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Abstract

Background: Sociodemographic characteristics are associated with the dietary patterns of populations. However,
the direction of the association is not consistent among countries: it is contingent on the nutritional transition
phase, level of economic development, cultural contexts and both the social and health policies prevailing in each
country. The objective of this study was to identify the trends in dietary patterns observed in 2006, 2012 and 2016
among Mexican adults by sociodemographic characteristic.

Methods: To determine and compare dietary patterns, we performed a secondary analysis of dietary and
sociodemographic data for adults 20–59 years old. Data were drawn from the 2006 and 2012 National Health and
Nutrition Surveys (ENSANUTs) together with the 2016 Half-Way National Health and Nutrition Survey (ENSANUTMC).
To estimate the dietary patterns, we used an adapted version of the Healthy Eating Index-2015 (HEI-2015) and a
quantile-based regression model to compare the HEI medians by sociodemographic characteristic.

Results: From 2006 to 2016, the quality of the diet of Mexican adults scored under 50 points on a scale of 0 to 100,
markedly below the maximum scores for the majority of HEI-2015 components. Diet quality varied according to
age, sex, socioeconomic status (SES), area (urban/rural) and region of residence, with the highest quality observed
among older individuals (within the 40–59 age group), women, people of lower SES and residents of rural areas,
particularly in southern Mexico. Although this trend remained constant overall throughout 2006, 2012 and 2016,
specific HEI-2015 components showed an opposite trend by sociodemographic strata.

Conclusion: The diet quality of Mexican adults was suboptimal from 2006 to 2016, with notorious disparities
persisting over time among sociodemographic strata. Our results can serve as a basis for formulating
recommendations on ways to improve the population diet, where those components diverging the most from
adequate scores could be highlighted in public-health messages.

Keywords: Trends, Dietary patterns, Diet quality, Mexican adults, Sociodemographic characteristics, National Health
and nutrition survey

Background
Analyzing dietary patterns –rather than foods or nutri-
ents- has been recommended as an effective method-
ology for studying diet and its relationship to health [1].
A priori and a posteriori approaches are commonly used

for determining the dietary patterns of populations [2].
The a priori approach relies on diet-quality indices that
classify dietary patterns based on their adherence to rec-
ommendations regarding the food items and nutrients
that are important for health. Meanwhile, the a poster-
iori approach defines patterns according to food-
consumption data, and employs mostly factorial and
cluster analyses [1–5]. Analyzing the dietary patterns of
populations is important because it allows for identifying
the characteristics of diets that contribute to the
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prevention and treatment of disease. Furthermore, the
results of these analyses can serve as a basis for formu-
lating nutritional interventions and public-health policies
aimed at improving the diets of populations [6].
Analyzing the dietary patterns of distinct population

subgroups is also important: it has been documented
that sociodemographic characteristics such as age, sex,
socioeconomic status (SES) and place of residence are
associated with food consumption and therefore influ-
ence dietary patterns [7–9]. However, the direction of
the association is not consistent among countries [9].
Differences relate to the stages of nutritional transition
[6, 7] and socioeconomic development [10], as well as to
cultural factors and to the social and health policies [11]
prevailing in each country. For instance, it has been
demonstrated that individuals of high SES eat healthier
diets in low-income countries, but exhibit less healthy
eating patterns marked by greater intake of energy and
saturated fat in middle-income countries [9].
In Mexico, dietary patterns are associated with SES

and area of residence. For example, in urban areas, the
higher the SES, the greater the diversity in dietary pat-
terns including dairy products, cereals, meats, saturated
fat, fruits and vegetables. Conversely, a low SES in rural
areas is reflected in a dietary pattern based primarily on
corn derivatives combined with beans and legumes [12].
Overall, the most recent Half-Way National Health

and Nutrition Survey (ENSANUTMC, by its Spanish
acronym) (2016) revealed that only a relatively small
percentage of Mexican adults consumed recommended
foods (50 and 42.3% of the population ate fruits and veg-
etables, respectively), while a large percentage consumed
foods not recommended for usual intake (85.3% of the
population consumed sweetened non-dairy drinks) [13].
Differences also arose by geographic region. For in-
stance, in northern Mexico, the higher the SES, the
greater the consumption of fruits, vegetables and non-
processed meats [14].
To the best of our knowledge, very few studies have

analyzed the trends of dietary patterns in nationally rep-
resentative samples of Mexican adults according to
sociodemographic strata. Given the dearth of informa-
tion on the subject, we undertook the present study with
a twofold objective: to identify the trends in dietary pat-
terns in 2006, 2012 and 2016, and to analyze the results
by sociodemographic strata.

Methods
Study population and sample size
Our study consisted of a secondary analysis of dietary
and sociodemographic information pertaining to Mexi-
can adults between the ages of 20 and 59 years. We used
data from the 2006 and 2012 National Health and Nutri-
tion Surveys (ENSANUTs, by their Spanish acronym)

and from the 2016 ENSANUTMC. Based on the same
methodology and design, these surveys furnish compar-
able data. Among other common characteristics, they
are nationally representative, they stratify data by area of
residence (urban/rural) and they employ probabilistic,
multi-stage and cluster sampling methods. A more de-
tailed description of their methodology has been pub-
lished elsewhere [15–17].
The 2006 ENSANUT was conducted from October

2005 to April 2006, the 2012 ENSANUT from October
2011 to May 2012, and the 2016 ENSANUTMC from
May to September 2016. Our study sample included 14,
040 respondents from the 2006 ENSANUT, 2027 from
the 2012 ENSANUT and 5729 from the 2016
ENSANUTMC.

Study variables
Sociodemographic variables
Our analysis considered five sociodemographic vari-
ables: sex, age, area of residence, region of residence
and SES. 1) Sex was registered as female/male. 2) Age
was calculated in years, both continuous and categor-
ical. We classified participants into two age groups,
20–39 and 40–59 years, as previous studies using
diet-quality indices found that young adults ate
poorer-quality diets than older adults, and diet quality
bore a positive relation to age in all cases analyzed
[18, 19]. 3) In line with the three surveys in question,
area of residence was defined according to the num-
ber of inhabitants: < 2500 for rural and ≥ 2500 for
urban localities [15–17]. 4) Region of residence was
based on the official Mexican classification, whereby
the 32 federal entities are divided into four groups ac-
cording to their geographic location: North, Center,
South and Mexico City along with its metropolitan
area [20]. 5) Finally, SES has been consistently used
by the ENSANUTs as an index of household well-
being. It is constructed by analyzing key components
related to household characteristics and ownership of
household items. The results provide a standardized
variable categorized into SES tertiles (low, medium
and high). SES distribution in our study was relative
to each survey year [21, 22].

Dietary information
The three surveys analyzed collected dietary information
through a semi-quantitative food-frequency question-
naire (SFFQ) with a seven-day recall previously validated
for estimating energy and nutrient intake in adults [23].
Dietary and sociodemographic data were gathered by
means of interviews, in conformity with the Manual of
the Center for Nutrition and Health Research at the Na-
tional Institute of Public Health (INSP by its Spanish
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initials) for administering questionnaires and standardiz-
ing interviewers [24].
To analyze the dietary data, we adopted the cleaning

criteria used by the surveys for each year analyzed and
followed the methodology developed by Rodríguez-
Ramírez (2009) and Ramírez-Silva (2016) [25, 26]. In
general terms, for the 2016 data, we used the commonal-
ities of the 2012 cleaning methodology. Basically, we
followed two stages: first, we identified implausible data
in terms of grams of ingested food, and excluded indi-
viduals who consumed one or more food items three
standard deviations beyond the mean amount of
ingested grams. During the second stage, we defined
plausible data for energy and nutrients taking into ac-
count adult nutritional requirements.
For the three survey years, we based the exclusion cri-

teria on minimum-energy-consumption data [26]. In ac-
cordance with the Mifflin-St Jeor formulas for
overweight and obese individuals ≥19 years old, we first
calculated the basal metabolic rates (BMRs) of partici-
pants and then estimated the ratios of their total energy
intake (TEI) with respect to their BMRs (TEI/BMR). In-
dividuals with a < 0.5 quotient were excluded from our
analysis. To identify individuals with valid weight and
height data, we adapted the criterion of the World
Health Organization (WHO) for determining plausible
body mass index (BMI) data (< 10 or > 58 kg/m2). Finally,
we excluded individuals with incomplete sociodemo-
graphic data as well as pregnant and lactating women.
We omitted the latter because their energy requirement
was not comparable with that of other women.
For the 2006 ENSANUT, the sample with dietary data

included 16,494 adults. Among these, we excluded 596
(3.6%) with implausible energy and macronutrient data,
26 (0.1%) with implausible BMI data, 55 (0.3%) with in-
complete sociodemographic data, 958 (5.8%) with in-
complete anthropometric data and 615 (3.7%) with TEI/
BMR ratios < 0.5; another 204 (1.2%) were omitted be-
cause they pertained to the group of pregnant and/or
lactating women.
With regard to the 2012 ENSANUT, the sample with

dietary data included 2297 adults. Among these, we ex-
cluded 13 with implausible food consumption, 158 with
implausible energy and nutrient intake, and 99 for per-
taining to the group of pregnant or lactating women. A
final 2027 adults with valid dietary data were retained
for analysis. As for the 2016 ENSANUTMC, 6188 adults
provided dietary data. Of these, we excluded 324 (5.2%)
with implausible energy and macronutrient data, and
135 (2.1%) with implausible BMI data.

Dietary patterns
We defined dietary patterns using a modified version of
the HEI-2015 methodology, an a priori approach

validated for measuring diet quality in adults. The HEI-
2015, developed by the National Cancer Institute in col-
laboration with the US Department of Agriculture [27],
includes 13 components. Nine are food groups and nu-
trients that people are encouraged to continue consum-
ing or incorporate into their diets (adequacy
components), namely total fruits, whole fruits, total veg-
etables, greens and beans, seafood and plant proteins,
total protein foods, whole grains, dairy products and
fatty acids. The four remaining components are food
items that people are advised to include only moderately
in their diets (moderation components), namely refined
grains, sodium, added sugars and saturated fats. Each
component is scored on a scale of 0 to 5 or 0 to 10, de-
pending on the portions consumed and according to
adult intake recommendations in the US [28]. For ana-
lysis, we modified the cutoff points of three components:
sodium, added sugars and saturated fats, as the original
ones were considered highly permissible for the Mexican
population [29, 30]. We aligned our cutoff points with
international recommendations [31, 32]; they are listed
by component in Additional file 1: Table S1. Finally, we
calculated the sum of the 13 components for each par-
ticipant, obtaining a total score ranging from 0 to 100,
where 100 denoted an ideal diet. Calculations were
based on the following steps: (a) We classified the foods
in each SFFQ survey into the 13 HEI-2015 components
according to the Methodology for Users of Food Pat-
terns Equivalents Database (FPED 13–14) [33]. In the
case of foods requiring preparation prior to consump-
tion, we broke down the ingredients by food group
(component). Several foods in the 2012 ENSANUT had
been grouped or omitted in the 2006 ENSANUT SFFQ;
therefore, we standardized these differences based on
the foods in the 2012 and 2016 surveys. More specific-
ally, we allocated nutritional values proportional to the
number of foods broken down or included in 2012. (b)
We calculated the following nutrients: sodium, fatty
acids, added sugars and saturated fats, based on the nu-
tritional contents of the food items. The contents were
estimated according to the food composition database
compiled by INSP researchers. (c) We identified the
equivalent portion of each food based on the FPED por-
tions guide. A number of foods consumed in Mexico
such as nopal and nixtamalized tortilla were not in-
cluded in the guide; we therefore allocated them to the
corresponding food group using the predetermined
equivalent portions indicated in the 2012 ENSANUT
SFFQ. As corn tortillas vary depending on the manner
in which the corn is treated, we classified them as a
whole cereal based on the relationship between their
fiber and total carbohydrate contents [34]. (d) We esti-
mated the score of each component by participant,
assigning it a number from 0 to 5 or 0 to 10, according
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to the intake portions in the HEI-2015 [35] and those
established for three of the components in the Mexican
population. We determined intermediate values using a
rule of proportion or the rule of three. (e) Lastly, we ob-
tained a final score by adding up the scores of the 13
components for each participant.

Statistical analysis
We developed descriptive statistics including the mean
and the 95% confidence interval of each HEI-2015 com-
ponent for each survey year and each sociodemographic
characteristic. We also used a quantile regression model,
adjusting for the survey years and sociodemographic var-
iables, in order to compare the HEI-2015 scores (totals,
medians and by component) in the three survey years of
interest and by sociodemographic strata. A p-value <
0.05 was established to detect significant differences
among the categories of variables analyzed. All analyses
were carried out using the SVY module in STATA ver-
sion 13.0 statistical software [36].

Results
We assessed the dietary and sociodemographic data of
adults aged 20–59 from the three above-mentioned
ENSANUTs in Mexico. All three surveys included a
higher proportion of women than men and a larger
number of adults in the 20–39 compared to the 40–59

age group. Approximately 25% of households were of
low SES and 70% of the population lived in urban areas,
with the majority residing in Central and Southern
Mexico (Table 1).
In comparing each HEI-2015 component score with

the highest possible score (Fig. 1), we observed that, in
the three survey years analyzed, all components came
out lower than the maximum score recommended under
the HEI-2015. We also found that the consumption
components varied with the survey year; for instance,
seafood and plant proteins, total protein foods and
greens and beans were higher in 2006 than in 2012 and
2016.
In 2012, Mexican adults consumed more refined

grains and total fruits (including natural juices and fruit
nectars) but less fatty acids, seafood and plant proteins,
greens and beans than in 2006 and 2016. In 2016, more
fatty acids but fewer total proteins and dairy products
were consumed than in 2012 and 2006; in addition,
more whole grains were consumed compared to 2006.
No significant differences emerged among the three sur-
veys regarding consumption of the following compo-
nents: saturated fats, added sugar, sodium, total
vegetables and whole fruits. In conducting an analysis
without modifying the cutoff points of the three compo-
nents, we observed some significant differences by sur-
vey year for saturated fats and added sugar, as well as

Table 1 Sociodemographic characteristics of adults by survey year of the National Health and Nutrition Survey

Characteristics Survey year

2006
n = 14,040%(95% IC)

2012
n = 2027% (95% IC)

2016
n = 5729% (95% IC)

Age

20–39 y 56.3 (54.7–57.8) 55.5 (51.9–58.9) 58.5 (56.1–60.7)

40–59 y 43.7 (42.1–45.2) 44.5 (41.0–48.0) 41.5 (39.2–43.8)

Sex

Males 38.7 (37.0–40.3) 47.0 (43.7–50.2) 46.9 (44.5–49.1)

Females 61.3 (59.6–62.9) 53.0 (49.7–56.2) 53.1 (50.8–55.4)

Socioeconomic status

Low 30.0 (28.2–31.9) 25.6 (23.3–28.0) 22.3 (19.8–24.9)

Medium 35.0 (33.2–36.7) 32.1 (28.6–35.8) 30.5 (28.2–32.9)

High 35.0 (32.8–37.7) 42.3 (38.6–45.9) 47.2 (44.0–50.3)

Area

Urban 81.1 (79.3–82.7) 76.8 (74.7–78.6) 74.7 (71.6–77.4)

Rural 18.9 (17.2–20.6) 23.2 (21.3–25.2) 25.3 (22.5–28.3)

Region

North 19.5 (17.2–22.0) 20.9 (19.3–22.6) 26.6 (23.7–29.7)

Center 29.6 (26.4–32.9) 31.3 (29.1–33.5) 30.0 (26.6–33.6)

Mexico City 21.4 (17.2–26.1) 16.8 (14.7–19.1) 15.6 (13.2–18.1)

South 29.5 (26.4–32.6) 31.0 (28.8–33.1) 27.8 (24.7–31.1)

N (expanded n): 2006 = 41,656,737, 2012 = 47,761,244, 2016 = 46,005,557
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high scores –some close to the maximum– for these two
components and for sodium (Additional file 2: Fig. S1).
By HEI-2015 component, scores indicated significant

differences between adults aged 20–39 and 40–59 years
and between men and women (Table 2). In 2006, the
adults in the older age group recorded better scores for
five components (total fruits, total vegetables, greens and
beans, dairy products and seafood and plant proteins)
compared to the younger adults, while women achieved
better scores for the majority of components (total fruits,

total vegetables, greens and beans, whole grains, dairy
products, refined grains and sodium) compared to men.
In 2012, substantial differences were observed by age

for the following components: total vegetables, greens
and beans and sodium, with older adults scoring higher
than younger adults. In contrast, younger adults regis-
tered higher scores for fatty acids. Women had higher
scores for total vegetables, dairy products and sodium
compared to men. In 2016, the older adults registered
markedly higher scores than the younger adults for the

Fig. 1 HEI-2015 score (median) by components respect to its maximum score and by survey year. * Different from the other years (p < 0.05).
Medians adjusted by sociodemographic variables (age, sex, socioeconomic status, area, region)

Table 2 HEI-2015 component scores (median) by age, sex and survey yeara

2006 n = 14,040 2012 n = 2027 2016 n = 5729

Age Sex Age Sex Age Sex

Components 20–39 40–59 Male Female 20–39 40–59 Male Female 20–39 40–59 Male Female

Total Fruit 2.8 3.3* 2.3 3.4* 3.4 3.4 3.2 3.6 2.8 2.9 2.4 3.2*

Whole Fruit 4.7 4.7 4.4 4.8 4.7 4.7 4.7 4.7 4.3 4.3 4.1 4.5

Total Vegetables 3.1 3.4* 2.8 3.5* 3.1 3.5* 3.0 3.5* 2.9 3.6* 2.6 3.7*

Greens & Beans 3.8 4.0* 3.8 4.0* 2.5 2.9* 2.6 2.7 2.6 3.4* 2.8 3.1*

Whole Grains 3.3 3.3 2.9 3.6* 4.0 3.8 3.7 4.1 4.2 4.6* 4.2 4.5

Dairy 3.3 3.8* 2.8 4.0* 3.4 3.3 2.8 3.9* 2.8 2.5 2.2 3.1*

Total Protein Foods 3.5 3.5 3.5 3.5 3.3 3.2 3.4 3.2 3.2* 3.0 3.0 3.3*

Seafood and Plant Protein 2.0 2.3* 2.1 2.2 1.3 1.4 1.3 1.3 1.3 1.8* 1.5 1.5

Fatty Acids 3.4 3.3 3.9* 3.0 2.8* 2.2 3.0* 2.2 3.5 3.9* 4.1* 3.3

Refined Grains 4.1 4.3 3.7 4.5* 5.4 4.8 4.9 5.3 4.5 3.8 4.3 4.1

Sodium 1.4 1.9 1.0 2.0* 1.3 1.9* 0.7 2.3* 1.2 1.2 0.4 1.9

Added Sugar 0.2 0.2 0.2 0.2 0.6 0.6 0.6 0.6 0.9 1.1 0.9 0.9

Sat Fat 3.4 3.4 3.4 3.4 2.3 2.3 2.3 2.3 3.6 3.6 4.6* 2.9
a Medians adjusted by sociodemographic variables (age, sex, socioeconomic status, area, region). * Significant difference = p < 0.05
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following components: total vegetables, greens and
beans, whole grains, seafood and plant proteins and fatty
acids, while younger adults achieved higher scores for
total protein foods. By sex, women registered higher
scores for total fruits, total vegetables, greens and beans,
dairy products and total protein foods, while men scored
higher for saturated fats. In all three surveys, men had
higher scores than women for fatty acids, while no dif-
ferences for whole fruits and added sugar were observed
by sex, age or survey year.
The scores for the HEI-2015 components by SES,

area and region are shown in Fig. 2. As can be ob-
served, groups of lower SES registered significantly
higher scores for the following components: legumes,
whole grains, fatty acids, sodium and saturated fats,
but notably lower scores for dairy products and total
protein foods, compared to those of medium and
higher SES.

Groups with higher SES achieved significantly higher
scores for total fruits, dairy, proteins and refined grains
but lower scores for greens and beans, fatty acids and
saturated fats, compared to those of medium and lower
SES (Fig. 2a).
By area of residence (Fig. 2b), rural residents ex-

hibited substantially higher scores for the majority of
components (legumes, whole grains, refined grains,
seafood, fatty acids, sodium, and saturated fats) com-
pared to urban residents; however, the latter ob-
tained higher scores for dairy products and total
proteins.
By region (Fig. 2c), significantly higher scores were

registered in Southern Mexico for whole and refined
grains, while the Northern region scored lower than
other regions for the following components: total fruits,
whole fruits and grains, as well as legumes and total pro-
teins. Finally, Mexico City scored significantly higher

Fig. 2 Score of HEI-2015 components by socioeconomic status (a), area (b) and region(c). Medians adjusted by sociodemographic variables (age,
sex, socioeconomic status, area and region) and survey year
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than other regions for dairy products but lower in sea-
food and refined grains.
HEI-2015 scores by sociodemographic characteristic

and survey year are shown in Table 3. Adults 20–39
years old achieved significantly higher scores than those
40–59, except in 2012 (p = 0.783). Men scored markedly
lower than women for all survey years.
By SES, we found that those of lower levels obtained

higher scores (p < 0.001) in all three surveys compared
to those of medium and higher levels. By area of resi-
dence, we observed that urban areas scored significantly
lower (p < 0.001) than rural areas in all 3 years of the
survey.
By region, we found significantly lower scores in

Northern Mexico and in Mexico City compared to the
Center and South of the country (p < 0.05) in all survey
years; the South scored substantially higher than other
regions throughout the 3 years.

Discussion
Based on the Healthy Eating Index (HEI-2015), our
study identified the dietary patterns of the Mexican
adults aged 20–59 years who participated in the 2006,
2012 and 2016 National Health and Nutrition Surveys
(ENSANUTs).

Despite the higher scores observed in 2006 and
2016 compared to 2012, diet quality in both years
was poor (equivalent to less than 50 points on a scale
of 0 to 100). Since diet quality is related to non-
communicable diseases such as obesity, diabetes mel-
litus II and cancer [12, 37], these scores were likely
associated with the high prevalence of these diseases
in Mexico.
Our analysis by sociodemographic characteristic in-

dicated that diet differed according to age, sex and
SES as well as to area and region of residence. The
survey population between 40 and 59 years, women,
those of lower SES and those living in rural areas and
in Southern Mexico generally displayed a higher-
quality diet, a trend which continued over time.
National-level studies in other countries have docu-
mented that women and older adults have higher-
quality diets than men [8, 38, 39] and younger adults
[8, 39], respectively.
As regards the socioeconomic analysis, our re-

sults are the opposite of what has been described
at the national level for high-income countries. Ac-
cording to previous studies, populations of higher
SES have healthier diets than those of lower SES
[14, 40]. We found low diet quality in all three
levels of SES.

Table 3 Healthy Eating Index score by sociodemographic stratum and survey year 1

Strata 2006 n = 14,040
Median (95% IC)

P 2012 n = 2027
Median (95% IC)

P 2016 n = 5729
Median (95% IC)

P

Age

20–39 44.0 (43.3–44.7) 43.6 (42.3–45.0) 42.9 (41.9–44.0)

40–59 47.6 (46.8–48.5) < 0.001 43.9 (42.5–45.3) 0.783 47.1 (46.3–48.0) < 0.001

Sex

Male 44.2 (43.3–45.1) 42.5 (41.1–43.9) 43.1 (42.0–44.2)

Female 46.4 (45.7–47.1) < 0.001 44.8 (43.5–46.2) 0.018 46.1 (45.2–47.0) < 0.001

Socioeconomic status

Low 47.9 (47.0–48.7) 47.6 (46.2–48.9) 47.6 (45.9–49.2)

Medium 44.5 (43.6–45.5) < 0.0001a 42.1 (40.2–44.0) < 0.001a 43.2 (41.8–44.6) 0.001a

High 44.6 (43.6–45.6) 42.7 (41.0–44.5) 44.2 (43.2–45.2)

Area

Urban 43.9 (43.3–44.5) 42.3 (41.2–43.4) 42.9 (42.1–43.8)

Rural 52.7 (51.6–53.8) < 0.001 48.5 (46.7–50.4) < 0.001 49.7 (48.4–51.1) < 0.001

Region

North 43.8 (54.0–55.5) 39.5 (37.9–41.1) 41.4 (40.1–42.7)

Center 47.9 (58.2–59.8) 43.8 (42.1–45.4) 46.2 (44.9–47.6)

Mexico City 41.3 (52.8–54.4) < 0.001abc 42.5 (39.4–45.5) < 0.05acd 42.4 (40.6–44.1) < 0.05abc

South 47.5 (57.9–59.2) 47.3 (45.6–49.0) 47.4 (40.6–48.8)

Total HEI-2015 score2 45.7 (45.2–46.2) < 0.001a 43.7 (42.8–44.6) 0.029b 44.9 (44.2–45.6) 0.079c

1Medians adjusted by age, sex, socioeconomic status, area and region. 2Medians adjusted by age, sex, socioeconomic status, area, region and survey year.
Socioeconomic status (SES): alow SES vs. medium and high SES, bmedium SES vs. high SES. Region: aNorth vs. Center and South, bCenter vs. Mexico City,
cMexico City vs South, d Center vs South. Survey year: a2006 vs 2012, b2012 vs 2016, c2006 vs 2016
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Our results brought to light several HEI-2015 compo-
nents in which trends were the opposite of the general
results observed by sociodemographic characteristic. For
example, compared to women, men achieved higher
scores for fatty acids and, in 2016, higher scores for satu-
rated fats. These results are consistent with a previous
study that evaluated the HEI-2015 based on a multieth-
nic cohort of adults, finding that men scored higher than
women for this component [41]. In our study, this can
be explained by the fact that, compared to women, men
derived a lower percentage of their total energy intake
from saturated fats although they consumed more satu-
rated fats in grams. They also consumed high propor-
tions of carbohydrates and proteins which contributed
to their total energy intake (data not shown).
The urban population achieved higher scores for dairy

products and proteins than the rural population, consist-
ent with the results reported by other studies of Mexican
adults. Those studies indicate that urban areas are asso-
ciated with higher consumption of dairy products in
addition to meat or animal products [12, 42]. This may
be related to the greater availability of food in urban as
compared to rural areas [43–45]. Studies of food con-
sumption preferences in Mexico have documented that
corn consumption decreases as diets become more var-
ied [46]. We obtained similar results when comparing
consumption in urban and rural areas.
With regard to sociodemographic characteristics, we

observed that individuals of higher SES had higher
scores for dairy products, proteins, refined grains and
total fruits. Systematic reviews of dietary patterns among
middle- and low-income countries as well as in Euro-
pean adults have documented that those of higher SES
consume more fruits and refined grains [9, 40]. Studies
in Mexico have shown that a higher SES is associated
with increased consumption of dairy products and fruits
along with vegetables and non-processed meats [14, 42,
47, 48]. These results are possibly linked to the costs of
these foods, more affordable for those of higher SES
(seen as a proxy for higher-income level) [44, 48]. The
preceding results may be related to the fact that the
population with higher SES also has lower scores for sat-
urated fats, indicating that various dietary aspects should
be monitored. Evidence indicates that a higher educa-
tional level in adults is associated with greater intake of
vegetables and fruits and a lower intake of red meat [49].
Although our analysis did not include this variable, it is
reasonable to expect that higher socioeconomic status
(SES) reflects a higher educational level of the head of
household [50].
By region, we observed higher scores in Southern

Mexico for whole and refined grains. The North, mean-
while, had lower scores than other regions for total and
whole fruits as well as whole grains, but higher scores

for total proteins. These results are similar to those of
studies that have compared dietary patterns among re-
gions. The North has recorded lower levels of fruit and
vegetable consumption but higher intake of meat and
animal products [42, 47] as well as legumes [14] (which
in this case form part of the total protein group).
In analyses carried out using the original HEI-2015

cutoff points for sodium, saturated fats and added sugar,
we observed high scores, close to the maximum (Add-
itional file 2: Fig. S1). These results are not consistent
with those of other studies, as 64% of the adult Mexican
population has been found to exceed the recommenda-
tion that < 10% of total energy should be derived from
added sugars. Furthermore, 50% of this population ex-
ceeds the same recommendation with respect to satu-
rated fats [51]. We assume that high scores were
recorded for these three components because the scor-
ing range for the original HEI-2015 used in our study
was somewhat broad and permissive. This is reflected in
the fact that for individuals to obtain a score of 0 on the
Index, their intakes of added sugars and saturated fat
need to exceed 26 and 16%, respectively, of their total
energy consumption. These proportions are higher than
those recommended by the WHO [31], which is the
standard commonly used in Mexico.
The results of the analyses of these three components

adhere more closely to those described in other studies.
This is attributable to the fact that we changed the cutoff
points for the minimum scores of zero (≥10% for added
sugar, ≥10% for saturated fat and ≥ 2.0 g per day for so-
dium) and the cutoff point for the maximum score for
sodium (≤1.1 g per day) (Additional file 1: Table S1).
Our study had several limitations. The first concerned

the fact that the food frequency questionnaire used by
the ENSANUTs did not fully capture the consumption
of sodium. Accordingly, our analysis considered only so-
dium intrinsic to the foods studied and the average
amount of salt added during the food preparation
process included in the questionnaire, but omitted salt
added to food already prepared and ready to eat.
Another limitation was related to the fact that the

2006 and 2012 ENSANUTs differed from the 2016
ENSANUTMC as to the time period during which the
surveys were conducted; results may have been affected
by the seasonal consumption of beverages and thus by
the questionable comparability of survey data. Nonethe-
less, we feel that the scores for HEI-2015 components
were unaffected by seasonality. Moreover, it was not our
objective to analyze the contribution of specific micro-
nutrients such as vitamins.
Salient among the strengths of this study were the size

and type of our sample, being representative nationally
as well as by areas and regions. An additional strength
concerns the fact that our work constitutes one of the
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first assessments of diet quality in Mexico that describes
the dietary patterns of Mexican adults using a method-
ology comparable over time. This study therefore pro-
vides evidence regarding trends in the diet quality of the
population and contributes to the establishment of new
study hypotheses as well as to the creation of targeted
public policies for nutrition.

Conclusions
In this study, we identified the trends in the con-
sumption patterns of Mexican adults, obtaining useful
insights into the diet quality of various population
subgroups in the country. The resulting patterns show
an overall decline in the diet quality of both age
groups analyzed over the 3 years of our study. Most
notably among the adults in the younger age group,
the progressive penetration of harmful foods into the
daily diet clearly shows the impact that socioeco-
nomic factors have exerted on diet quality in Mexico
over the past years.
In conclusion, the consumption patterns of the Mexi-

can adult population have indicated poor-quality diets
throughout the years. Furthermore, our analysis of adult
consumption from 2006 to 2016 brings to light the per-
sistence of notorious disparities among sociodemo-
graphic strata.
Our results can serve as a set of practical recommen-

dations on specific aspects of diet quality for the adult
population. In those cases where components achieved
scores far from satisfactory, public-health messages
could emphasize the importance of improving diet qual-
ity for the public. The results of our study can also in-
form the design of public policies oriented at reducing
nutritional inequalities.
Diet quality, as related to indicators for chronic non-

communicable diseases, has been suboptimal in recent
years for the Mexican adult population. It is therefore
important to contemplate undertaking further evalua-
tions of diet quality over time to elucidate changes
linked to disease and to monitor the adherence of the
population to dietary guidelines and recommendations.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12937-020-00568-2.

Additional file 1: Table S1. Components and scoring standards of the
Healthy Eating Index-2015.

Additional file 2: Figure S1. Original HEI-2015 scores (medians) vs.
maximum scores, by component and survey year.

Abbreviations
HEI: Healthy Eating Index; SES: Socioeconomic Status; ENSANUT: National
Health and Nutrition Survey; ENSANUTMC: Half-Way National Health and
Nutrition Survey; SFFQ: Semi-quantitative food-frequency questionnaire;
INSP: National Institute of Public Health; BMR: Basal metabolic rate; TEI: Total

energy intake; WHO: World Health Organization; BMI: Body Mass Index;
FPED: Food Patterns Equivalents Database

Acknowledgements
We are grateful for the support received from CONACYT and Bloomberg
Philanthropies.

Authors’ contributions
SPT and SRR designed the study. SPT performed data cleaning and
processing. SRR and MUM directed and supervised data cleaning and
processing. SPT and SRR wrote the manuscript. SRR, MUM and TSL
contributed to the interpretation and discussion of results. MUM and TSL
critically reviewed the document through the final version. The authors read
and approved the final manuscript.

Funding
This project was made possible with funds from a scholarship (number
494927) awarded to SPT by the National Council of Science and Technology
in Mexico (CONACYT by its acronym in Spanish), and the publication fee of
this article was funded by Bloomberg Philanthropies.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The protocols for the National Health and Nutrition Surveys were approved
by the Research, Ethics and Biosecurity Committees of the National Institute
of Public Health. Written informed consent was obtained from all
interviewees prior to their involvement.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Nutrition and Health Research Center, National Institute of Public Health, Av.
Universidad No. 655, Col. Santa María Ahuacatitlán, 62100 Cuernavaca,
Morelos, Mexico. 2Evaluation and Surveys Research Center, National Institute
of Public Health, Av. Universidad 655, Col Sta Ma Ahuacatitlán, 62100
Cuernavaca, Morelos, Mexico.

Received: 28 February 2020 Accepted: 19 May 2020

References
1. Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiology.

Curr Opin Lipidol. 2002;13:3–9.
2. Wirfält E, Drake I, Wallström P. What do review papers conclude about food

and dietary patterns? Food Nutr Res. 2013;57:1.
3. Kant AK. Dietary patterns and health outcomes. J Am Diet Assoc. 2004;

104(4):615–35.
4. Kourlaba G, Panagiotakos DB. Dietary quality indices and human health: a

review. Elsevier. 2009;62:1–8.
5. Waijers PMCM, Feskens EJM, Ocke MC. A critical review of predefined diet

quality scores. Br J Nutr. 2007;97:219–31.
6. de Aguiar OB, Vasconcelos AGG, Barreiro PLD, de Aguiar OB, Vasconcelos

AGG, Barreiro PLD. The identification of food patterns: a comparison
ofprincipal component and principal axis factoring techniques. Rev Bras
Epidemiol. 2019;22:e190048.

7. Ortiz Hernández L, Delgado Sánchez G, Hernández BA. Cambios en factores
relacionados con la transición alimentaria y nutricional en México. Gac Med
Mex. 2006;142(3):181–93.

8. Hiza H, Casavale K, Guenther P, Davis C. Diet quality of Americans differs by
age, sex, race/ethnicity, income, and education level. J Acad Nutr Diet. 2013;
113:297–306.

9. Mayen A, Marques-vidal P, Paccaud F, Bovet P, Stringhini S. Socioeconomic
determinants of dietary patterns in low-and middle-income countries: a
systematic review. Am J Clin Nutr. 2014;100:1520–31.

Pérez-Tepayo et al. Nutrition Journal           (2020) 19:51 Page 9 of 10

https://doi.org/10.1186/s12937-020-00568-2
https://doi.org/10.1186/s12937-020-00568-2


10. Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie ML,
et al. The global obesity pandemic: shaped by global drivers and local
environments. Lancet. 2011;378:804–14.

11. Di Cesare M, Khang Y-H, Asaria P, Blakely T, Cowan MJ, Farzadfar F, et al.
Inequalities in non-communicable diseases and effective responses. Lancet.
2013;381:585–97.

12. Flores M, Macias N, Rivera M, Lozada A, Rivera-dommarco J, Tucker KL.
Dietary patterns in Mexican adults are associated with risk of
beingoverweight or obese. J Nutr. 2010;140:1869–73.

13. Shamah Levy T, Cuevas-Nasu L, Rivera-Dommarco J, Hernández ÁM.
Encuesta Nacional de Salud y Nutrición de Medio camino 2016 (ENSANUT
MC2016). Cuernavaca: Informe final de resultados; 2016.

14. Gaona-Pineda EB, Martínez-Tapia B, Arango-Angarita A, En Sp M, Valenzuela-
Bravo D, Gómez-Acosta LM, et al. Consumo de grupos de alimentos y
factores sociodemográficos en población mexicana. Salud Publica Mex.
2018;60:272–82.

15. Palma O, Shamah T, Franco A, Olaiz G, Méndez I. Metodología. En: Encuesta
Nacional de Salud y Nutrición (ENSANUT-2006). Cuernavaca: Instituto
Nacional de Salud Pública; 2006.

16. Gutierrez J, Rivera-Dommarco JA, Shamah-Levy T, Villalpando-Hernández S,
Franco A, Cuevas-Nasu L, et al. Encuesta Nacional de Salud y Nutrición,
Ensanut 2012. Resultados Nacionales 2a ed. Cuernavaca: Instituto Nacional
de Salud Pública; 2013.

17. Romero-Martínez M, Shamah-Levy T, Cuevas-Nasu L, Gómez-Humarán IM,
Gaona-Pineda EB, Gómez-Acosta LM, et al. Diseño metodológico de
laencuesta nacional de salud y nutrición de medio camino 2016. Salud
Publica Mex. 2017; 59:299-305.

18. Guenther PM, Kirkpatrick SI, Reedy J, Krebs-smith SM, Buckman DW, Dodd
KW, et al. The healthy eating Index-2010 is a valid and reliable measureof
diet quality according to the 2010 dietary guidelines for Americans. J Nutr.
2014;144:399-407.

19. Reedy J, Lerman JL, Krebs-Smith SM, Kirkpatrick SI, Pannucci TE, Wilson MM,
et al. Evaluation of the healthy eating Index-2015. J Acad Nutr Diet. 2018;
118(9):1622–33.

20. Tamayo-Chuc, Darwin Ulises, and Laura Hernández-Chávez. Distribución
geográfica de IES mexicanas con carrera de nutrición y estado
nutricioinfantil ENSANUT 2012,¿ hay correlación?. Revista Salud Pública y
Nutrición 2017;15(4):30-34.

21. Gutiérrez JP. Clasificación por niveles socioeconómicos de los hogares
entrevistados Para la Encuesta Nacional de Salud y Nutrición 2005/06: nota
metodológica; 2008.

22. Gutiérrez JP. Clasificación socioeconómica de los hogares en la ENSANUT
2012. Salud Publica Mex. 2013;55:S341–6.

23. Denova-Gutiérrez E, Ramírez-Silva I, Rodríguez-Ramírez S, Jiménez-Aguilar A,
Shamah-Levy T, Rivera-Dommarco JA, et al. Validity of a food frequency
questionnaire to assess food intake in Mexican adolescent and adult
population. Salud Publica Mex. 2016;58:617.

24. Shamah Levy T, Villalpando Hernández S, Rivera Dommarco J. Manual de
procedimientos Para proyectos de nutrición: Centro de Investigaciónen
Nutrición y Salud Instituto Nacional de Salud Pública. Cuernavaca, Morelos,
Mexico. 2006.

25. Rodríguez-Ramírez S, Mundo-Rosas V, Jiménez-Aguilar A, Shamah-Levy T.
Methodology for the analysis of dietary data from the Mexican National
Health and nutrition survey 2006. Salud Publica Mex. 2009;51:523–9.

26. Ramírez-Silva I, Jiménez-Aguilar A, Valenzuela-Bravo D, Martinez-Tapia B,
Rodríguez-Ramírez S, Gaona-Pineda EB, et al. Methodology for estimating
dietary data from the semi-quantitative food frequency questionnaire of the
Mexican National Health and nutrition survey 2012. Salud Publica Mex.
2016;58:629.

27. Kennedy ET, Ohls J, Carlson S, Fleming K. The healthy eating index:design
and applications. J Am Diet Assoc. 1995;95:1103–8.

28. Krebs-Smith SM, Pannucci TE, Subar AF, Kirkpatrick SI, Lerman JL, Tooze JA,
et al. Update of the healthy eating index: HEI-2015. J Acad Nutr Diet. 2018;
118:1591–602.

29. Burges-R H, Casanueva E, Rosado J. Recomendaciones de ingestión de
nutrimentos Para la población mexicana, bases fisiológicas Tomo2, Ed.
México: Médica Panamericana; 2008.

30. Academia Nacional de Medicina. Guías Alimentarias y de Actividad Física en
contexto de sobrepeso y obesidad en la población mexicana; 2015.

31. WHO/FAO. Expert consultation on Diet, Nutrition and Prevention of Chronic
Diseases. Geneva; 2003.

32. WHO. Guideline: sodium intake for adults and children. World Health
Organization (WHO). Geneva; 2012.

33. Bowman SA, Clemens JC, Friday JE, Lynch KL, Moshfegh AJ. Food patterns
equivalents database 2013–14: methodology and user guide [internet].
Beltsville: Food Surveys Research Group, Beltsville Human Nutrition Research
Center, Agricultural Research Service, U.S. Department of Agriculture; 2017.
Available from: http://www.ars.usda.gov/nea/bhnrc/fsrg.

34. Mozaffarian RS, Lee RM, Kennedy MA, Ludwig DS, Mozaffarian D, Gortmaker
SL. Identifying whole grain foods: a comparison of different approaches for
selecting more healthful whole grain products. Public Health Nutr. 2013;
16(12):2255–64.

35. NCI. National Cancer Institute. The healthy eating index- population ratio
method; 2017. [cited 2018 Oct 12]. Available from: https://epi.grants.cancer.
gov/hei/population-ratio-method.html.

36. StataCorp. Stata statistical software: release 13 (computer software). College
Station: StataCorp LP; 2013.

37. Mu M, Xu L-F, Hu D, Wu J, Bai M-J. Dietary patterns and overweight/obesity:
a review article. Iran J Public Health. 2017;46:869-876.

38. Imamura F, Micha R, Khatibzadeh S, Fahimi S, Shi P, Powles J, et al. Dietary
quality among men and women in 187 countries in 1990 and 2010: a
systematic assessment. Lancet Glob Health 2015;3:e132-42.

39. The correct reference is 39. Souza J de PM, De Lima MM, Horta PM. Diet
Quality among the Brazilian Population and Associated Socioeconomicand
Demographic Factors: Analysis from the National Dietary Survey 2008-2009.
J Acad Nutr Diet. 2019;119(11):1866-1874.

40. Giskes K, Avendaňo M, Brug J, Kunst AE. A systematic review of studies on
socioeconomic inequalities in dietary intakes associated with weight gain
and overweight/obesity conducted among European adults. Obes Rev.
2009;11:413–29.

41. Panizza CE, Shvetsov YB, Harmon BE, Wilkens LR, Le Marchand L, Haiman C,
et al. Testing the predictive validity of the healthy eating Index-2015in the
multiethnic cohort: is the score associated with a reduced risk of all-cause
and cause-specific mortality? Nutrients. 2018;10:452.

42. Aburto TC, Pedraza LS, Sánchez-Pimienta TG, Batis C, Rivera JA. Discretionary
foods have a high contribution and fruit, vegetables, and legumes have a
low contribution to the Total energy intake of the Mexican population. J
Nutr. 2016;146(Suppl):1881S–7S.

43. CEDRSSA. Centro de Estudios Para el Desarrollo rural Sustentable y la
Soberanía Alimentaria: La Seguridad Alimentaria y la población rural;
Mexico. 2014.

44. Valencia-Valero RG, Ortíz-Hernández L. Food availability according to food
security-insecurity among Mexican household. Salud Publica Mex. 2014;56:
154–64.

45. Colchero MA, Guerrero-López CM, Molina M, Unar-Munguía M. Affordability
of food and beverages in Mexico between 1994 and 2016. Nutrients.2019;
11(1):78.

46. Bertran-Vila M. Acercamiento antropológico de la alimentación y salud en
México. Physis Rev Saúde Colect. 2010;20(2):387–411.

47. Ramírez-Silva I, Rivera JA, Ponce X, Hernández-Avila M. Fruit and vegetable
intake in the Mexican population: results from the Mexican National Health
and nutrition survey 2006. Salud Publica Mex. 2009;51(Suppl 4):S574–85.

48. Bruno-Fiscal C, Restrepo-Betancur LF, Mendoza-Guerrero JM. Supply of the
main sources of energy, protein and fat in Mexico, 1961-2010. Rev Española
Nutr Humana y Dietética. 2016;20(4):273.

49. Laursen UB, Johansen MB, Joensen AM, Lau CJ, Overvad K, Larsen ML.
Educational level and living arrangements are associated with dietary intake
of red meat and fruit/vegetables: a Danish cross-sectional study. Scand J
Public Health. 2019;47(5):557–64.

50. Borkotoky K, Unisa S. Female education and its association with changes in
socio-demographic behaviour: evidence from India. J Biosoc Sci. 2015;47(5):
687–706.

51. López-Olmedo N, Carriquiry AL, Rodríguez-Ramírez S, Ramírez-Silva I,
Espinosa-Montero J, Hernández-Barrera L, et al. Usual intake of added sugars
and saturated fats is high while dietary fiber is low in the Mexican
population. J Nutr. 2016;146(9):1856S–65S.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Pérez-Tepayo et al. Nutrition Journal           (2020) 19:51 Page 10 of 10

http://www.ars.usda.gov/nea/bhnrc/fsrg
https://epi.grants.cancer.gov/hei/population-ratio-method.html
https://epi.grants.cancer.gov/hei/population-ratio-method.html

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population and sample size
	Study variables
	Sociodemographic variables
	Dietary information
	Dietary patterns

	Statistical analysis

	Results
	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

