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Abstract
Introduction: the prevention of cardiometabolic diseases is currently a priority due to its relationship with COVID-19 complications. Unhealthy 
lifestyles, like inadequate diet and physical inactivity, are the cornerstone for obesity and cardiometabolic risk. 

Objective: to examine the association between diet and physical activity with body fat in Mexican adolescents.

Methods: the study was cross-sectional. Data included socio-demographic variables, health history and smoking habit obtained through ques-
tionnaires; blood pressure and anthropometry measurements; food and nutrient intake through 24-hour recalls; and physical activities through the 
International Physical Activity Questionnaire (IPAQ). Univariate analyses were used and multiple models were built by stepwise forward selection 
(p ≤ 0.05 and biological plausibility).

Results: participants were n = 230 students, 18.5 ± 0.4 years and 54.8 % men. Three models associated with body fat were obtained. In 
the first model, saturated fatty acids (β = 0.30, p = 0.028) were significant positive associated, while vigorous physical activity was significant 
negative associated as a protective factor (β = -0.007, p = 0.023). In the second model, total fat (β = 0.17, p = 0.005) was significant positive 
associated, and vigorous physical activity was significant negative associated (β = -0.007, p = 0.023). The third model included fruits and 
vegetables (β = -5.49, p = 0.092) and vigorous physical activity (β = -0.006, p = 0.058) as protective factors.

Conclusions: dietary intake of total fat and saturated fatty acids, and vigorous physical activity, were significantly associated with body fat, while 
fruits and vegetables trended toward significance, in Mexican adolescents. Community-based programs that promote intake of protective foods 
and reduction of risky foods, and encourage vigorous physical activity, are needed in adolescents.
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INTRODUCTION

The prevention of cardiometabolic diseases is a priority due to 
their relationship with serious COVID-19 complications. Among 
diverse risk factors for cardiometabolic diseases, behavior is the 
most closely associated and unhealthy lifestyles, characterized 
by inadequate diet and physical inactivity, are the cornerstone 
(1). High rates of childhood obesity are of particular concern 
worldwide, and Mexico is not the exception since from population 
aged 12 to 19 years, 38.5 % have either overweight or obesity 
(2). Obesity is a risk factor for hypertension, insulin resistance, 
and type 2 diabetes, among other conditions that are increasingly 
present in childhood and can persist into adulthood (1).

In children and adolescents, the most commonly measurements 
to diagnose obesity are body mass index (BMI) and BMI percentile, 
weight-for-height ratio calculated by z-scores, and body fat (3). 
Recently, body fat has gained a particular importance in clinical 
settings. Fat mass quantification in youth is a priority due to its 
different effects on insulin sensitivity and energy availability, which 
predicts cardiometabolic risk more accurately (4). However, its use is 
limited by the lack of reference data for specific child populations (5).

The debate about which food groups are beneficial or 
detrimental to cardiometabolic health has recently been renewed 
(6). In adults, several studies indicate that certain dietary and 
physical activity (PA) components play an important role in body 
fat regulation (7). However, in adolescents this association is 
not entirely clear (6). Studies have identified sugar-sweetened 
beverages (SSB) as a group strongly associated with adiposity 
and cardiometabolic risk in adolescents (8,9). Some authors 
have mentioned the “fast-food group”, characterized by a high 
content of saturated fatty acids (SFA), as the most important food 
group related to changes in body composition (8). Despite these 
findings, other studies found no association between intake of 
SSB and fast food with body composition (10). Trumbo and Rivers 
(10) carried out a systematic review analyzing the association 
between SSB and obesity, and concluded that the relationship 
was inconsistent. Moreover, an association of the group of whole 
foods has been found (7), so as fruits and vegetables (F&V) (11-
13), with body composition.

Resumen
Introducción: la prevención de enfermedades cardiometabólicas es actualmente una prioridad por su relación con las complicaciones de la 
COVID-19. Los estilos de vida poco saludables son la piedra angular de la obesidad y el riesgo cardiometabólico.

Objetivo: examinar la asociación entre dieta y actividad física con la grasa corporal en adolescentes mexicanos.

Métodos: el estudio fue transversal. Los datos incluyeron variables sociodemográficas; mediciones de presión arterial y antropometría; ingesta de 
alimentos y nutrimentos con recordatorios de 24 horas; y actividades físicas con el cuestionario internacional de actividad física (IPAQ). Se utilizo 
análisis univariado y los modelos múltiples se construyeron mediante selección paso a paso hacia adelante (p ≤ 0.05 y plausibilidad biológica).

Resultados: participaron n = 230 estudiantes, 18,5 ± 0,4 años y 54,8 % hombres. Se obtuvieron tres modelos asociados a la grasa corporal. 
En el primero, los ácidos grasos saturados (β = 0,30, p = 0,028) se asociaron significativamente de forma positiva, y la actividad física vigorosa 
significativamente de forma negativa como factor protector (β = -0,007, p = 0,023). En el segundo, la grasa total (β = 0,17, p = 0,005) se 
asoció positivamente y la actividad física vigorosa, negativamente (β = -0,007, p = 0,023). El tercer modelo incluyó frutas y verduras (β = -5,49, 
p = 0,092) y actividad física vigorosa (β = -0,006, p = 0,058) como factores protectores.

Conclusiones: la ingesta dietética de grasas totales y saturadas y la actividad física vigorosa se asociaron significativamente con la grasa 
corporal, mientras que las frutas y verduras tendieron a ser significativas. Se necesitan programas comunitarios que promuevan la ingesta de 
alimentos protectores y la reducción de alimentos de riesgo, y fomenten la actividad física vigorosa en adolescentes. 

Palabras clave: 

Grasa corporal. Grupos 
de alimentos protectores. 
Grupos de alimentos de 
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Mexico has a very extensive gastronomy, which means that the 
country has very diverse dietary patterns. Ponce et al. (14) reported 
differentiated intakes of total fats and SFA by regions. Furthermore, 
these authors evaluated the quality of diet and found different 
amounts of consumption of F&V by different age groups. In 
addition, the Mexican diet has been modified in recent years by the 
introduction of foreign food patterns due to globalization (15). Due 
to these disparities, it may be inappropriate to generate general 
scientific conclusions in different age groups about the traditional 
Mexican diet and its relationship with body composition. Therefore, 
it is necessary to evaluate the actual diet in Mexican adolescents 
and its association with body fat as the main determinant for 
obesity, to make recommendations accordingly.

Due to the inconsistency of studies, it is not clear which food 
group is most strongly associated, either positively or negatively, 
with body composition in adolescents. Few studies have 
investigated the role of specific eating and PA behaviors, and 
their association with body fat (7,16,17). Furthermore, as far as 
we know, the research is almost null in Mexican adolescents. 
Therefore, this study aimed to examine whether there is an 
association between lifestyle factors such as diet and PA 
components with body fat in Mexican adolescents.

METHODS

STUDY DESIGN

The study design was cross-sectional, carried out from August 
to December 2018 at the Technological Institute of Sonora (ITSON), 
Cd. Obregon, Sonora, Mexico. Data collection was carried out at 
the Laboratory of Preventive Nutrition and Healthy Eating. The study 
protocol and materials were approved by the ITSON Research 
Ethics Committee. Data from participants were confidential.

RECRUITMENT AND STUDY POPULATION

The inclusion criteria were freshman under 20 years of age. 
Exclusion criteria included having a pre-diagnosed cardiometabolic 
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disease, taking medication, being pregnant or breastfeeding, or 
having a mental illness that affected their ability to participate. 
At the beginning of the semester, face-to-face talks were held 
by trained staff, in which the objective, protocol, and procedures 
of the study were explained. Those interested were given a 
written summary of the study and asked to inform their parents. 
Written informed consent from the parents and written assent of 
adolescents who agreed to participate were obtained.

Participants were scheduled through phone calls or text 
messages. As an incentive, participants were offered academic 
credits for participation as part of an agreement with the 
university staff in the Healthy Lifestyle University Program to 
which each student must enroll. The study protocol included 
demographics and health history, anthropometric and blood 
pressure measurements, food consumption and PA registries.

DEMOGRAPHIC DATA COLLECTION

Demographic data, personal and family health history, 
smoking habit, and socioeconomic level were collected through 
questionnaires applied in person.

ANTHROPOMETRIC AND BLOOD PRESSURE 
MEASUREMENTS

Participants attended after an overnight fast (> 10 hours) in 
light clothing. Weight and body fat were measured without shoes 
or metal accessories with a TANITA model BC-533 scale with 
electrical bioimpedance. Reference values for body fat were for 
men ≤ 20 % and for women ≤ 25 % (18). Height was measured 
without shoes or hair or head accessories, with a SECA stadiometer. 
BMI (weight in kg divided by height in m2) was used to calculate 
BMI percentiles according to CDC growth charts for age and sex. 
Waist circumference was measured at the umbilicus position using 
a Lufkin tape measure. For height and waist circumference, the 
average of three measurements was used.

Blood pressure was measured in the right arm with an Omron 
baumanometer (Omron Healthcare, Inc., Bannockburn, IL) with 
the participant in a sitting position after resting quietly for five 
minutes. Measurements were taken at one-minute intervals and 
a three-measurement average was used.

ASSESSMENT OF DIETARY INTAKE

Dietary data were obtained through the 24-hour recall (24 h 
R) with two repetitions, applied in person. To calculate nutrients, 
the dietary data were captured on a web page using the Mexican 
System of Equivalent Foods (19), and those not found were 
verified in the United States Department of Agriculture (USDA) 
food database (20).

The 24 h R were captured in a Microsoft Excel spreadsheet 
(Microsoft Co., Redmond, WA, USA). Equations with serving 

sizes were used to calculate daily or weekly intake of 
individual foods, and then summed for each food group. 
The ideal intakes for food and nutrient groups were defined 
according to the American Heart Association Healthy Diet 
Pattern (21), which is characterized by five primary metrics: 
F&V ≥ 4.5 cups/d, fish and shellfish ≥ 200 g/wk, sodium  
< 1,500 mg/d, SSB ≤ 36 oz/wk, and whole grains ≥ 3 oz/wk;  
and three secondary metrics: nuts/seeds/legumes ≥ 4 serving 
/wk, processed meat ≤ 100 g/wk, and SFA < 7 % total kcal/d 
(22). Outliers defined by ± 3 standard deviation (SD) were 
removed.

EVALUATION OF PHYSICAL ACTIVITY

PA was assessed using the IPAQ, previously validated in 
Spanish (23). This questionnaire has questions referring to 
the intensity (type), duration (minutes/wk) and frequency of 
activity (days/wk) that participants performed during the last 
week. Activities were described as vigorous, moderate, light, 
and sedentary. Answers were used to calculate minutes per 
week that participants dedicated to each activity. Regarding 
the ideal PA, recommendation is ≥ 420 min/wk of moderate 
or vigorous (22).

STATISTICAL ANALYSIS

The normal distribution of data was verified according to 
the asymmetry, kurtosis, and the Kolmogorov-Smirnov tests. 
Means and SD were calculated for continuous variables, and 
percentages for categorical measures. The Chi-squared test was 
used to compare the difference in prevalence of demographic 
variables. The t-test for independent samples was used to 
evaluate the differences by sex in anthropometric, dietary, and 
PA variables.

Potential association was evaluated by univariate linear 
regression (p < 0.02 and biological plausibility) to identify the 
variables associated with body fat. The possible associated 
variables such as socioeconomic status, family history, 
smoking, blood pressure, dietary components, and physical 
activities were included in the univariate analysis. Multiple 
models were built by a combination of the univariate analyses 
and forward stepwise model selection using p ≤ 0.05 and 
biological plausibility. Preliminary models were evaluated for 
possible interactions (p ≤ 0.1) between sex/gender with the 
other variables included in the model, where no interaction 
was obtained (results not shown). Preliminary models were 
also tested for collinearity (variance inflation factor [VIF] < 10) 
and linear regression assumptions (linearity, normality, and 
homoscedasticity) using residual plots. Results were considered 
as significant with a value of p ≤ 0.05. The statistical software 
package Stata version 14.1 was used.
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RESULTS

DEMOGRAPHIC AND ANTHROPOMETRIC 
CHARACTERISTICS

A total of 342 first-year college students were invited to 
participate. From these, 250 students were recruited, and 
finally a total of n = 230 completed the protocol (126 men and 
104 women), with a mean age of 18.5 ± 0.4 y. Table I shows 
demographic data by sex; no significant difference was found 
in age, socioeconomic level, most inherited-family diseases 
and smoking (p > 0.05). Men presented higher prevalence in 
work status (p = 0.002), family history of hypertriglyceridemia 
(p = 0.01) and sports practice (p = 0.001). Table II shows 
anthropometric characteristics, in which men presented higher 
height, waist circumference, systolic and diastolic blood pressure 
(p < 0.001). Conversely, body fat was higher in women as it 
was expected according to the biological differences by sex  
(p < 0.001). There were no significant differences for the rest of 
the variables (p > 0.05). Regarding body fat, the data obtained 
in the study showed that men had 18.1 ± 6.6 % body fat, with 
38.1 % participants with values greater than 20 % body fat; while 
women had 25.6 ± 6.6 % body fat; with 46.2 % participants  
with values greater than 25 % body fat.

DIETARY INTAKE AND PHYSICAL ACTIVITY

Dietary intake and PA by sex are summarized in table III. Men 
had significant higher total energy intake (p < 0.001), sodium  
(p = 0.008), SSB (p = 0.001), whole grains (p = 0.002), nuts/
seeds/legumes (p = 0.012), processed meat (p = 0.005), and SFA  
(p = 0.006), while women had a significant higher intake of fish and 
shellfish (p = 0.027). In addition, men showed more time dedicated 
to moderate (p = 0.030) and vigorous PA (p < 0.001). Table III shows 
the percentage of participants who met the recommendation for 
each food and nutrient group, and for PA.

ASSOCIATIONS OF DIET AND PHYSICAL 
ACTIVITY WITH BODY FAT

Univariate linear regression analyses revealed that being male 
was associated with lower body fat (standardized beta coefficient 
[β] = -7.48, p ≤ 0.001). Dietary total fat intake (β = 0.20,  
p = 0.006) and SFA intake (β = 0.38, p = 0.016), separately, 
were significantly associated with higher body fat, while intakes 
of whole grains (β = -3.33, p = 0.034) and nuts/seeds/legumes 
(β = -2.22, p = 0.049), and vigorous PA (β = -0.01, p < 0.001) 
were significantly associated with lower body fat (Table IV). 

Table I. Demographic variables in Mexican adolescents

Total
n = 230

Male
n = 126

Female
n = 104

p value*

Age in years, mean (SD)† 18.5 (0.4) 18.4 (0.3) 18.4 (0.4) 0.247

Socioeconomic level in US dollars, n (%)
$0-6,800
$6,801-11,559
$11,600-34,999
> $35,000

107 (46.9)
76 (32.8)
46 (20)
1 (0.4)

52 (40.6)
48 (37.5)
28 (21.8)

-

55 (53.9)
28 (27.5)
18 (17.6)

1 (1)

0.130

Work status, n (%)
Yes
No

48 (20.1)
182 (79.8)

36 (28.1)
92 (71.9)

12 (11.7)
90 (88.2)

0.002‡

Family background, n (%)
Cardiovascular diseases
Diabetes mellitus
Hypertension 
Obesity
High cholesterol
High triglycerides

25 (10.9)
27 (11.4)
49 (21.4)
23 (10)

33 (14.4)
95 (41.6)

15 (11.7)
17 (12.5)
29 (22.7)
12 (9.4)

18 (14.1)
53 (41.4)

10 (9.8)
10 (9.8)

20 (19.6)
11 (10.7)
15 (14.7)
42 (41.2)

0.215
0.662
0.315
0.125
0.190
0.001‡

Sports practice, n (%)
Yes 
No

94 (40.9)
136 (59.1)

66 (51.6)
64 (50)

30 (29.4)
72 (70.6)

0.001‡

Smoking, n (%)
Yes
No

21 (9.1)
209 (90.9)

14 (10.9)
114 (89.1)

7 (6.9)
95 (93.1)

0.287

*Chi-squared test. †T-test for independent samples. ‡Significant at p < 0.05.



1131ASSOCIATIONS BETWEEN DIETARY INTAKE AND PHYSICAL ACTIVITY, AS BEHAVIORAL INDICATORS,
WITH BODY FAT IN ADOLESCENTS FROM MEXICO

[Nutr Hosp 2023;40(6):1127-1135]

When evaluating by sex, the consumption of F&V (β = -13.09, 
p = 0.011) was also significantly associated with lower body fat 
for men, while no other variable was added as significant for 
women (Table IV).

Table V shows the multiple models. All models met all the 
assumptions of multiple linear regression. In model 1, variables 
associated with body fat were total dietary fat (β = 0.17,  
p = 0.005) and vigorous PA (β = -0.007, p = 0.023), while in 

model 2 were SFA (β = 0.30, p = 0.028), as well as vigorous 
PA (β = -0.007, p = 0.023). Model 3 included vigorous PA  
(β = -0.006, p = 0.058) and F&V intake (β = -5.49,  
p = 0.092), although both variables with a trend towards 
significance. All models agreed that performing vigorous 
PA was a protective factor against body fat. As a secondary 
analysis, logistic regression showed similar results (data not 
shown).

Table II. Anthropometric characteristics in Mexican adolescents by sex, mean (SD)
Male

n = 126
Female
n = 104

p value

Anthropometric variables

Weight (kg) 74.5 (14.5) 59.8 (15.3) < 0.001*

Height (m) 1.74 (0.06) 1.60 (0.06) < 0.001*

BMI (kg/m2) 24.5 (4.1) 23.3 (5.5) 0.073

BMI percentile 62.5 (30.4) 55.2 (31.1) 0.074

Body fat (%) 
% participants according to reference values 

18.1 (6.6)
Body fat ≥ 20 %: 38.1 %

25.6 (6.6)
Body fat ≥ 25 %: 46.2 %

< 0.001*

Fat mass (kg) 15.2 (7.4) 19.0 (8.0) < 0.001*

Waist circumference (cm) 81.4 (11.1) 72.3 (12.5) < 0.001*

Systolic blood pressure (mmHg) 117.8 (10.6) 107.4 (10.3) < 0.001*

Diastolic blood pressure (mmHg) 74.1 (9.1) 69.2 (9.2) < 0.001*
BMI: body mass index. *Significant at p < 0.05.

Table III. Dietary intake and physical activity in Mexican adolescents by sex, mean (SD)
Male

n = 126
Female
n = 104

p value

Energy and macronutrients

Energy (kcal/d) 1,841.2 (483.3) 1,576.4 (485.7) < 0.001*

Carbohydrates (%) 48.4 (7.6) 48.9 (7.8) 0.650

Fat (%) 34.2 (6.8) 34.6 (7.4) 0.662

Protein (%) 17.2 (3.9) 16.9 (4.2) 0.541

Primary dietary metrics

F&V (cup/d)
% participants according to the AHA ideal intake of F&V  
≥ 4.5 cups/d

0.18 (0.1)

0 %

0.21 (0.2)

0 %
0.087

Fish and shellfish (g/wk) 
% participants according to the AHA ideal intake of fish and 
shellfish ≥ 200 g/wk

16.2 (30.9)

0.8 %

31.6 (51.7)

3.8 %
0.027*

Sodium (mg/d)
% participants according to the AHA ideal intake of sodium 
< 1,500 mg/d 

2,367.4 (1031.4)

20.6 %

2,025.1 (897.7)

33.7 %
0.008*

SSB (oz/wk)
% participants according to the AHA ideal intake of SSB  
≤ 36 oz/wk 

20.7 (11.2)

90.5 %

15.7 (12.5)

93.3 %
0.001*

Whole grains (oz/d)
% participants according to the AHA ideal intake of whole 
grains ≥ 3 oz/d 

0.59 (0.3)

0 %

0.46 (0.3)

0 %
0.002*

(Continues on next page)
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Table III (cont.). Dietary intake and physical activity in Mexican adolescents by sex, mean (SD)
Male

n = 126
Female
n = 104

p value

Secondary dietary metrics

Nuts/legumes/seeds (serving/wk)
% participants according to the AHA ideal intake of nuts/
legumes/seeds ≥ 4 serving/wk 

0.39 (0.5)

0.8 %

0.25 (0.3)

0 %
0.012*

Processed meats (g/wk)
% participants according to the AHA ideal intake of 
processed meats ≤ 100 g/wk 

62.7 (54.3)

83.3 %

40.9 (39.4)

90.4 %
0.005*

SFA (% total kcal)
% participants according to the AHA ideal intake of SFA  
< 7 % total kcal 

14.75 (2.9)

0.8 %

15.07 (3.5)

0.96 %
0.006*

Physical activity

Light (min/wk) 229.3 (240.1) 204.0 (192.2) 0.387

Moderate (min/wk) 139.6 (169.2) 92.5 (153.6) 0.030*

Vigorous (min/wk)
% participants according to the AHA ideal recommendation 
of vigorous ≥ 420 min/wk 

182.3 (150.8)

13.5 %

84.3 (131.0)

5.8 %
< 0.001*

Sedentary (min/wk) 2,931.7 (1,031.7) 3,067.2 (1,117.9) 0.341

F&V: fruits and vegetables; SSBs: sugar-sweetened beverages; SFA: saturated fatty acids; AHA: American Heart Association. * T-test for independent 
samples.*Significant at p < 0.05.

Table IV. Variables associated with body fat in Mexican adolescents through univariate analysis

β 95 % CI p value

Sex (male vs female) -7.48 -9.22, -5.75 < 0.001*

Age (years) -0.50 -1.96, 0.96 0.498

Dietary measures

Energy (kcal/d) -0.003 -0.005, -0.001 0.002*

Carbohydrates (%) -0.11 -0.23, 0.02 0.106

Fat (%) 0.20 0.06, 0.34 0.006*

Protein (%) -0.09 -0.33, 0.15 0.467

Primary dietary metrics

F&V (cup/d) -4.02 -11.13, 3.09 0.267

Fish and shellfish (g/wk) 0.01 -0.004, 0.03 0.120

Sodium (mg/d) -0.0008 -0.002, 0.0002 0.105

SSB (oz/wk) -0.08 -0.16, 0.006 0.070

Whole grain (oz/d) -3.33 -6.41, -0.25 0.034*

Secondary dietary metrics

Nuts/legumes/seeds (serving/wk) -2.22 -4.44, -0.006 0.049*

Processed meats (g/wk) -0.0009 -0.02, 0.02 0.911

SFA (% total kcal) 0.38 0.07, 0.68 0.016*

Physical activity

Light (min/wk) 0.002 -0.002, 0.007 0.291

Moderate (min/wk) -0.004 -0.01, 0.001 0.129

Vigorous (min/wk) -0.01 -0.02, -0.008 < 0.001*

Sedentary (min/wk) 0.0001 -0.0007, 0.001 0.696

F&V: fruits and vegetables; SSBs: sugar-sweetened beverages; SFA: saturated fatty acids. *Significant at p < 0.05.
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DISCUSSION

Adolescence is a stage in which the individual is still growing, 
and body changes become stable at the end of this stage (24). 
According to this, participants in our sample still tend to have 
a low content of fat percent, which could also be maintained 
due to the physical activities they still practice. Different studies 
have evaluated the association of lifestyle factors with body fat. 
However, there are variations in the analyzed components that 
do not allow generalizations to be made. For instance, there 
are multiple methods/markers to measure body fat that make 
comparisons to be difficult, as well as some that reduce the 
accuracy of results (25). BMI as an estimator of body fat is one 
of the most widely used methods, due to the fact that it is easy 
to calculate, no specialized equipment is required to measure 
its components and, therefore, they can be easily measured in 
field (9). Despite these advantages, the use of BMI to assess 
body fat is questionable since some studies indicate the absence 
of a correlation between BMI and body fat (9) since BMI is an 
indicator based on body weight, and does not distinguish lean 
mass from fat mass. Therefore, using BMI to assess body 
composition or body fat distribution may lead to misclassification 
(26). In our study, BMI, waist circumference, and body fat were 
independently analyzed using linear regression; however, only 
body fat was significant associated with the lifestyle variables 
(diet and PA) (data not shown for BMI and waist circumference).

Other methods and metrics used to measure adiposity are 
DEXA, bioelectrical impedance (9), adiposity index (16) and 
equations derived from skinfolds thickness (12). In the present 
study, bioelectrical impedance was used to assess body 
composition, which is a safe, portable, inexpensive, simple, rapid 
and non-invasive equipment to distinguish between fat mass and 
fat-free mass (5). Although this technique provides slightly less 
accurate data than other methods, bioelectrical impedance has 
a great practical advantage in measuring body fat in clinical and 
population-based settings (5). 

Table V. Variables associated with body 
fat in Mexican adolescents using multiple 

linear regression models
β p value

Model 1*

Total fat (%) 0.17 0.005†

Vigorous physical activity (min/wk) -0.007 0.023†

Model 2*

SFA (% total kcal) 0.30 0.028†

Vigorous physical activity (min/wk) -0.007 0.023†

Model 3*

F&V (cup/d) -5.49 0.092

Vigorous physical activity (min/wk) -0.006 0.058

F&V: fruits and vegetables; SFA: saturated fatty acids. *All models were 
adjusted by sex. †Significant at p < 0.05.

Regarding dietary intake, in multiple model 1 from the present 
study, a higher consumption of fat was associated with a higher 
body fat. Similarly, Mistretta et al. (13) found that higher fat 
intake was associated with overweight/obesity in men (OR 1.55; 
95  % CI: 1.10-2.18) and women (OR 1.41; 95  % CI: 1.05-
1.89). Likewise, Labayen et al. (27) explored dietary fat intake in 
adolescents and reported no association with body fat in those 
with fat intake lower than 30 % of energy (%E). In contrast, in 
adolescents with fat intake between 30 and 35 %E, there was a 
positive association with body fat (95 % CI: 0.39, 3.33; p < 0.05); 
and in those with fat intake greater than 35 %, this variable was 
associated with 32 % more body fat compared to the group with 
30-35 %E from fat intake (95 % CI: 1.27, 4.43; p < 0.001) (27).

Results from multiple model 2 indicated that a higher 
consumption of SFA was associated with a higher body fat. Among 
the studies that have evaluated diet and body fat, Ambrosini et al. 
(16), in children and adolescents, found that a greater adherence 
to a pattern of elevated consumption of high-SFA foods such as 
confectionery, cakes and cookies, was significantly associated 
with a higher body fat (95 % CI: 0.01-0.07, p = 0.017) (19). In 
addition, Fernandez et al. (17) studied the prospective associations 
between diet and changes in body composition in European 
children. Children who obtained higher scores for the so-called 
“processed” pattern, which consisted of a greater consumption 
of fast food with a high content of SFA, and less consumption 
of foods high in fiber, presented greater body fat gain over time  
(β = 0.052; 95 % CI: 0.014, p = 0.090), compared to children who 
obtained higher scores for the “healthy” pattern, which consisted 
of elevated consumption of low-fat foods, vitamin-rich foods and 
whole foods, and less consumption of products with high content 
of SFA and sugar (17). Results obtained from the present study 
and those reported in the literature suggest that the SFA nutrient is 
associated with a high body fat.

Studies in different age-populations such as middle-aged 
individuals found that SFA were positively associated with body 
fat, impacting in a variety of metabolic diseases such as type 
2 diabetes, inflammatory diseases, and cancer (28). SFA have 
biological activities that act either positively or negatively on the 
metabolism, depending of the level of intake. They influence 
the biosynthesis of cholesterol, fatty acids and triacylglycerol 
(29); lipoprotein assembly, secretion and clearance (30); and 
inflammatory processes (31). These processes occur through 
effects on the regulation of transcription factors involved in lipid 
metabolism (SREBP, LXR/RXR, HNF4) and inflammation (NF-
κB). Therefore, adequate intakes of SFA play a very important 
role in metabolism, but excessive intake is a risk factor for 
cardiometabolic disease, since the induced negative health 
effects such as increases in insulin resistance, blood lipids, 
inflammation, etc. (8).

In multivariate model 3, a higher consumption of F&V was 
strong but not significantly associated with low body fat. Among 
the few published studies is the one carried out by Anyżewska et 
al. (7), in which results were similar to ours when observing that 
the fruit consumption is a protective factor against the increase 
in body fat in soldiers of the Polish air cavalry units. Unlike 
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our study, they evaluated the consumption of F&V separately, 
obtaining a negative association between fruit consumption and 
body fat (β = -0.23, p = 0.022) with no significant associations 
with vegetable consumption (7).

Regarding vegetable intake, Howe et al. (6) analyzed a dietary 
pattern called “F&V” which consisted of a high consumption 
of fruits, vegetables, cheese and whole wheat bread. Results 
indicated that adolescents who scored higher for the “F&V” 
pattern had lower body fat (β = -2.55; 95 % CI: -5.12, 0.09) (6). 
Besides, Mistretta et al. (13) studied the association of different 
food groups with overweight/obesity in adolescents from 
southern Italy, finding that intake of vegetables was inversely 
associated with overweight/obesity (OR 0.91; CI 95  %: 0.86-
0.96 for men and OR 0.86, 95 % CI: 0.79-0.94 for women) (13). 
Moreover, Cook et al. (11) found that vegetable consumers had 
17 % less visceral adipose tissue compared to non-consumers 
(p = 0.01) in overweight Latino youth (11). Results from the 
present study and those reported in the literature suggest that 
F&V is a protective group against the increase in body fat. In 
addition, F&V are considered to be healthy foods that contribute 
to the protection of chronic non-communicable diseases, 
including obesity (12). Although the consumption of F&V by our 
participants was very low, its association in model 3 was the 
strongest compared to dietary variables from model 1 and 2, but 
non-significant. Due to the observed low intakes, it is crucial to 
promote the consumption of F&V among Mexican adolescents.

The pathways through which F&V influence health are still 
poorly understood (11). However, this group is characterized by 
their abundance in dietary fiber (32). Dietary fiber has viscous 
and gel-forming properties that help to decrease postprandial 
glucose responses, inhibit macronutrient absorption, beneficially 
influence certain blood lipids, and slow gastric emptying 
(11). Likewise, studies have reported associations of a high 
consumption of dietary fiber with low levels of indicators for 
cardiometabolic diseases, such as reduced risk of diabetes (32).

In the present study, the three models indicated that 
performing vigorous PA was associated with low body fat. PA has 
been reported as a protective factor against increases in body fat 
(33-36). Jiménez et al. (33) evaluated the association of PA with 
body components in European adolescents, finding that vigorous, 
moderate-vigorous, and moderate PA were negatively associated 
with BMI, skinfold thickness, body fat, and waist circumference 
(all p < 0.01). Similarly, Joensuu et al. (34) evaluated different 
activities within the level of moderate PA and its association with 
body composition in adolescents, finding that performing any 
of the proposed activities was associated with a lower body fat. 
Mielke et al. (35) studied the associations between PA and screen 
time with cardiometabolic risk factors in adolescents, and found 
that higher levels of PA appear to be more important than lower 
levels of screen time for cardiometabolic health in adolescents 
(35). Furthermore, Saunders et al. (36) conducted a systematic 
review and demonstrated that moderate to vigorous PA intensity 
is associated with positive health outcomes, conversely than 
sedentary behavior, in youth and adolescents. Finally, we can 
highlight that diet and PA are the most important behavioral 

determinants for body composition changes, especially in weight 
maintenance and prevention of weight and body fat gains 
(8). Experimental studies indicate that when diet and PA are 
administered together, they promote stronger effects on body 
composition (37).

Among the strengths of the present study is the use of body 
fat as a marker for body composition, since this tissue predicts 
the risk for cardiometabolic diseases with greater precision 
(4). The use of electrical bioimpedance to measure adiposity 
is another strength because it is a safe, portable, inexpensive, 
simple, fast and non-invasive method (5). A third strength is the 
sample size, since it is a relative representative sample size that 
is similar to other studies (7,11), in addition to the fact that it is a 
population group whose dietary habits associated with adiposity 
had not been studied. Additionally, the food and nutrient groups 
analyzed are recognized in the literature as important preventive 
factors for cardiovascular health (23). A final strength was that 
all measurements were performed by trained personnel, which 
reduced reporting bias and measurement errors.

Despite these strengths, the present study also had certain 
limitations. A causal link between consumption of a food group 
or nutrients, PA, and body fat cannot be highlighted, given the 
nature of the cross-sectional design; however, results do not 
contradict what was found in cohort and experimental designs. 
Second, participants estimated their daily PA based on a 
structured questionnaire (19), and self-reported measures of 
PA show a higher variability compared to objective measures 
(38). However, the IPAQ is a widely used instrument validated 
through the use of accelerometers (33). Another limitation was 
the use of only two repetitions of the 24 h R, which do not allow 
to distinguish variability between and within people, making 
it difficult to estimate the usual intake. Despite this, there are 
cross-sectional studies that found associations between diet and 
health outcomes using a single 24 h R (39). Last limitation is that 
all the participants were university students, with characteristics 
that cannot be extrapolated to other adolescents (i.e., those 
adolescents who do not study, who are married, etc.), since they 
may have a very different lifestyle. This group of participants 
experience the “freshman transition”, which is a critical 
transformational experience from high school exit to college entry 
that can create lifestyle changes (40). Weight gain in freshmen is 
common and reflects increased adiposity in approximately 75 % 
of freshmen (40).

In conclusion, this is the first study that reports current 
lifestyle patterns of Mexican adolescents, in which vigorous PA 
and dietary intake of total fat and SFA, and F&V although not 
significantly, are associated with body fat. These variables are 
critical lifestyle components needed to be included in programs 
promoting healthy lifestyles. Community-based prevention 
programs should be included in the public policies of Mexican 
adolescents, due to their impact on body composition, in which 
it is crucial to address increases in daily vigorous PA, promotion 
of protective food groups, and information about the risk of 
excessive consumption of certain foods associated with adiposity 
as an early cardiometabolic risk factor. 
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