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Abstract: The identification and characterization of dietary patterns are tools that are used to assess
associations between diet and health or disease conditions. In Mexico, studies have examined
dietary patterns in children for breakfast or for the whole day, but not specifically for their school
lunch. The aim was to describe dietary patterns identified in school lunch and their association
with the nutritional status and metabolic parameters of schoolchildren. In this cross-sectional
study on schoolchildren from four elementary schools of Mexico City, we recorded anthropometry
measurements, a fasting blood sample was collected, and metabolic parameters were determined.
We obtained information on the foods and beverages that children brought for their school lunch;
estimated the caloric and nutritional content; and created food groups to obtain dietary patterns from
the energy provided by those groups. Among the 350 schoolchildren (mean age, 7.9 ± 1.2 years)
included, 24.9% and 21.7% presented having overweight and obesity, respectively. A total of 89.4%
of schoolchildren brought the school lunch from home. Using the K-means method, the following
four dietary patterns were identified: (1) sandwiches, tortas, and sweetened dairy products were
consumed by 13.1% (n = 46) of the schoolchildren; (2) sweet snacks were consumed by 50.3% (n = 176);
(3) sweetened dairy products were brought by 15.1% of the children (n = 53); and (4) sandwiches and
tortas were brought by 21.4% (n = 75). These four patterns showed significant differences in terms
of the caloric and nutritional contents (p < 0.001). Energy sources in the identified patterns were
primarily sugars (15.8–40%). No association was found between the anthropometric and metabolic
parameters of children and the dietary patterns. No dietary pattern obtained from the school lunch
could be considered as healthy, since all of them had high energy content, and a high percentage of
the energy was from sugars from ultra-processed foods and beverages.

Keywords: children; school lunch; dietary patterns; nutritional status

1. Introduction

Overweight and obesity are public health problems that affect children and adults
worldwide. These conditions are risk factors for the development of metabolic disorders
and chronic noncommunicable diseases from an early age [1]. In Mexico, data from the
National Surveys on Health and Nutrition (ENSANUT) from 2012, 2018, and 2020 show
that the combined prevalence of overweight and obesity in children aged 5–10 years has
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remained high: 33.2%, 35.5%, and 38.2%, respectively [2]. This high prevalence is related
to family lifestyles characterized by an increase in the consumption of ultra-processed
foods, with high amounts of added sugars, low physical activity levels, and an increase of
sedentary behaviors [2,3].

The diet of the Mexican population, both in children and in adults, is characterized by
low consumption of vegetables, fruits, and wholegrain cereals, and by high consumption
of foods high in energy density from added sugars and saturated fats. This is based on the
consumption of ultra-processed foods, which are mainly refined flours, sweetened dairy,
and non-dairy beverages, among others. The 2018 ENSANUT survey showed that 76.1%
of schoolchildren consume snacks and appetizers (salty, fried foods, candy, and desserts);
85.7% of them consume sweetened non-dairy beverages; 44.3% consume fruit; and 43.2%
consume legumes on a regular basis [2]. The consumption of foods with high energy
content, saturated fats, and abundant refined carbohydrates was positively associated with
the risk of overweight or obesity both in children and in adults [4,5].

Food selection, purchase, preparation, and consumption are influenced by availability
of foods and ease of access and cost, as well as by the level of food education in the
population. Eating patterns are developed early in life; preferences for certain foods and
flavors are established early and will remain for the rest of an individual’s life [6]. Parents
have great influence on the dietary habits and behavior of children, and they primarily
decide the quantity and quality of the foods given to children [7].

In Mexico, the school lunch is comprised of a combination of foods, ready-made
meals, and beverages that are consumed while children are at school, regardless of where
these products were bought from. These foods should provide the necessary nutrients and
energy for this meal, which is eaten during the mid-day break at school [8–10]. This meal is
generally known as mid-morning snack; however, we have decided to call it school lunch
because the results of some studies about schoolchildren living in Mexico City suggest
that due to the quantity of energy and macronutrient intake from the food that children
eat at school this meal time is a school lunch not a snack meal. Thus, the main mealtimes
in Mexico are breakfast, mid-morning snack (almuerzo), lunch, and dinner. In Mexico,
schoolchildren typically consume their breakfast between 6:30 and 7:30 a.m., school lunch
from 10:30 to 11:00 a.m., lunch at home from 2:00 to 3:00 p.m., and dinner at 8:00 p.m.
Owing to the long lapse between breakfast and lunch, the school lunch supplies more
energy and nutrients than a mid-morning snack [11].

The study of dietary patterns is of interest because foods are consumed in combination,
not as individual foods and nutrients [12]. Understanding the nutritional composition
of the different meals and the impact that different dietary patterns have on the quality
of the diet could help elucidate important relationships between diet and development
of diseases [13]. Evaluating dietary patterns instead of the consumption of individual
foods provides a wider, more comprehensive view of food consumption in the population.
Dietary patterns are defined as nutritional variables that are grouped according to some
health and nutrient content criteria, where variables are reduced in number by using
statistical techniques [14]. Over the past few decades, Mexico has experienced changes
in dietary patterns, going from traditional diets to diets containing more energy-dense
food (i.e., foods high in added sugars, refined flours, and saturated fats) [4,5,15]. This has
led to unhealthy dietary patterns in children and adults [16–18]. A dietary pattern rich in
vegetables, fruits, and whole grains could prevent diseases associated with obesity [19].

Dietary patterns of Mexican children have been identified by analyzing one-day diets
or breakfast foods [5,19–21]; however, dietary patterns based on foods prepared at home by
parents and eaten at school lunches have not been studied. Moreover, dietary patterns vary
among populations due to the differences in food availability, residence area, geographical
region, cultural practices, and socioeconomic status, among others. Currently, this issue
has become extremely relevant for the implementation of future strategies focused on
preventing and reducing the prevalence of overweight and obesity [22,23], or promoting a
healthy diet. The objective of this study was to identify patterns of food consumption from
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the school lunch that children bring from home and its relationship with nutritional status
and biochemical indicators.

2. Materials and Methods

The present study was cross-sectional, based on information obtained from the basal
measurement of a study on an educational intervention for diet and physical activity that
targeted parents and school-age children [24]. Students from Grades 1–4 (ages 6–11 years)
of both sexes of elementary school were included in the study. They were students from
four schools in Mexico City, two private and two public schools, located in the same
geographical area, selected by convenience. From the four schools, 817 children were
invited to participate; the participation rate was 49.8% (407/817). The low participation
rate could be because the original study was a community trial focused on the prevention
of overweight and obesity, many parents may not have had the time to participate, or they
do not consider overweight and obesity to be health problems yet.

Students were included in the study regardless of their nutritional status (i.e., we
included children with normal weight, overweight, or obesity, according to the body mass
index (BMI) z-score). Children with any disease or those who were taking any medica-
tion that affected the metabolic profile were excluded. Children’s profiles that showed
incomplete data (anthropometry measures, school lunch information) were eliminated
from the analysis.

The study was approved by the Research, Ethics and Biosafety Committees of the
Hospital Infantil de México Federico Gómez (HIM/2013/003), and it was authorized by
the Ministry of Public Education and the principals of the participating elementary schools.
Before starting the study, the objectives were explained to teachers, parents, and children,
and written informed consent and assent were obtained from children and their parents,
respectively.

2.1. Measures
2.1.1. Sociodemographic Characteristics

Parents answered a questionnaire, with questions about the educational level of
the mother (secondary education or lower, pre-university, professional school, bachelor’s
degree, or postgraduate degree), the characteristics of the house, and the goods and services
available at home, such as television, refrigerator, washing machine, oven, boiler, land
line, computers, Internet access, and automobile; with this information, categories of
socioeconomic level were obtained.

2.1.2. Information on the School Lunch

Before registering the food, each child was told why they would be asked about the
food they had in their lunchboxes. The food record was conducted in a place determined
by the principals of each school or in the school playground during the school break, the
moment when the children consume their food. The survey of the school lunch information
was done only once. Qualified nutritionists registered the foods and beverages in the
children’s lunchboxes through direct observation; they described foods, ingredients (raw
or cooked, type of cooking, and name of the liquid foods), and the estimated amount of
each product (g or mL, pieces, portions, tablespoons, teaspoons, cups, and slices, etc.).
For processed products, the g and mL described in the packaging were registered. Foods
purchased by the caregiver or child before arriving at school, outside of school, or purchased
at school during the school break were not included in the analysis. Therefore, if a child
did not bring any food or drink from home, they were classified as not bringing school
lunch from home and were excluded from this analysis.

A manual of Mexican nutrition projects was used to obtain equivalences of household
food measurements and to convert them to g or mL of food and beverages [25]. The amount
of each food (in g or mL) included in the school lunch of each child was captured in the
software Food Processor SQL (10.11.0 version, 2011, ESHA Research, Salem, Oregon), which
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contains food composition databases, including information about traditional Mexican
foods. For foods not available in the software, the corresponding information was obtained
from nutrition tables of Mexican foods [26] or from the nutritional contents stated in the
packaging of processed foods and beverages. Subsequently, these data were recorded in
the software as well.

We created a database with foods and beverages that made up the school lunch for
each child. In this database, information on three standardized recipes generated from the
registered foods and beverages was included: (1) sandwiches or tortas (white bread or bolillo,
ham or sausage, cheese, and mayonnaise); (2) Mexican dishes (based on corn with fat); and
(3) fresh water with sugar (water with fruit and sugar). The net weight in g of fruits and
vegetables was calculated by deducting the weight of the non-edible portion (corresponding
to shells and seeds, etc.,) from the total weight of the product [27,28]. Subsequently, the
nutritional content of the food was obtained using the Food Processor software.

Foods and standardized recipes were classified into 24 groups of foods that were
mutually exclusive; they were also assigned a group code (Table S1). The composition of
macronutrients, the fiber and sugar contents, and other culinary aspects were considered
in creating each group. The food groups were as follows: vegetables, fruits, cereals, tubers,
ready-to-eat boxed cereal (low in fiber and high in sugar), sweet cookies and cereals,
sandwiches/tortas, Mexican dishes, cold meat, fast food, fish, eggs, lean meat, legumes,
cheese low in fat, cheese high in fat, milk/plain yogurt, sweetened dairy products, oils/fats,
seeds, sugary beverages (fresh water with sugar, processed sugary water, carbonated soft
drinks, processed juice, and sports drinks), fried products/snacks, and sauces/condiments.

The percentage of the total energy, proteins, carbohydrates, fats, saturated fats, and
simple carbohydrates provided by the school lunch and each of the food groups was
obtained. Implausible values were considered when the value was greater or less than 3 SD
from the mean of calories consumed at school lunch; therefore, they were excluded from
the analysis (n = 2) (Figure 1).

2.1.3. Anthropometric Measurements

Height was measured with a stadiometer (SECA model-225, SECA Corp., Hamburg,
Germany), with an accuracy of 0.1 cm. Weight was measured with a digital scale (SECA
model-882, SECA Corp., Hamburg, Germany), with an accuracy of 0.1 kg, and the waist
circumference was measured with a flexible, non-elastic measuring tape (SECA model-200).
The measurements were made by two previously standardized nutritionists following
international procedures [29]. Children were measured without shoes while wearing light
clothes. They were instructed to stand in the center of the platform from the scale or
stadiometer, with arms dangling by the sides of the torso and gazing in the Frankfort plane.

The BMI z-score was calculated with the weight, height, age, and sex of the child. Using
World Health Organization data from 2007 as a reference, children were classified as having
low weight (z-score < −2), normal weight (z-score of −2 to <1), overweight (z-score of ≥1 to
<2), and obesity (z-score of ≥2) [30]. Waist circumference was used as proxy to evaluate the
central visceral adiposity [31]; the waist circumference percentile was calculated by taking
into account the age, sex, and height of the child and using the waist circumference tables
for Mexican children [32]. Children were classified into three groups according to their
waist circumference percentile (pc) as follows: normal (pc < 75th), at high risk (pc 75th to
89th), and at very high risk (pc ≥ 90th).

2.1.4. Biochemical Determinations

A sample of venous blood (6 mL) was collected from the children after 12 h of fas-
tening, after taking the blood sample, the children were offered breakfast. Samples were
centrifuged at 2000 rpm for 10 min at 4 ◦C, then serum was obtained. Serum aliquots were
then sent to the Central Laboratory of the Hospital Infantil de México for determination of
the following metabolic parameters: glucose, triglycerides, total cholesterol (C-total), and
cholesterol of high-density lipoproteins (HDL-C) (ILAB 300, Instrumentation Laboratory,
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Barcelona, Spain). LDL-C levels were calculated using Friedewald equation [33]. Insulin
was determined via a chemiluminescence assay (IMMULITE 2000, Euro, DPC, Llanberis,
UK). HOMA-IR was obtained from the following equation: [fasting glucose (mg/dL) ×
fasting insulin (µU/mL)/405] [34].
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2.2. Statistical Analysis

The information on the characteristics of the dwelling and the goods and services
available in the home was analyzed through principal components analysis; the score
obtained was divided in tertiles to classify the socioeconomic status of study sample into
low, medium, and high.

Measures of central tendency were used to describe basal characteristics of the study
population. Means and standard deviations were obtained for continuous variables with
normal distribution, while medians and interquartile range (IQR) were calculated for
continuous variables without normal distribution, and percentages for categorical variables.
Children’s height and weight were adjusted by age and sex.

The percentage of energy that each of the 24 groups of foods provided to the total
energy was calculated by using the following formula: ∑ (energy of each food from the
same group × 100/total energy of the school lunch). The percentage of energy of each
group of foods was used in the cluster analysis, in which a K-means method was used to
obtain maximum homogeneity and the greatest difference among groups. Three to five
solutions were tested to maximize the Euclidean distance among groups; a solution of
four dietary patterns was chosen, arranged by their size and easiness to be interpreted
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in relation to diet. We also calculated the energy and grams of macronutrients that each
dietary pattern provided per 100 g.

In addition, Kruskal–Wallis and Pearson’s chi-squared tests were used to compare
the contents of energy, macronutrients, and the percentage of children bringing plain
water between the dietary patterns identified. If the results of the Kruskal–Wallis test
were statistically significant, then Dunn’s test with a Bonferroni correction post hoc was
used to determine exactly which dietary patterns were identified as statistical differences.
To compare the socioeconomic and anthropometric characteristics and the biochemical
parameters of the children according to the identified dietary pattern, Pearson’s chi-squared
test was used for categorical variables and ANOVA and Kruskal–Wallis test for continuous
variables based on data distribution.

Values of p < 0.05 were considered statistically significant for all analyses. The analysis
was carried out with Stata v17.0 (StataCorp, College Station, TX, USA).

3. Results

A total of 350 schoolchildren with a mean age of 7.9 ± 1.2 years were included in the
analysis, 45.4% of whom were females. Table 1 shows the socioeconomic, anthropometric,
and metabolic characteristics of the schoolchildren; 24.9% had overweight and 21.7%
had obesity.

Table 1. Characteristics of the study population.

Characteristics n = 350

Age (years) (mean ± SD) 7.9 ± 1.2
Sex (female), n (%) 159 (45.4)
Weight (kg) † (mean ± SD) 29.1 ± 5.0
Height (cm) † (mean ± SD) 126.1 ± 7.3
BMI z-score (mean ± SD) 0.90 ± 1.34
BMI classification, n (%)

Normal (−2 < z-score < 1) 187 (53.4)
Overweight (1 ≤ z-score < 2) 87 (24.9)
Obesity (z-score ≥ 2) 76 (21.7)

Waist circumference (percentile) (mean ± SD) 52 ± 21.3
Metabolic parameters (n = 278) a (median-IQR)

Glucose (mg/dL) 87 (81–91)
Cholesterol (mg/dL) 166 (147–183)
Triglycerides (mg/dL) 70 (51–97)
C-HDL (mg/dL) 49 (40–57)
C-LDL (mg/dL) 98 (84–115)
Insulin (µU/mL) 3.2 (2–6)
HOMA-IR * 0.68 (0.44–1.29)

Educational level of the mother (n = 323) b, n (%)
Secondary or lower 52 (16.1)
Pre-university or technical school 129 (39.9)
Bachelor’s Degree or Postgraduate Degree 142 (44.0)

Socioeconomic level (n = 311) c, n (%)
Low 88 (28.3)
Medium 117 (37.6)
High 106 (34.1)

† Adjusted for age and sex by multiple linear regression. BMI: body mass index; RIC: interquartile range. * HOMA:
[fasting glucose (mg/dL) × fasting insulin (µU/mL)/405]. a Missing data for 72 children. b Missing data for
27 children. c Missing data for 39 children.

Figure 2A shows the energy of each group of foods and beverages included in the
school lunch (Table S1). The highest percentages came from food groups such as sandwiches
and tortas (21.6%), sweetened dairy products (11.2%), and sweetened beverages (10.7%).
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(B) Dietary patterns from school lunch consumed by children (n = 350) and energy percentage
provided by the food groups.

Four dietary patterns were obtained from the school lunch (Figure 2B and Table S2):
(1) The pattern of sandwiches, tortas, and sweetened dairy products, consumed by 13.1%
(n = 46) of schoolchildren, was characterized by the high contribution of energy from
sandwiches, tortas, sweetened dairy products, sweet cookies and cereals, and sweetened
beverages. (2) The sweet snacks pattern, consumed by 50.3% (n = 176) of the schoolchildren,
was characterized by a great variety of foods and beverages; high energy intake coming
from sweetened drinks, cookies, sweet cereals, and confectionery (31.8%) was observed.
Further, the highest caloric content came from fruit (10.5%). (3) The pattern of sweetened
dairy products, consumed by 15.1% (n = 53) of schoolchildren, was characterized by
sweetened dairy products, sweetened drinks, fruits, cookies, and sweet cereals, which
provided a high amount of energy to this pattern. (4) The pattern of sandwiches and
tortas, consumed by 21.4% (n = 75) of the schoolchildren, was mainly characterized by
consumption of sandwiches, tortas, and sweetened drinks.

Table 2 describes the energy and macronutrient contribution according to the dietary
patterns. The median of the energy intake from the schoolchildren’s lunch was 448 kcal
(IQR: 324–581); 54.2% of the energy intake came from carbohydrates (24.7% from simple
carbohydrates), 12.1% from proteins, and 34.6% from fats (10.5% from saturated fats). Fiber
content was 2.9 g (IQR: 1.6–4.9). The school lunch of 41.7% of children included plain water.

Caloric and macronutrient intake differed among the identified dietary patterns
(p < 0.001). The dietary pattern of sandwiches, tortas, and sweetened dairy products had
the highest caloric content (657 kcal; IQR: 575–725) and, proportionally, the lowest con-
sumption of plain water (28.3%). The sweet snacks pattern was the one with the lowest
caloric intake (369 kcal; IQR: 255–504) and the lowest percentage of calories came from
proteins and saturated fats. The pattern of sweetened dairy products showed the highest
percentage of energy from carbohydrates (59.1%, from which 39.8% came from simple
carbohydrates); however, the lowest percentage of energy came from fats (27.6%). Finally,
the pattern of sandwiches and tortas showed the lowest energy intake from carbohydrates
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(45.9%, from which 15.8% came from simple carbohydrates), but the highest energy came
from fats (39.8%, from which 12.3% came from saturated fats). This pattern also showed the
highest percentage of children bringing plain water (46.7%). When calculating the energy
content and the g of macronutrients per 100 g for each of the dietary patterns, the one
with sandwiches, tortas, and sweetened dairy products showed the highest energy density,
whereas the sweet snacks pattern showed the lowest energy content. Notably, both the
pattern of sandwiches, tortas, and sweetened dairy products and the pattern of sweetened
dairy products were the ones that showed the highest simple carbohydrates content; both
patterns are characterized by including ultra-processed drinks.

Table 2. Energy and macronutrient contribution by dietary patterns.

Energy and
Macronutrients

All
n = 350

Sandwiches, Tortas, and
Sweetened Dairy Products

n = 46 (13.1%)

Sweet Snacks
n = 176 (50.3%)

Sweetened Dairy
Products

n = 53 (15.1%)

Sandwiches and
Tortas

n = 75 (21.4%)
p Value

Median (IQR)

Energy (kcal) 448 (324–581) 657 (575–725) 1,2,3 369 (255–504) 5 471 (287–572) 468 (401–542) <0.001
Carbohydrates (g) 58.9 (37.8–79.6) 85.8 (79–102) 1,2,3 48.4 (27.7–69.2) 4 62.8 (49.2–83.8) 54.8 (42.8–65.8) <0.001
Carbohydrates (%) 54.2 (44.4–64.3) 54.7 (50.2–60.1) 3 54.6 (40.4–68.4) 4,5 59.1 (49.3–73.1) 6 45.9 (41.1–53.6) <0.001

Proteins (g) 14.4 (8.3–19.5) 21.0 (19.1–23.5) 1,2,3 10.6 (5.7–16.4) 5 13.4 (8.2–20.4) 15.1 (12.9–18.1) <0.001
Proteins (%) 12.1 (9.5–14.8) 13.2 (11.5–14.8) 1 10.7 (7.7–14.8) 11.1 (9.8–14.2) 6 13.5 (11.7–14.9) <0.001

Fats (g) 16.7 (11.2–25.7) 24.4 (19.5–28.8) 1,2,3 15.1 (6.7–23.9) 5 14.7 (5.8–26.1) 6 19.9 (14.0–26.2) <0.001
Fats (%) 34.6 (26.5–43.6) 33.1 (28.4–39.3) 3 35.0 (21.2–45.8) 4,5 27.6 (17.5–35.9) 6 39.8 (33.4–45.5) <0.001

Simple carbohydrates (g) 27.8 (11.5–45) 46.9 (30.8–54.6) 1,3 21.4 (9.9–39.1) 4 45.7 (31.1–56.3) 6 18.8 (6.2–28.9) <0.001
Simple carbohydrates (%) 24.7 (13.2–38.8) 27.7 (20.0–33.8) 2,3 26.2 (12.6–42.8) 4,5 39.8 (27.7–55.3) 6 15.8 (5.9–23.5) <0.001

Saturated fats (g) 5.8 (2.9–8.3) 7.7 (6.0–9.1) 1,2 3.8 (1.7–7.1) 5 5.6 (2.0–9.2) 6.4 (4.3–8.5) <0.001
Saturated fats (%) 10.5 (6.6–14.8) 10.8 (8.9–12.7) 9.4 (4.0–15.4) 5 10.5 (6.1–13.4) 6 12.3 (9.8–15.4) <0.001

Fiber (g) 2.9 (1.6–4.9) 4.4 (3.2–5.3) 1,3 2.5 (1.3–4.9) 4 4.3 (3.2–6.0) 6 2.1 (1.6–3.3) 0.003
Bringing plain water, n (%) 146 (41.7) 13 (28.3) 77 (43.8) 21 (39.6) 35 (46.7) 0.206

Content in 100 g

Energy (kcal) 80 (50–110) 111 (92–134) 1,2,3 70 (43–106) 80 (43–102) 80 (65–100) <0.001
Carbohydrates (g) 10.6 (6.3–14.5) 15.5 (12.5–18.2) 1,2,3 9.4 (5.1–13.2) 10.6 (6.9–14.6) 10.3 (6.4–13.5) <0.001

Proteins (g) 2.4 (1.4–3.5) 3.6 (2.5–4.6) 1,2,3 1.8 (1.0–3.1) 5 2.2 (1.3–3.2) 2.6 (2.1–3.5) <0.001
Fats (g) 3.1 (1.8–4.8) 4.3 (3.1–5.3) 1,2,3 2.6 (1.3–4.8) 5 2.4 (1.0–4.2) 6 3.5 (2.4–4.5) <0.001

Simple carbohydrates (g) 4.9 (2.4–7.7) 7.6 (5.2–9.2) 1,3 4.2 (2.0–7.0) 4 7.2 (4.6–9.8) 6 3.8 (1.0–5.5) <0.001
Saturated fats (g) 1.0 (0.4–1.5) 1.2 (1.0–1.7) 1,2 0.7 (0.3–1.5) 5 0.7 (0.4–1.5) 6 1.1 (0.8–1.5) <0.001

Fiber (g) 0.5 (0.3–0.8) 0.7 (0.5–1.0) 1,3 0.5 (0.2–0.9) 4 0.7 (0.4–0.9) 6 0.4 (0.5–0.6) <0.001

Kruskal–Wallis test, Pearson’s chi-squared test. Dunn’s test of multiple comparisons, 1 Sandwiches, tortas, and
sweetened dairy products vs. sweet snacks: p < 0.05; 2 sandwiches, tortas, and sweetened dairy products vs.
sweetened dairy products: p < 0.05; 3 sandwiches, tortas, and sweetened dairy products vs. sandwiches and tortas:
p < 0.05; 4 Sweet snacks vs. sweetened dairy products: p < 0.05; 5 sweet snacks vs. sandwiches and tortas: p < 0.05;
6 sweetened dairy products vs. sandwiches and tortas: p < 0.05.

Tables 3 and 4 describe anthropometric and biochemical parameters according to
dietary patterns. No significant differences were observed among dietary patterns.

Table 3. Socioeconomic, anthropometric, and clinical characteristics according to dietary patterns.

Sandwiches, Tortas, and
Sweetened Dairy Products

n = 46 (13.1%)

Sweet Snacks
n = 176 (50.3%)

Sweetened Dairy
Products

n = 53 (15.1%)

Sandwiches and
Tortas

n = 75 (21.4%)
p Value *

Age (years), (mean ± SD) 7.7 ± 1.1 7.9 ± 1.2 8.0 ± 1.2 7.8 ± 1.2 0.594
Sex (female), n (%) 20 (43.5) 87 (49.4) 22 (41.5) 30 (40.0) 0.488
BMI z-score (mean ± SD) 0.87 ± 1.3 0.90 ± 1.4 0.91 ± 1.5 0.92 ± 1.2 0.997
BMI z-score classification, n (%)

Normal (−2 < z-score < 1) 25 (54.4) 91 (51.7) 26 (49.1) 45 (60.0)
Overweight (1 ≤ z-score < 2) 13 (28.2) 43 (24.4) 14 (26.4) 17 (22.7)
Obesity (z-score ≥ 2) 8 (17.4) 42 (23.9) 13 (24.5) 13 (17.3) 0.815

WC (percentile) (mean ± SD) 50.1 ± 19.8 53.8 ± 21.5 52.1 ± 20.6 49.4 ± 21.6 0.429
WC percentile classification, n (%)

Normal (percentile < 75th) 41 (89.1) 139 (79.9) 46 (86.8) 64 (85.3)
High risk (percentile 75th to 89th) 3 (6.5) 23 (13.2) 4 (7.5) 8 (10.7)
Very high risk (percentile ≥ 90th) 2 (4.4) 12 (6.9) 3 (5.7) 3 (4.0) 0.715

Educational level of the mother, n (%)
Secondary or lower 6 (14.0) 28 (17.5) 5 (10.0) 13 (18.6)
Pre-university or technical 18 (41.9) 59 (36.9) 27 (54.0) 25 (35.7)
Bachelor’s degree or postgraduate degree 19 (44.2) 73 (45.6) 51 (36.0) 32 (45.7) 0.444
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Table 3. Cont.

Sandwiches, Tortas, and
Sweetened Dairy Products

n = 46 (13.1%)

Sweet Snacks
n = 176 (50.3%)

Sweetened Dairy
Products

n = 53 (15.1%)

Sandwiches and
Tortas

n = 75 (21.4%)
p Value *

Socioeconomic level, n (%)
Low 16 (30.8) 11 (26.8) 36 (33.3) 25 (23.2)
Medium 21 (40.3) 22 (53.7) 33 (30.6) 40 (37.0)
High 15 (28.9) 8 (19.5) 39 (36.1) 43 (39.8) 0.281

* Kruskal–Wallis test, Pearson’s chi-square test or ANOVA. WC: waist circumference

Table 4. Metabolic parameters according to dietary patterns.

Biochemical Parameters
Sandwiches, Tortas, and

Sweetened Dairy Products
n = 33

Sweet Snacks
n = 149

Sweetened Dairy
Products

n = 37

Sandwiches
and Tortas

n = 59

p
Value *

Median (IQR)

Glucose (mg/dL) 87 (81–93) 86 (81–90) 86 (79–92) 87 (81–90) 0.700
Cholesterol (mg/dL) 168 (155–180) 164 (148–184) 168 (142–185) 164 (147–178) 0.918

Triglycerides (mg/dL) 73 (55–101) 72 (55–99) 66 (53–98) 67 (49–88) 0.515
C-HDL (mg/dL) 52 (43–54) 50 (40–58) 45 (41–52) 49 (39–57) 0.342
C-LDL (mg/dL) 103 (88–110) 95 (81–115) 105 (84–119) 98 (84–120) 0.570
Insulin (µU/mL) 3.8 (2.2–6.7) 3.3 (2.0–6.9) 2.6 (1.9–5.2) 2.8 (1.9–5.3) 0.075

HOMA-IR 0.83 (0.47–1.54) 0.69 (0.45–1.52) 0.55 (0.42–1.17) 0.55 (0.43–1.05) 0.150

* Kruskal–Wallis test. IQR: interquartile range.

4. Discussion

Mexico has some of the highest prevalence of overweight and obesity in children
and adults in the world [2,35]; therefore, describing the dietary patterns of schoolchildren
by studying the school lunch that they bring from home acquires great relevance for
the implementation of future intervention strategies. Our results show that none of the
dietary patterns observed from the school lunch was healthy. All of them include a great
consumption of foods and beverages high in added sugars. These were mainly ultra-
processed products, the consumption of which entails a risk of developing overweight or
obesity [19]. The patterns identified provided between 15.8% and 40% of the energy from
simple carbohydrates, which exceeds the recommendation about the daily energy intake
from sugars (10%) [36].

Dietary environment influences the consumption decisions of the population, mainly
through the availability and access to different types of foods and beverages where people
live, study, work, and perform their daily activities. Children are a vulnerable population
group because they are at an age in which they acquire enjoyment and preference for tastes,
and they are more likely to believe and repeat what they observe and hear around them.
Foods chosen for family consumption should be a healthy option for children, which is why
it is important for families to have some nutritional guidance in making good choices and in
planning their diet [6]. This is an important area of attention since the characteristics of the
school lunch found in this study point to unhealthy dietary habits within the household.

Our results agree with those shown in the Survey on Health and Nutrition in Mex-
ico from 2018 [37], which reported a high consumption of non-recommended foods in
schoolchildren, such as sweetened non-dairy drinks (89%), Mexican dishes, confectionery
and desserts (70.7%), sweet cereals (47.3%), sweetened dairy drinks (32.1%), and processed
meat (6%). These dietary choices represent a combination of industrialized foods and
preparations, characterized by a high energy density and a high amount of lipids, saturated
fats, and added sugars.

Similar to our study, this high consumption of sugars in the dietary patterns of Mexican
schoolchildren has consistently been reported by other authors. Zamora Gasga, et al. [21]
identified three types of diet in this age group: “Mexican and modified,” “Mexican and
traditional,” and “Mexican and alternative”; within these patterns, added sugars, confec-
tionery, desserts, and sugary drinks were included. Afeiche MC, et al. [20] identified six
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dietary patterns from the information on breakfast: milk and sweet rolls, tortillas and beans,
sweetened beverages, sandwiches and quesadillas, eggs, and cereals with milk. These
products showed both traditional and Westernized dietary patterns. In all of them, the
consumption of sweetened beverages was identified with sugar and corn syrup (high in
fructose). In a study of U.S. children, the foods that schoolchildren brought to school were
characterized according to the level of processing. They found that 70% of the caloric
content of food brought from home to school was highly processed. Foods categorized
as snack foods and desserts contributed the greatest percentage of energy to the highly
processed category [38]. On the other hand, in a study of Canadian children, on average,
foods reported at lunch provided 25.8% of daily calories on school days (between 451 and
584 kcal, depending on eating location). Furthermore, lunch on school days contributed
to proportionally lower intakes of many healthful foods such as dark green and orange
vegetables, whole fruit, whole grains, and fluid milk [39].

In Mexico, the consumption of very high levels of added sugar has been reported
in the past; this is more than three times the amount recommended by the World Health
Organization. Beverages are the greatest source of sugar in the diet of most of the children,
teenagers, and young adults [40,41]. The high consumption of sweetened beverages must
receive critical attention, so that the population does not get used to an excessively sweet
taste from an early age. In this study, we observed that only 41.7% of children brought plain
water in their lunchboxes; in contrast, all patterns showed a consumption of sweetened
drinks as follows: fruit-infused water with added sugar, processed sweet water, carbonated
soft drinks, processed juice, sports drinks, and sweetened dairy products. Sweetened
dairy products such as milk and yogurt have advertising oriented toward children. These
drinks provide a large amount of energy due to the high amount of added sugar, so it is
recommended that children include milk in their school lunch, but without added sugar
or flavorings. Families are encouraged to have dairy products such as plain yogurt or
milk sent with the school lunch, with the option of adding fresh fruit for flavor. This is
an opportunity to present interventions that promote the consumption of plain water and
dairy beverages with no added sugar.

In Mexico, the dietary patterns characterized by a high intake of legumes and snacks
(popcorn, pumpkin seeds, and peanuts) and a low intake of sugary drinks have been
associated with lower weight and BMI [21]. The dietary patterns that include sweet cereals
and corn-based dishes and those Western patterns characterized by the consumption of
sweetened beverages, fried foods, pastries, and sweet cereals have been associated with
higher overweight and obesity levels when compared to a rural pattern characterized by the
consumption of tortillas and legumes [19]. Although we did not find associations between
dietary patterns identified at school lunch and anthropometric parameters, it is not possible
to rule out that the characteristics of these unhealthy patterns spread to other mealtimes at
home, since the school lunches analyzed come from the homes of schoolchildren.

Different studies point out the negative effects of ultra-processed foods, which are high
in sugars and fats, in children’s health: increase of total cholesterol, low-density lipopro-
teins (C-LDL) [42] triglycerides, blood pressure, glucose, insulin [43,44], and waist circum-
ference [45]. Furthermore, these were associated with a higher risk of cardiometabolic
disease [46–48]. Although in our study we did not identify an association between the
metabolic profile and dietary patterns from the school lunch, it is important to highlight
that, when highly processed foods with high energy intake are consumed on a regular
basis, there will invariably be a high risk of developing cardiometabolic disorders in the
future. It is essential for parents to have more information about the nutritional quality of
foods, allowing them to choose, buy, and prepare healthy food.

We observed little inclusion of foods such as fruits and vegetables, fish, legumes,
lean meat, eggs, sugar-free dairy products, and seeds. This study shows the need for
nutritional guidance for parents, schoolchildren, and the entire educational community,
emphasizing the recommendation of consuming foods that provide proteins, unsaturated
fats, and fiber. A healthy school lunch must include a dish based on wholegrain cereals,
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a portion of a source of proteins, a piece of fruit and/or vegetable, and plain water [8].
Fruits and vegetables must be a part of the school lunch on a daily basis; this meal is an
opportunity for children to consume this group of foods and to meet their vitamin, mineral,
and fiber needs.

In this study, two of the identified dietary patterns included sandwiches and tortas,
which are preparations made with white bread or rolls, ham or sausages, fresh cheese, and
mayonnaise. These foods provide between 46.3% and 72% of the total energy, and up to
12% of the energy comes from cold meat mainly ham—products high in saturated fats,
sodium, nitrates, or nitrites, substances that entail health risks [49].

The recommended percentage of energy that each meal should provide are 25% for
breakfast, 30% for lunch, 15% for dinner, and two light meals (including the school lunch
of 15% each. According to this recommendation, the school lunch should provide approxi-
mately 237 kcal (225–249 kcal) as this meal time has been considered as a collation [8–10].
However, this study showed that the energy intake of the school lunch was higher in all
the dietary patterns (an average of 448 kcal, IQR: 324–581), as the pattern of sandwiches,
tortas, and sweetened dairy products was the one with the highest caloric content [657 kcal,
(IQR: 575–725)]. These results are consistent with the information reported by other studies
conducted in Mexico [11,50]. In the study by Martínez et al., the children gave information
about the foods that they consumed five days a week during school hours (inside the school
and on the way to and from school and home); the median calorie intake per day was
515 kcal (IQR:366–693) [50]. The high energy consumed in the school lunch could mean
that the school lunch tends to provide high energy intake compared to what is expected
from light, intermediate meals or snacks in complex places such as Mexico City, where
commute to school or work is longer and the period of time between breakfast and lunch
at home is longer as well. In addition, preliminary observations point out that a significant
amount of children do not have breakfast and those who have it do not eat foods in the
proper amount or quality [20]. Taking these observations into account, alternatives must be
considered for distributing the caloric intake among the various meals. The convenience
of decreasing the energy content at breakfast and dinner when the school lunch provides
20–25% of the caloric intake must also be considered. Finally, it is necessary to know if
children have or do not have the afternoon snack.

The dietary patterns from the school lunch identified in this study, show the intake of
a high percentage of calories from sweetened foods as sweetened milk, sugar beverages,
cereals, and cookies. The quality of those dietary patterns could be improved by omitting
sweetened foods and reducing portion sizes of foods consumed. Because overweight
and obesity represent health problems in Mexican schoolchildren, actions to prevent and
control these problems are required; they should go beyond the individual level and
involve the household environment, for example, implement community interventions
that help children and parents to select and prepare food for school lunch in advance. It
is necessary that the nutritional recommendations and guidelines given by health and
education authorities be guided by knowledge of the population’s eating habits, so that
the recommendations are culturally acceptable to enable a change in the quality of school
lunch. Improved school food policies and appropriate, nutritionally adequate guidance for
planning school lunch menus are needed. In addition, legislation on the quality of foods
provided by the food industry is required.

The limitation of this study is that the evaluation was of only one meal, which may or
may not be representative of the consumption through the rest of the day, future studies
are needed to evaluate the diet of one or more days of schoolchildren to know the energy
distribution of each meal time. This information could be useful to give more culturally
acceptable nutritional recommendations on the distribution of total energy from the dif-
ferent meals in this population. In addition, in this study foods bought from inside or
outside the school were not taken into account; these foods could increase the energy
consumption. Likewise, the children’s level of physical activity was not included; this
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information could explain the lack of association between anthropometric and biochemical
data and the identified dietary patterns.

5. Conclusions

No dietary pattern obtained from the school lunch that was brought from home was
identified as healthy; all of them had a high energy content, with a higher percentage of
energy from sugars, which came mostly from ultra-processed foods and drinks.

Identifying, describing, and understanding dietary patterns that schoolchildren con-
sume from the school lunch that comes from home acquires great relevance for implement-
ing future strategies where nutritional guidance will be designed for parents and children
so that they can make adequate choices and preparation of foods.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijerph191811650/s1. Table S1: Groups of foods. Table S2: Children’s
dietary patterns from the school lunch.

Author Contributions: B.J.F.-M., B.B.-L. and A.M.-L. performed the statistical analysis and reviewed
the manuscript. M.K.-K. helped design and coordinate the study and reviewed the manuscript. S.F.-H.
participated in the conception and design of the research question and provided critical feedback
on the manuscript. A.L.M.-L. participated in the critical analysis of the results, writing, critical
feedback, and review of the manuscript. G.M.-A. and E.M. participated in performing the statistical
analysis and revised the manuscript. X.D. participated in the study design and statistical analysis
and reviewed the manuscript. J.V.-G. participated in the design and coordination of the study, as well
as in the supervision of the fieldwork and the performance of the statistical analysis. All authors
were involved in drafting the manuscript. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was supported and financed by the Hospital Infantil de México Federico Gómez:
Fondos Federales HIM/2013/003.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. The study was approved by the Research, Ethics and Biosafety Committees of the Hospital
Infantil de México Federico Gómez (HIM/2013/003).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not available publicly.

Acknowledgments: We thank the children, parents, principals, and elementary school’s personnel
for their participation in the study. We also thank Carole Bernard by her support in the language
edition and style correction.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Obesity and Overweight. 2021. Available online: https://www.who.int/news-room/fact-sheets/

detail/obesity-and-overweight (accessed on 24 April 2021).
2. Shamah-Levy, T.; Romero-Martínez, M.; Barrientos-Gutiérrez, T.; Cuevas-Nasu, L.; Bautista-Arredondo, S.; Colchero, M.A.;

Gaona-Pineda, E.B.; Lazcano-Ponce, E.; Martínez-Barnetche, J.; Alpuche-Arana, C.; et al. Encuesta Nacional de Salud y Nutrición
2020 Sobre COVID-19. In Resultados Nacionales; Instituto Nacional de Salud Pública: Cuernavaca, México, 2021.

3. Juul, F.; Vaidean, G.; Parekh, N. Ultra-processed Foods and Cardiovascular Diseases: Potential Mechanisms of Action. Adv. Nutr.
2021, 12, 1673–1680. [CrossRef] [PubMed]

4. Flores, M.; Macias, N.; Rivera, M.; Lozada, A.; Barquera, S.; Rivera-Dommarco, J.; Tucker, K.L. Dietary Patterns in Mexican Adults
Are Associated with Risk of Being Overweight or Obese. J. Nutr. 2010, 140, 1869–1873. [CrossRef] [PubMed]

5. Rodríguez-Ramírez, S.; Mundo-Rosas, V.; García-Guerra, A.; Shamah-Levy, T. Dietary patterns are associated with overweight
and obesity in Mexican school-age children. Arch. Lat. Nutr. 2011, 61, 270–278.

6. Marty, L.; Chambaron, S.; Nicklaus, S.; Monnery-Patris, S. Learned pleasure from eating: An opportunity to promote healthy
eating in children? Appetite 2018, 120, 265–274. [CrossRef]

https://www.mdpi.com/article/10.3390/ijerph191811650/s1
https://www.mdpi.com/article/10.3390/ijerph191811650/s1
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://doi.org/10.1093/advances/nmab049
http://www.ncbi.nlm.nih.gov/pubmed/33942057
http://doi.org/10.3945/jn.110.121533
http://www.ncbi.nlm.nih.gov/pubmed/20739452
http://doi.org/10.1016/j.appet.2017.09.006


Int. J. Environ. Res. Public Health 2022, 19, 11650 13 of 14

7. Rivera Dommarco, J.A.; Fuentes, M.L.; González de Cosío Martínez, T.; Aguilar Salinas, C.A.; Hernández Licona, G.; Barquera,
S. La Obesidad en México. Estado de la Política Pública y Recomendaciones Para su Prevención y Control; Instituto Nacional de Salud
Pública: Cuernavaca, Mexico, 2018.

8. Diario Oficial de la Federación, Estados Unidos Mexicanos. Acuerdo Mediante el Cual se Establecen los Lineamientos Generales
Para el Expendio y Distribución de Alimentos y Bebidas Preparados y Procesados en las Escuelas del Sistema Educativo Nacional.
Secretaría de Educación Pública. Secretaría de Salud. 2014. Available online: http://www.dof.gob.mx/nota_detalle.php?codigo=
5344984&fecha=16/05/2014 (accessed on 3 May 2016).

9. Institute of Medicine (U.S.); Panel on Macronutrients IoM, Institute of Medicine (U.S.). Standing Committee on the Scientific
Evaluation of Dietary Reference, Intakes. In Dietary Reference Intakes for Energy C, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and
Amino Acids (Macronutrients); National Academy Press: Washington, DC, USA, 2005.

10. Instituto Nacional de Salud Pública. Documento Técnico de Recomendaciones para Guías de Alimentación en Escuelas Primarias
Públicas: Caracterización del Ambiente Escolar en Escuelas Primarias de Estados de la República Mexicana y Recomendaciones
para un “Refrigerio Escolar Saludable”. 2010. Available online: https://www.insp.mx/images/stories/Centros/cinys/Docs/
DOC_TECNICO_GUIAS_INSP_SSA_2010.pdf (accessed on 28 January 2018).

11. Vilchis-Gil, J.; Klünder-Klünder, M.; Duque, X.; Martínez-Andrade, G.; Martínez-Almaráz, A.; Beristain-Lujano, B.; Flores-Huerta,
S. Impact of a Nutrition-Related Community Intervention on the Quantity and Quality of Children’s School almuerzo. Life 2021,
11, 253. [CrossRef] [PubMed]

12. Sarah, A.M. Dietary Patterns and Diet Quality: Approaches to Assessing Complex Exposures in Nutrition. Australas. Epidemiol.
Assoc. 2010, 17, 35–37.

13. Rivera, J.A.; Barquera, S.; González-Cossío, T.; Olaiz, G.; Sepúlveda, J. Nutrition Transition in Mexico and in Other Latin American
Countries. Nutr. Rev. 2004, 62, S149–S157. [CrossRef]

14. Newby, P.K.; Tucker, K.L. Empirically derived eating patterns using factor or cluster analysis: A review. Nutr. Rev. 2004, 62,
177–203. [CrossRef]

15. López-Olmedo, N.; Carriquiry, A.L.; Rodríguez-Ramírez, S.; Ramírez-Silva, I.; Espinosa-Montero, J.; Hernández-Barrera, L.;
Campirano, F.; Martínez-Tapia, B.; Rivera, J.A. Usual Intake of Added Sugars and Saturated Fats Is High while Dietary Fiber Is
Low in the Mexican Population. J. Nutr. 2016, 146, 1856s–1865s. [CrossRef]

16. Lilia Lozada, A.; Flores, M.; Rodríguez, S.; Barquera, S. Patrones dietarios en adolescentes mexicanas. Una comparación de dos
métodos. Encuesta Nacional de Nutrición, 1999. Salud Publ. Mex. 2007, 49, 263–273. Available online: https://saludpublica.mx/
index.php/spm/article/view/6764 (accessed on 25 October 2021). [CrossRef]

17. Duffey, K.; Rivera, J.A.; Popkin, B.M. Snacking Is Prevalent in Mexico. J. Nutr. 2014, 144, 1843–1849. [CrossRef] [PubMed]
18. Denova-Gutiérrez, E.; Tucker, K.L.; Salmerón, J.; Flores, M.; Barquera, S. Relative validity of a food frequency questionnaire to

identify dietary patterns in an adult Mexican population. Salud Publ. Mex. 2016, 58, 608–616. [CrossRef] [PubMed]
19. García-Chávez, C.G.; Rivera, J.A.; Monterrubio-Flores, E.; Rodríguez-Ramírez, S. Dietary patterns are associated with obesity in

Mexican schoolchildren. Eur. J. Clin. Nutr. 2020, 74, 1201–1209. [CrossRef] [PubMed]
20. Afeiche, M.C.; Taillie, L.S.; Hopkins, S.; Eldridge, A.L.; Popkin, B.M. Breakfast Dietary Patterns among Mexican Children Are

Related to Total-Day Diet Quality. J. Nutr. 2017, 143, 404–412. [CrossRef]
21. Zamora Gasga, V.M.; Montalvo González, E.; Loarca Piña, G.F.; Chacón López, A.M.; Tovar, J.; Sáyago Ayerdi, S.G. Dietary

patterns, nutritional profile, and body mass index in Mexican schoolchildren: A cross sectional study. Arch. Latinoam. Nutr. 2017,
67, 6–14.

22. Johnson, L.; van Jaarsveld, C.H.; Wardle, J. Individual and family environment correlates differ for consumption of core and
non-core foods in children. Br. J. Nutr. 2011, 105, 950–959. [CrossRef]

23. Patrick, H.; Nicklas, T.A. A review of family and social determinants of children's eating patterns and diet quality. J. Am. Coll.
Nutr. 2005, 24, 83–92. [CrossRef]

24. Vilchis-Gil, J.; Klünder-Klünder, M.; Duque, X.; Flores-Huerta, S. Decreased Body Mass Index in Schoolchildren After Yearlong
Information Sessions with Parents Reinforced With Web and Mobile Phone Resources: Community Trial. J. Med. Internet Res.
2016, 18, e174. [CrossRef]

25. Shamah-Levy, T.; Villalpando-Hernandez, S.; Rivera-Dommarco, J. Manual de Procedimientos para Proyectos de Nutrición; Instituto
Nacional de Salud Pública: Cuernavaca, México, 2006.

26. Pérez, L.A.B.; Palacios, G.B.; Castro, B.A.L.; Flores, G.I. Sistema Mexicano de Alimentos Equivalentes, 4th ed.; Fomento de Nutrición
y Salud: Cuernavaca, México, 2008.

27. Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán. Tablas de Composición de Alimentos y Productos
Alimenticios. Dirección de Nutrición Departamento de Ciencia y Tecnología de los Alimentos Ciudad de México. 2016. Available
online: https://www.incmnsz.mx/2019/TABLAS_ALIMENTOS.pdf (accessed on 13 May 2021).

28. Instituto de Nutrición de Centro América y Panamá (INCAP). Tabla de Composición de Alimentos de Centroamérica; Menchú, M.T.,
Méndez, H., Eds.; INCAP/OPS: Guatemala City, Guatemala, 2007. Available online: http://www.incap.int/mesocaribefoods/
dmdocuments/tablacalimentos.pdf. (accessed on 20 June 2021).

29. World Health Organization. Physical Status: The Use and Interpretation of Anthropometry; World Health Organization: Geneva,
Switzerland, 1995.

http://www.dof.gob.mx/nota_detalle.php?codigo=5344984&fecha=16/05/2014
http://www.dof.gob.mx/nota_detalle.php?codigo=5344984&fecha=16/05/2014
https://www.insp.mx/images/stories/Centros/cinys/Docs/DOC_TECNICO_GUIAS_INSP_SSA_2010.pdf
https://www.insp.mx/images/stories/Centros/cinys/Docs/DOC_TECNICO_GUIAS_INSP_SSA_2010.pdf
http://doi.org/10.3390/life11030253
http://www.ncbi.nlm.nih.gov/pubmed/33808597
http://doi.org/10.1111/j.1753-4887.2004.tb00086.x
http://doi.org/10.1111/j.1753-4887.2004.tb00040.x
http://doi.org/10.3945/jn.115.218214
https://saludpublica.mx/index.php/spm/article/view/6764
https://saludpublica.mx/index.php/spm/article/view/6764
http://doi.org/10.1590/S0036-36342007000400006
http://doi.org/10.3945/jn.114.198192
http://www.ncbi.nlm.nih.gov/pubmed/25332484
http://doi.org/10.21149/spm.v58i6.7842
http://www.ncbi.nlm.nih.gov/pubmed/28225937
http://doi.org/10.1038/s41430-020-0598-3
http://www.ncbi.nlm.nih.gov/pubmed/32152510
http://doi.org/10.3945/jn.116.239780
http://doi.org/10.1017/S0007114510004484
http://doi.org/10.1080/07315724.2005.10719448
http://doi.org/10.2196/jmir.5584
https://www.incmnsz.mx/2019/TABLAS_ALIMENTOS.pdf
http://www.incap.int/mesocaribefoods/dmdocuments/tablacalimentos.pdf.
http://www.incap.int/mesocaribefoods/dmdocuments/tablacalimentos.pdf.


Int. J. Environ. Res. Public Health 2022, 19, 11650 14 of 14

30. World Health Organization. Growth Reference Data for School-Aged Children and Adolescents of 5–19 Years. Available online:
http://www.who.int/growthref/en/ (accessed on 13 January 2020).

31. Boeke, C.E.; Oken, E.; Kleinman, K.P.; Rifas-Shiman, S.L.; Taveras, E.M.; Gillman, M.W. Correlations among adiposity measures
in school-aged children. BMC Pediatr. 2013, 13, 99. [CrossRef]

32. Klünder-Klünder, M.; Flores-Huerta, S. Waist circumference values according to height percentiles: A proposal to evaluate
abdominal obesity in Mexican children and adolescents between 6 and 16 years of age. Arch. Med. Res. 2011, 42, 515–522.
[CrossRef]

33. DeLong, D.M.; DeLong, E.R.; Wood, P.D.; Lippel, K.; Rifkind, B.M. A comparison of methods for the estimation of plasma
low- and very low-density lipoprotein cholesterol. The Lipid Research Clinics Prevalence Study. JAMA 1986, 256, 2372–2377.
[CrossRef] [PubMed]

34. García Cuartero, B.; García Lacalle, C.; Jiménez Lobo, C.; González Vergaz, A.; Calvo Rey, C.; Alcázar Villar, M.J.; Díaz Martínez,
E. The HOMA and QUICKI indexes, and insulin and C-peptide levels in healthy children. Cut off points to identify metabolic
syndrome in healthy children. An. Pediatr. 2007, 66, 481–490. [CrossRef] [PubMed]

35. Rivera, J.; de Cossío, T.G.; Pedraza, L.S.; Aburto, T.C.; Sánchez, T.G.; Martorell, R. Childhood and adolescent overweight and
obesity in Latin America: A systematic review. Lancet Diabet. Endocrinol. 2014, 2, 321–332. [CrossRef]

36. Bonvecchio, A.; González, W.; Fernández-Gaxiola, A.C. Alimentación en las Diferentes Etapas de la Vida. In Guías Alimentarias y
de Actividad Física en Contexto de Sobrepeso y Obesidad en la Población Mexicana, 1st ed.; Academia Nacional de Medicina: Mexico
City, Mexico, 2015; ISBN 978-607-443-515-3.

37. Shamah-Levy, T.; Vielma-Orozco, E.; Heredia-Hernández, O.; Romero-Martínez, M.; Mojica-Cuevas, J.; Cuevas-Nasu, L.; Santaella-
Castell, J.A.; Rivera-Dommarco, J. Encuesta Nacional de Salud y Nutrición 2018-19: Resultados Nacionales; Instituto Nacional de Salud
Pública: Cuernavaca, México, 2020.

38. Blondin, S.A.; AlSukait, R.; Bleiweiss-Sande, R.; Economos, C.D.; Tanskey, L.A.; Goldberg, J.P. Processed and Packed: How
Refined Are the Foods That Children Bring to School for Snack and Lunch? J. Acad. Nutr. Diet. 2021, 121, 883–894. [CrossRef]
[PubMed]

39. Tugault-Lafleur, C.N.; Black, J.L. Lunch on School Days in Canada: Examining Contributions to Nutrient and Food Group Intake
and Differences across Eating Locations. J. Acad. Nutr. Diet. 2020, 120, 1484–1497. [CrossRef]

40. Barquera, S.; Hernandez-Barrera, L.; Tolentino, M.L.; Espinosa, J.; Ng, S.W.; Rivera, J.A.; Popkin, B.M. Energy Intake from
Beverages Is Increasing among Mexican Adolescents and Adults. J. Nutr. 2008, 138, 2454–2461. [CrossRef]

41. Popkin, B.M.; Reardon, T. Obesity and the food system transformation in Latin America. Obes. Rev. 2018, 19, 1028–1064.
[CrossRef]

42. Rauber, F.; Campagnolo, P.D.; Hoffman, D.J.; Vitolo, M.R. Consumption of ultra-processed food products and its effects on
children's lipid profiles: A longitudinal study. Nutr. Metab. Cardiovasc. Dis. 2015, 25, 116–122. [CrossRef]

43. Leffa, P.S.; Hoffman, D.J.; Rauber, F.; Sangalli, C.N.; Valmórbida, J.L.; Vitolo, M.R. Longitudinal associations between ultra-
processed foods and blood lipids in childhood. Br. J. Nutr. 2020, 124, 341–348. [CrossRef]

44. Perichart-Perera, O.; Balas-Nakash, M.; Rodríguez-Cano, A.; Muñoz-Manrique, C.; Monge-Urrea, A.; Vadillo-Ortega, F. Correlates
of dietary energy sources with cardiovascular disease risk markers in Mexican school-age children. J. Am. Diet. Assoc. 2010, 110,
253–260. [CrossRef]

45. Costa, C.S.; Rauber, F.; Leffa, P.S.; Sangalli, C.N.; Campagnolo, P.D.B.; Vitolo, M.R. Ultra-processed food consumption and its
effects on anthropometric and glucose profile: A longitudinal study during childhood. Nutr. Metab. Cardiovasc. Dis. 2019, 29,
177–184. [CrossRef] [PubMed]

46. Tornquist, L.; Tornquist, D.; Reuter, C.P.; Burgos, L.T.; Burgos, M.S. Excess weight and high blood pressure in schoolchildren:
Prevalence and associated factors. J. Hum. Growth Dev. 2015, 25, 216. [CrossRef]

47. Bozza, R.; Campos, W.; Barbosa Filho, V.C.; Stabelini Neto, A.; Silva, M.P.; Maziero, R.S. High Blood Pressure in Adolescents of
Curitiba: Prevalence and Associated Factors. Arq. Bras. Cardiol. 2016, 106, 411–418. [CrossRef] [PubMed]

48. Ramírez-López, G.; Flores-Aldana, M.; Salmerón, J. Associations between dietary patterns and metabolic syndrome in adolescents.
Salud Publ. Mex. 2019, 61, 619–628. [CrossRef] [PubMed]

49. Battaglia Richi, E.; Baumer, B.; Conrad, B.; Darioli, R.; Schmid, A.; Keller, U. Health Risks Associated with Meat Consumption: A
Review of Epidemiological Studies. Int. J. Vitam. Nutr. Res. 2015, 85, 70–78. [CrossRef]

50. Martínez-Andrade, G.; González-Unzaga, M.; Romero-Quechol, G.; Mendoza, E.; Vilchis-Gil, J.; Duque, X. Nutritional Char-
acteristics, Sites of Origin, and Cost of Foods Consumed during School Hours and Their Relationship to Nutritional Status of
Schoolchildren in Mexico City. Life 2021, 11, 439. [CrossRef]

http://www.who.int/growthref/en/
http://doi.org/10.1186/1471-2431-13-99
http://doi.org/10.1016/j.arcmed.2011.09.004
http://doi.org/10.1001/jama.1986.03380170088024
http://www.ncbi.nlm.nih.gov/pubmed/3464768
http://doi.org/10.1157/13102513
http://www.ncbi.nlm.nih.gov/pubmed/17517203
http://doi.org/10.1016/S2213-8587(13)70173-6
http://doi.org/10.1016/j.jand.2020.07.017
http://www.ncbi.nlm.nih.gov/pubmed/33023852
http://doi.org/10.1016/j.jand.2020.01.011
http://doi.org/10.3945/jn.108.092163
http://doi.org/10.1111/obr.12694
http://doi.org/10.1016/j.numecd.2014.08.001
http://doi.org/10.1017/S0007114520001233
http://doi.org/10.1016/j.jada.2009.10.031
http://doi.org/10.1016/j.numecd.2018.11.003
http://www.ncbi.nlm.nih.gov/pubmed/30660687
http://doi.org/10.7322/jhgd.103018
http://doi.org/10.5935/abc.20160044
http://www.ncbi.nlm.nih.gov/pubmed/27058256
http://doi.org/10.21149/9541
http://www.ncbi.nlm.nih.gov/pubmed/31661739
http://doi.org/10.1024/0300-9831/a000224
http://doi.org/10.3390/life11050439

	Introduction 
	Materials and Methods 
	Measures 
	Sociodemographic Characteristics 
	Information on the School Lunch 
	Anthropometric Measurements 
	Biochemical Determinations 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

