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Abstract

We examined adiposity trajectories (body mass index – BMI and body fat 
percentage – BF%) from ages 11 to 22 years and described them according to 
sex and maternal characteristics. Data were analyzed from the 1993 Pelotas 
(Brazil) birth cohort. BMI (n = 3,072) and BF% (n = 3,058) measurements 
were assessed at four time points (11, 15, 18, and 22 years). Trajectories were 
found using a group-based modeling approach by sex and described according 
to maternal characteristics using the Pearson’s chi-squared test. This study 
found three BMI trajectories: “always adequate”, “always with overweight”, 
and “always with obesity”. Approximately 40% of the cohort was classified as 
“always with overweight” or “always with obesity”. For BF%, three trajecto-
ries were observed among males, including one with a consistently low BF% 
over time, whereas women’s trajectories showed an increase in BF% from ado-
lescence onward. Maternal overweight was associated with higher adiposity 
trajectories in both sexes. Men with higher family income and lower mater-
nal education had a higher prevalence of high adiposity trajectories for both 
BMI and BF%. In women, those from lower-income backgrounds had a higher 
prevalence of the “always with overweight” or “always with obesity” trajecto-
ries. The adiposity trajectories of men and women belonging to the 1993 birth 
cohort suggest significant increases in body fat from ages 11 to 22 years, and 
even more pronounced upward trajectories when these youths’ mothers were 
overweight at the beginning of this trajectory.
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Background

Anthropometry has been the primary method to evaluate nutritional status in population studies 
due to its simplicity and low cost. Body mass index (BMI, calculated by dividing individuals’ body 
weight by their height squared – kg/m2) can estimate the impact of excess body fat on health 1,2. 
However, BMI fails to differentiate between fat mass and fat-free mass, which limits its ability to 
capture changes in body composition and fat distribution, particularly during adolescence, a period 
characterized by intense physiological changes 3,4. In this context, body fat percentage (BF%) emerges 
as an important complementary measure as it enables distinguish between body mass components. Its 
use contributes to a more accurate assessment of adiposity, especially during stages of rapid growth 
and shifts in fat distribution.

A growing number of studies in the literature have investigated adiposity trajectories from child-
hood to adulthood 5,6,7,8,9,10,11. By evaluating the trajectories of adiposity one may find the develop-
ment of overweight and obesity over time, enabling us to examine potential determinants and health 
impacts. A systematic review with meta-analysis on BMI trajectories has shown that individuals with 
a persistent overweight trajectory have a higher risk of developing hypertension, type 2 diabetes, and 
dyslipidemia and increased morbidity and mortality from cardiovascular diseases throughout their 
lives 12. In the Avon Longitudinal Study of Parents and Children in England, trajectories with a higher 
BMI from ages 7 to 24 years occurred more often in children in the highest quintile of ultra-processed 
food consumption, suggesting that the higher consumption of such foods in childhood is associated 
with greater increases in adiposity from childhood to early adulthood 5. A study 10 of BMI trajectories 
from ages 1 to 20 years found that the increase in adiposity, especially between late adolescence and 
early adulthood, was associated with a harmful cardiovascular profile.

The increase in the proportion of individuals with overweight and obesity is considered a global 
public health problem 13. In Brazil, the most recent data show that the prevalence of excess weight in 
adolescents aged 15 to 17 years totaled 19.4%, being higher in girls (22.9%) than in boys (16%). The 
prevalence of obesity equaled 6.7%, being higher among girls (8%) than in boys (5.4%). Among adults, 
the prevalence of overweight totaled 60.3%, being higher in women (62.6%) than in men (57.5%). 
Moreover, the prevalence of obesity in the population totaled 25.9%, 29.5% in women and 21.8% in 
men 14. Data from Vigitel (Risk and Protective Factors Surveillance System for Chronic Noncommunicable 
Diseases through Telephone Interview) show a significant increase in the prevalence of excess weight 
(BMI ≥ 25kg/m2) in young adults aged from 18 to 24 years in Brazil from 2006 to 2023. In 2006, 
20.6% of individuals in this age group had excess weight, a number that increased to 37.4% in 2023. 
Over the same period, the prevalence of obesity (BMI ≥ 30kg/m2) more than tripled, increasing from 
4.4% to 13.3% 15.

The age of onset of overweight and obesity constitutes an important factor to be considered due to 
its short- and long-term impact on health. Data from a systematic review has shown that children and 
adolescents with obesity are about five times more likely to be individuals with obesity in adulthood 14.  
Moreover, children and adolescents with overweight and obesity have an increased risk of diabetes 
and mortality from cardiovascular disease in adulthood 16,17,18,19.

Thus, given the importance of monitoring the change in body composition throughout life (espe-
cially in the transition between adolescence and early adulthood), this study aims to examine the tra-
jectories of adiposity from ages 11 to 22 years among the members of the 1993 Pelotas (Brazil) birth 
cohort and to describe them according to individuals’ sex and maternal characteristics.

Methods

1993 Pelotas (Brazil) birth cohort

All hospital births during 1993 whose mothers lived in the urban area of Pelotas, Rio Grande do Sul, 
Brazil, were considered eligible for that study. From January 1 to December 31, 1993, daily visits were 
made to the five maternity hospitals in the municipality. A total of 5,265 births to children whose 
mothers lived in the urban area of Pelotas were eligible for the study, of which 5,249 agreed to par-
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ticipate, making up the original 1993 cohort. After the children were born, their mothers were inter-
viewed using a standardized questionnaire with questions on socioeconomic, demographic, repro-
ductive, behavioral, health care, and health issues. The newborns were examined for weight, length, 
and head circumference. Subsequently, follow-ups were performed with subsamples of participants 
aged 1, 3, and 6 months and at 1 and 4 years of age. In the follow-ups performed at 11, 15, 18 and 22 
years of age, we tried to follow all participants in the original cohort. Information on follow-ups has 
been previously published 20,21,22.

Adiposity refers to the amount of fat in a place or organ of the body, and it is an indicator of the 
state of body fat. To analyze adiposity trajectories, the sample of this study included all participants 
who had data on BMI and BF% in the last four follow-ups of the cohort. 

Body mass index

At the 11- and 15-year-old follow-ups, anthropometric measurements of weight and height were 
measured. Weight was obtained by averaging two measurements of the values in grams using a digi-
tal scale with a 100g precision (SECA; https://www.seca.com/). In the 18- and 22-year follow-ups, 
weight was assessed using a scale attached to a BodPod (BodPod Gold Standard. COSMED; https://
www.cosmed.com/en/), with a 250kg capacity and a 0.1kg precision. Height at 11, 15, 18, and 22 years 
of age was evaluated in cm using a portable stadiometer (aluminum and wood) with a 2m capacity 
and a 0.1cm accuracy.

At ages 11, 15, and 18 years, age- and sex-specific cut-off points were used to define BMI catego-
ries 23. At age 22, BMI was classified as underweight (BMI < 18.5kg/m2), adequate weight (BMI ≥ 18.5 
kg/m2-24.9kg/m2), overweight (≥ 25kg/m2-29.9kg/m2), and obesity (BMI ≥ 30kg/m2) 24.

Body fat percentage

In adolescence follow-ups, in addition to anthropometric measurements of weight and height, tri-
ceps and subscapular skinfold thickness were evaluated using skinfold calipers (Cescorf; https://
lojacescorf.com.br/), with a 0.1mm precision, by three sequential measurements with a 2mm  
acceptable error.

In the follow-ups conducted at ages 18 and 22 years, body fat was measured by air displacement 
plethysmography – BodPod, which evaluates the body volume of individuals (who must remain seated 
inside a glass fiber). It is calculated by subtracting the air volume moved by the body in relation to the 
empty chamber. The Lohman equation was applied to estimate BF% in adolescents, whereas the Siri 
equation was used for adults 25,26. BF% classification was based on sex and age according to refer-
ences (Supplementary Material – Tables S1 and S2; https://cadernos.ensp.fiocruz.br/static//arquivo/
supl-e00030725_8163.pdf); in which adolescents were classified according to Slaughter et al. 27 and 
Pollock & Wilmore 28.

Covariates

Independent maternal variables were collected by a questionnaire or measurements taken in cohort 
follow-ups. From the perinatal study, the sex of the cohort member (male, female) and maternal skin 
color recorded by the interviewer (white, black, mixed-race/yellow/Indigenous) were obtained. 
Household income (classified in tertiles), maternal education (0-4, 5-8, 9-11, ≥ 12 years), maternal 
age (< 30, 30-39 and ≥ 40 years), and maternal overweight (BMI ≥ 25kg/m2) were recorded in the  
11-year follow-up.

Statistical analysis

The Pearson’s chi-squared test was used to compare the sample of this study and the original cohort 
and to describe individuals’ trajectories according to maternal characteristics.

The trajectories of BMI and BF% were found by latent class analysis using generalized structural 
equation modeling to identify latent subgroups based on continuous variables. The number of classes 
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was defined based on the relative fit of the models, using the Akaike information criterion (AIC) 29 
and Bayesian information criteria (BIC) 30. Initially, this method estimated class-specific marginal 
means of BMI and BF%, calculating the marginal predicted probabilities for each latent class based on 
these means. Given these estimated probabilities, the predictions of the posterior probability of class 
membership were used to evaluate individuals’ probability of falling into each class and to determine 
the expected class for participants based on whether the posterior probability was greater than 0.5. 
Having determined the expected class for each participant in each follow-up, it was possible to inter-
pret the latent classes as trajectories.

The trajectories of BMI and BF% were described according to sex and maternal characteristics. All 
analyses were performed on Stata (https://www.stata.com), version 16.0.

Ethical aspects

All cohort follow-up projects were approved by the Ethics Committee of the Federal University of 
Pelotas, registered by Official Letters n. 029/2003 (follow-up at 11 years), n. 158/2007 (follow-up at 
15 years), n. 05/2011 (follow-up at 18 years), n. 1.250.366 (follow-up at 22 years). Cohort participants, 
or their parents, signed a consent form prior to participating in the study.

Results

Of the 5,249 participants included in the perinatal study, 87.5% were followed up at age 11 years  
(n = 4,452); 85.7% (n = 4,349) at age 15 years; 81.4% at 18 age (n = 4,106), and 76.3% at age 22 years  
(n = 3,810). Of these, 4,640 had BMI data and 4,634, BF% data, and were included in the present study 
(Figure 1). Regarding maternal characteristics, 77.3% of mothers were white, 53.1% were aged 30-39 
years, 43.1% had 5-8 years of schooling, and 56.7% had overweight (Table 1).

BMI trajectories

This study found four distinct BMI trajectories from ages 11 to 22 years (Figure 2). Among men  
(n = 2,291), most were classified in the “always adequate” trajectory (52%), followed by “adequate in 
adolescence and with overweight in adulthood” (32.5%). The “always with overweight” trajectory 
(12.8%) included individuals with obesity at age 11 years, with overweight at 15 and 18 years, and 
obesity at 22 years. The “always with obesity” trajectory (2.7%) represented individuals with persistent 
severe obesity, showing an average BMI of 28.8kg/m2 (95%CI: 28.3; 29.4) at age 11 years, increasing 
to 38.5kg/m2 (95%CI: 37.3; 39.7) at age 22 years.

In women (n = 2,349), the two most prevalent trajectories referred to “always adequate” (41.5%) 
and “adequate in adolescence and with overweight in adulthood” (41.2%). This study classified the 
remaining participants as “with overweight in adolescence and with obesity in adulthood” (14.1%) 
and “always with obesity” (3.2%). In this last trajectory, most participants showed severe obesity up 
to 18 years and developed grade 3 obesity by age 22 years (average BMI: 41.2, 95%CI: 40.2; 42.1).  
Table 2 shows the mean BMI values by trajectory. 

Table 3 describes sex-stratified maternal characteristics according to BMI trajectories. Regarding 
maternal skin color, white mothers predominated across all trajectories for men and women, with 
slightly higher proportions in trajectories associated with higher BMI. The proportion of black moth-
ers was the highest in the “always adequate” trajectory (19.1% in men and 18.1% in women), decreasing 
in the “always with overweight” and “always with obesity” trajectories. However, these differences 
were not statistically significant.

As for maternal education, men in the “always adequate” trajectory had the highest proportions 
of mothers with lower educational attainment: 29.4% had 0-4 years of schooling and 44.3% had 5-8 
years, whereas only 7.1% had ≥ 12 years of education. In the “always with overweight” trajectory, 
63.7% of mothers had 0-8 years of schooling and only 12.7% had ≥ 12 years. Women showed a similar 
pattern, although the differences between trajectories were not statistically significant.
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Figure 1

Flowchart of the study population.

BF%: body fat percentage; BMI: body mass index.

Regarding household income, 38.7% of men in the “always adequate” trajectory were in the lowest 
income tertile, whereas 29.1% were in the highest. In the “always with overweight” and “always with 
obesity” trajectories, a higher proportion of participants were in the highest income tertile (43% and 
45.9%, respectively), whereas 23.9 and 22.9% were in the lowest tertile, respectively. Among females, 
this pattern was not observed, and no statistically significant differences were found. Maternal over-
weight was more prevalent in the trajectories associated with higher BMI. In men, 74% in the “always 
with overweight” trajectory and 81.5% in the “always with obesity” trajectory had overweight moth-
ers. In women, the corresponding proportions totaled 73.7 and 81.8%, respectively.

Body fat percentage trajectories

Figure 3 shows four BF% trajectories for both sexes. In men (n = 2,288), the trajectories were: “always 
adequate”, with 53.7% of the participants classified as adequate BF% from ages 11 to 22 years; “ade-
quate in adolescence and fast increase” (25.4%), showing a significant increase in the average BF% 
from age 15 years (16.0, 95%CI: 15.5; 16.6) to age 22 (25.5, 95%CI: 24.7; 26.3); “always high” (13.2%), 
in which participants always showed high BF%, although we could observed a small decrease in the 
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Table 1

Sample characteristics. 1993 Pelotas (Brazil) birth cohort (n = 4,640).

Characteristics n (%)

Perinatal

Maternal skin color

White 3,585 (77.3)

Black 843 (18.2)

Mixed-race/Yellow/Indigenous 210 (4.5)

At 11 years

Maternal age (years)

< 30 580 (12.5)

30-39 2,464 (53.1)

≥ 40 1,595 (34.4)

Maternal education (years)

0-4 1,144 (25.9)

5-8 1,899 (43.1)

9-11 947 (21.5)

≥ 12 421 (9.5)

Household income (tertiles)

1 (poorest) 1,488 (33.5)

2 1,492 (33.5)

3 (richest) 1,469 (33.0)

Maternal overweight (BMI ≥ 25kg/m2)

No 1,794 (43.3)

Yes 2,344 (56.7)

BMI: body mass index. 
Note: missing data for maternal skin color (n = 2), maternal age (n = 1), maternal education (n = 229), household income 
(n = 191), and maternal overweight (n = 502).

average from ages 15 years (25.6, 95%CI: 24.9; 26.3) to 18 years (23.1, 95%CI: 22.1; 24.2); and “always 
high and linear increase” (7.8%), showing high BF% since age 11 years (average BF%: 28.5, 95%CI: 
27.6; 29.3), linearly increasing up to age 22 years (average BF%: 37.4, 95%CI: 35.8; 39.0). In women 
(n = 2,346), all trajectories showed an upward trend, especially from adolescence to early adulthood. 
The trajectories were: “always adequate” (24%), “adequate in adolescence and fast increase” (41.1%), 
“always high” (21.5%), and “always very high” (13.3%), which was the trajectory that stood out for the 
fastest increase from ages 15 years (average BF%: 29.8, 95%CI: 29.3; 30.3) to 18 years (average BF%: 
45.0, 95%CI: 44.2; 45.7) when compared to other trajectories. Table 4 describes the distribution of 
body fat means in each follow-up according to BF% trajectories from ages 11 to 22 years.

Table 5 shows sex-stratified maternal sociodemographic characteristics according to BF% trajec-
tories. Maternal skin color was significantly associated with BF% trajectories in both sexes. In men, 
the “always adequate” trajectory included 74.5% of white mothers and 20.5% of black ones. The high-
est proportions of white mothers occurred in the “always high” (83.1%) and “always high with linear 
increase” (82.6%) trajectories. In women, although white mothers predominated across all trajecto-
ries, the “always adequate” trajectory included 70.3% of white and 24.7% of black mothers.

Regarding maternal education, men in the “always adequate” trajectory had the highest propor-
tions of mothers with low schooling: 32.3% had 0-4 years and 43% had 5-8 years of education. In con-
trast, in the “always high” trajectory, 44.9% of mothers had nine or more years of education. Among 
females, a similar pattern was observed, although the differences were not statistically significant.



ADIPOSITY TRAJECTORIES FROM AGES 11 TO 22 YEARS 7

Cad. Saúde Pública 2025; 41(12):e00030725

Figure 2

Body mass index (BMI) trajectories from 11 to 22 years. 1993 Pelotas (Brazil) birth cohort (n = 4,640).
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Table 2

Body mass index (BMI) measures in each follow-up according to BMI trajectories from ages 11 to 22 years. 1993 Pelotas (Brazil) birth cohort (n = 4,640)

Follow-up Men (n = 2,291) Women (n = 2,349)

Always 
adequate

Adequate in 
adolescence 

and with 
overweight in 

adulthood

Always with 
overweight

Always with 
obesity

Always 
adequate

Adequate in 
adolescence 

and with 
overweight 

in adulthood

With over-
weight in ado-
lescence and 

with obesity in 
adulthood

Always 
with 

obesity

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

At 11 years 16.2 
(0.06)

19.3 
(0.11)

23.5 
(0.17)

28.9 
(0.30)

15.8 
(0.08)

18.9 
(0.09)

23.1 
(0.13)

28.7 
(0.27)

At 15 years 18.6 
(0.07)

22.1 
(0.12)

26.9 
(0.20)

34.2 
(0.34)

18.6 
(0.08)

21.9 
(0.08)

26.8 
(0.13)

34.0 
(0.26)

At 18 years 20.5 
(0.08)

24.4 
(0.13)

29.0 
(0.19)

36.5 
(0.42)

19.9 
(0.10)

23.9 
(0.11)

30.0 
(0.17)

37.9 
(0.32)

At 22 years 21.8 
(0.11)

26.6 
(0.16)

30.9 
(0.23)

38.5 
(0.62)

21.3 
(0.14)

26.2 
(0.16)

32.7 
(0.24)

41.2 
(0.47)

SD: standard deviation.

Regarding household income, 40.6% of men in the “always adequate” trajectory belonged to the 
lowest income tertile, whereas only 26.2% of them, to the highest one. In the “always high” trajec-
tory, 22% were in the lowest and 49.5% in the highest income tertile. In women, 37.4% in the “always 
adequate” trajectory were in the lowest tertile and 28.3% in the highest, whereas in the “always high” 
trajectory, 26.7% were in the lowest and 39.4% in the highest income tertile.

Maternal overweight was also significantly associated with higher BF% trajectories. In men in the 
“always high” and “always high with linear increase” trajectories, 65.1 and 71.7% had mothers with 
overweight, respectively. In women, these proportions totaled 64.5 and 76.8%, respectively.

Discussion

This study investigated adiposity trajectories from ages 11 to 22 years in the 1993 Pelotas (Brazil) 
birth cohort, finding sex-specific patterns and their associations with maternal characteristics. In 
both sexes, we observed BMI trajectories consistently classified as “always with overweight” or 
“always with obesity”. Elevated BMI trajectories were associated with maternal overweight in men 
and women. In men, overweight or obesity trajectories showed greater prevalence in the highest 
household income tertile. Regarding BF% trajectories, a marked increase occurred during adoles-
cence and early adulthood, particularly in women. Higher adiposity trajectories were associated with 
higher family income, white skin color, and maternal overweight.

Evaluating adiposity trajectories across the life course enables a better understanding of the rela-
tionships between determinants and the long-term effects of excess adiposity. Obesity in childhood 
and adolescence is positively associated with a higher likelihood of obesity in midlife 31. Our study 
found two groups with consistently elevated BMI trajectories. Notably, in the “always with obesity” 
group, women fell into the grade 3 obesity category at age 22 years, which is particularly concerning.

Adolescence and early adulthood constitute critical periods for the accumulation of excess weight. 
Disparities related to skin color and educational level tend to increase in these stages 32. Trends in 
overweight and obesity vary according to socioeconomic and demographic factors, and these dif-
ferences are particularly pronounced across countries. Analyses of demographic and health survey 
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Table 3

Maternal and cohort member characteristics according to body mass index (BMI) trajectories. 1993 Pelotas (Brazil) birth cohort (n = 4,640).

Variables Men (n = 2,291) Women (n = 2,349)

Always 
adequate

Adequate in 
adolescence 

and with 
overweight in 

adulthood

Always with 
overweight

Always 
with 

obesity

Always 
adequate

Adequate in 
adolescence 

and with 
overweight in 

adulthood

With 
overweight in 
adolescence 

and with 
obesity in 
adulthood

Always with 
obesity

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Perinatal

Maternal skin color p = 0.120 p = 0.920

White 912 (76.5) 589 (72.2) 232 (79.5) 53 (85.5) 756 (77.7) 732 (75.6) 250 (75.7) 61 (80.2)

Black 228 (19.1) 114 (15.3) 49 (16.8) 5 (8.1) 176 (18.1) 194 (20.0) 65 (19.7) 12 (15.8)

Mixed-race/Yellow/ 
Indigenous

53 (4.4) 41 (5.5) 11 (3.8) 4 (6.5) 41 (4.2) 42 (4.3) 15 (4.6) 3 (4.0)

At 11 years

Maternal age (years) p = 0.990 p = 0.410

< 30 154 (12.9) 94 (12.6) 36 (12.3) 8 (12.9) 117 (12.0) 130 (13.4) 32 (9.7) 9 (11.8)

30-39 630 (52.9) 401 (53.9) 153 (52.4) 33 (53.2) 513 (52.7) 508 (52.4) 179 (54.2) 47 (61.8)

≥ 40 408 (34.2) 249 (33.5) 103 (35.3) 21 (33.9) 344 (35.3) 33 (34.2) 119 (36.1) 20 (26.3)

Maternal education 
(years)

p < 0.001 p = 0.540

0-4 328 (29.4) 173 (24.4) 52 (18.3) 13 (21.7) 235 (25.5) 246 (26.5) 76 (23.7) 21 (30.0)

5-8 495 (44.3) 272 (38.4) 129 (45.4) 24 (40.0) 410 (44.5) 389 (41.8) 151 (47.2) 29 (41.4)

9-11 215 (19.3) 175 (24.7) 67 (23.6) 17 (28.3) 201 (21.8) 195 (21.0) 61 (19.1) 16 (22.9)

≥ 12 79 (7.1) 89 (12.6) 36 (12.7) 6 (10.0) 76 (8.2) 99 (10.7) 32 (10.0) 4 (5.7)

Household income 
(tertiles)

p < 0.001 p = 0.530

1 (poorest) 437 (38.7) 217 (30.4) 68 (23.9) 14 (22.9) 321 (34.6) 304 (32.4) 107 (33.0) 20 (28.2)

2 364 (32.2) 243 (34.0) 94 (33.1) 19 (31.2) 310 (33.4) 317 (33.8) 113 (34.9) 32 (45.1)

3 (richest) 328 (29.1) 254 (35.6) 122 (43.0) 28 (45.9) 298 (32.1) 316 (33.7) 104 (32.1) 19 (26.8)

Maternal overweight 
(BMI ≥ 25kg/m2)

p < 0.001 p < 0.001

No 548 (52.6) 263 (39.6) 70 (26.0) 10 (18.5) 475 (54.7) 337 (38.6) 79 (26.3) 12 (18.2)

Yes 494 (47.4) 402 (60.4) 199 (74.0) 44 (81.5) 394 (45.3) 536 (61.4) 221 (73.7) 54 (81.8)

Total 1,193 (52.0) 744 (32.5) 292 (12.8) 62 (2.7) 974 (41.5) 969 (41.2) 330 (14.1) 76 (3.2)

Note: men – missing data for maternal age (n = 1), maternal education (n = 121), household income (n = 103), and maternal overweight (n = 261). 
Women – missing data for maternal education (n = 108), household income (n = 88), and maternal overweight (n = 241).

data from low- and middle-income countries (including Brazil) from 2010 to 2019 have shown that 
obesity is associated with socioeconomic characteristics such as income and education level 13.

Overall, overweight and obesity tend to be more prevalent in individuals with lower education 
levels and from lower socioeconomic strata 33. However, other factors may influence this relation-
ship during childhood and adolescence. Parental socioeconomic status is directly associated with the 
risk of overweight and obesity in children. Systematic review evidence suggests that in high-income 
countries, families with higher socioeconomic status are more likely to have children with lower risk 
of excess weight. In contrast, in developing countries, higher socioeconomic status is associated with 
a greater likelihood of children with overweight or obesity 34,35.
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Figure 3

Body fat percentage (BF%) trajectories from 11 to 22 years. 1993 Pelotas (Brazil) birth cohort (n = 4,634).
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Table 4

Body fat percentage (BF%) measures in each follow-up according to BF% trajectories from 11 to 22 years. 1993 Pelotas (Brazil) birth cohort (n = 4,634). 

Follow-up Men (n = 2,288) Women (n = 2,346)

Always 
adequate

Adequate in 
adolescence 

and fast 
increase

Always high Always high  
and linear  
increase

Always 
adequate

Adequate in 
adolescence 

and fast 
increase

Always high Always very 
high

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

At 11 years 10.7 
(0.15)

18.3 
(0.34)

26.2 
(0.48)

28.5 
(0.44)

14.3 
(0.22)

18.6 
(0.24)

26.8 
(0.49)

31.5 
(0.30)

At 15 years 10.3 
(0.12)

16.1 
(0.27)

25.6 
(0.37)

28.9 
(0.36)

15.6 
(0.25)

21.5 
(0.27)

26.4 
(0.29)

29.8 
(0.26)

At 18 years 10.8 
(0.18)

19.6 
(0.35)

23.1 
(0.56)

35.6 
(0.61)

24.5 
(0.29)

31.6 
(0.35)

36.5 
(0.35)

45.0 
(0.39)

At 22 years 14.4 
(0.27)

25.5 
(0.41)

27.3 
(0.60)

37.4 
(0.80)

27.0 
(0.39)

35.2 
(0.39)

39.5 
(0.39)

47.8 
(0.48)

SD: standard deviation.

In this context, this study found an association between adiposity trajectories and household 
income. This association occurred for both sexes in the BF% trajectories and, in the case of BMI, in 
men. In the high BF% trajectories, a higher prevalence occurred in individuals in the highest income 
tertile. In line with these findings, a study using data from a consortium of Brazilian birth cohorts 
from Ribeirão Preto, Pelotas, and São Luís (RPS Cohorts) found that the highest prevalence of over-
weight and obesity occurred in children and adolescents in the highest income tertile, whereas in 
adults, more commonly in those with lower income 36.

We also observed sex-specific differences in adiposity trajectories and their associations with 
maternal characteristics. In men, maternal education and household income were associated with 
BMI and BF% trajectories. Adolescents with better socioeconomic conditions, especially boys, were 
more likely to have an increase in body fat indicators 37.

In this study, BMI and BF% trajectories were associated with maternal overweight in both sexes. 
A systematic review has indicated that maternal overweight plays a key role in the development of 
childhood obesity, regardless of whether it occurs before conception or during children’s early life 38. 
The mechanisms underlying the intergenerational transmission of obesity are yet to be fully under-
stood but potential contributing factors include the prenatal environment, genetic predisposition, 
and shared family environment. This environment encompasses lifestyle and health behaviors, such 
as diet and physical activity, which directly influence the risk of overweight and obesity 39,40,41,42.

A strength of this study lies in its use of two methods to assess nutritional status at four points 
across the life course. Furthermore, the transition from adolescence to adulthood is a critical period 
marked by age-specific changes in adiposity that may have distinct health implications. The joint 
interpretation of BMI and BF% more comprehensively assesses adiposity trajectories, especially con-
sidering that individuals with BMI values within the normal range may still show high BF% and stand 
at risk for adverse health outcomes. Therefore, by incorporating BMI and BF% as outcomes, this study 
enhances its ability to detect meaningful patterns in adiposity trajectories.

However, a limitation of this study concerns its use of different methods to measure BF% over 
time. It estimated BF% during adolescence using skinfold thickness measurements, whereas at ages 
18 and 22 years, it assessed body composition by air displacement plethysmography. Although epide-
miological studies widely use these validated methods, they are based on different technical principles 
and show varying degrees of accuracy, which may compromise the direct comparability of values 
across time points. Skinfold measurements tend to underestimate BF%, especially in individuals with 
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Table 5

Maternal and cohort member characteristics according to body fat percentage (BF%) trajectories. 1993 Pelotas (Brazil) birth cohort (n = 4,634).

Variables Men (n = 2,288) Women (n = 2,346)

Always 
adequate

Adequate in 
adolescence 

and fast 
increase 

Always high Always high 
and linear 
increase

Always 
adequate

Adequate in 
adolescence 

and fast 
increase

Always high Always very 
high

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Perinatal

Maternal skin color p = 0.002 p = 0.005

White 915 (74.5) 471 (81.1) 250 (83.1) 147 (82.6) 395 (70.3) 756 (78.4) 398 (78.8) 247 (78.9)

Black 252 (20.5) 84 (14.5) 38 (12.6) 22 (12.4) 139 (24.7) 173 (18.0) 84 (16.6) 51 (16.3)

Mixed-race/Yellow/ 
Indigenous

62 (5.0) 25 (4.3) 13 (4.3) 9 (5.0) 28 (5.0) 35 (3.6) 23 (4.6) 15 (4.8)

At 11 years

Maternal age (years) p = 0.150 p = 0.740

< 30 170 (13.8) 72 (12.4) 34 (11.3) 16 (9.0) 70 (12.4) 130 (13.5) 57 (11.3) 31 (9.9)

30-39 652 (53.1) 316 (54.6) 146 (48.5) 101 (56.7) 297 (52.8) 509 (52.8) 269 (53.3) 171 (54.6)

≥ 40 407 (33.1) 191 (33.0) 121 (40.2) 61 (34.3) 196 (34.8) 326 (33.8) 179 (35.5) 111 (35.5)

Maternal education 
(years)

p < 0.001 p = 0.260

0-4 375 (32.3) 104 (19.1) 49 (16.7) 37 (21.9) 144 (26.7) 254 (27.8) 105 (21.7) 75 (25.0)

5-8 499 (43.0) 235 (43.2) 113 (38.4) 73 (43.2) 238 (44.2) 400 (43.8) 216 (44.5) 123 (41.0)

9-11 209 (18.0) 140 (25.7) 81 (27.5) 43 (25.4) 114 (21.2) 176 (19.3) 112 (23.1) 71 (23.7)

≥ 12 77 (6.6) 66 (12.1) 51 (17.4) 16 (9.5) 43 (8.0) 84 (9.2) 52 (10.7) 31 (10.3)

Household income 
(tertiles)

p < 0.001 p < 0.001

1 (poorest) 475 (40.6) 152 (27.6) 65 (22.0) 43 (25.3) 204 (37.4) 325 (35.3) 131 (26.7) 91 (30.1)

2 389 (33.2) 182 (33.0) 84 (28.5) 64 (37.6) 187 (34.3) 297 (32.2) 166 (33.9) 121 (40.1)

3 (richest) 306 (26.2) 217 (39.4) 146 (49.5) 63 (37.1) 154 (28.3) 299 (32.5) 193 (39.4) 90 (29.8)

Maternal overweight 
(BMI ≥ 25kg/m2)

p < 0.001 p < 0.001

No 547 (50.9) 201 (38.9) 97 (34.9) 45 (28.3) 293 (58.0) 381 (44.4) 164 (35.5) 65 (23.2)

Yes 527 (49.1) 316 (61.1) 181 (65.1) 114 (71.7) 212 (42.0) 477 (55.6) 298 (64.5) 215 (76.8)

Total 1,229 (53.7) 580 (25.3) 301 (13.2) 178 (7.8) 563 (24.0) 965 (41.1) 505 (21.5) 313 (13.3)

BMI: body mass index. 
Note: men – missing data for maternal age (n = 1), maternal education (n = 120), household income (n = 102), and maternal overweight (n = 260). 
Women – missing data for maternal education (n = 108), household income (n = 88), and maternal overweight (n = 241).

higher adiposity 3, and fall subject to inter-rater variability and the limitations of predictive equa-
tions. Additionally, obtaining accurate measurements can be especially challenging in adolescents 
with overweight or obesity 4, increasing the risk of differential misclassification in participants. In 
this study, considering that elevated BF% occurred from early adolescence in both sexes, it is likely 
that any potential underestimation due to the use of skinfolds failed to substantially affect the overall 
findings. Nevertheless, this methodological limitation underscores the need for caution when inter-
preting comparisons across assessment periods. In this context, the analysis of trajectories based on 
BMI may be more appropriate for evaluating changes in adiposity over time.

In conclusion, this study found four adiposity trajectories based on BMI from adolescence to 
young adulthood, two of which (“always with overweight” and “always with obesity”) were associ-
ated with higher household income in men and with maternal overweight in both sexes. It also found 
four BF% trajectories, two of which always showed high or very high levels of adiposity, which were 
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associated with maternal skin color, household income, and maternal overweight in both sexes. This 
study found significant increases in BMI and BF% from ages 11 to 22 years in cohort participants. 
Our findings contribute to the understanding of adiposity trajectories across the life course and their 
potential health impacts. They emphasize adolescence as a critical developmental period, essential for 
the adoption of healthy behaviors and the implementation of early interventions aimed at preventing 
excess weight and its long-term consequences.

Contributors

R. R. Oliveira contributed with the study concept 
and design, data analysis and interpretation, and 
writing; and approved the final version. L. S. Silva 
contributed with the data analysis and interpreta-
tion, and writing; and approved the final version. 
T. R. Flores contributed with the data analysis, 
and review; and approved the final version. A. 
M. B. Menezes contributed with the review; and 
approved the final version. F. C. Wehrmeister con-
tributed with the review; and approved the final 
version. H. Gonçalves contributed with the review; 
and approved the final version. D. P. Gigante con-
tributed with the writing and review; and approved 
the final version. 

Additional information

ORCID: Riceli Rodeghiero Oliveira (0000-0003-
0733-8912); Luísa Silveira da Silva (0000-0001-
6083-3678); Thaynã Ramos Flores (0000-0003-
0098-1681); Ana Maria Baptista Menezes (0000-
0002-2996-9427); Fernando César Wehrmeister 
(0000-0001-7137-1747); Helen Gonçalves (0000-
0001-6470-3352); Denise Petrucci Gigante (0000-
0001-7309-5838).

Data availability

The research data are available upon request to the 
corresponding author.

References

1.	 World Health Organization. Obesity: prevent-
ing and managing the global epidemic. Report 
of a WHO consultation. Geneva: World Health 
Organization; 1998.

2.	 World Health Organization. WHO child 
growth standards: length/height-for-age, 
weight-for-age, weight for-length, weight-for-
height and body mass index-for-age. Methods 
and development. Geneva: World Health Or-
ganization; 2006.

3.	 Cornier M‐A, Després J‐P, Davis N, Gross-
niklaus DA, Klein S, Lamarche B, et al. As-
sessing adiposity: a scientific statement from 
the American Heart Association. Circulation 
2011; 124:1996‐2019.

4.	 Wells JC, Fewtrell MS. Measuring body com-
position. Arch Dis Child 2006; 91:612-7.

5.	 Chang K, Khandpur N, Neri D, Touvier M, 
Huybrechts I, Millett C, et al. Association 
between childhood consumption of ultra-
processed food and adiposity trajectories in 
the Avon Longitudinal Study of Parents and 
Children Birth Cohort. JAMA Pediatr 2021; 
175:e211573.

6.	 Norris T, Mansukoski L, Gilthorpe MS, Ham-
er M, Hardy R, Howe LD, et al. Distinct body 
mass index trajectories to young-adulthood 
obesity and their different cardiometabolic 
consequences. Arterioscler Thromb Vasc Biol. 
2021;41:1580-93.

7.	 Barraclough JY, Garden FL, Toelle BG, Marks 
GB, Baur LA, Ayer JG, et al. Weight gain tra-
jectories from birth to adolescence and car-
diometabolic status in adolescence. J Pediatr 
2019; 208:89-95.e4.

8.	 Graversen L, Howe LD, Sørensen TI, Sovio U, 
Hohwü L, Tilling K, et al. Body mass index tra-
jectories from 2 to 18 years – exploring differ-
ences between European cohorts. Pediatr Obes 
2017; 12:102-9.

9.	 Péneau S, Giudici KV, Gusto G, Goxe D, Lant-
ieri O, Hercberg S, et al. Growth trajectories of 
body mass index during childhood: associated 
factors and health outcome at adulthood. J Pe-
diatr 2017; 186:64-71.e1.



Oliveira RR et al.14

Cad. Saúde Pública 2025; 41(12):e00030725

10.	 Araújo J, Barros H, Ramos E, Li L. Trajecto-
ries of total and central adiposity throughout 
adolescence and cardiometabolic factors in 
early adulthood. Int J Obes (Lond) 2016; 40: 
1899-905.

11.	 Tu AW, Mâsse LC, Lear SA, Gotay CC, Rich-
ardson CG. Body mass index trajectories from 
ages 1 to 20: results from two nationally repre-
sentative canadian longitudinal cohorts. Obe-
sity (Silver Spring) 2015; 23:1703-11.

12.	 Kibret KT, Strugnell C, Backholer K, Peeters 
A, Tegegne TK, Nichols M. Life-course trajec-
tories of body mass index and cardiovascular 
disease risks and health outcomes in adult-
hood: systematic review and meta-analysis. 
Obes Rev 2024; 25:e13695.

13.	 NCD Risk Factor Collaboration. Worldwide 
trends in underweight and obesity from 1990 
to 2022: a pooled analysis of 3663 population-
representative studies with 222 million chil-
dren, adolescents, and adults. Lancet 2024; 
403:1027-50.

14.	 Instituto Brasileiro de Geografia e Estatística. 
Pesquisa Nacional de Saúde: 2019: atenção 
primária à saúde e informações antropomé-
tricas. Rio de Janeiro: Instituto Brasileiro de 
Geografia e Estatística; 2020.

15.	 Departamento de Análise Epidemiológica e 
Vigilância de Doenças Não Transmissíveis, Se-
cretaria de Vigilância em Saúde e Ambiente, 
Ministério da Saúde. Vigitel Brasil 2006-2023: 
Vigilância de Fatores de Risco e Proteção pa-
ra Doenças Crônicas por Inquérito Telefôni-
co. Estimativas sobre frequência e distribui-
ção sociodemográfica do estado nutricional e 
consumo alimentar nas capitais dos 26 estados 
brasileiros e no Distrito Federal entre 2006 e 
2023. Estado nutricional e consumo alimentar. 
Brasília: Ministério da Saúde; 2024.

16.	 Weihrauch-Blüher S, Wiegand S. Risk factors 
and implications of childhood obesity. Curr 
Obes Rep 2018; 7:254-9.

17.	 Juonala M, Magnussen CG, Berenson GS, 
Venn A, Burns TL, Sabin MA, et al. Childhood 
adiposity, adult adiposity, and cardiovascular 
risk factors. N Engl J Med 2011; 365:1876-85. 

18.	 Li S, Chen W, Srinivasan SR, Xu J, Berenson 
GS. Relation of childhood obesity/cardiomet-
abolic phenotypes to adult cardiometabolic 
profile: the Bogalusa Heart Study. Am J Epide-
miol 2012; 176 Suppl 7:S142-9.

19.	 Tirosh A, Shai I, Afek A, Dubnov-Raz G, Aya-
lon N, Gordon B, et al. Adolescent BMI trajec-
tory and risk of diabetes versus coronary dis-
ease. N Engl J Med 2011; 364:1315-25.

20.	 Gonçalves H, Wehrmeister FC, Assunção 
MCF, Tovo-Rodrigues L, Oliveira IO, Murray 
J, et al. Cohort profile update: the 1993 Pelotas 
(Brazil) birth cohort follow-up at 22 years. Int J 
Epidemiol 2018; 47:1389-90e.

21.	 Gonçalves H, Assunção MC, Wehrmeister FC, 
Oliveira IO, Barros FC, Victora CG, et al. Co-
hort profile update: the 1993 Pelotas (Brazil) 
birth cohort follow-up visits in adolescence. 
Int J Epidemiol 2014; 43:1082-8.

22.	 Victora CG, Hallal PC, Araújo CL, Menezes 
AM, Wells JC, Barros FC. Cohort profile: the 
1993 Pelotas (Brazil) birth cohort study. Int J 
Epidemiol 2008; 37:704-9.

23.	 World Health Organization. Growth reference 
data for 5-19 years (or 61-228 months). Ge-
neva: World Health Organization; 2007.

24.	 World Health Organization. Physical status: 
the use and interpretation of anthropometry. 
Geneva: World Health Organization; 1995.

25.	 Lohman TG, Roche AF, Martorell R. Anthro-
pometric standardization reference manual. 
Champaign: Human Kinetics; 1988.

26.	 Siri WE. Body composition from fluid spaces 
and density: analysis of methods, 1961. Nutri-
tion 1993; 9:480-91.

27.	 Slaughter MH, Lohman TG, Boileau RA, Hor-
swill CA, Stillman RJ, Van Loan MD, et al. 
Skinfold equations for estimation of body fat-
ness in children and youth. Hum Biol 1988; 
60:709-23.

28.	 Pollock ML, Wilmorem JH. Exercise in health 
and disease: evaluation and prescription for 
prevention and rehabilitation. 2nd Ed. Phila-
delphia: W. B. Saunders; 1993.

29.	 Akaike H. A new look at the statistical mod-
el identification. IEEE Trans Automat Contr 
1974; 19:716-23.

30.	 Schwarz G. Estimating the dimension of a 
model. Ann Stat 1978; 6:461-4.

31.	 Rundle AG, Factor-Litvak P, Suglia SF, Susser 
ES, Kezios KL, Lovasi GS, et al. Tracking of 
obesity in childhood into adulthood: effects on 
body mass index and fat mass index at age 50. 
Child Obes 2020; 16:226-33.

32.	 Yang YC, Walsh CE, Johnson MP, Belsky DW, 
Reason M, Curran P, et al. Life-course trajec-
tories of body mass index from adolescence to 
old age: racial and educational disparities. Proc 
Natl Acad Sci U S A 2021; 118:e2020167118.

33.	 Alrouh H, van Bergen E, de Zeeuw E, Dolan C, 
Boomsma DI. Intergenerational transmission 
of body mass index and associations with edu-
cational attainment. BMC Public Health 2022; 
22:890.

34.	 Barriuso L, Miqueleiz E, Albaladejo R, Villan-
ueva R, Santos JM, Regidor E. Socioeconomic 
position and childhood-adolescent weight 
status in rich countries: a systematic review, 
1990-2013. BMC Pediatr 2015; 15:129.

35.	 Dinsa GD, Goryakin Y, Fumagalli E, Suhrcke 
M. Obesity and socioeconomic status in devel-
oping countries: a systematic review. Obes Rev 
2012; 13:1067-79.

36.	 Carvalho CA, Magalhães EIS, Bettiol H, Bar-
bieri MA, Cardoso VC, Matijasevich A, et al. 
Excess weight and obesity prevalence in the 
RPS Brazilian Birth Cohort Consortium (Ri-
beirão Preto, Pelotas and São Luís). Cad Saúde 
Pública 2021; 37:e00237020. 

37.	 Moraes MM, Moreira NF, Oliveira ASD, 
Cunha DB, Sichieri R, Veiga GV. Associations 
of changes in BMI and body fat percentage 
with demographic and socioeconomic factors: 
the ELANA middle school cohort. Int J Obes 
(Lond) 2019; 43:2282-90.



ADIPOSITY TRAJECTORIES FROM AGES 11 TO 22 YEARS 15

Cad. Saúde Pública 2025; 41(12):e00030725

38.	 Mannino A, Sarapis K, Moschonis G. The ef-
fect of maternal overweight and obesity pre-
pregnancy and during childhood in the devel-
opment of obesity in children and adolescents: 
a systematic literature review. Nutrients 2022; 
14:5125. 

39.	 Classen TJ, Thompson O. Genes and the inter-
generational transmission of BMI and obesity. 
Econ Hum Biol 2016; 23:121-33.

40.	 Costa-Font J, Gil J. Intergenerational and so-
cioeconomic gradients of child obesity. Soc Sci 
Med 2013; 93:29-37.

41.	 Madruga SW, Araújo CLP, Bertoldi AD, Neut-
zling MB. Manutenção dos padrões alimenta-
res da infância à adolescência. Rev Saúde Pú-
blica 2012; 46:376-86.

42.	 Abrevaya J, Tang H. Body mass index in fami-
lies: spousal correlation, endogeneity, and 
intergenerational transmission. Empir Econ 
2011; 41:841-64.



Oliveira RR et al.16

Cad. Saúde Pública 2025; 41(12):e00030725

Resumo

Examinamos as trajetórias de adiposidade (ín-
dice de massa corporal – IMC – e percentual de 
gordura corporal – %GC) dos 11 aos 22 anos de 
idade de acordo com gênero e características ma-
ternas. Os dados foram provenientes da coorte de 
nascimentos de Pelotas, Rio Grande do Sul, Brasil, 
de 1993. As medidas de IMC (n = 3.072) e %GC 
(n = 3.058) foram avaliadas em quatro momen-
tos (11, 15, 18 e 22 anos). Utilizou-se uma abor-
dagem de modelagem baseada em grupo por sexo 
para identificar as trajetórias, que foram descritas 
de acordo com as características maternas usando 
o teste qui-quadrado de Pearson. Três trajetórias 
de IMC foram identificadas: “sempre adequado”, 
“sempre com sobrepeso” e “sempre com obesida-
de”. Cerca de 40% da coorte foi classificada como 
“sempre com sobrepeso” ou “sempre com obesida-
de”. Para a %GC, foram observadas três trajetórias 
entre os homens, incluindo uma com %GC con-
sistentemente baixo ao longo do tempo, enquanto 
entre as mulheres, todas as trajetórias mostraram 
um aumento na %GC a partir da adolescência. 
O sobrepeso materno foi associado a trajetórias 
de adiposidade mais elevadas em ambos os sexos. 
Homens com maior renda familiar e menor esco-
laridade materna apresentaram maior prevalência 
de trajetórias de alta adiposidade tanto para IMC 
quanto para %GC. Entre as mulheres, aquelas de 
baixa renda apresentaram maior prevalência das 
trajetórias “sempre com sobrepeso” ou “sempre 
com obesidade”. As trajetórias de adiposidade de 
homens e mulheres pertencentes à coorte de nas-
cimentos de 1993 sugerem aumentos significativos 
na gordura corporal dos 11 aos 22 anos de idade, e 
as trajetórias ascendentes são ainda mais pronun-
ciadas quando as mães desses jovens apresentavam 
sobrepeso no início da trajetória. 
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Distribuição da Gordura Corporal;  
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Resumen

Examinamos las trayectorias de adiposidad (índi-
ce de masa corporal -IMC-, y porcentaje de grasa 
corporal -%GC) desde los 11 hasta los 22 años y 
las describimos según el sexo y las características 
maternas. Se analizaron los datos de la cohorte de 
nacimientos de Pelotas, Rio Grande do Sul, Brasil, 
de 1993. Las mediciones del IMC (n = 3.072) y el 
%GC (n = 3.058) se evaluaron en cuatro momen-
tos distintos (11, 15, 18 y 22 años). Las trayectorias 
se identificaron mediante un enfoque de modeliza-
ción basado en grupos por sexo y se describieron 
según las características maternas utilizando la 
prueba chi-cuadrado de Pearson. Se identifica-
ron tres trayectorias de IMC: “siempre adecuado”, 
“siempre con sobrepeso” y “siempre con obesidad”. 
Aproximadamente el 40% de la cohorte se clasificó 
como “siempre con sobrepeso” o “siempre con obe-
sidad”. En cuanto al %GC, se observaron tres tra-
yectorias entre los hombres, incluida una con un 
%GC constantemente bajo a lo largo del tiempo; 
mientras que, entre las mujeres, todas las trayec-
torias mostraron un aumento del %GC a partir de 
la adolescencia. El sobrepeso materno se asoció con 
trayectorias de adiposidad más elevadas en ambos 
sexos. Los hombres con ingresos familiares más al-
tos y menor nivel educativo materno presentaban 
una mayor prevalencia de trayectorias de adiposi-
dad elevada tanto en el IMC como en el %GC. En-
tre las mujeres, aquellas procedentes de entornos 
con ingresos más bajos presentaban una mayor 
prevalencia de las trayectorias “siempre con sobre-
peso” o “siempre con obesidad”. Las trayectorias de 
adiposidad de hombres y mujeres pertenecientes a 
la cohorte de nacimiento de 1993 sugieren aumen-
tos significativos en la grasa corporal entre los 11 
y los 22 años, y trayectorias ascendentes aún más 
pronunciadas cuando las madres de estos jóvenes 
tenían sobrepeso al comienzo de esta trayectoria.

Índice de Masa Corporal; Sobrepeso; Obesidad; 
Distribución de la Grasa Corporal;  
Estudios de Cohortes

Submitted on 27/Aug/2024
Final version resubmitted on 10/May/2025
Approved on 14/May/2025

Evaluation coordinator: 
Associate Editor Inês Rugani Ribeiro de Castro
(0000-0002-7479-4400)


