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ARTICLE INFO ABSTRACT

Handling Editor: Dr. A. Siani Background and aims: Obesity among children and adolescents aged 5 to 19 years has increased dramatically. This
study aimed to investigate the association of animal protein intake (API) and plant protein intake (PPI) with
obesity in adolescents aged 12 to 17 years.

Methods and results: This cross-sectional study used data from 70,332 adolescents who participated in the Study of

Cardiovascular Risk in Adolescents (ERICA). Dietary intake of animal and plant proteins was assessed using a 24-
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Obesit . o AP i
Cr;ssl_;cﬁonal study h dietary recall (24HR). Protein intake was stratified into quintiles based on the percentage of total energy
Adolescents derived from this nutrient. Associations between protein intake and obesity were estimated using logistic

regression models, adjusted for age, type of school (used as a proxy for income), physical activity level, and total
energy intake. All models were stratified by sex. Among boys, those in the fourth and fifth quintiles of API had
75% and 91% higher odds of obesity, respectively. Among girls, there was a trend toward increased odds of
obesity, although it was not statistically significant. Higher odds of abdominal obesity were observed for both
sexes in the two highest quintiles of API intake (girls: OR1.26, 95% CI 1.03-1.54; boys: OR1.78, 95% CI
1.29-2.46). As for PPI, lower odds of abdominal obesity were observed only among girls in the fourth quintile
(ORO0.80, 95% CI 0.65-0.98).

Conclusion: Our findings suggest that despite the multifactorial nature of obesity, reducing API and increasing PPI
may help decrease the odds of general and abdominal obesity among adolescents.

1. Introduction Given the complex and multifactorial nature of obesity [1], identi-

fying its associated factors has been the subject of extensive scientific

Globally, according to the World Health Organization (WHO),
obesity among children and adolescents aged 5 to 19 years has increased
dramatically between 1990 and 2022. In 1990, the prevalence of obesity
in this age group was 2.0% (31 million), whereas in 2022, it reached 8%
(160 million) [1]. It is projected that by 2050, 15.6% of individuals aged
5 to 14 years (186 million) and 14.2% of those aged 15 to 24 years (175
million) will be living with obesity [2].
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investigation. Among these, diet has emerged as a key contributor in the
causal pathway of obesity and other non-communicable chronic diseases
[3-5]. The diet of Brazilian adolescents is characterized by the con-
sumption of traditional foods, such as rice and beans, high intake of
sugar-sweetened beverages and ultra-processed foods [6]. Within the
dietary components, protein plays a critical role in adolescent growth
and development, as adequate intake is essential for supporting muscle
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mass gain, erythrocyte and myoglobin synthesis, and hormonal changes
during this life stage [7].

High-protein diets are commonly employed in strategies to manage
obesity due to their potential effects on increasing satiety, enhancing
diet-induced thermogenesis, and preserving lean body mass during
weight loss, which together may facilitate body weight regulation.
However, depending on the source of protein, we can find different as-
sociations with health outcomes [8]. Accordingly, several studies have
examined the relationship between the intake of animal- and
plant-based protein sources and obesity in adolescents. In a study of
3443 Israeli adolescents aged 11 to 18 years (52% female), Dor et al.
(2022) found that dietary protein intake—predominantly from
non-dairy animal sources such as beef and poultry—was positively
associated with overweight and obesity [9]. Regarding plant and animal
protein, Lin et al. (2015), analyzing data from 1804 European adoles-
cents (53% female; mean age: 14.7 years, range: 12.5-17.4), reported an
inverse association between Plant Protein Intake (PPI) and both body
mass index (BMI) and body fat percentage (%BF), while Animal Protein
Intake (API) was positively associated with BMI and %BF [10]. Simi-
larly, Segovia-Siapco et al. (2020), studying 530 adolescents in Southern
California and Michigan (56% female, aged 12-18 years), found that
higher total and API were positively associated with obesity [11].

Therefore, it is important to investigate the association between API
and PPI and obesity among Brazilian adolescents. Such evidence may
contribute to current dietary protein intake recommendations and help
guide individuals in making healthier food choices. It is worth noting
that, to date, no studies have assessed the relationship between API and
PPI and obesity using a representative sample of Brazilian adolescents.
Thus, this study aimed to investigate the association between API and
PPI and obesity in adolescents aged 12 to 17 years participating in the
Estudo de Riscos Cardiovasculares em Adolescentes (ERICA, Study of
Cardiovascular Risk in Adolescents).

2. Methods
2.1. Study design, participants, and ethical considerations

This cross-sectional study utilized data from ERICA, a multicenter,
school-based survey conducted across all regions of Brazil [12]. National
data collection took place between 2013 and 2014 and included all
federal units—comprising the 27 state capitals and five additional
macro-regions that encompassed cities with populations over 100,000.
The sample consisted of 71,740 adolescents aged 12 to 17 years,
enrolled in 1247 public and private schools across 124 municipalities
nationwide. Data collection teams received standardized training to
minimize measurement bias and ensure methodological consistency
[13]. For the present analysis, only adolescents with complete data for
the first 24-h dietary recall were included. Participants with total energy
intake at or below the 1st percentile (<561 kcal/day) or at or above the
99th percentile (>6168.6 kcal/day) were excluded.

The Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) guidelines were followed, as detailed in Supple-
mentary Material 1. The ERICA study was approved by the Research
Ethics Committee of the Institute for Collective Health Studies at the
Federal University of Rio de Janeiro (approval no. 01,/2009, protocol no.
45/2008), as well as by the ethics committees of all 26 Brazilian states
and the Federal District. All participants signed an assent form.

2.2. Questionnaires

Three questionnaires were administered in the ERICA study to gather
information about the adolescents, their families, and their schools. For
the present study, data from the first questionnaire were used. This
questionnaire was self-administered by the adolescents at their schools
using an electronic data collection device (Personal Digital Assistant,
PDA). It included questions on sociodemographic characteristics,
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employment, physical activity, alcohol consumption, smoking, diet, oral
health, reproductive health, self-reported morbidity, common mental
disorders, and sleep [12].

2.3. 24-Hour dietary recall

A 24-h dietary recall (24H) was conducted with all adolescents in the
sample through individual interviews, employing the Multiple Pass
Method (MPM) [14]. The recalls were recorded on an offline laptop,
with data subsequently entered into the ERICA-REC24h system and
uploaded to a central server [12]. Nutritional composition analysis was
carried out using the food composition table from Household Budget
Survey (POF 2008-2009) and the Nutritional Data System for Research
(NDSR) software's Food and Nutrient Database, developed and main-
tained by the United States Department of Agriculture (USDA) [15,16].

2.4. Protein intake

Reported foods were grouped into 36 categories based on macro-
nutrient similarities, namely: 1) Rice, 2) Mixed rice with animal protein,
3) Legumes (beans and other legumes), 4) Mixed legumes with animal
protein, 5) Corn (corn and corn-based preparations), 6) Mixed corn with
animal protein, 7) Leafy greens (lettuce, kale, cabbage, among others),
8) Vegetables, roots and tubers, 9) Oilseeds (chestnuts, walnuts, pea-
nuts), 10) Flours, pasta and bakery products, 11) Ultra-processed flours
and bakery products, 12) Ultra-processed cereals, 13) Cereals, 14) Cakes
and biscuits, 15) Ultra-processed cakes and biscuits, 16) Meats (prepa-
rations with beef, pork, offal, others), 17) Ultra-processed meats, 18)
Poultry, 19) Poultry ultra-processed foods, 20) Eggs, 21) Fish and sea-
food, 22) Dairy products and milk-based preparations, 23) Ultra-
processed dairy products, 24) Sweets, 25) Ultra-processed sweets, 26)
Oils and fats, 27) Ultra-processed oils and fats, 28) Ultra-processed
sugary drinks, 29) Sugary drinks, 30) Coffee and tea, 31) Ultra-
processed coffee/tea-based drinks, 32) Alcoholic beverages, 33) Ultra-
processed snacks, 34) Mixed preparations, 35) Fried mixed prepara-
tions, and 36) Condiments. API was calculated from the protein content
of animal-based foods (e.g., meats, dairy products, eggs, fish), while PPI
was calculated from the protein content of plant-based foods (e.g., le-
gumes, cereals, vegetables, nuts). Animal and plant protein intake was
determined using the NDSR nutritional composition table [16], based on
the quantity (in grams) of each food item reported by the adolescents.

The percentage of total energy derived from protein intake (both
animal and plant-based) was then calculated, considering 4 kcal of en-
ergy per gram of protein. Finally, this value was categorized into quin-
tiles to classify individuals according to their intake of both protein

types.
2.5. Anthropometric measurements

Anthropometric measurements were taken in duplicate by a trained
team [12,13]. Weight, height, and waist circumference data were
collected. Weight was measured using an electronic scale (Lider® P150
m) with a maximum capacity of 200 kg and a precision of 50 g. Height
was measured in duplicate using a portable stadiometer (Alturexata®)
with an accuracy of 0.1 cm (a maximum variation of 0.5 cm between
measurements was allowed, and the mean was calculated). For weight
and height measurements, adolescents were barefoot, wearing light
clothing, and standing upright. Body mass index (BMI) was then
calculated as weight (kg) divided by height squared (mz) [12,13].
Obesity classification followed the World Health Organization (WHO)
growth curves based on BMI-for-age z-scores [17-19], with obesity
defined as a z-score > +2. Waist circumference was measured using a
non-elastic anthropometric tape (Sanny®), with a maximum length of
1.5 m and a precision of 1 mm. Two waist circumference measurements
were taken at the midpoint between the iliac crest and the lowest rib
[12]. The values were recorded directly in the PDA, and the mean of the
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two measurements was calculated [12]. Waist circumference was clas-
sified as adequate (below the 90th percentile for adolescents aged 12-15
years and/or < 90 cm for boys or < 80 cm for girls aged 16-17 years) or
elevated (>90th percentile for adolescents aged 12-15 years and/or >
90 cm for boys or > 80 cm for girls aged 16-17 years) [20].

2.6. Theoretical analysis model

To identify potential confounding factors, a theoretical model was
developed based on available scientific evidence (Fig. 1). This model
was constructed using causal diagram theory [21] and directed acyclic
graphs (DAGs) [22]. In Fig. 1, the theoretical model depicts the associ-
ation between protein intake ((® )) and obesity (( @ )), connected
by a unidirectional grey line. Measured variables exclusively associated
with exposure—screen time, sleep, and sexual maturation—are shown
as dark grey. Parental overweight is an unobserved variable associated
exclusively with exposure and is shown as grey spirals. Screen time is
associated with obesity through physical inactivity and consequently
lower energy expenditure [23-25]. Sleep is also a risk factor for obesity,
as insufficient and/or poor-quality sleep increases fatigue, affects food
intake, and may lead to obesity [24,26]. During adolescence, nutritional
status may be more strongly influenced by sexual maturation than
chronological age; literature reports an association between
post-pubertal stage and obesity [27]. Parental nutritional status is
another known risk factor, influenced by both genetic factors (appetite
regulation, metabolism, fat storage) and lifestyle habits in the family
environment [24,25]. Variables associated with both protein intake and
obesity—energy intake, physical activity, age, sex, and socioeconomic
status—are presented in white and considered confounders.

Family socioeconomic status influences lifestyle and, consequently,
dietary intake and nutritional status [25,28,29]. Similarly, energy intake
is directly associated with both exposure and outcome [19,25,30], while
physical activity is inversely associated with obesity [19,25,31,32]. Sex
and age are individual characteristics linked to both exposure and
outcome. Females tend to consume less protein than males [6,33]. Body
composition changes during puberty, with girls tending to gain fat mass
and boys tending to lose total body fat [34]. Age during adolescence is
also directly associated with both obesity and protein intake, especially
among boys [27,35,36].

Energy intake

N
i Ultra-processed foods \
A/Physical activity \
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Ultra-processed food intake also appears in the theoretical model
(light grey), associated with both obesity and protein intake. However,
since its association with protein intake is mediated by energy intake, it
does not require adjustment.

Thus, the following variables were identified as confounders in the
theoretical model and are depicted in white: energy intake, physical
activity, age, sex, and socioeconomic status (school type was used as a
proxy based on the assumption that students in private schools have a
higher socioeconomic level and are correlated with family income or
parents' education in Brazil) [12]. Among these, sex was used as a
stratification variable. By adjusting for this set of variables, all backdoor
paths were blocked, and confounding was removed from the model
(Fig. 1) [21,22].

2.7. Statistical analysis

Descriptive analyses were initially conducted to characterize the
study population (sex, age, type of school, physical activity level, and
prevalence of total obesity and elevated waist circum-
ference—abdominal obesity). Variables were described using means and
standard deviations, medians and interquartile ranges, or frequencies,
according to the type and distribution of the data. Protein intake as a
percentage of total energy intake (%E), from both animal and plant
sources, categorized into quintiles, was considered the exposure vari-
able. The outcomes were total obesity and abdominal obesity, both
treated as binary variables (yes or no).

Associations between protein intake and obesity measures were
estimated using logistic regression models, adjusted for age, type of
school (used as a proxy for income), and total energy intake. All models
were stratified by sex. Analyses accounted for sampling weights and the
complex survey design.

The presence of a non-linear pattern (U-shaped) in the relationship
between exposure and outcome was investigated by analyzing the pre-
dicted probabilities from the model.

To indirectly evaluate the possibility of residual confounding, three
approaches were adopted: (1) comparison between crude and adjusted
models, considering a variation >10% in coefficients as indicative of
potential confounding; (2) assessment of overall model fit using
McFadden's and adjusted McFadden's pseudo R?, with values between

©
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Fig. 1. Theoretical model of analysis illustrating the association between protein intake and obesity/abdominal obesity.
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0.2 and 0.4 interpreted as evidence of satisfactory fit; and (3) sensitivity
analysis for unmeasured confounding using the E-value, with values > 2
considered indicative of a relatively robust association, that is, with a
low likelihood of being explained by an unmeasured confounder.

Statistical analyses were performed using STATA® version 18, and p-
values <0.05 were considered statistically significant.

3. Results
3.1. Participant characteristics

A total of 691 adolescents with total energy intake <1st percentile
(561 kcal/day) and 717 > 99th percentile (6168.6 kcal/day) were
excluded. The final analytical sample comprised 70,332 adolescents
aged 12 to 17 years who participated in the ERICA study. Of these,
55.4% were female, 78.5% attended public schools, 7.8% were classified
as having obesity, and 10.3% as having abdominal obesity (Table 1).
Data were stratified into quintiles of %E from animal and plant protein
sources. API was higher than PPI in both grams per day and %E.

Statistically significant differences were found in the means of BMI
(p < 0.001), WC (p < 0.001), and energy intake (p < 0.001) across
quintiles of %E from animal protein sources, indicating that at least one
group differed significantly from the others. In contrast, no significant
differences were observed across quintiles for age (p = 0.563) or phys-
ical activity level (p = 0.846). For %E from plant protein sources, energy
intake was significantly different across quintiles (p < 0.001) (Table 1).
Fig. 2 shows the average BMI and WC in all quintiles of %E of animal and
vegetable protein sources.

Regarding categorical variables, statistically significant associations
were found between API quintiles and sex, type of school, obesity, and
abdominal obesity (all p < 0.001). For PPI, however, significant asso-
ciations were limited to sex (p = 0.004) and type of school (p = 0.008),
as shown in Table 1.

3.2. Associations between protein intake, obesity, and abdominal obesity
Table 2 presents the associations between quintiles of %E from API

and the presence of obesity and abdominal obesity. Among female ad-
olescents, no significant association was found between API and obesity.

Table 1
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In contrast, male adolescents in the fourth and fifth quintiles had 75%
and 91% higher odds of obesity, respectively, compared to those in the
first quintile. Regarding abdominal obesity, higher odds were observed
in both sexes among individuals in the two highest quintiles of API
(females: OR 1.26, 95% CI 1.03-1.53; males: OR 1.78, 95% CI
1.29-2.46).

Table 3 presents the associations between quintiles of %E from PPI
and the presence of obesity and abdominal obesity. Among female ad-
olescents, higher relative intake of plant protein was associated with
lower odds of both outcomes; however, statistical significance was
observed only for abdominal obesity. Girls in the fourth quintile had a
significantly lower likelihood of abdominal obesity compared to those in
the first quintile (OR 0.80, 95% CI 0.65-0.98). Among male adolescents,
no clear association was found between PPI and either obesity or
abdominal obesity, and none of the odds ratio estimates reached sta-
tistical significance [Insert Table 3].

There was no evidence of a U-shape in the relationship between
exposure and outcome. For the percentage of energy from animal pro-
tein, the sensitivity analysis for unmeasured confounding showed E-
values >2 in the higher quintiles (Q4 and/or Q5), suggesting that the
significant associations observed are unlikely to be explained by residual
confounding. Model fit was satisfactory, with McFadden's and adjusted
McFadden's pseudo R? values between 0.2 and 0.4 (Supplementary
Materials 2 and 3).

4. Discussion

Based on the available literature, this appears to be the first study to
examine the association between API and PPI and obesity—including
abdominal obesity—in a nationally representative sample of Brazilian
adolescents. Among boys, higher odds of obesity were observed in those
in the fourth and fifth quintiles of API. A higher likelihood of abdominal
obesity was found in individuals of both sexes who were in the two
highest quintiles of API. Regarding PPI, lower odds of abdominal obesity
were observed only among girls in the fourth quintile compared with the
first.

Corroborating the findings of this study, Jen et al. (2018), who
assessed boys and girls aged 8 to 10 in the Netherlands, also found that
API (%E) was positively associated with obesity [37]. Similarly,

Characteristics of participants in the Study of Cardiovascular Risk in Adolescents (ERICA), by sociodemographic variables, stratified by quintiles of animal and PPI (%

of total energy). Brazil, 2013-2014.

All participants (n = Q1: animal protein Q5: animal protein p-value Q1: plant protein Q5: plant protein p-value
70,332) (%E) (%E) (%E) (%E)
Animal protein, g (Median/ 48.9 (30.5 to 74.6) 19.8 (11.7 to 29.8) 93.4 (66.1 t0 130.2)  <0.001*  52.8(31.3t083.9)  39.2(24.3t059.9)  <0.001*
IQR)
Plant protein, g (Median/ 16.8 (9.4 to 25.7) 17.9 (9.8 to 28.0) 12.5 (6.4 to 20.2) <0.001* 45(2.2t07.7) 30.4 (22.2 to 40.6) <0.001*
IQR)
Animal protein, %E 9.5 (6.3 to 13.4) 3.8 (2.6 t0 4.8) 18.1 (16.0 to 21.7) <0.001*  10.5 (6.4 to 15.8) 8.5(5.8t011.7) <0.001*
(Median/IQR)
Plant protein, %E (Median/ 3.2 (1.9 to 4.6) 3.3(1.9t04.9) 2.6 (1.4 to 4.0) <0.001* 1.0 (0.5 to 1.3) 6.1 (5.5t07.2) <0.001*
IQR)
Age, years (Median/IQR) 15 (13 to 16) 15 (13 to 16) 15 (13 to 16) 0.563% 15 (13 to 16) 15 (13 to 16) 0.070%
BMI, kg/m2 (Mean/SD) 21.2 (4.1) 20.9 (4.0) 21.7 (4.3) <0.001* 21.2 (4.1) 21.2 (4.2) 0.869"
WC, cm (Mean/SD) 71.5 (9.6) 70.8 (9.2) 72.6 (10.0) <0.001*  71.4(9.6) 71.8 (9.8) 0.311%
Energy intake, kcal (Mean/ 2289.7 (1005.7) 2391.6 (1104.5) 2150.6 (968.8) <0.001%  2294.2 (1073.1) 2036.9 (872.9) <0.001*
SD)
PA, min/week (Median/IQR) 300 (62 to 710) 275 (60 to 700) 300 (70 to 700) 0.846% 270 (50 to 665) 300 (75 to 720) 0.185%
Sex <0.001° 0.004
Female (%) 38.951 (55.4) 7.880 (57.0) 7.625 (54.1) 8.232(59.3) 7.109 (50.4)
Male (%) 31.381 (44.6) 5.940 (43.0) 6.469 (45.9) 5.643 (40.7) 7.011 (49.7)
Type of school <0.001" 0.008"
Public (%) 55.177 (78.5) 11.548 (83.6) 10.316 (73.2) 11.074 (79.8) 2.801 (20.2)
Private (%) 15.155 (21.6) 2.272 (16.4) 3.778 (26.8) 11.283 (79.9) 2.837 (20.1)
Obesity (%) 5.513 (7.8) 923 (6.7) 1.337 (9.5) <0.001"  1.083 (7.8) 1.213 (8.6) 0.662°
Abdominal obesity (%) 7.220 (10.3) 1.034 (9.4) 1.751 (12.4) <0.001"  1.475(10.6) 1.459 (10.4) 0.305"

Q1: Lowest quintile; Q5: Highest quintile g: grams; IQR: Interquartile range; WC: Waist circumference; BMI: body mass index; %E: % of energy; PA: Physical activity; o:
Survey-weighted linear regression with F-test for overall group differences; p: Survey-weighted chi-squared test.
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Survey-Adjusted Mean Body Mass Index Across Protein Intake Quintiles
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Survey-Adjusted Mean Body Mass Index Across Protein Intake Quintiles
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Fig. 2. Means of BMI and WC across quintiles of %E from animal protein and plant protein sources.
Footnote: ! The analyses were weighted and took into account the sampling design.

Table 2

Odds ratios (OR) and 95% confidence intervals (CI) for the association between
quintiles of API (% of energy) and obesity indicators, stratified by sex. ERICA,
Brazil, 2013-2014.

Table 3

Odds ratios (OR) and 95% confidence intervals (CI) for the association between
quintiles of PPI (% of total energy) and obesity indicators, stratified by sex.
ERICA, Brazil, 2013-2014.

Obesity* Abdominal obesity** Obesity* Abdominal obesity**
Female® Male® Female® Male? Female® Male® Female® Male?
OR 95%CI OR 95%CI OR 95%Cl OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI
% E from animal protein % E from plant protein
Q1 1.00 - 1.00 - 1.00 - 1.00 - Q1 1.00 - 1.00 - 1.00 - 1.00 -
Q2 094 0.68; 1.24  0.95; 1.03  0.83; 1.04 0.77; Q2 096 0.71; 1.16  0.87; 092 0.73; 1.15  0.86;
1.31 1.63 1.27 1.41 1.30 1.57 1.15 1.55
Q3 091 0.64; 1.19  0.92; 0.95  0.76; 1.08 0.79; Q3 0.88 0.66; 1.09 0.82; 0.84 0.67; 1.13  0.83;
1.30 1.54 1.18 1.46 1.18 1.46 1.05 1.54
Q4 115 0.82; 1.75  1.30; 1.23  1.04 1.39  1.02 Q4 075 0.55; 0.99  0.76; 0.80  0.65; 096 0.71;
1.62 2.34 1.46 1.91 1.01 1.30 0.98 1.29
Q5 1.14 0.82; 1.91 1.39; 1.26 1.03; 1.78 1.29; Q5 0.83 0.58; 1.15 0.87; 0.81 0.64; 1.04 0.76;
1.59 2.64 1.53 2.46 1.19 1.51 1.03 1.43

Models adjusted for age, type of school (as a proxy for income), physical activity
(minutes/week), and total energy intake. * Obesity defined as BMI-for-age z-
score > +2. ** Abdominal obesity was defined as elevated waist circumference
based on age- and sex-specific cutoffs. a: P-trend = 0.263. b: P-trend <0.001. c:
P-trend = 0.005. d: P-trend <0.001. P-trend was calculated by entering quintiles
as an ordinal continuous variable (1-5) in the adjusted survey-weighted logistic
regression model and testing the coefficient (design-based Wald test).

Segovia-Siapco et al. (2020), in a study with adolescents aged 12 to 18 in
the United States, reported a positive association between API (g/day)
and obesity, and also found that higher intake of animal protein was
associated with abdominal obesity [38]. Lin et al. (2011), who assessed
adolescents and adults aged 15 years and older in Belgium, observed a
positive association between API (%E) and both obesity and abdominal
obesity, although the results were significant only for males [39].

In contrast, Lin et al. (2015), who studied adolescents from eight
European countries, found that API (%E) was positively associated with
obesity, but API in g/day showed no such association [10]. Similarly,
Dor et al. (2022) reported that adolescents classified as overweight or
obese had a higher mean API (%E) compared to their normal-weight
peers. Nevertheless, no such difference was found when API was

Models adjusted for age, type of school (as a proxy for income), physical activity
(minutes/week), and total energy intake. * Obesity defined as BMI-for-age z-
score > +2. ** Abdominal obesity was defined as elevated waist circumference
based on age- and sex-specific cutoffs. a: P-trend = 0.147. b: P-trend = 0.711. c:
P-trend = 0.031. d: P-trend = 0.759. P-trend was calculated by entering quintiles
as an ordinal continuous variable (1-5) in the adjusted survey-weighted logistic
regression model and testing the coefficient (design-based Wald test).

assessed in g/day [9]. The discrepancy between these findings suggests
that the unit of measurement (whether %E or g/day) used in statistical
models may influence the outcomes. In regression analysis, the inter-
pretation of "a one-unit increase" varies depending on how the variable
is expressed—whether in %E or g/day—which can lead to different
associations. Researchers should be attentive to these methodological
factors when working with variables that can be expressed in multiple
ways [40].

In the present study, API exceeded PPI both in grams per day and as a
percentage of energy. The food groups that contributed most to API were
red meat, poultry, and mixed preparations; fish and seafood; dairy
products; and milk-based preparations. For PPI, the main contributors
were legumes; pasta and baked goods; mixed preparations; sugar-
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sweetened beverages/juices; and vegetables, roots, and tubers (data not
shown). Although sugar-sweetened beverages/juices and plant-based
drinks contribute significantly to the total intake of plant-origin foods,
it is important to recognize that not all plant-derived products confer the
same health benefits. Sugar-sweetened beverages, despite their plant-
based ingredients, often have low nutritional value and have been
linked to increased risks of obesity, type 2 diabetes, and cardiovascular
disease. This distinction aligns with food classification systems that
differentiate minimally processed foods — consistently associated with
positive health outcomes — from ultra-processed products, which may
attenuate or negate these benefits. Therefore, dietary assessments and
recommendations should account for differences in processing level and
nutritional quality within plant-based food groups to accurately reflect
their impact on health outcomes [41].

A meta-analysis by Rouhani et al. (2014) identified high consump-
tion of red and processed meats as a risk factor for obesity, as evidenced
by increased BMI and abdominal obesity [42]. While it is unlikely that a
single nutrient alone accounts for the development of obesity, animal
protein-rich foods are often energy-dense, mainly due to their high
levels of cholesterol and saturated fat.

Some mechanisms have been proposed to explain the positive asso-
ciation between API and obesity/abdominal obesity, as well as the in-
verse association between PPI and obesity. API appears to be involved in
the potential stimulation of insulin [43] and insulin-like growth factor-1
(IGF-1) [44]. IGF-1 has been associated with the proliferation and dif-
ferentiation of pre-adipocytes into mature adipocytes [45]. On the other
hand, plant-based diets — especially vegan diets — have been linked to
lower circulating levels of total IGF-1 and higher levels of IGF-binding
proteins (IGFBP-1 and IGFBP-2), suggesting that lower animal protein
intake is associated with lower IGF-1 levels [46].

Sex differences in the observed associations may be related to hor-
monal changes during puberty, which may modulate the effects of di-
etary protein. Leptin, a hormone secreted by adipocytes, plays an
essential role in regulating food intake and energy expenditure [47].
Notably, leptin increases differently in males and females during pu-
bertal development: in boys, leptin levels rise before and during the
early stages of puberty, whereas in girls, leptin levels increase progres-
sively throughout puberty [48]. As noted by Lin et al. (2015), PPI may
stimulate serum leptin via homeostatic mechanisms, thereby influencing
body weight and fat percentage [10]. On the other hand, healthy eating
habits and behaviors are influenced by several factors, and these asso-
ciations differ by sex [49]. Future studies are needed to further clarify
the role and underlying mechanisms of dietary protein in the develop-
ment and progression of obesity and abdominal obesity in adolescents,
as well as sex-specific differences in these associations.

These findings highlight the importance of promoting dietary stra-
tegies that prioritize protein-rich foods from plant sources—such as
vegetables, fruits, whole grains, legumes, and nuts—as well as regional
and minimally processed options. At the same time, the consumption of
animal-based foods, particularly red and processed meats, should be
limited or included in moderation, with consideration for both human
health and environmental sustainability [50]. Furthermore, public pol-
icies are needed to reduce the intake of ultra-processed protein sources
of both plant and animal origin, in alignment with the recommendations
of the Brazilian Dietary Guidelines (2014) [51].

The present study has several strengths, including its large sample
size, national representativeness, school-based population, use of the
MPM, use of photographic records to estimate portion sizes, and appli-
cation of the 24HR, a tool capable of capturing dietary variability in a
continental-sized country as Brazil. Moreover, all anthropometric mea-
surements were performed by trained professionals, minimizing the risk
of data collection errors. In addition, our findings bring valuable insights
into the dietary habits of Brazilian adolescents. They may support the
development of targeted nutrition and public health policies for ado-
lescents with obesity or abdominal obesity. Lastly, we used a DAG to
identify confounders, and it seems unlikely that an unmeasured
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confounder with the magnitude observed in the E-value was not
included in the model, considering the variables assessed.

Nonetheless, some limitations must be acknowledged. As a cross-
sectional study, causal relationships cannot be established; therefore,
prospective and intervention studies are needed to confirm these find-
ings. Furthermore, in studies of obesity, reverse causality is a major
confounder. Adolescents with higher Body Mass Index (BMI) may have
different eating patterns or higher absolute caloric needs, leading to
increased animal protein consumption. Conversely, those already
struggling with obesity may have altered their diets prior to the study. It
is also important to note that this study design captures only a single
point in time, which limits its ability to characterize the developmental
trajectory of obesity amid the rapid physiological changes that occur
during adolescence.

Another limitation is the absence of detailed data necessary to clas-
sify all protein-rich foods and accurately estimate protein intake,
particularly in the case of mixed preparations. While BMI is a strong
predictor of obesity at the population level, additional body composition
measures — such as lean mass and fat mass — would provide more
comprehensive insights. These limitations highlight the need for further
research into the differential effects of animal and plant protein on body
composition in adolescents.

5. Conclusions

Our findings show that higher intake of animal protein is associated
with increased odds of obesity and abdominal obesity among boys, as
well as with abdominal obesity among girls. For plant-based protein,
there was evidence of a linear trend across percentage of energy quin-
tiles for abdominal obesity only for girls.

Animal protein intake, expressed both in grams (g/day) and as a
percentage of total energy (E%), was substantially higher than plant
protein intake, indicating that animal sources were the main contribu-
tors to protein intake. Our findings suggest that lower animal protein
intake is associated with more favorable obesity-related outcomes, while
no significant association was observed for plant protein intake. How-
ever, given the cross-sectional design, causal inferences cannot be
established. Further prospective studies and intervention trials are
needed to confirm these associations and to evaluate the long-term
safety of high-protein diets in this age group.

In line with the One Health framework promoted by the WHO, these
findings support dietary patterns based on plant-derived foods, with
only modest inclusion of animal-source foods.
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