Mexican adults, which may help to explain disparities in the burden of noncommunicable diseases.61 For example, studies from high income countries have found that higher
socioeconomic status was associated with higher diet quality.80, 139-141 In contrast, in middle-income
countries, the results have been inconsistent. Wang et al. 2016 found that income and education levels
were not associated with the diet quality of Chinese women, whereas lower- versus higher-educated
Chinese men had higher diet quality score.142 On the other hand, Jaime et al. 2010 did not find
differences in diet quality by education level in Brazilian adults.143 Moreover, education level has been
barely used to examine Mexicans, even though this indicator may have a different association with overall
diet quality in comparison to the widely used assets index.144 In addition, less studied is the relationship of
education level and assets index with diet quality by sex, despite previous evidence showing that women
may be more concerned with the quality of the food,13 and health consciousness might vary by
socioeconomic status.14
In this paper, using data from the 2012 Mexico National Health and Nutrition Survey, we
examined the cross-sectional association between socioeconomic status and diet quality among Mexican
men and women. This study used education level and assets index as indicators of socioeconomic status,
and the Mexican Diet Quality Index, which is based on intake of foods relative to the current dietary
guidelines for Mexico, to examine the diet quality in Mexican adults.
Methods
Study design and population
The National Health and Nutrition Survey (ENSANUT, by its Spanish acronym Encuesta
Nacional de Salud y Nutrición) 2012 contains information about sociodemographic characteristics,
nutrition, and health from 96 031 people randomly selected, and dietary information was obtained from a
subsample of participants. Informed consent was obtained for each eligible person 18 y and older and the
survey protocol was approved by the Ethics Committee of the National Institute of Public Health.
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We included non-pregnant and non-lactating adults aged twenty to sixty-nine years with
information of education level, literacy, and diet (n = 2 676). We excluded individuals who were missing
data on smoking status (n = 154). We also excluded those with a ratio of total energy intake to estimated
energy requirement (in logarithmic scale) below -3 SD and above +3 SD (n = 30), as previously
described.72 Some subjects were excluded for two or more variables; therefore, the total number of
excluded participants does not equal the sum of all the excluded participants by variable. The analytic
sample was composed of 2 495 adults.
Study variables
Dietary intake
Trained interviewers collected dietary information from a random subsample of ENSANUT
participants using the twenty-four-hour dietary recall developed by the United States Department of
Agriculture (automated 5-step multiple-pass method), adapted to the Mexican context.83, 84 Interviewers
also collected a second twenty-four-hour dietary recall in a random subsample of ~ 9% of participants
with the first twenty-four-hour dietary recall. For this study, we used information from the first twentyfour-hour recall only. Persons 15 y of age and older were asked about their own intake, while persons in
charge of food preparation and distribution in the household were asked about ingredients and recipes of
foods prepared at home.72 Energy and nutrient intake were calculated using the food composition database
compiled by the National Institute of Public Health from different sources.85-88
Mexican Diet Quality Index
We developed the Mexican Diet Quality Index based on the Mexican Dietary Guidelines, which
were published in 2015. These Guidelines are aimed to aims to prevent malnutrition, for both deficiency
and excess of food intake, but especially focused on the prevention of overweight, obesity, and other noncommunicable diseases.47 We used the number of servings recommended for adults with a total energy
intake requirement of 2 000 kcal per day (See Appendix 1 for more details) to create thirteen diet quality
components grouped in two categories named adequacy and moderation. The adequacy subgroup includes
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vegetables, whole fruits, whole-grain cereals, legumes, seafood, poultry and eggs, low-fat dairy, and
polyunsaturated fat. The moderation subgroup includes, as indicated by its name, food groups that are
recommended to be consumed in moderation or in limited amounts, including 100% fruit juices, refined
grains, red and processed meat, added sugars, sodium, and saturated fat (Appendix 2). We used cut-off
points recommended by WHO, as well as recommendations of fat intake for Mexican population to define
minimum and maximum scores for polyunsaturated fat, saturated fat, and added sugars.46, 94, 95 Finally, we
created a diet quality component for sodium intake since the Mexican Dietary Guidelines, in line with
international guidelines, recommend consuming no more than 2,000 mg of sodium. We defined the
minimum score for sodium based on the results of systematic reviews and meta-analyses.96
Education level
Education attainment was ascertained by asking the question “What was the last year and grade
you passed at school?”. ENSANUT also includes a question about literacy (“Do you know how to read
and write?”). We defined education level based on these two questions into the following categories: no
reading/writing skills, reading/writing skills or 3-9 years of school (elementary and middle school) and
≥10 years of school (high school or more). We selected these categories based on studies about the social
and economic impact of illiteracy (including individuals ≤ 2 y of elementary school) in Latin American
and Caribbean region.75, 76
Assets index
An assets index (known as “socioeconomic index”) was constructed using factor analysis, where
factor scores were estimated using a principal components approach, applied to household characteristics
and assets.145 The index score was computed for each respondent and respondents were then classified
into three categories (low, medium, and high) using tertiles of the distribution of the assets index scores as
cut-off points.
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Covariates
The ENSANUT 2012 includes diverse information about sociodemographic factors through
questionnaire. For our analyses, we considered sex, age, smoking status, region and area of residence, and
physical activity. We categorized smoking status as current, former, and none. We classified locations
with < 2 500 inhabitants as rural and locations with ≥ 2 500 inhabitants as urban, and we defined regions
as North, Central, and South. Finally, physical activity was assessed using the Spanish short version of
the International Physical Activity Questionnaire and classified based on WHO recommendations
(inactive, moderately active, and active).99
Statistical analysis
We conducted all the analyses in Stata 15.0 (StataCorp, Stata Statistical Software, Release 15,
2017). We used survey commands to account for survey design and weighting to generate nationally
representative results. First, we descriptively examined the total diet quality score, sociodemographic
variables, and lifestyle behaviors by sex. In order to determine the association of education level and
tertiles of assets index with diet quality scores, we performed the following sex-specific linear regression
models: 1) unadjusted (models 1), 2) adjusted for age (quadratic), total energy intake, smoking status,
area and region of residence (models 2, multivariable-adjusted), and 3) models where the association
between education level and diet quality was further adjusted for tertiles of assets index and models where
the association between assets index and diet quality was further adjusted for education level categories
(models 3), to estimate how much each one of these two indicators of socioeconomic status would explain
the variability in diet quality scores. Adjusted diet quality means were calculated using the margins
command in Stata. Furthermore, we used t tests to compare dietary scores across education levels and
tertiles of assets index. Statistical tests were two-tailed and considered significant at P < 0.05, Bonferroniadjusted for multiple comparisons.
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Sensitivity analyses
Dietary scores may not only differ by education level or tertiles of assets index by their means,
but also by their lower and upper ends of the distribution.146 Therefore, we further performed quantile
regression models to test the statistically significant association of education levels and tertiles of assets
index with total diet quality score at different percentiles of the dietary score. We obtained the confidence
intervals using a bootstrapping method with 100 repetitions.147 Second, we conducted analyses in which
corn tortilla was treated as a refined grain instead of a whole grain, since it is uncertain whether all corn
tortillas are made with whole grains. Finally, we conducted sensitivity analyses to test whether the
inclusion of physical activity in models altered the association of education levels and tertiles of assets
index with total diet quality score. We did not include physical activity in the main analyses due to the
poor validity of the International Physical Activity Questionnaire short form for assessing physical
activity among Mexican adults.100 However, physical activity could be an important confounder of the
relationship between socioeconomic status and diet quality.
Results
The characteristics of the Mexican men and women are displayed in Table 5.1. The mean of total
diet quality score was 38 in men and women, and a higher percentage of adults were classified with
reading/writing skills or 3–9 years of school. Moreover, a higher percentage of adults were classified with
high assets index. The Mexican adults studied as part of the ENSANUT 2012 consisted of a higher
proportion of individuals living in the Central region than in the North and South, and living in urban than
rural areas.
Association between education level and total diet quality score in men and women (Table 5.2)
Education level was inversely associated with total diet quality score among men, in unadjusted
but not multivariable-adjusted model. Among women, education level was inversely associated with total
diet quality score. In unadjusted model, the total diet quality score was, on average, 10 points and 14
points lower in women with reading/writing skills or 3-9 years of school and with ≥10 years of school,
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respectively, in comparison with women with no reading/writing skills (P<0.05). In multivariableadjusted model, the average total diet quality score in women with reading writing skills or 3-9 years of
school and with ≥10 years of school was around 7 and 10 points lower, respectively, than in women with
no reading/writing skills (P<0.05). Results obtained in women when models were further adjusted for
tertiles of assets index were similar to those obtained in model 2.
Association between tertiles of assets index and total diet quality score in men and women (Table 5.3)
A higher assets index was associated with lower total diet quality score in men. In unadjusted
models, the mean total diet quality score was, on average, 6 points and 11 points lower in men classified
with medium and high assets index, respectively, versus low assets index (P < 0.05). In multivariable
adjusted models, the mean total diet quality score was 3 points and 7 points lower in men classified with
medium and high assets index, respectively, versus low assets index (P < 0.05). Results obtained when
models were further adjusted for education level were similar to those obtained in model 2. Among
women, the mean total diet quality score was higher in women classified with low versus medium or high
assets index in unadjusted and multivariable-adjusted models (P < 0.05). However, the differences in total
diet quality score by tertiles of assets index were no longer statistically significant when models were
further adjusted for education level.
Association between education level and diet quality components in men and women (Figures 5.1 to
5.4)
In multivariable-adjusted models, the scores for whole fruit and low-fat dairy components were
higher in men with ≥ 10 years of school in comparison to men with no reading/writing skills (P < 0.05).
On the other hand, the scores for whole-grain cereals, legumes, refined grains, and saturated fat
components were higher in lower- than higher-educated men (P < 0.05, Figure 5.1). Only the score for
saturated fat component was higher in lower- than higher-educated men in models further adjusted for
tertiles of assets index (P < 0.05, Figure 5.2). In multivariable-adjusted models, women with no
reading/writing skills had higher scores for whole-grain cereals, legumes, refined grains, red and
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processed meat, sodium, and saturated fat component scores in comparison with women with ≥ 10 years
of school (P < 0.05, Figure 5.3). In models further adjusted for tertiles of assets index, the score for
whole-grain cereals, legumes, sodium, and saturated fat were higher in women with no reading/writing
skills in comparison with higher-educated women (P < 0.05, Figure 5.4). Mean±SE values for diet quality
components are shown in Supplemental Tables 5.1 and 5.2.
Association between tertiles of assets index and diet quality components in men and women (Figure 5.5
to Figure 5.8)
In multivariable-adjusted models, the score for whole fruit and low-fat dairy components were
higher in men with higher than lower assets index while the score for whole-grain cereals, legumes,
refined grains, sodium, and saturated fat was higher in men with lower than higher assets index (P < 0.05,
Figure 5.5). In models further adjusted for education level, only the whole-fruit component was higher in
men with higher versus lower assets index, while the score for whole-grain cereals, legumes, refined
grains, sodium, and saturated fat was higher in men with lower than higher assets index (P < 0.05, Figure
5.6). In multivariable-adjusted models, the score for vegetables was higher in women with higher versus
lower assets index, while the score for whole-grain cereals, legumes, and saturated fat was higher in
women with lower than higher assets index (P < 0.05, Figure 5.7). Only the saturated fat component was
higher in women with lower than higher assets index in models further adjusted for education level (P <
0.05, Figure 5.8). Mean±SE values for diet quality components are shown in Supplemental Tables 5.3 and
5.4.
Results of sensitivity analyses
As observed with the mean, there were no differences in total diet quality score by education
level in men at different points of the distribution, in both multivariable-adjusted model and model further
adjusted for tertiles of assets index (Supplemental Figures 5.1 A and 5.1 B). In women, total dietary
scores were higher in women with no reading/writing skills in comparison to those with higher education
in the 5th percentile and above 50th percentile, in both multivariable-adjusted model and model further
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adjusted for tertiles of assets index (Supplemental Figures 5.1 C and 5.1 D). The total diet quality score
was higher in men with lower versus higher assets index in both multivariable-adjusted model and model
further adjusted for education at the 10th, 25th, and 75th percentile (Supplemental Figures 5.2 A and 5.2 B).
In women, the total diet quality score was higher in those classified with lower versus higher assets index
at the 50th and 95th percentile, in multivariable-adjusted model (Supplemental Figure 5.2 C). As observed
with the mean, there were no differences in total diet quality score by tertiles of assets index in women at
different points of the distribution in models further adjusted for education level (Supplemental Figure 5.2
D). Trends in associations of education level and tertiles of assets index with total dietary scores in men
and women, were similar to those observed when we did not consider corn tortilla as whole-grain cereal.
Generally, however, total dietary scores were lower than those observed when corn tortilla was
considered as whole-grain cereal. Moreover, whole-grain cereals and refined cereals component scores
were not statistically different by education level when corn tortilla was not considered as whole-grain
cereal. Nonetheless, whole-grain cereal score was higher in men and women classified with high assets
index in comparison with those classified with medium assets index (Supplemental Tables 5.5 and 5.6).
Likewise, estimated associations of education level and tertiles of assets index with total diet quality score
in men and women were similar to those observed when models were further adjusted for physical
activity (Supplemental Tables 5.7 and 5.8).
Discussion
The study of the association between socioeconomic status and diet quality has not been recently
studied in Mexican adults, which is relevant given that this middle-income country has experienced a
rapid nutrition transition, from a traditional to a Western dietary pattern.129 Furthermore, it is not well
understood how education level and assets index, two different indicators of socioeconomic status,
explain the variability in diet quality among Mexican adults. We found that the overall diet quality score
was higher in lower- than higher-educated women. In men, overall diet quality was not different across
education levels. On the other hand, the assets index was inversely associated with total diet quality score
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in multivariable-adjusted models, in both men and women, However, this association was no longer
statistically significant in women when the model was further adjusted for education level.
Imamura et al. 2015 showed in a systematic assessment that middle-income countries had largest
improvement in dietary patterns based on healthy dietary items in the past 20 years, but also the largest
deterioration in dietary patterns based on unhealthy dietary items. Moreover, they found substantial
variation in both healthy and unhealthy dietary patterns by national income, which would indicate that the
socioeconomic status may play an important role in diet quality variations.148 In a systematic review by
Mayén et al. 2014, based on data from 33 low- to middle-income countries, high socioeconomic status
was associated with overall healthier dietary patterns. However, in some middle-income countries, high
socioeconomic status was also related to unhealthy dietary patterns, such as higher saturated fat and sugar
intakes.149 Studies in Brazilian and Chinese individuals, published after the systematic review, found
inconsistent results,142, 143 which may be due to the use of different indicators of socioeconomic status as
well as different definitions of diet quality. Moreover, it is important to consider that these studies were
conducted in a wide variety of years, probably representing different stages of the nutrition transition.
Evidence from high-income countries indicate that the nutrition transition affects individuals with higher
socioeconomic status first, but this may be reverted with the progression of such transition.24, 150
Therefore, our results suggest that Mexican adults are still in an early stage of the nutrition transition.
Future research on trends in diet quality by education level and tertiles of assets index would provide
better knowledge about the nutrition transition in Mexico.
That the overall diet quality was higher in women with lower than higher education level, even
after controlling for the assets index, may be explained by the observed higher consumption of wholegrain cereals and legumes, and lower or moderate intakes of sodium, and saturated fat in lower- versus
higher-educated women. Flores et al. 2010 analyzed data from adults who participated in the ENSANUT
2006 and found that individuals with a traditional pattern (based primarily on corn and corn-based foods),
had lower socioeconomic status. Therefore, our results suggest that lower-educated women still maintain
a traditional diet or at a minimum have less resources to use to purchase modern packaged processed
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foods which tend to be much less healthful. In 2012, the purchase of packaged foods classified as lesshealthy (e.g. sweets, desserts, and salty snacks) was, on average 55% lower in Mexican urban households
with low socioeconomic status relative to Mexican urban households with high socioeconomic status.151
However, the findings could also indicate a lack of dietary diversity in lower-educated women, not only
because the whole-grain cereals component was the only one close to the maximum points in women with
the lowest level of education, but also because their scores for vegetables, whole fruit, and total diet
quality were less than half of maximum value. Lower diet costs have been associated with lower
consumption of vegetables and fruit.152 Therefore, our results may reflect socioeconomic constraints to
eating a varied diet in women with low education levels. Moreover, the average score for sodium was
around 40% of the maximum points in lower-educated women, and the average scores for added sugars
were below 40% of the maximum value in women across education levels. These results are consistent
with those observed by Aburto et al. 2016,18 who found that the contribution of SSB to total energy intake
was high across all socioeconomic status groups, and would suggest that the consumption of ultraprocessed foods, often high in sodium or added sugars, was high in women in 2012. Future research will
be needed for a better understanding of how overall diet quality is associated with dietary diversity and
the degree of food processing.
Finding that education level was associated with diet quality in women but not in men is opposite
to the observed by Wang et al. 2016, who found that education level was positively associated with diet
quality in Chinese men, but not Chinese women.142 To our best knowledge, this is one of the few studies
that have analyzed the association of education level and diet quality by sex in a middle-income country.
However, our results are in line with findings by Pérez-Ferrer et al. 2018 and Quezada et al 2015, who
observed that education level was associated with obesity in Mexican women but not in Mexican men.144,
153

Scores for whole-grain cereals, legumes, refined grains, and saturated fat components were higher in

lower-educated men, whereas scores for whole fruit and low-fat dairy components were higher in higheducated men. Furthermore, total dietary scores were less than half of the maximum value across
education levels. These results suggest that other factors associated with education level could explain the
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low diet quality in all men. For example, higher-educated men could have better income that allow them
to buy foods that are usually expensive, such as fruits and dairy. Simultaneously, higher education level in
men could be related with more stressed occupation, less available time for cooking or eating at home and
consequently with a bigger trend for consumption of processed- or fast-foods.154 On the other hand, lower
education level in men may be associated with a more traditional diet, which is usually healthy, but also
with lower diet diversity because of monetary limitations, resulting in an overall low diet quality.
Moreover, the saturated fat was the only component statistically different across education levels when
we further adjusted models for assets index. This suggests that the assets index explains more the
variability in diet quality among men than education level.
That the total diet quality score as well as the score for whole-grain cereals, legumes, refined
grains, and saturated fat were higher in men with lower- than higher-assets index, even after adjusting for
education level, also supports the hypothesis that the assets index is a better indicator of socioeconomic
disparities than education level among men. The assets index has been widely used in low- and middleincome countries because is a rapid and simple method for collecting income-related data.67 Moreover,
there is some evidence that the assets index varies less in response to fluctuations in income which is
particularly important in low- and middle-income countries where the volatility and seasonality in
consumption patterns may be greater than in high-income countries.69 Therefore, income could determine
diet quality in Mexican men by making healthy and nutritious food more affordable and readily accessible
for them.61 However, it is important to note that the interpretation of the assets index may also depend on
the relationship of the individual to the household.67 For example, it may represent the parent’s
socioeconomic status for men adults still living in the family home, or the socioeconomic status of a men
that is the head of the household. The ENSANUT 2012 collected information of income; however, we
did not analyze this proxy of socioeconomic status because in Mexico the informal economy contributed
to 23.4% of gross domestic product in 2012,155 which can be more difficult to estimate due to potential
monthly fluctuations in income. Future research will be needed to understand the association of assets
index with diet quality adjusting for income.
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Among women, only the score for saturated fat component was different across tertiles of assets
index after adjusting for education level. This finding together with the observed results by education
level mentioned above suggest that education level may explain more the socioeconomic disparities in
diet quality among women than the assets index. Theoretically, a higher level of education may influence
the acquisition of healthier lifestyles, including a better diet quality, as well as problem-solving capacity
and values.101 Therefore, we expected to find a positive association between education level and diet
quality among women. Moreover, our results are opposed to the inversed association of education level
with overweight and obesity in women observed in the last Mexican national surveys.144, 153 Thus, one
possibility is that a higher education may also facilitate the acquisition of positive psychosocial and
economic skills and therefore may provide protection from adverse health outcomes,65 such as overweight
and obesity, despite a lower diet quality. A second possibility is that other sociodemographic factors may
modify the association between education level and diet quality in women. A previous study showed that,
among urban women in the highest tertile of assets index, one level lower of education was associated
with higher obesity prevalence, while among the urban women in the lowest tertile of assets index, lower
education was associated with lower obesity.153 We were not able to test whether other sociodemographic
factors modified the association between education level and diet quality because of sample size
constraints. More research will be needed to understand how education level interacts with other
sociodemographic factors.
Our study has several limitations. First, the cross-sectional did not allow for any temporal causal
inference between education level and dietary scores. Second, we estimated dietary scores based on a
single twenty-four-hour recall, which may not represent the long-term dietary habits of the participants.130
Third, we used a non-conventional definition of educational level, which considered reading/writing
skills. Therefore, results observed in our study may not be comparable with findings in other studies
where education level is usually defined based only on education attainment. However, we decided to
include reading/writing skills given the potential social and economic implications of this variable in
Latin America. Last, we were interested in examining the association of education level and assets index
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with dietary scores and therefore we further adjusted one for the other. However, education and assets
index can also be related with occupation, and this last one can be associated with diet quality.60 Some
studies suggest that the work traditionally done by men is better characterized than those traditionally
done by women, creating gender biases on measuring occupation.156 For the above reason, we decided
not to include occupation in this study. Future research will be needed to understand the association
between education level and diet quality adjusting for occupation. Despite the limitations, this study
provides an insight of the potential disparities of diet quality by socioeconomic status using detailed
dietary and sociodemographic information from a representative sample of adults.
In conclusion, lower education level was associated with higher diet quality in women, while in
men education level was not associated with diet quality. On the other hand, lower assets index was
associated with higher diet quality in men, but not in women. Our findings also provide insights of the
potential food components that may be improved in different sociodemographic groups. Furthermore, our
results underscore the importance of policies focused on improving the diet of Mexican adults as a public
health priority given that the diet quality seems to be low in this population, regardless the education level
or assets index.
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Tables and Figures

Table 5.1 Characteristics of Mexican men and women. ENSANUT 2012 (n 2 495)1
Men

Women

n
Age (years), mean (SE)

1 045

1 450

41 (0.6)

42 (0.5)

Total diet quality score, mean (SE)

38 (0.7)

38 (0.4)

No reading / writing skills

8 (1.0)

9 (1.0)

Reading / writing skills or 3-9y of school

61 (2.3)

65 (1.8)

≥10 y of school

30 (2.2)

27 (1.7)

Low

33 (1.9)

28 (1.6)

Medium

30 (2.1)

30 (1.8)

High

37 (2.3)

42 (2.1)

Urban

73 (1.6)

75 (1.3)

Rural

27 (1.6)

25 (1.3)

North

20 (1.3)

19 (1.1)

Central

46 (2.1)

49 (1.6)

South

34 (1.7)

32 (1.4)

Never

49 (2.3)

81 (1.6)

Former

27 (2.0)

11 (1.3)

Current

24 (2.0)

8 (1.2)

n = 940

n = 1 327

Inactive

13 (1.6)

16 (1.4)

Moderately active

10 (1.5)

12 (1.3)

Active

77 (2.2)

72 (1.7)

Education level, % (SE)

Tertiles of assets index, % (SE)

Area, % (SE)

Region, % (SE)

Smoking status, % (SE)

Physical activity, % (SE)

Data are from the Mexican National Health and Nutrition Survey (ENSANUT 2012).
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Table 5.2 Total diet quality score by education level in Mexican men and women. ENSANUT 2012 (n 2 495)1
Education level with literacy
No
reading/writing
skills

Reading/writing
skills or 3-9 y of
school

≥ 10 y of school

Mean ± SE

Mean ± SE

Mean ± SE

43.43 ± 1.94a
40.32 ± 1.97

39.11 ± 0.85a
38.81 ± 0.88

32.97 ± 1.15b
35.43 ± 1.28

38.59 ± 1.91

38.22 ± 0.82

36.42 ± 1.20

Model 2 (multivariable-adjusted)2

48.15 ± 1.80a
44.95 ± 1.80a

38.19 ± 0.63b
37.74 ± 0.66b

34.30 ± 0.95c
34.80 ± 0.96c

Model 3 (model 2 + tertiles of assets index)

44.47 ± 1.81a

37.72 ± 0.67b

35.05 ± 1.00b

Men (n 1 045)
Model 1 (undajusted)
Model 2 (multivariable-adjusted)

2

Model 3 (model 2 + tertiles of assets index)
Women (n 1 450)
Model 1 (undajusted)

1

Linear regression models were computed using survey weights to account for complex design. 2Adjusted for age
(quadratic), total energy intake, region of residence (North, Central, and South), area of residence (rural/urban), and
smoking status (current, former, none). Labeled means in a row without a common superscript letter differ between
education levels. P < 0.05

Table 5.3 Total diet quality score by tertiles of assets index in Mexican men and women. ENSANUT 2012
(n 2 495)1
Tertiles of assets index
Low

Medium

High

Mean ± SE

Mean ± SE

Mean ± SE

Model 2 (multivariable-adjusted)2

43.26 ± 1.04a
41.30 ± 1.05a

37.44 ± 1.05b
38.09 ± 1.02a

32.70 ± 1.05c
34.57 ± 1.07b

Model 3 (model 2 + education level)

41.00 ± 1.09a

38.04 ± 1.02ab

35.03 ± 1.09b

Model 2 (multivariable-adjusted)2

42.68 ± 0.96a
40.09 ± 1.02a

37.15 ± 0.90b
36.47 ± 0.89b

35.61 ± 0.80b
36.39 ± 0.84b

Model 3 (model 2 + education level)

39.12 ± 1.01

36.42 ± 0.91

37.21 ± 0.90

Men (n 1 045)
Model 1 (undajusted)

Women (n 1 450)
Model 1 (undajusted)

1

Linear regression models were computed using survey weights to account for complex design. 2Adjusted for age
(quadratic), total energy intake, region of residence (North, Central, South), area of residence (rural/urban), and smoking
status (current, former, none). Labeled means in a row without a common superscript letter differ between education
levels. P < 0.05 Bonferroni adjusted
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Figure 5.1 Predicted means ± 95% confidence intervals of diet quality components by education level among men in
multivariable adjusted models1

86
1

Predicted values were obtained using linear regression models adjusted for age (quadratic), total energy intake, region of residence (North,
Central, South), area of residence (rural/urban), and smoking status (current, former, none). Dotted lines indicate maximum points for each
one of the components. Labeled bars in a dietary component without a common superscript letter differ between education levels, P < 0.05
Bonferroni adjusted.

Figure 5.2 Predicted means ± 95% confidence intervals of diet quality components by education level among men in
multivariable adjusted models + tertiles of assets index1
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1

Predicted values were obtained using linear regression models adjusted for age (quadratic), total energy intake, region of residence (North,
Central, South), area of residence (rural/urban), smoking status (current, former, none), and tertiles of assets index (low, medium, high).
Dotted lines indicate maximum points for each one of the components. Labeled bars in a dietary component without a common superscript
letter differ between education levels, P < 0.05 Bonferroni adjusted.

Figure 5.3 Predicted means ± 95% confidence intervals of diet quality components education level among women in
multivariable adjusted models1
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1

Predicted values were obtained using linear regression models adjusted for age (quadratic), total energy intake, region of residence (North,
Central, South), area of residence (rural/urban), and smoking status (current, former, none). Dotted lines indicate maximum points for each
one of the components. Labeled bars in a dietary component without a common superscript letter differ between education levels, P < 0.05
Bonferroni adjusted.

Figure 5.4 Predicted means ± 95% confidence intervals of diet quality components by education level among women in
multivariable adjusted models + tertiles of assets index1
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1

Predicted values were obtained using linear regression models adjusted for age (quadratic), total energy intake, region of residence (North,
Central, South), area of residence (rural/urban), smoking status (current, former, none), and tertiles of assets index (low, medium, high).
Dotted lines indicate maximum points for each one of the components. Labeled bars in a dietary component without a common superscript
letter differ between education levels, P < 0.05 Bonferroni adjusted.

Figure 5.5 Predicted means ± 95% confidence intervals of diet quality components by tertiles of assets index among men in
multivariable adjusted models1
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1

Predicted values were obtained using linear regression models adjusted for age (quadratic), total energy intake, region of residence (North,
Central, South), area of residence (rural/urban), and smoking status (current, former, none). Dotted lines indicate maximum points for each
one of the components. Labeled bars in a dietary component without a common superscript letter differ between education levels, P < 0.05
Bonferroni adjusted.

Figure 5.6 Predicted means ± 95% confidence intervals of diet quality components by tertiles of assets index among men in
multivariable adjusted models + education level1
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1

Predicted values were obtained using linear regression models adjusted for age (quadratic), total energy intake, region of residence (North,
Central, South), area of residence (rural/urban), smoking status (current, former, none), and education level (no reading/writing skills,
reading/writing skills or 3-9 y of school, and ≥ 10 y of school. Dotted lines indicate maximum points for each one of the components.
Labeled bars in a dietary component without a common superscript letter differ between education levels, P < 0.05 Bonferroni adjusted.

Figure 5.7 Predicted means ± 95% confidence intervals of diet quality components by tertiles of assets index among women in
multivariable adjusted models1
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1

Predicted values were obtained using linear regression models adjusted for age (quadratic), total energy intake, region of residence (North,
Central, South), area of residence (rural/urban), and smoking status (current, former, none). Dotted lines indicate maximum points for each
one of the components. Labeled bars in a dietary component without a common superscript letter differ between education levels, P < 0.05
Bonferroni adjusted.

Figure 5.8 Predicted means ± 95% confidence intervals of diet quality components by tertiles of assets index among women in
multivariable adjusted models + education level1
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1

Predicted values were obtained using linear regression models adjusted for age (quadratic), total energy intake, region of residence (North,
Central, South), area of residence (rural/urban), smoking status (current, former, none), and education level (no reading/writing skills,
reading/writing skills or 3-9 y of school, and ≥ 10 y of school. Dotted lines indicate maximum points for each one of the components.
Labeled bars in a dietary component without a common superscript letter differ between education levels, P < 0.05 Bonferroni adjusted.

Supplemental Table 5.1 Adjusted scores of dietary components by education level in
Mexican men. ENSANUT 2012 (n 1 045)1
Education level with literacy
No
reading/writing
skills

Reading/writing
skills or 3-9 y of
school

≥ 10 y of
school

Mean ± SE

Mean ± SE

Mean ± SE

Vegetables

4.68 ± 0.46

4.72 ± 0.23

4.57 ± 0.34

Whole fruit

0.99 ±

0.34b

Whole-grain cereals

Multivariable-adjusted2
0.21ab

2.34 ± 0.31a

4.25 ± 0.19a

3.90 ± 0.12ab

3.66 ± 0.17b

0.56a

0.20ab

2.65 ± 0.27b

Legumes

3.93 ±

Seafood, poultry or eggs

2.05 ± 0.30
0.06b

1.73 ±
3.30 ±

2.52 ± 0.15

2.31 ± 0.20
0.44 ± 0.09a

Low-fat dairy

0.15 ±

Polyunsaturated fat

2.16 ± 0.33

2.45 ± 0.15

2.39 ± 0.19

100% fruit juices

4.72 ± 0.10

4.61 ± 0.08

4.44 ± 0.12

0.30a

0.27 ±

0.04ab

1.45 ± 0.15b

Refined grains

2.23 ±

Red and processed meat

2.70 ± 0.31

2.67 ± 0.16

2.38 ± 0.23

Added sugars

4.38 ± 0.87

4.16 ± 0.34

3.95 ± 0.45

Sodium

5.15 ± 0.86

4.39 ± 0.37

3.59 ± 0.55

0.28a

0.14b

1.25 ± 0.16c

Saturated fat
Multivariable-adjusted +
tertiles of assets index
Vegetables

2.93 ±

1.92 ±

0.13ab

2.16 ±

4.78 ± 0.48

4.75 ± 0.24

4.52 ± 0.35

Whole fruit

1.23 ± 0.36

1.84 ± 0.23

2.14 ± 0.32

Whole-grain cereals

4.11 ± 0.20

3.84 ± 0.13

3.76 ± 0.16

Legumes

3.63 ± 0.59

3.19 ± 0.20

2.85 ± 0.28

Seafood, poultry or eggs

1.89 ± 0.29

2.48 ± 0.16

2.37 ± 0.21

Low-fat dairy

0.20 ± 0.06

0.28 ± 0.04

0.42 ± 0.09

Polyunsaturated fat

2.28 ± 0.33

2.49 ± 0.15

2.33 ± 0.20

100% fruit juices

4.67 ± 0.11

4.59 ± 0.08

4.48 ± 0.11

Refined grains

2.03 ± 0.31

1.86 ± 0.14

1.56 ± 0.16

Red and processed meat

2.57 ± 0.32

2.62 ± 0.16

2.46 ± 0.23

Added sugars

4.13 ± 0.90

4.07 ± 0.34

4.12 ± 0.46

Sodium

4.46 ± 0.85

4.12 ± 0.35

4.08 ± 0.53

0.30a

0.14a

1.38 ± 0.16b

Saturated fat

2.68 ±

1

2.08 ±

Linear regression models were computed using survey weights to account for complex design.
Adjusted for age (quadratic), total energy intake, region of residence (North, Central, South), area
of residence (rural/urban), and smoking status (current, former, none). Labeled means in a row
without a common superscript letter differ between education levels. P < 0.05 Bonferroni adjusted
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Supplemental Table 5.2 Adjusted scores of dietary components by education level in Mexican
women. ENSANUT 2012 (n 1 450)1
Education level with literacy
No
reading/writing
skills

Reading/writing
skills or 3-9 y of
school

≥ 10 y of school

Mean ± SE

Mean ± SE

Mean ± SE

Vegetables

4.97 ± 0.42ab

4.74 ± 0.18b

5.68 ± 0.26a

Whole fruit

2.03 ± 0.35ab

1.93 ± 0.15b

2.69 ± 0.26a

Whole-grain cereals

4.29 ± 0.18a

4.09 ± 0.09a

3.15 ± 0.16b

Legumes

3.89 ± 0.48a

2.58 ± 0.16b

1.98 ± 0.22c

Seafood, poultry or eggs

2.42 ± 0.29

2.5 ± 0.12

2.47 ± 0.18

Low-fat dairy

0.32 ± 0.12

0.33 ± 0.05

0.47 ± 0.10

Polyunsaturated fat

2.65 ± 0.28

2.21 ± 0.12

2.50 ± 0.18

100% fruit juices

4.79 ± 0.11

4.59 ± 0.07

4.48 ± 0.13

0.25a

0.10b

1.29 ± 0.15b

2.76 ± 0.13ab

2.33 ± 0.18b

Multivariable-adjusted2

Refined grains

2.05 ±

Red and processed meat

3.21 ± 0.27a

1.66 ±

Added sugars

5.81 ± 0.81

4.36 ± 0.30

3.63 ± 0.45

Sodium

6.13 ± 0.81a

4.34 ± 0.34b

2.99 ± 0.44c

Saturated fat

2.39 ± 0.26a

1.66 ± 0.11b

1.15 ± 0.14c

5.09 ± 0.43

4.77 ± 0.19

5.53 ± 0.28

Multivariable-adjusted +
tertiles of assets index
Vegetables
Whole fruit

2.16 ± 0.35

1.95 ± 0.16

2.56 ± 0.26

Whole-grain cereals

4.21 ± 0.19a

4.07 ± 0.09a

3.25 ± 0.16b

Legumes

3.76 ± 0.48a

2.55 ± 0.17b

2.15 ± 0.23b

Seafood, poultry or eggs

2.45 ± 0.29

2.50 ± 0.12

2.45 ± 0.19

Low-fat dairy

0.35 ± 0.12

0.34 ± 0.05

0.43 ± 0.10

Polyunsaturated fat

2.66 ± 0.29

2.21 ± 0.12

2.47 ± 0.18

100% fruit juices

4.79 ± 0.11

4.59 ± 0.07

4.47 ± 0.13

Refined grains

1.98 ± 0.26

1.66 ± 0.10

1.32 ± 0.16

Red and processed meat

3.07 ± 0.27

2.75 ± 0.13

2.45 ± 0.18

Added sugars

5.69 ± 0.83

4.39 ± 0.31

3.59 ± 0.48

0.82a

Sodium

6.02 ±

Saturated fat

2.23 ± 0.25a

1

0.35ab

3.09 ± 0.48b

1.64 ± 0.11ab

1.29 ± 0.15b

4.32 ±

Linear regression models were computed using survey weights to account for complex design.
Adjusted for age (quadratic), total energy intake, region of residence (North, Central, South), area of
residence (rural/urban), and smoking status (current, former, none). Labeled means in a row without a
common superscript letter differ between education levels. P < 0.05 Bonferroni adjusted
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Supplemental Table 5.3 Adjusted scores of dietary components by tertiles of assets index in
Mexican men. ENSANUT 2012 (n 1 045)1
Tertiles of assets index
Low

Medium

High

Mean ± SE

Mean ± SE

Mean ± SE

Vegetables

4.52 ± 0.30

4.75 ± 0.25

4.74 ± 0.32

Whole fruit

1.44 ±

0.23b

0.22b

2.58 ± 0.31a

Whole-grain cereals

4.15 ± 0.12a

3.91 ± 0.14ab

3.55 ± 0.17b

0.29a

3.28 ± 0.28ab

2.49 ± 0.25b

2.21 ± 0.19

2.26 ± 0.20

Multivariable-adjusted2

Legumes

3.78 ±

Seafood, poultry or eggs

2.76 ± 0.19
0.05b

1.43 ±

Low-fat dairy

0.17 ±

Polyunsaturated fat

2.20 ± 0.21

100% fruit juices

4.69 ± 0.08

4.60 ± 0.10

4.43 ± 0.13

Refined grains

2.26 ± 0.18a

1.76 ± 0.15ab

1.43 ± 0.17b

Red and processed meat

2.86 ± 0.20

2.59 ± 0.19

2.32 ± 0.19

Added sugars

4.53 ± 0.45

4.25 ± 0.45

3.64 ± 0.44

0.57a

0.51a

2.75 ± 0.50b

1.82 ± 0.16b

1.42 ± 0.18b

Sodium

5.36 ±

Saturated fat

2.63 ± 0.19a

Multivariable-adjusted +
education level
Vegetables

0.36 ±

0.09ab

2.46 ± 0.19

4.73 ±

0.41 ± 0.07a
2.57 ± 0.18

4.48 ± 0.32

4.74 ± 0.26

4.80 ± 0.33

Whole fruit

1.53 ± 0.25ab

1.43 ± 0.22b

2.47 ± 0.33a

Whole-grain cereals

4.11 ± 0.12a

3.91 ± 0.14ab

3.58 ± 0.18b

Legumes

3.69 ± 0.29a

3.28 ± 0.28ab

2.60 ± 0.26b

Seafood, poultry or eggs

2.79 ± 0.2

2.2 ± 0.19

2.25 ± 0.21

Low-fat dairy

0.20 ± 0.06

0.36 ± 0.09

0.37 ± 0.07

Polyunsaturated fat

2.19 ± 0.20

2.45 ± 0.19

2.60 ± 0.19

100% fruit juices

4.66 ± 0.09

4.59 ± 0.10

4.46 ± 0.14

0.18a

1.51 ± 0.19b

Refined grains

2.20 ±

Red and processed meat

2.84 ± 0.20

2.58 ± 0.19

2.36 ± 0.21

Added sugars

4.53 ± 0.46

4.25 ± 0.45

3.63 ± 0.46

0.58a

0.51a

2.78 ± 0.48b

1.80 ± 0.16b

1.62 ± 0.19b

Sodium

5.33 ±

Saturated fat

2.47 ± 0.19a

1

1.75 ±

0.15ab

4.73 ±

Linear regression models were computed using survey weights to account for complex design.
Adjusted for age (quadratic), total energy intake, region of residence (North, Central, South), area of
residence (rural/urban), and smoking status (current, former, none). Labeled means in a row without a
common superscript letter differ between education levels. P < 0.05 Bonferroni adjusted
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Supplemental Table 5.4 Adjusted scores of dietary components by tertiles of assets index in
Mexican women. ENSANUT 2012 (n 1 450)1
Tertiles of assets index
Low

Medium

High

Mean ± SE

Mean ± SE

Mean ± SE

Vegetables

4.64 ± 0.25b

4.83 ± 0.25b

5.43 ± 0.23a

Whole fruit

1.71 ± 0.22

2.11 ± 0.21

2.48 ± 0.22

a

a

3.50 ± 0.13b

Multivariable-adjusted2

Whole-grain cereals

4.19 ± 0.11

Legumes

3.02 ± 0.24a

2.68 ± 0.25ab

2.07 ± 0.21b

Seafood, poultry or eggs

2.40 ± 0.17

2.52 ± 0.17

2.52 ± 0.15

Low-fat dairy

0.30 ± 0.06

0.32 ± 0.05

0.45 ± 0.09

Polyunsaturated fat

2.33 ± 0.17

2.20 ± 0.14

2.41 ± 0.17

100% fruit juices

4.62 ± 0.08

4.53 ± 0.09

4.57 ± 0.10

Refined grains

1.86 ± 0.16

1.50 ± 0.13

1.45 ± 0.13

Red and processed meat

3.14 ± 0.16

2.62 ± 0.17

2.41 ± 0.16

Added sugars

5.00 ± 0.47

3.58 ± 0.38

4.25 ± 0.42

Sodium

4.75 ± 0.48

4.13 ± 0.41

3.63 ± 0.44

0.17a

0.14b

1.24 ± 0.13b

Saturated fat
Multivariable-adjusted +
education level
Vegetables

2.15 ±

3.98 ± 0.12

1.50 ±

4.74 ± 0.26

4.90 ± 0.24

5.31 ± 0.24

Whole fruit

1.79 ± 0.23

2.16 ± 0.21

2.38 ± 0.23

Whole-grain cereals

4.04 ± 0.11

3.92 ± 0.12

3.66 ± 0.13

Legumes

2.86 ± 0.23

2.67 ± 0.25

2.20 ± 0.22

Seafood, poultry or eggs

2.40 ± 0.17

2.51 ± 0.17

2.53 ± 0.16

Low-fat dairy

0.31 ± 0.06

0.33 ± 0.05

0.43 ± 0.08

Polyunsaturated fat

2.34 ± 0.18

2.23 ± 0.14

2.39 ± 0.17

100% fruit juices

4.59 ± 0.09

4.53 ± 0.10

4.6 ± 0.10

Refined grains

1.78 ± 0.16

1.49 ± 0.13

1.53 ± 0.14

Red and processed meat

3.07 ± 0.17

2.60 ± 0.17

2.48 ± 0.17

Added sugars

4.76 ± 0.50

3.55 ± 0.38

4.46 ± 0.44

Sodium

4.41 ± 0.48

4.07 ± 0.41

3.94 ± 0.48

Saturated fat

2.04 ± 0.17a

1.49 ± 0.14b

1.33 ± 0.14b

1

Linear regression models were computed using survey weights to account for complex design.
Adjusted for age (quadratic), total energy intake, region of residence (North, Central, South), area of
residence (rural/urban), and smoking status (current, former, none). Labeled means in a row without a
common superscript letter differ between education levels. P < 0.05 Bonferroni adjusted
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Supplemental Figure 5.1 Predicted total diet quality scores by education level among men and women in
multivariable-adjusted models and multivariable-adjusted models + tertiles of assets index1
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1

Predicted total diet quality scores among men in multivariable-adjusted models (A) multivariableadjusted models + tertiles of assets index (B), and among women in multivariable adjusted models (C)
multivariable-adjusted models + tertiles of assets index (D) ± 95% confidence intervals at different
percentiles of the dietary score by education level. Predicted values were obtained using linear regression
models adjusted for age (quadratic), total energy intake, region of residence (North, Central, South), area
of residence (rural/urban), and smoking status (current, former, none). Labeled bars in a percentile
without a common superscript letter differ between education levels, P < 0.05 Bonferroni adjusted.
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Supplemental Figure 5.2 Predicted total diet quality scores by tertiles of assets index among men and women in
multivariable-adjusted models and multivariable-adjusted models + education level1
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1

Predicted total diet quality scores among men in multivariable-adjusted models (A) multivariableadjusted models + education level (B), and among women in multivariable-adjusted models (C)
multivariable-adjusted models + education level (D) ± 95% confidence intervals at different percentiles of
the dietary score by tertiles of assets index. Predicted values were obtained using linear regression models
adjusted for age (quadratic), total energy intake, region of residence (North, Central, South), area of
residence (rural/urban), and smoking status (current, former, none). Labeled bars in a percentile without a
common superscript letter differ between tertiles of assets index, P < 0.05 Bonferroni adjusted.
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Supplemental Table 5.5 Total diet quality score by education level in Mexican men and women without
considering tortilla as whole-grain cereal. ENSANUT 2012 (n 2 495)1
Education level
No
reading/writing
skills

Reading/writing
skills or 3-9 y of
school

≥ 10 y of school

Mean ± SE

Mean ± SE

Mean ± SE

Total

34.12 ± 1.61

33.41 ± 0.76

30.83 ± 1.11

Whole-grain cereals

0.78 ± 0.09

0.20 ± 0.5

0.33 ± 0.10

0.11 ± 0.12

0.22 ± 0.04

0.20 ± 0.07

Total

32.81 ± 1.67

32.96 ± 0.77

31.60 ± 1.11

Whole-grain cereals

0.20 ± 0.09

0.21 ± 0.05

0.29 ± 0.10

Refined grains

0.11 ± 0.11

0.23 ± 0.05

0.18 ± 0.06

Total

39.11 ± 1.66

32.44 ± 0.62

30.78 ± 0.89

Whole-grain cereals

0.32 ± 0.16

0.32 ± 0.06

0.21 ± 0.07

0.15 ± 0.07

0.15 ± 0.03

0.21 ± 0.05

38.76 ± 1.69a

32.48 ± 0.62b

30.84 ± 0.93b

Whole-grain cereals

0.37 ± 0.17

0.33 ± 0.06

0.12 ± 0.08

Refined grains

0.12 ± 0.08

0.15 ± 0.03

0.22 ± 0.05

Men (n 1 045)
Multivariable-adjusted2

Refined grains
Multivariable-adjusted + tertiles of
assets index

Women (n 1 450)
Multivariable-adjusted2

Refined grains
Multivariable-adjusted + tertiles of
assets index
Total

1

Linear regression models were computed using survey weights to account for complex design.
Adjusted for age (quadratic), total energy intake, region of residence (North, Central, South), area of residence
(rural/urban), and smoking status (current, former, none). Labeled means in a row without a common superscript letter
differ between education levels or tertiles. P < 0.05 Bonferroni adjusted
2
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Supplemental Table 5.6 Total diet quality score by tertiles of assets index in Mexican men and women
without considering tortilla as whole-grain cereal. ENSANUT 2012 (n 2 495)1
Tertiles of assets index
Low

Medium

High

Mean ± SE

Mean ± SE

Mean ± SE

35.34 ± 1.01a

32.69 ± 0.92 ab

Men (n 1 045)
Multivariable-adjusted2
Total
Whole-grain cereals
Refined grains

30.21 ± 1.01b

b

0.37 ± 0.09a

0.21 ± 0.06

0.15 ± 0.04

0.24 ± 0.07

35.15 ± 1.05a

32.64 ± 0.92ab

30.53 ± 1.03b

0.22 ± 0.07

ab

0.09 ± 0.04

Multivariable-adjusted + education level
Total

b

0.35 ± 0.09a

0.21 ± 0.06

0.15 ± 0.04

0.24 ± 0.07

Total

34.49 ± 0.95a

31.29 ± 0.86b

32.01 ± 0.78ab

Whole-grain cereals

0.21 ± 0.07ab

0.18 ± 0.05b

0.41 ± 0.08a

0.24 ± 0.06

0.11 ± 0.03

0.16 ± 0.04

33.73 ± 0.94

31.30 ± 0.87

32.62 ± 0.83

ab

b

0.45 ± 0.09a

0.12 ± 0.03

0.14 ± 0.04

Whole-grain cereals
Refined grains

0.23 ± 0.07

ab

0.09 ± 0.04

Women (n 1 450)
Multivariable-adjusted2

Refined grains
Multivariable-adjusted + education level
Total
Whole-grain cereals
Refined grains

0.17 ± 0.07

0.25 ± 0.06

1

0.16 ± 0.05

Linear regression models were computed using survey weights to account for complex design
Adjusted for age (quadratic), total energy intake, region of residence (North, Central, South), area of residence
(rural/urban), and smoking status (current, former, none). Labeled means in a row without a common superscript letter
differ between tertiles of assets index. P < 0.05 Bonferroni adjusted
2
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Supplemental Table 5.7 Total diet quality scores by education level in Mexican men and women, further adjusting for
physical activity. ENSANUT 2012 (n 2 267)1
Education level
No
reading/writing
skills

Reading/writing
skills or 3-9 y of
school

≥ 10 y of school

Mean ± SE

Mean ± SE

Mean ± SE

Multivariable-adjusted2

41.03 ± 1.78

38.78 ± 0.86

35.86 ± 1.28

Multivariable-adjusted + tertiles of assets index

39.50 ± 1.88

38.28 ± 0.86

36.77 ± 1.28

Multivariable-adjusted2

44.55 ± 1.84a

37.73 ± 0.69b

35.01 ± 1.00b

Multivariable-adjusted + tertiles of assets index

43.77 ± 1.84a

37.68 ± 0.70b

35.63 ± 1.01b

Men (n 940)

Women (n 1 327)

1

Linear regression models were computed using survey weights to account for complex design
Adjusted for age (quadratic), total energy intake, region of residence (North, Central, South), area of residence (rural/urban),
smoking status (current, former, none), and physical activity (inactive, moderately active, active). Labeled means in a row without a
common superscript letter differ between education levels.
2

Supplemental Table 5.8 Total diet quality scores by tertiles of assets index in Mexican men and women, further
adjusting for physical activity. ENSANUT 2012 (n 2 267)a
Tertiles of assets index
Low

Medium

High

Mean ± SE

Mean ± SE

Mean ± SE

Multivariable-adjusted2

41.35 ± 1.03a

38.51 ± 1.13a

34.80 ± 1.12b

Multivariable-adjusted + tertiles of assets index

41.05 ± 1.07a

38.48 ± 1.12a

35.17 ± 1.14b

Multivariable-adjusted2

40.55 ± 1.03a

37.03 ± 0.93b

35.79 ± 0.91b

Multivariable-adjusted + tertiles of assets index

39.74 ± 1.02

36.98 ± 0.94

36.49 ± 0.96

Men (n 940)

Women (n 1 327)

1

Linear regression models were computed using survey weights to account for complex design
Adjusted for age (quadratic), total energy intake, region of residence (North, Central, South), area of residence (rural/urban),
smoking status (current, former, none), and physical activity (inactive, moderately active, active). Labeled means in a row without a
common superscript letter differ between education levels.
2
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CHAPTER 6. SYNTHESIS
Overview of findings
Our primary research question was whether dietary quality, as measured by Mexican Diet Quality
Index and Mexican Healthy Eating Index, was associated with cardiometabolic outcomes [body mass
index (BMI), waist circumference (WC), and cardiometabolic risk using biomarkers] in Mexican adults.
We hypothesized that a higher dietary quality would be associated with lower cardiometabolic risk. Our
second question was whether this association between diet quality and cardiometabolic risk varied by
socioeconomic status, specifically by education level. We hypothesized that diet quality would have a
stronger inverse relationship with cardiometabolic risk in individuals with higher education level. In
addition, we tested the association between socioeconomic status (using education level and assets index)
and diet quality. We hypothesized that socioeconomic status would be inversely associated with diet
quality. Below we present a brief review of our findings.
For the primary hypothesis, we used the total Mexican Diet Quality Index and Mexican Healthy
Eating Index to examine the association between diet quality with BMI and WC in Mexican adults. We
found that diet quality was not associated with BMI or WC in the overall population for either index. We
analyze the association between diet quality and cardiometabolic risk (diabetes, atherogenic dyslipidemia,
and inflammatory risk) using both the Mexican Diet Quality Index and the Mexican Healthy Eating
Index. However, we did not present results using the Mexican Healthy Eating Index given that this was
not statistically significant associated with any of the cardiometabolic risks. Just as we observed for BMI
and WC, we did not find an association between diet quality and cardiometabolic risk in the overall
sample of Mexican adults. In summary, our findings do not support the hypothesis that a higher diet
quality as measured by these current two indices is associated with favorable cardiometabolic outcomes.
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Lack of statistically significant results could be related to the cross-sectional design of our
research, specifically with reverse causation. Adults undiagnosed but with signs or symptoms related with
cardiometabolic disease might have changed to a healthier diet. Therefore, longitudinal studies are needed
to determine whether the Mexican Diet Quality Index and the Mexican Alternate Healthy Eating Index
are appropriate to predict cardiometabolic outcomes in Mexican adults.
For the secondary hypothesis, we found that education level modified the association of the total
Mexican Diet Quality Index and Mexican Healthy Eating Index with BMI and WC in Mexican men. Poor
diet quality was associated with higher predicted mean BMI and WC while high diet quality was
associated with lower mean BMI and WC for men with the least education. In contrast, there was no
association between diet quality and BMI or WC in higher-educated men. Among women, education level
did not modify the association of diet quality with BMI and WC. However, for cardiometabolic risk
markers, the opposite relationship was observed. Specifically, among men, education level did not modify
the association of diet quality with diabetes, atherogenic dyslipidemia or inflammatory risk. Among
women, education level did modify the association of the diet quality score with diabetes and atherogenic
dyslipidemia risk. The probability of diabetes and atherogenic dyslipidemia risk was lower for each 10
units increase in the diet quality score in women with low but not high education level. These findings do
not support our secondary hypothesis but suggest that adults with lower education level could have
favorable BMI and WC measurements as well as lower likelihood of cardiometabolic risk if the quality of
their diet is improved. However, it is not clear why education level modification occurred for men with
BMI and WC as an outcome and not for women, and why education level modification occurred for
women with diabetes and atherogenic dyslipidemia as an outcome, but not for men. More research using
longitudinal data is needed to determine whether a higher diet quality is associated with different
cardiometabolic outcomes in men and women. If confirmatory studies show that there is a stronger
relationship between diet quality and cardiometabolic risk for lower-educated men and women, future
programs and policies seeking to prevent cardiometabolic-related diseases could consider dietary
modifications as an important strategy to reduce disease incidence in this population.
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Finally, we found that education level was inversely associated with diet quality in women, but
not in men. Specifically, the score for whole-grain cereals, legumes, sodium, and saturated fat was higher
in lower- than higher-educated women. On the other hand, the assets index was inversely associated with
diet quality in men, but not in women. The score for whole-grain cereals, legumes, refined grains, and
saturated fat was higher in men with lower than higher assets index. These results do not support our
hypothesis that socioeconomic status is positively associated with diet quality and, by contrast, suggest
that Mexican adults are still in an early stage of the nutrition transition. Evidence from high-income
countries indicate that the nutrition transition affects individuals with higher socioeconomic status first,
but this may be reversed with the progression of such transition.24 Therefore, we would expect to see an
positive association between socioeconomic status and diet quality in the future if the nutrition transition
is not addressed. For instance, a previous study showed that Mexican urban households with lower
socioeconomic status had greater purchases of less-healthy beverages (sugar-sweetened beverages,
sweetened juices, and sweetened or flavored dairy), but also had the largest reduction in these purchases
from 2012 to 2014, which could be associated with the beverage tax implemented in Mexico in 2014.150,
151

In addition, our findings provide insights of the potential food components that may be improved in

different sociodemographic groups. Moreover, our results underscore the importance of policies focused
on improving the diet of Mexican adults as a public health priority given that the diet quality seems to be
low in this population, regardless the socioeconomic status.
Strengths
From dataset
A major strength of this study was the use of a representative sample of Mexican men and women
with fasting blood, anthropometric, dietary, and wide-range of sociodemographic measurements. First, the
use of fasting blood measurements, including glucose, high-density lipoprotein, low-density lipoprotein,
triglycerides, and C-reactive protein, allowed us to analyze three different cardiometabolic risks: diabetes,
atherogenic dyslipidemia, and inflammatory risk.
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Second, the twenty-four-hour dietary recall developed by the United States Department of
Agriculture,83, 84 adapted to the Mexican context, was used for the first time in a national survey in 2012
to estimate dietary intakes in Mexican population. This dietary method provided detailed information
about the quantities of foods eaten on a given day and therefore potentially better estimations of diet
quality components. However, it is also important to recognize that even though a second twenty-fourhour dietary recall was collected in a random subsample of ~ 9% of participants with the first twentyfour-hour dietary recall, we used information from the first twenty-four-hour recall only. Therefore, our
estimated dietary quality scores may not represent the long-term dietary habits of the participants, since a
single twenty-four-hour dietary recall does not allow between- and within-person variability to be
distinguished. For example, episodically consumed dietary components, such as alcohol, could be
misrepresented. Moreover, the list of foods that are consumed episodically might vary by socioeconomic
status. Future studies with a larger subsample of adults with two or more twenty-four-hour dietary recalls
are needed to determine whether our results are consistent to those obtained when the usual diet quality
index is analyzed.
Third, the Mexican National Health and Nutrition Survey (ENSANUT) 2012 includes
information about sociodemographic characteristics, including sex, age, parity, smoking behaviors,
number of years of formal education, reading and writing skills, area and region of residence, as well as
household characteristics and assets. The information of number of years of formal education as well as
about reading and writing skills allowed us to develop a non-conventional definition of education level
that considers the potential social and economic implications of literacy in Latin America.75, 76 However,
it is also important to note that our results might not be comparable with findings in other studies where
education level is usually defined based on education attainment only.
Finally, information about household characteristics and assets has been collected in the Mexican
national surveys to calculate an assets index.145 This index is considered a good proxy of socioeconomic
status in low- and middle-income countries because varies less in response to fluctuations in income,
which is particularly important in these countries where the volatility and seasonality in consumption
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patterns may be greater than in high-income countries.69 Thus, this index has been used to analyze
nutritional and health disparities in Mexican population. For this reason, we analyzed the potential
modifier effect of education level as well as the association of education level and assets index with diet
quality to test the secondary hypothesis. However, education level can also determine the occupation, and
education level and occupation are jointly associated with income level.62 In addition, these three proxies
of socioeconomic status ‒education, occupation, and income‒ could have an independent role in
predicting health-related behaviors. Information of occupation was also collected in the ENSANUT 2012,
but we considered inappropriate to analyze this indicator of socioeconomic status because of the
complexity of understanding the potential sex differences, since 78% of men reported they had paid work
the week prior to the interview, whereas 62% of women reported unpaid work in the same period.
Moreover, the detail of the type of paid or unpaid work is limited. Considerable literature show gender
biases on measuring occupation, where questionnaires are usually weighted toward traditionally male
occupations and thus better differentiate the occupational status of men than women.156 We also did not
consider income in our analyses because this was measured using an open-ended question. As mentioned
before, individual income is more difficult to estimate in low- to middle-income countries because of
greater reliance on the informal economy and self-employment.67 Therefore, future national surveys
should collect more detailed information about the type of jobs that men and women have, and consider
that there are increasing number of Mexican women with job positions usually occupied by men, such as
those in the manufacturing sector.157
From design and methods
A methodological strength of this study was the consideration of several important aspects to
develop the Mexican Diet Quality Index. First, we developed this index based on the Mexican Dietary
Guidelines, published in 2015.47 These guidelines were developed by an expert committee based on
literature review, including scientific information at local, regional and international level, and the
revision of the dietary patterns in the Mexican population. Moreover, the Mexican Dietary Guidelines are
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especially focused on the prevention of obesity and other non-communicable diseases. Second, we used
as a reference the number of servings recommended for adults with a total energy intake of 2,000 kcal per
day. This means that the Mexican Diet Quality Index components were assessed on a density basis, that
is, as a ratio of energy intake. Individuals with high energy needs and consequently a high total
consumption can more easily meet requirements for a number of food group servings or a specific cut-off
value. They may therefore have a high index score, whereas relative to their needs their consumption may
not be more balanced or in the desired direction. On the other hand, on a density basis, most of the
recommendations are similar across energy levels.49 Third, we defined scores between 0 (noncompliance) and 15 (intakes close to recommended) to each component. Specifically, we assigned a
maximum score of five to those Mexican Diet Quality Index components derived from the same food
group (e.g. whole-grain and refined-grain cereals). Furthermore, added sugars and sodium components
were assigned with a maximum score of fifteen, given their high consumption in Mexican population97, 98
and therefore their potential impact on health. Moreover, scores for amounts between zero and the
maximum value were prorated linearly; that is, the reported amount per 2,000 calories were divided by
the recommendation and multiplied by the total possible number of points. This allowed to obtain a
continuous score. Only a few diet quality indices developed in other countries, such as the Healthy Eating
Index for US population,49 have considered all the above aspects. Therefore, the Mexican Diet Quality
Index is relatively unique in its structure.

Limitations
From dataset
A key limitation in our research was that we were not able to adjust main analyses for physical
activity, even though this variable can be associated with sociodemographic characteristics, diet quality,
and cardiometabolic risks. In ENSANUT 2012, physical activity information was collected using the
International Physical Activity Questionnaire short form.73 Although this instrument is convenient to be

110

used within large-scale surveys, it also has important limitations and its validity for assessing moderateto-vigorous physical activity among Mexican adults is poor.100 It should be a priority for the ENSANUT
to keep collecting physical activity information using objective measurements, like accelerometers, in a
subsample. Moreover, the physical activity information collected by objective measurements could be
useful to adjust or calibrate the results obtained from the physical activity questionnaire.
From design and methods
We did not find statistically significant associations of the Mexican Diet Quality Index and the
Mexican Alternate Healthy Eating Index with BMI, WC, or cardiometabolic risk in the complete sample
of men and women, despite we used a careful design to develop them. There are various potential
explanations about why these dietary indices may be limited predictors of cardiometabolic outcomes in
Mexican adults. First, we mentioned above that we estimated the diet quality scores based on a single
twenty-four-hour recall, which may not represent the long-term intake of the Mexican population and the
dietary guidelines or recommendations are intended to be met over time. Moreover, the prediction of
cardiometabolic outcomes may be less likely if a single twenty-four-hour dietary recall do not represent
the usual intake in this population. In many studies, data from food frequency questionnaire were used,
since this dietary assessment method provides information about usual intake.35 However, the food
frequency questionnaire also has several limitations, including substantial amount of measurement error
and possible food misclassification because many details of dietary intake are not measured, and the
quantification of intake is not as accurate as with twenty-four-hour dietary recalls.158 A study suggests
that the combined use of multiple twenty-four-hour dietary recalls and food frequency questionnaire
provides data superior to use of either method alone.159 Therefore, we recommend the use in the future of
both dietary instruments for a better estimation of the usual diet quality index. Second, we may not have
been found statistically significant association between diet quality and health outcomes because it is
other combinations of foods that matter most in this population. Some studies suggest that plant- instead
of animal-based diets are associated with reduced coronary heart disease and type 2 diabetes.160-163 A
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potential explanation of the above that has emerged recently is that plant-based diets may promote more
favorable gut microbial profile which in turn can have the potential to reduce risk factors associated with
chronic diseases.164 Plant-based diets emphasize the consumption of all healthy plant foods while
reducing intake of all animal foods, including, dairy, eggs, and meat (chicken, turkey, beef, and pork).165
We considered low-fat dairy as well as seafood, poultry, and eggs as healthy components based on the
Mexican Dietary Guidelines. However, it is possible that some of these food components are related to
higher risk of cardiometabolic diseases in Mexican adults. Moreover, some studies have shown that the
consumption of ultra-processed foods [formulations predominantly made from substances that are
extracted from food (oils, fats and sugars) or synthesized in a laboratory from organic materials
(colorants, flavorings and various additives)] was associated with higher risk of obesity166, 167 and other
diet-related non-communicable diseases.168, 169 Therefore, it has been suggested that the categorization of
food by level of processing could be used as an indicator of population diet quality.170-172 Future studies
that consider all animal-based foods as components that should be consumed in moderation as well as
foods and beverages by their level of processing could help to elucidate what the best combination of
foods is to predict cardiometabolic outcomes. We also expected that the Mexican Alternate Healthy
Eating Index could predict cardiometabolic outcomes in Mexican adults since this is tightly based on the
Alternate Healthy Eating Index. Several studies have shown that the Alternate Healthy Eating Index is a
strong predictor of major non-communicable diseases, including lower incidence of obesity, coronary
heart disease, and type 2 diabetes.48, 173, 174 However, most of these studies have been conducted in US
population, especially in non-Hispanic whites. Therefore, it is possible that some components or scores of
the Alternate Healthy Eating Index are not appropriate for predicting cardiometabolic outcomes in
Mexican population.
Finally, it is possible that the interaction of diet quality with other lifestyle factors is more
important to predict cardiometabolic outcomes. Some studies show that, at least in young adults,
television viewing is associated with a higher exposure to advertisements of high-energy dense snack
foods.175 This exposure to snack foods has been, in turn, linked to snack food consumption and higher

112

probability of being obese.176, 177 Furthermore, other studies suggest that sleep duration is associated with
cardiometabolic outcomes through different mechanisms still under discussion, including changes in
energy metabolism and dietary behaviors.178, 179 Our results by education level also suggest that other
factors tightly related with education, such as poor sleep duration and sedentary behaviors, could interact
with diet quality, at least in lower-educated adults. Future analyses are needed to understand the
association of combined lifestyle components with cardiometabolic outcomes.
Another key limitation of this study is its cross-sectional design. Therefore, it is not possible to
establish directionality between diet quality and cardiometabolic outcomes, or between socioeconomic
status and diet quality. A potential reverse causality of the association between diet quality with BMI and
WC is likely, especially among obese individuals who could have changed their dietary patterns to reduce
their weight. A reverse causation between diet quality and cardiometabolic risk is also likely if individuals
had early symptoms related to cardiometabolic disease. However, our results suggest that the association
of diet quality and cardiometabolic outcomes was in the expected direction, at least in adults with the
lowest education level. Future longitudinal studies would provide a more robust test of the hypotheses
under study.
We also had planned to analyze the trend in diet quality using data from ENSANUT 2012 and
2016. However, information was collected in different sessions (October 2011-May 2012 and MayAugust 2016, respectively). Therefore, it would not have been possible to rule out that potential
differences in dietary quality scores between these two surveys were at least partially explained by
differences in seasonality. This issue could be special important for beverages intake since a previous
study found strong seasonal effects on beverage purchases when exploring purchases data from 2012 to
2014.180 In Mexico, seasonality can be due to changes in temperature, even though temperature changes
are not extreme in this country.180
Finally, how cardiometabolic risks were defined have important limitations. The method we used
to define atherogenic dyslipidemia risk assumes that having lipids above/below risk threshold in any of
the lipid biomarkers has the same atherogenic risk. That is, it assumes for example that having high
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triglycerides represent the same risk as having low high-density lipoprotein cholesterol levels, which
might not be accurate. However, the definition was consistent with those used to analyze the risk of
metabolic syndrome.117, 131 We also presented our main outcomes as measures of whether an individual
was at increased diabetes, atherogenic dyslipidemia, or inflammatory risk because these reflect the
populations most likely to develop non-communicable diseases. Moreover, estimations of
cardiometabolic risk can more easily inform policy decisions to improve public health. Nevertheless, with
the dichotomization of the cardiometabolic biomarkers, we assumed that associations between dietary
scores and cardiometabolic risks are the same beyond the thresholds. We therefore analyzed the
association of diet quality with each of the cardiometabolic biomarkers as continuous variables. These
sensitivity analyses, (although not included in the second manuscript under review) revealed that the
association was the same as when dichotomous measures of risk were used, which suggest our results are
robust.
Significance and public health impact
Our research has significant public health and research implications. Mexico has experienced one
of the world’s largest increases in the prevalence of obesity, type 2 diabetes, and cardiovascular disease,16,
181

concurrent with dramatic changes in the intakes of sugar-sweetened beverages and food products high

in saturated fat, added sugars, and sodium.17, 18 Moreover, a transition of the non-communicable disease
burden from high to low socioeconomic groups over time has been documented in Mexico.135 Therefore,
on the public health side, our study contributes with knowledge about the association of diet quality with
cardiometabolic outcomes by education level as well as about the association between socioeconomic
status and diet quality in a country with a unique context. Previous studies showing how the intakes of
specific food groups have changed in Mexican adults have been used as reference to develop policies
aimed at contributing to the prevention and reduction of the high prevalence of non-communicable
diseases. For instance, the Mexican Government implemented in 2014 taxes on sugar-sweetened
beverages and non-essential foods with high energy density.182 Therefore, our study adds to the body of
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research on dietary patterns in Mexican adults that can orient policymakers on decisions related to the
continuation, modification, or the implementation of new food policies. Moreover, our study can be used
as a reference for other middle-income countries, in a similar stage of nutrition transition than Mexico, to
develop research in the same field. Finally, our study contributes with findings by sex. Studies on the
association between diet quality and health outcomes not always are conducted by sex, despite evidence
showing that women might have more cardiometabolic risk than men because of inherent o lifestyle
factors.113, 114 Furthermore, women might be more concerned with the quality of the food, and health
consciousness might vary by socioeconomic status.14
On the research side, we contributed to the advancement of diet quality analysis with a new diet
quality index developed using rigorous methodology and rationale. The Mexican Diet Quality Index is
one of the few diet quality indices developed in a middle-income country based on the most recent
national dietary guidelines. Furthermore, we took advantage of a diet quality index that has already been
associated with lower cardiometabolic risk,48 the Alternate Healthy Eating Index, adapting it to the
Mexican context. Therefore, our diet-related methodology can be used as reference for other countries,
especially from the Latin America region, that are also facing similar public health challenges to those in
Mexico.
Our study also provides an insight of how to make the most of secondary data. Many studies have
been focused on the association of diet quality with cardiometabolic disease or mortality for
cardiometabolic disease, 43, 48, 174, 183 and have been pivotal to advance in this field. However, the analysis
of cardiometabolic biomarkers can also provide useful information to identify groups in risk of
cardiometabolic disease and then develop policies accordingly. Moreover, the availability of blood
samples in large populations is not always affordable, especially in low- and middle-income countries.
We took advantage of using information of cardiometabolic biomarkers from a representative sample of
Mexican adults, which highlight the relevance of our findings in contributing to future national food
policies.
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Finally, our research about the potential modifier effect of education level on the association of
diet quality with BMI, WC, and cardiometabolic risk contributes to the understanding of the complex
interplay between education and diet. We used an unconventional definition of education level that
considers reading/writing skills because some studies suggest illiteracy still has an important social and
economic impact in Latin American and Caribbean regions.6, 75, 76 Our findings support the relevance of
looking into the population’s reading/writing skills when analyzing disparities by education level.
Therefore, future studies in Latin American and Caribbean regions should consider individual’s
reading/writing skills when analyzing health disparities by education level.
Future directions and major research gaps
This research contributes with new evidence about the cross-sectional association of diet quality
with BMI, WC, and cardiometabolic risk by education level. However, longitudinal analyses, such as
lagged analyses, are needed to minimize the possibility of reverse causation and therefore better
understand whether a better diet quality potentially reduce the risk of cardiometabolic diseases in
Mexican adults, and whether this association varies by education level. For example, the Mexican
Teachers’ Cohort,184 even though not representative of Mexican adults, could add important evidence
about the association between diet quality and cardiometabolic risks. Moreover, new studies, such as
those from the Hispanic Community Health Study/Study for Latinos,185 will be required to identify food
components not included in the Mexican Diet Quality Index or Mexican Alternate Healthy Eating Index
that are potentially unique in predicting cardiometabolic outcomes among Mexicans.
Our findings also provide evidence about the cross-sectional association between socioeconomic
status and diet quality. Future research should explore trends in diet quality, overall and by
socioeconomic status. Mexico is under a rapid nutrition transition and therefore the identification of
changes in diet quality as well as of the subgroups that require diet-related interventions is pivotal. In
addition, examining trends in diet quality could contribute to get some insights about the potential impact
of existing food-related policies, including the tax on sugar-sweetened beverages and non-essential foods
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with high energy density. Studies have been conducted to analyze the potential impact of this tax on food
purchases in a representative sample of Mexican households from urban areas and found that purchases of
taxed high energy–dense foods and sugar-sweetened beverages decreased during 2014 by an average of
5% and 6%, respectively, but the reduction of these purchases in households with low socioeconomic
status was about 10% and 9%, respectively.180, 186 Even though these findings are relevant for policy
discussion and decisions, they also have several limitations. Therefore, future analysis of dietary intake
will be needed to understand whether tax-related changes in food and beverage purchases extend to the
total diet, and how these changes may have differed by socioeconomic status.
Finally, an important limitation described above is that we analyzed diet quality based on single
twenty-four-hour recall. Therefore, our estimations might not represent the diet quality in the long-term.
In the ENSANUT 2012, a second twenty-four-hour dietary recall was collected in a random subsample of
~ 9% of participants with the first twenty-four-hour dietary recall. This information was useful to estimate
the usual intake of energy and several nutrients in previous studies.72, 97, 187 However, evidence indicate
that a larger subsample with two or more twenty-four-hour dietary recalls is required to estimate the
distribution of episodically consumed foods and diet quality components.188, 189 Therefore, future surveys
or studies in large Mexican populations should consider the minimum of sample with multiple twentyfour-hour dietary recalls if the analysis of usual diet quality is intended. Moreover, dietary information
collected through both twenty-four-hour recall and food frequency questionnaire can provide a better
estimation of foods episodically consumed. Both twenty-four-hour recall and food frequency
questionnaire were collected together in ENSANUT 2012 in a very small sample not representative of the
Mexican population for validation purposes. Hence, we recommend the that future surveys consider the
collection of dietary information using complementary methods to obtain better estimations of dietary
intakes.
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APPENDIX 1: Number of servings recommended by food group in adults. Mexican Dietary
Guidelines1

Servings per 2 000
kcal/day

Food groups
Vegetables2

3

3

Fruit

3
4

Cereals

8

Legumes

2

Foods of animal origin (meat products)5
Dairy6

3.5
2

Tap water

750–2 000 mL

7

Sugars

2

8

Fats

5

1 Bonvecchio

A et al. Guías alimentarias y de actividad física en contexto de
sobrepeso y obesidad en población Mexicana. [Dietary and physical activity
guidelines in the context of overweight and obesity in the Mexican population.]
Mexico, 2015.33
2

Excluding vegetable juices, starchy vegetables such as potato and corn, and salted
or pickled vegetables.
3

Excluding fruit juices, which are recommended to be consumed in moderation (<
125 mL/day).
4 Whole

grains shall consist of the intact, ground, cracked, or flaked caryopsis whose
principal components, the starchy endosperm, germ, and bran, are present in the
same relative proportions as they exist in the intact grain. Some examples of whole
grains are oats, amaranth, corn, brown rice, wheat germ, and bran. Corn tortilla is
also considered a whole-grain cereal.
5 Less

than half of servings should be from meat products with high saturated fat or
sodium content, including red and processed meats.
6

Only low-fat dairy is recommended.

7 The

consumption of sugars should not exceed 10% of total energy intake.

8

Consumption of saturated fat should not exceed 7% of total energy intake, whereas
the consumption of polyunsaturated fat should be between 6% and 10% of total
energy intake.

118

APPENDIX 2: Mexican Diet Quality Index and Mexican Alternate Healthy Eating Index. Components for scoring

Table 1 Mexican Diet Quality Index (MxDQI) and Mexican Alternate Healthy Eating Index (MxAHEI). Components and criteria for scoring
Mexican Diet Quality Index
Mexican Alternate Healthy Eating Index
Food component

Maximum
points

Criteria for minimum
score (0)

Criteria for maximum
score

Maximum
points

Criteria for minimum
score (0)

Criteria for maximum
score

Vegetables

10

0 servings

≥ 3 servings per 2 000 kcal

9

0 servings

≥ 5 servings

Whole fruit

10

0 servings

≥ 3 servings per 2 000 kcal

9

0 servings

≥ 4 servings

5

0 servings

≥ 3 servings per 2 000 kcal

9

0g

5

0 servings

≥ 1 serving

5

0 servings

≥ 1 serving

9

≤ 2% of total energy intake

≥ 10% of total energy intake

9

0 mg

≥ 250 mg

9

≥ 1 serving

0 servings

9

≥ 1.5 serving

0 servings

9

>2g

≤ 1.5 g

9

≥ 4 % of total energy intake

≤ 0.5 % of total energy intake

≥ 2.5 drinks

0.5–1.5 drinks

≥ 3.5 drinks

0.5–2.0 drinks

0

100

Adequacy

Whole-grain cereals
Women
Men
Legumes

10

0 servings

≥ 2 servings per 2 000 kcal

Seafood, poultry, or eggs

5

< 1 serving per 2 000 kcal

≥ 2 servings per 2 000 kcal

Nuts
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Low -fat dairy

5

0 servings

≥ 3.5 servings per 2 000 kcal

Polyunsaturated fat1

5

< 6% of total energy intake

> 10% of total energy intake

Long-chain (n-3) fats (EPA +
DHA)

≥ 75 g
≥ 90 g

M oderation
5

> 250 mL per 2 000 kcal

≤ 125 mL per 2 000 kcal

Refined grains
Red and processed meat

5

> 3 servings per 2 000 kcal

≤ 1 serving per 2 000 kcal

5

> 1.5 servings per 2 000 kcal

≤ 0.5 serving per 2 000 kcal

Added sugars

15

> 10% of total energy intake

< 5% of total energy intake

Sodium

15

> 2 g per 2 000 kcal

≤ 1.5 g per 2 000 kcal

Saturated fat

5

> 10 % of total energy intake

< 7% of total energy intake

100% fruit juices
Sugar-sweetened beverages

Trans fat
Alcohol
Women

9

Men
100

0

Total
1
This dietary component in MxAHEI does not include long-chain (n-3) fats (EPA + DHA).

100

100
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