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Abstract: Background: Excess adiposity is one of the main risk factors for the development of
cardiovascular and metabolic diseases. The purpose of this study is to compare cardiometabolic risk
factors in eutrophic adolescents with a high body fat percentage (%BF) with eutrophic adolescents
with adequate %BF and those with excess weight and %BF. Methods: Cross-sectional study with
1043 adolescents. This study presented power equal to 99.75%. Body fat and anthropometric, clinical
and biochemical indicators were evaluated. Participants were grouped according to body composition
classified by body mass index (BMI) and body fat percentage. Statistical analyses were performed
using R software version 4.0.2, adopting a significance level of 5%. The Mann–Whitney test, principal
components analysis and logistic regression were performed. Results: It was observed that the
SG was more similar to GC2 than to GC1 for both sexes, demonstrating that there was a greater
similarity between these groups in relation to the evaluated factors. Higher values for TC, SBP and
TG were associated with the SG when the CG1 was used as reference, controlled for sex and age.
Likewise, higher TC values and lower levels of SBP, TG and LDL were related to SG when the CG2
was used as reference. Conclusion: Body fat assessment is more effective in predicting risk factors
and cardiometabolic diseases than BMI alone.

Keywords: adiposity; cardiometabolic risk; nutritional status; principal components analysis; X-ray
absorptiometry

1. Introduction

The behavioral changes that occur in adolescence can favor the adoption of a sedentary
lifestyle and unhealthy diet, which, associated with genetic and physiological factors, can
contribute to the development of overweight and obesity [1]. Changes in body adiposity
throughout adolescence are physiological and important for the growth and development
of these individuals, but, in excess, it can be a risk factor for cardiometabolic diseases [1–3].

Excess weight among these individuals is considered a global public health problem,
and the prevalence of obesity increased tenfold from 1975 to 2016 [4]. The diagnosis of
obesity is performed, as recommended by the World Health Organization, by the thresholds
of the body mass index (BMI) [5]. However, although less invasive, low cost and widely
used to identify excess body weight, BMI is not able to distinguish lean mass from fat mass,
which can lead to underestimating or overestimating obesity. Thus, an adolescent classified
as eutrophic by BMI may have a high percentage of fat and be at greater risk of developing
cardiometabolic complications [6,7].

Adolescents with excess body adiposity have higher chances of developing arterial
hypertension, insulin resistance and dyslipidemia since excess adiposity is one of the main
factors involved in the development of cardiovascular and metabolic diseases [3]. The
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obesity developed in adolescence can be maintained or worsened over the years, and an
adolescent with obesity can become an adult with obesity with a higher risk of morbidity
and mortality. Thus, high adiposity is understood as one of the main health problems in
adolescents of both sexes worldwide [8,9].

Understanding how the body composition of adolescents impacts cardiometabolic
risk factors is important in the context of public health to enable the construction of viable
strategies for the prevention of chronic diseases in these individuals, in adolescence and
also in adulthood. Therefore, the objective of this study is to compare cardiometabolic risk
factors in eutrophic adolescents with a high percentage of body fat (%BF) with eutrophic
adolescents with adequate %BF and those with excess weight and %BF. We hypothesized
that, despite having a normal weight, individuals with excess adiposity may be at high risk
of developing risk factors and cardiometabolic diseases.

2. Methods and Materials
2.1. Study Design

The study was carried out with secondary data from two cross-sectional studies carried
out in the city of Viçosa-MG from 2010 to 2015.

The study population consisted of adolescents of both sexes, aged 10 to 19 years, who
lived in urban or rural areas of the city when the collections were performed.

2.2. Sample Selection

The databases were checked separately until they were included in the study, in
order to check whether all the necessary variables were included. After this stage, they
were merged, and the adolescents were selected. If any adolescent had been assessed
in more than one survey, data from the most recent assessment were maintained. Thus,
1043 adolescents were chosen to be part of this study, 735 females and 308 males.

Those who had anthropometric and body composition measurements, blood pressure
results, lipid profile, fasting glucose and insulin available in the databases used were included.

The power of the study was calculated using the OpenEpi® program, online (www.
OpenEpi.com accessed on 12 November 2021), considering as exposure the excess body fat
(greater than or equal to 25% for girls and 20% for boys) and as an outcome high triglyceride
levels. The calculation was based on the frequency of changes in triglyceride values in
the group of adolescents with excess body fat (25.6%) and with adequate fat percentage
(13.7%). A power equal to 99.75% was obtained.

2.3. Characterization of the Population

The adolescents were divided into groups. The study group: SG—eutrophy by BMI
and high %BF, and the comparison ones: CG1—eutrophy by BMI and adequate %BF and
CG2—excess weight by BMI and high %BF.

2.4. Evaluated Variables
2.4.1. Anthropometric and Body Composition Assessment

All anthropometric measurements were performed by researchers who were trained
during the pilot studies before data collection began. The same protocols, instruments and
devices were used for anthropometric and body composition measurements in both studies;
therefore, the information collected is homogeneous, which guarantees the relevance of the
results found in this research.

For weight measurement, an electronic digital scale (Kratos®, São Paulo, Brazil) was
used, with a maximum capacity of 200 kg. Weighings were performed according to the
proposal of the World Health Organization (WHO) [10]. For greater reliability of the
measurements, the scale was calibrated with a standard weight. A portable stadiometer
(Alturexata®, Belo Horizonte, Brazil) with an extension of up to 2.20 m was used to measure
height. The measurements were performed following the techniques recommended by the
WHO [10].

www.OpenEpi.com
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Waist (WC) and hip (HC) perimeters were measured using a flexible and inelastic
measuring tape (Cardiomed®, São Luis, MA, Brazil), with a maximum extension of 2 m,
taking care not to compress the tissues. Measurements were taken in duplicate, assuming
a maximum variation of 0.5 cm, and in case of a result greater than this value, a third
measurement was performed, using the average between the two closest measurements.
The WC was measured at the midpoint between the lower margin of the last rib and the iliac
crest, in the horizontal plane [11]. The HC was measured in the gluteal region, encircling
the largest horizontal portion between the waist and the knees [12].

The body mass index (BMI) was calculated (WHO, 1995) and classified according to
age and sex (BMI/A) using the software Who AnthroPlus, in z-score values, with ≥1 being
considered overweight [13].

Waist–hip (WHR) and waist-to-height (WHtR) ratios were calculated, and for the
WHR classification, values ≥0.50 were considered as the cutoff point for the presence of
abdominal obesity, regardless of age and sex [14].

Dual energy X-ray absorptiometry (DXA) equipment (Lunar Prodigy Advance DXA
System version: 13.31, GE Healthcare, Madison, WI, USA) was used to estimate the
percentage of total body fat (%BF), android (%) and gynoid (%), as well as the fat of the
trunk (%), arms (%) and legs (%), separately. This is considered the gold standard for
assessing body composition. The examination was performed in the morning, with the
adolescents fasting for 12 h and following the evaluation protocol [15]. The %BF was
classified as high when greater than or equal to 25% for girls and 20% for boys [16].

2.4.2. Clinical and Biochemical Parameters

The cardiometabolic risk factors considered in this study were blood pressure, total
cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglyc-
erides (TG), fasting glucose and insulin resistance (IR).

Blood pressure was measured and classified according to the recommendations of the
Brazilian Society of Cardiology [17], considering age, sex and height percentile [18].

Biochemical analyses were performed in an accredited laboratory. The individuals
were instructed to fast for 12 h before collection. Samples were collected by venipuncture
in the morning.

The classification of serum lipid values was performed according to the VII Brazilian
guideline on dyslipidemia and prevention of atherosclerosis [18].

Fasting glucose was classified according to the Brazilian Society of Diabetes [19]. The
IR was evaluated by the mathematical model HOMA–IR (homeostasis model assessment—
insulin resistance), based on insulin and fasting glucose levels. The cutoff points considered
indicative of the presence of IR followed the proposal contained in the guidelines of the
Brazilian Society of Diabetes [19].

2.4.3. Cardiometabolic Risk Factors

The following cardiometabolic risk factors were considered: excess adiposity in the
different locations evaluated (android, gynoid, legs, arms and trunk), altered levels of
systolic and/or diastolic blood pressure, total cholesterol, LDL, HDL, TG, glucose, presence
of insulin resistance, high WHR and WHtR.

2.5. Statistical Analysis

The databases were created using Excel software; these data were double entered
independently by two researchers and were validated in the Epi Info software. Statistical
analyses were performed with the aid of software R version 4.0.2, adopting a significance
level of 5%.

The Kolmogorov–Smirnov [20] test was performed, by which it was found that the
variables did not present a normal distribution.
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The Mann–Whitney test was performed to compare the numerical variables between
the study group (SG) and each of the comparison groups (CG1 and CG2) separately,
according to sex.

Principal components analysis (PCA) was performed to identify the factors associated
with each group (SG, CG1 and CG2) [21]. For this analysis, the adolescents were divided
according to nutritional status groups, and all cardiometabolic risk factors were considered
as variables.

To determine the odds ratio (OR), a bivariate exploratory analysis was carried out in
order to identify the variables of interest. Therefore, the existence of an association between
the body composition groups with each variable considered a cardiometabolic risk factor
was determined by bivariate logistic regression. Variables that presented p < 0.20 [22] in
the bivariate analysis were included in the multiple model. For the analyses, age and sex
were used as adjustment variables.

Then, multiple logistic regression was performed, in which, at each step, the variables
that did not significantly change the OR and the confidence intervals (p < 0.05) were
discarded until a final model was obtained, using the backward method. The quality of the
model was evaluated by the information criterion of Akaike and the adjustment by the test
of Hosmer and Lemeshow, from the function hoslem.test<t7/>, which indicates good fit
when p > 0.05 [23].

2.6. Ethical Aspects

All studies whose databases were included in this study were submitted and approved
by the Ethics Committee in Research with Human Beings of the Federal University of Viçosa
(CEP/UFV), when they were carried out and at the time the databases were merged in 2018
(opinion No. 2.879.661).

The participants of all the surveys and their guardians were informed about the
objectives of the same and provided informed consent (IC), in the case of adolescents aged
18 or 19, or assent (TA) for those under 18 years of age when the data were collected. Only
adolescents who delivered the duly signed terms were included in the surveys.

3. Results

In the study group (SG) (eutrophy due to BMI and high %BF) 90.8% (n = 373) were
female, a similar situation was observed in the CG2 group (high BMI and %BF), with 72.9%
(n = 153) girls. In the eutrophic group (CG1), 49.5% (n = 213) were female.

Regarding girls, it was observed that almost all variables differed between the SG and
each of the comparison groups, with the exception of HDL and HOMA-IR, which did not
differ between SG and CG1, and WHR, TC between SG and CG2 (Table 1).

Considering male adolescents, age, TG, TC and LDL were different between SG and
CG1. WHR, TC, LDL, HDL, TG and glucose measurements did not differ between SG and
CG2 (Table 1).

Girls and boys in the SG had, on average, a BMI of 2.6 kg/m2 (p < 0.0001) and 1.5 kg/m2

(p = 0.003) higher, respectively, as well as 6.5 cm (p <0.0001) and 5.03 cm (p = 0.002) more
waist circumference, compared to normal-weight individuals with adequate BF% (results
not shown in the table).

The PCA showed the distribution of cardiometabolic risk factors among the nutritional
status groups, according to the similarity between the groups. Dimensions 1 and 2 together
explained 46.6% of the distribution of these variables for females and 49.1% for males
(Figure 1).

Analyzing the numbers, it was observed that the SG was more similar to GC2 than to
GC1, for both sexes, demonstrating that there was a greater similarity between these groups
in relation to the evaluated factors. The size of the arrows for each risk factor indicates its
influence on the disposition of individuals in the group to which it points (Figure 1).

When we observe the cluster graph, for both sexes, we can say that the variables that
most influenced the separation of CG1 were leg fat and HDL; the other factors point to
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the direction in which SG and CG2 are disposed, demonstrating similarity between these
groups regarding these factors (Figure 1).

Table 1. Comparison of the study group with groups 1 and 2, according to sex. Viçosa-MG, Brazil,
2010 to 2015 (n = 1043).

Variables

Females (n = 735) Males (n = 308)

SG (n = 373)
Median

(Min–Max)

CG1 (n = 209)
Median

(Min–Max)

CG2 (n = 153)
Median

(Min–Max)

SG (n = 38)
Median

(Min–Max)

CG1 (n = 213)
Median

(Min–Max)

CG2 (n = 57)
Median

(Min–Max)

Age (years) 16 (10–19) † ‡ 15 (10–19) 15 (10–19) 12 (10–19) † 14 (10–19) 13 (10–19)

BMI (kg/m2) 20.2 (15.0–24.0) † ‡ 17.5 (12.0–23.0) 25.5 (20.0–47.0) 17
.7 (16.0–30.0) † ‡ 17.6 (13.0–24.0) 24.2 (19.0–34.0)

BF (%) 29.6 (25.0–42.0 † ‡ 20.9 (9.0–25.0) 39.9 (27.0–57.0) 23.0 (20.0–35.0) † ‡ 11.3 (5.0–20.0) 30.0 (20.0–49.0)
WHtR 0.4 (0.3–0.5) † ‡ 0.4 (0.3–0.5) 0.5 (0.4–0.8) 0.5 (0.4–0.6) † ‡ 0.4 (0.3–0.5) 0.5 (0.4–0.6)
WHR 0.8 (0.66–1.0) 0.8 (0.66–1.1) 0.8 (0.7–1.0) 0.8 (0.5–1.0) † 0.7 (0.68–0.99) 0.8 (0.5–1.0)

SBP (mmHg) 101.5 (75.0–134.0) † ‡ 97.5 (73.0–150.0) 107.0 (85.0–165.0) 96.7 (80.0–127.0) ‡ 98.5 (74.0–143.0) 106.0
(85.0–136.0)

DBP (mmHg) 66.0 (47.0–91.0) † ‡ 61.0 (44.0–110.0) 68.5 (51.0–100.0) 59.0 (47.0–68.0) 58.0 (40.0–97.0) 61.5 (47.0–74.0)
Total cholesterol

(mg/dL) 154.0 (84.0–283.0) 151.0 (46.0–241.0) 155.0 (91.0–239.0) 168.0
(113.0–217.0) †

150.0
(870.0–234.0)

164.0
(90.0–217.0)

LDL (mg/dL) 87.0 (29.0–201.0) † ‡ 84.0 (23.0–165.0) 90.2 (40.0–167.0) 96.8 (63.0–136.0) † 87.2 (39.0–156.0) 99.8 (28.0–148.0)
HDL (mg/dL) 52.0 (28.0–161.0) ‡ 52.0 (26.0–97.0) 45.0 (23.0–100.0) 47.5 (30.0–117.0) 49.0 (29.0–106.0) 45.0 (30.0–71.0)
Triglycerides

(mg/dL) 64.0 (28.0–212.0) † ‡ 60.0 (26.0–97.0) 76.0 (26.0–272.0) 67.0 (25.0–210.0) † 61.0 (14.0–130.0) 73.0 (55.0–248.0)

Glucose (mg/dL) 85.0 (64.0–408.0) 84.0 (3.0–105.0) 86.0 (65.0–114.0) 85.5 (75.0–101.0) 86.0 (81.00–91.00) 85.0 (70.0–111.0)
HOMA-IR 1.5 (0.0–6.0) ‡ 1.4 (0.0–4.0) 2.1 (1.0–11.0) 1.4 (0.0–4.0) ‡ 1.2 (0.0–3.0) 2.4 (1.0–11.0)

Android Fat (%) 18.2 (6.0–49.0) † ‡ 8.9 (4.0–21.0) 35.1 (11.0–59.0) 14.7 (7.0–72.0) † ‡ 5.5 (4.0–18.0) 26.2 (11.0–50.0)
Gynoid Fat (%) 37.8 (19.5–51.0) † ‡ 28.3 (9.0–37.0) 48.0 (33.0–63.0) 31.1 (19.0–55.0) † ‡ 16.9 (4.0–33.0) 39.2 (29.0–58.0)
Trunk fat (%) 30.3 (15.3–54.0) 29.7 (17.1–49.4) 29.6 (18.0–51.5) 27.7 (15.2–46.5) 30.3 (16.8–45.2) 31.0 (18.6–42.0)
Arm fat (%) 8.3 (4.0–19.7) 8.2 (4.2–56.6) 8.1 (4.6–11.3) 8.1 (5.7–12.5) 8.3 (4.6–12.4) 8.1 (4.6–11.3)
Leg fat (%) 56.3 (3.3–77.0) 57.5 (22.4–67.9) 56.4 (5.6–69.5) 57.8 (42.1–69.1) ‡ 56.4 (42.0–72.0) 54.8 (44.4–66.1)

Legend: BMI: body mass index; SG: eutrophy by BMI and high %BF; CG1: eutrophy by BMI and adequate
%BF; CG2: excess weight by BMI and high %BF; HDL: high-density lipoprotein; HOMA-IR: homeostasis model
assessment—insulin resistance; LDL: low-density lipoprotein; SBP: systolic blood pressure; DBP: Diastolic blood
pressure; WHtR: waist–height ratio; WHR: waist–hip Ratio. Mann–Whitney. † SG ×CG1: p < 0.05; ‡ SG × CG2:
p < 0.05.

Logistic regression showed that overweight adolescents classified by BMI were more
likely to have elevated SBP and HOMA-IR, as well as lower HDL. Adolescents with obesity
according to the %BF were more likely to have HOMA-IR and DBP levels (Table S1).

In relation to body composition groups, the final regression model showed that higher
values of TC, SBP and TG were associated with the SG when the CG1 was used as reference,
controlled for sex and age. Likewise, higher TC values and lower levels of SBP, TG and LDL
were related to SG when the CG2 was used as reference. The other risk factors evaluated
were not included in the multivariate model, as there was no significant difference between
the SG and the other groups (Table 2).

Table 2. Association of cardiometabolic risk factors with the study group (SG). Viçosa-MG, Brazil,
2010 to 2015 (n = 1043).

Model 1 * Model 2 **

Risk Factors Odds Ratio
(IC95%) Value of p Odds Ratio

(IC95%) Value of p

TC 1.01 (1.01–1.02) 0.02 1.02 (1.01–1.04) 0.01
DBP 1.05 (1.02–1.07) 0.001 - -
SBP - - 0.93 (0.91–0.94) <0.001
TG 1.01 (1.01–1.02) <0.001 0.99 (0.98–0.99) <0.001

LDL - - 0.96 (0.94–0.98) <0.001
* Model 1: CG1 (eutrophy by BMI and adequate %BF) considered as a reference; ** Model 2: CG2 (overweight
by BMI and high %BF) considered as a reference. Legend: TC: total cholesterol; LDL: low-density lipoprotein;
DBP: diastolic blood pressure; SBP: systolic blood pressure; TG: triglycerides.
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The analysis of adjustment adequacy of the models showed a value greater than 0.05,
according to the test of Hosmer and Lemeshow.

Int. J. Environ. Res. Public Health 2022, 19, x FOR PEER REVIEW 6 of 12 
 

 

the direction in which SG and CG2 are disposed, demonstrating similarity between these 

groups regarding these factors (Figure 1). 

 
(A) 

 
(B) 

Figure 1. Cardiometabolic risk factors associated with each body composition group, for females 

(A) and males (B). Legend: 0—eutrophy by BMI and adequate %BF (CG1); 1—eutrophy by BMI and 

high %BF (SG); 2—excess weight by BMI and high %BF (CG2). AF: arm fat; AnF: android fat; BC: 

body composition; BMI: body mass index; DBP: diastolic blood pressure; GyF: gynoid fat; GLU: 

glucose; HDL: high-density lipoprotein; LF: leg fat; LDL: low-density lipoprotein; SBP: systolic 

blood pressure; TC: total cholesterol; TF: trunk fat; TG: triglycerides; WHtR: waist–height ratio; 

WHR: waist–hip ratio. 

Logistic regression showed that overweight adolescents classified by BMI were more 

likely to have elevated SBP and HOMA-IR, as well as lower HDL. Adolescents with obe-

sity according to the %BF were more likely to have HOMA-IR and DBP levels (Table S1). 

In relation to body composition groups, the final regression model showed that 

higher values of TC, SBP and TG were associated with the SG when the CG1 was used as 

reference, controlled for sex and age. Likewise, higher TC values and lower levels of SBP, 

Figure 1. Cardiometabolic risk factors associated with each body composition group, for females (A)
and males (B). Legend: 0—eutrophy by BMI and adequate %BF (CG1); 1—eutrophy by BMI and high
%BF (SG); 2—excess weight by BMI and high %BF (CG2). AF: arm fat; AnF: android fat; BC: body
composition; BMI: body mass index; DBP: diastolic blood pressure; GyF: gynoid fat; GLU: glucose;
HDL: high-density lipoprotein; LF: leg fat; LDL: low-density lipoprotein; SBP: systolic blood pressure;
TC: total cholesterol; TF: trunk fat; TG: triglycerides; WHtR: waist–height ratio; WHR: waist–hip ratio.

4. Discussion

This study showed that most adolescents classified as having excess BF, regardless
of BMI, were female. In addition, the results showed that female adolescents with excess
weight and body fat had higher medians for most of the biochemical factors evaluated
and lower for HDL, demonstrating that body composition is related to changes in blood
pressure, lipid profile, fasting glucose and insulin resistance. Nevertheless, a similar result
was observed for boys, with the exception of WHR and TC, which showed higher medians
in the SG.
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Principal component analysis (PCA) was performed to identify factors associated
with each group. This analysis showed that, for both sexes, there was a greater similarity
between the SG and CG2 in relation to the evaluated risk factors.

The final regression model showed that higher values of TC, SBP and TG were associ-
ated with the SG when the CG1 was used as reference. Likewise, higher TC values and
lower levels of SBP, TG and LDL were related to SG when the CG2 was used as reference.

In this context, it is known that during adolescence there is a physiological increase
in body fat and that it occurs more intensely in females. This increase in BF is essential
for the growth and maintenance of menstrual cycles [24]; however, in excess, it is a risk
factor for the development of obesity. In boys, the superior increase in muscle mass
predominates [25].

In this phase, growth and development occur quickly and intensely [26]. However,
high consumption of high calorie foods, rich in fats and sugars, and low consumption of
those considered healthy, in addition to low levels of physical activity are still common [27].
The physiological changes associated with unhealthy eating habits and a sedentary lifestyle
make this population vulnerable to the development of obesity and other risk factors for
cardiometabolic diseases [28].

Obesity is a serious public health problem worldwide [4], as individuals are devel-
oping this disease at younger ages. Worldwide, the prevalence of obesity in children and
adolescents aged 5 to 19 years increased from 0.7% and 0.9% in 1975 to 5.6% and 7.8% in
2016, in girls and boys, respectively, according to BMI [29,30].

Overweight adolescents classified by BMI were more likely to have elevated SBP and
HOMA-IR, as well as lower HDL. Adolescents with obesity according to the %BF were
more likely to have HOMA-IR and DBP levels. Thus, the increase in the prevalence of
obesity in this age group is worrying, as this condition can lead to changes in the lipid
profile, with an increase in the levels of total cholesterol, triglycerides, LDL and a reduction
in HDL levels, in addition to arterial hypertension, resistance to insulin and diabetes,
changes that have already been observed in adolescents [31–36]. In addition, excess body
fat in adolescence increases the risk of developing cardiometabolic diseases and other
morbidities in adulthood, besides being a predictor of increased mortality, mainly due to
cardiovascular diseases [37–40].

Excess body fat is an independent risk factor for cardiometabolic diseases, including in
adolescents; therefore, individuals with normal weight and high BF% are at increased risk
of developing insulin resistance, dyslipidemia, metabolic syndrome and cardiovascular
disease [41], which increases the risk of early mortality [42].

Individuals with excess adiposity have increased cytokine secretion, which can lead to
the blocking of insulin receptor signals; this makes the body less sensitive to the insulin
produced and causes the condition called insulin resistance [43], in addition to leading
to changes in the lipid profile, which results in the development of cardiometabolic dis-
eases [39,40]. Furthermore, these individuals have a greater accumulation of fat in the
arteries, which makes the heart have to work harder to pump blood throughout the body,
and this causes increased pressure on the inner walls of the arteries. This condition is a risk
factor for the development of arterial hypertension [37].

Studies have shown that, despite having adequate weight, an individual may have
excess adiposity, and this condition has also been observed in adolescents. Morais et al. [44]
observed that, among 274 Brazilian adolescents aged 14 to 19 years, 15% were overweight
by BMI; however, 53.9% had excess body fat. Furthermore, among 631 adolescents of both
sexes, aged 11 to 18 years, Ripka et al. [45] found that BMI overestimated the %BF in 68.4%
of boys (5.0 ± 4.0%) and underestimated it in 67.5% of girls (−3.9 ± 2.6%).

Prado Júnior et al. [46] found that adolescents with excess body fat, although eutrophic
by BMI, had a higher prevalence of elevated TC and TG, altered insulin and HOMA, in
addition to low HDL, compared to the group of eutrophic adolescents with adequate BF%.
Furthermore, the group of adolescents with normal BMI and high %BF showed similar
behavior to the group with excess weight and body fat, in relation to fasting glucose and
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TC. This confirms that body adiposity is more associated with cardiometabolic risk factors,
demonstrating the need to assess body composition using specific measures and indexes to
estimate body fat.

Olafsdottir, Torfadottir and Arngrimsson [47] evaluated 182 18-year-old adolescents
and found that those with normal weight with a high %BF had a higher IR compared to
normal-weight adolescents with adequate BF% (p = 0.003). Moreover, of five adolescents
with metabolic syndrome (MS), four were eutrophic with a high %BF. Furthermore, the
study showed that eutrophic adolescents with high %BF were 2.2 times more likely to have
one or more risk factors for MS (OR = 2.2; 95% CI: 1.2–3.9) in relation to adolescents who
were eutrophic with adequate %BF.

In a longitudinal study carried out for about seven and a half years, Wiklund et al. [48]
evaluated 396 girls with a mean age of 11 years at baseline and found that the car-
diometabolic risk score was higher in the group of adolescents with normal weight and
high %BF, when compared to the eutrophic group with adequate %BF and with low weight.

In a recent study carried out with 1919 Colombian adolescents, the authors found that
those with normal weight according to BMI, but with excess body fat, had higher mean
levels of waist circumference, triglycerides and cardiometabolic risk score, in addition to a
lower mean HDL value. In addition, girls in this nutritional situation had a higher mean
systolic blood pressure [7].

It is noteworthy that BMI is the most used indicator to diagnose nutritional dystrophies;
however, this index is not able to accurately estimate body adiposity, since it does not allow
distinction between muscle mass and fat mass [5–7], and especially during adolescence,
BMI does not reflect the corporate changes that occur. In this sense, the isolated use of BMI
becomes inappropriate [5–7].

The principal component analysis performed in this study showed that the EG pre-
sented greater similarity with the CG2 in relation to the factors evaluated. A study with
1421 adolescents of both sexes, aged 10 to 13 years, also performed this analysis, and, al-
though it did not specifically target the three nutritional status groups, showed that percent
body fat was associated with all cardiometabolic risk factors and carried the strongest
loading coefficient [49]. These findings reinforce the notion that excess body adiposity,
despite adequate weight, is directly related to the development of cardiometabolic risk
factors during adolescence, and the assessment of body composition in these individuals
is essential.

It is important to consider that the effect of obesity in adolescents on the risk of
cardiovascular diseases in adults may be irreversible even if in adulthood the individual
becomes eutrophic [39]. This demonstrates the need for specific health promotion and
disease prevention actions during adolescence, such as food and nutrition education actions
in schools, since at this age individuals spend most of their day in the school environment.
Since it is known that a majority of life habits are defined at this stage of life, it is a favorable
period to encourage the adoption of a healthy lifestyle [50,51].

It is noteworthy that this work is relevant, as there are few studies in the literature
that assess the presence of cardiometabolic risk factors in eutrophic adolescents with excess
body fat, especially comparing those with normal weight by BMI and those with excess
weight and adiposity.

Moreover, this research has an expressive sample number and comprises adolescents
aged 10 to 19 years and of both sexes. In addition, a method considered gold standard in
the assessment of body composition (DEXA) was used.

5. Conclusions

The findings of this study show that, despite having a normal weight, individuals with
excess adiposity are at greater risk of developing risk factors, as well as cardiometabolic
diseases, than those with normal weight and adequate body fat. This demonstrates the
importance of examining adiposity in the monitoring of adolescents, in order to obtain a
more complete assessment of nutritional status.
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Given this context, the assessment and monitoring of nutritional status from an
early age is essential to enable the early diagnosis and treatment of obesity and to enable
interventions to be more effective in order to prevent diseases in the future.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/ijerph20032074/s1: Table S1: Association of cardiometabolic risk
factors with the BMI and %GC. Viçosa-MG, Brazil, 2010 to 2015 (n = 1043).

Author Contributions: N.d.S.d.M. conceptualization, methodology, formal analysis, investigation,
data curation, writing—original draft and visualization. F.M.A.: conceptualization, methodology, for-
mal analysis, investigation, data curation, writing—review and editing and visualization. A.R.d.F.R.:
conceptualization, methodology, formal analysis, investigation, data curation, writing—original
draft and visualization. D.d.C.M.: conceptualization, methodology, formal analysis, investiga-
tion, data curation, writing—review and editing and visualization. S.A.V.R.: methodology, formal
analysis, writing—review and editing and visualization. V.S.S.G.: methodology, formal analysis,
writing—review and editing and visualization. S.d.C.C.F.: formal analysis, writing—review and
editing and visualization. S.E.P.: conceptualization, methodology, writing—review and editing,
visualization, supervision, project administration and funding acquisition. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board “Ethics Committee in
Research with Human Beings of the Federal University of Viçosa (CEP/UFV)” (opinion No. 2.879.661,
date of approval: 6 September 2018).

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

Data Availability Statement: Not applicable.

Acknowledgments: We acknowledge the Postgraduate Program in Nutrition Science; National
Council for Scientific and Technological Development (CNPq); Fundação de Amparo à Pesquisa do
Estado de Minas Gerais—Minas Gerais (FAPEMIG); and the Coordination for the Improvement of
Higher Education Personnel—Brazil (CAPES) for granting the doctoral scholarship, which enables
full dedication to research.

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

References
1. World Health Organization (WHO). Nutrition in Adolescence: Issues and Challenges for the Health Sector: Issues in Adolescent Health

and Development; WHO: Geneva, Switzerland, 2005.
2. Barbalho, E.D.V.; Pinto, F.J.M.; Da Silva, F.R.; Sampaio, R.M.M.; Dantas, D.S.G. Influência do consumo alimentar e da prática de

atividade física na prevalência do sobrepeso/obesidade em adolescentes escolares. Cad. Saúde Colet 2020, 28, 12–23. [CrossRef]
3. Sommer, A.; Twig, G. The Impact of Childhood and Adolescent Obesity on Cardiovascular Risk in Adulthood: A Systematic

Review. Curr. Diabetes Rep. 2018, 18, 91. [CrossRef] [PubMed]
4. Bentham, J.; Di Cesare, M.; Bilano, V.; Bixby, H.; Zhou, B.; Stevens, G.A.; Riley, L.M.; Taddei, C.; Hajifathalian, K.; Lu, Y.;

et al. Worldwide Trends in Body-Mass Index, Underweight, Overweight, and Obesity from 1975 to 2016: A Pooled Analysis of
2416 Population-Based Measurement Studies in 128.9 Million Children, Adolescents, and Adults. Lancet 2017, 390, 2627–2642.
[CrossRef]

5. World Health Organization. Physical Status: The Use and Interpretation of Anthropometry; WHO—Technical Report Series, 854;
WHO: Geneva, Switzerland, 1995.

6. Cota, B.C.; Suhett, L.G.; Leite, N.N.; Pereira, P.F.; Ribeiro, S.A.V.; Franceschini, S.D.C.C. Cardiometabolic risk and health
behaviours in adolescents with normal-weight obesity: A systematic review. Public Health Nutr. 2020, 24, 870–881. [CrossRef]
[PubMed]

7. García-Hermoso, A.; Agostinis-Sobrinho, C.; Camargo-Villalba, G.E.; González-Jiménez, N.M.; Izquierdo, M.; Correa-Bautista, J.E.;
Ramírez-Vélez, R. Normal-Weight Obesity Is Associated with Poorer Cardiometabolic Profile and Lower Physical Fitness Levels
in Children and Adolescents. Nutrients 2020, 12, 1171. [CrossRef] [PubMed]

8. Lee, E.Y.; Yoon, K.-H. Epidemic obesity in children and adolescents: Risk factors and prevention. Front. Med. 2018, 12, 658–666.
[CrossRef]

https://www.mdpi.com/article/10.3390/ijerph20032074/s1
https://www.mdpi.com/article/10.3390/ijerph20032074/s1
http://doi.org/10.1590/1414-462x202028010181
http://doi.org/10.1007/s11892-018-1062-9
http://www.ncbi.nlm.nih.gov/pubmed/30167798
http://doi.org/10.1016/S0140-6736(17)32129-3
http://doi.org/10.1017/S1368980020004863
http://www.ncbi.nlm.nih.gov/pubmed/33256881
http://doi.org/10.3390/nu12041171
http://www.ncbi.nlm.nih.gov/pubmed/32331411
http://doi.org/10.1007/s11684-018-0640-1


Int. J. Environ. Res. Public Health 2023, 20, 2074 10 of 11

9. Asghari, G.; Hosseinpanah, F.; Serahati, S.; Haghi, S.; Azizi, F. Association between obesity phenotypes in adolescents and adult
metabolic syndrome: Tehran Lipid and Glucose Study. Br. J. Nutr. 2019, 122, 1255–1261. [CrossRef]

10. World Health Organization. WHO Expert Committee on Physical Status. Physical Status: The Use and Gbvf Ginterpretation of
Anthropometry; WHO Technical Repor Series n. 854; WHO: Geneva, Switzerland, 1995.

11. World Health Organization. Waist Circumferences and Waist-Hip Ratio: Report of a WHO Expert Consultation; World Health
Organization: Geneva, Switzerland, 2008.

12. Franceschini, S.C.C.; Priore, S.E.; Oliveira, R.M.S.; Faria, E.R.; Vitorino, S.A.S. Técnicas de Aferição de Medidas Antropométricas e de
Composição Corporal; Viçosa, M.G., Ed.; UFV: Viçosa, Brazil, 2017; p. 72.

13. World Health Organization—WHO. Development of a WHO Growth Reference for School-Aged Children and Adolescents; Bulletin of
the World Health Organization: Geneva, Switzerland, 2007.

14. Ashwell, M.; Gibson, S. A proposal for a primary screening tool: ‘Keep your waist circumference to less than half your height’.
BMC Med. 2014, 12, 207. [CrossRef]

15. Barbosa, K.B.F. Métodos Para Avaliação do Consumo Alimentar e Sua Relação com Marcadores de Risco para a Síndrome
Metabólica em Adolescentes do Sexo. Master’s Thesis, Universidade Federal de Viçosa, Viçosa, Brazil, 2006; p. 264.

16. Williams, D.P.; Going, S.B.; Lohman, T.G.; Harsha, D.W.; Srinivasan, S.R.; Webber, L.S.; Berenson, G.S. Body fatness and risk for
elevated blood pressure, total cholesterol, and serum lipoprotein ratios in children and adolescents. Am. J. Public Health 1992, 82,
358–363. [CrossRef]

17. Barroso, W.K.S.; Rodrigues, C.I.S.; Bortolotto, L.A.; Mota-Gomes, M.A.; Brandão, A.A.; Feitosa, A.D.M.; Machado, C.A.; Poli-de-
Figueiredo, C.E.; Amodeo, C.; Júnior, D.M.; et al. Diretrizes Brasileiras de Hipertensão Arterial—2020. Arq. Bras. Cardiol. 2021,
116, 516–658. [CrossRef]

18. Faludi, A.A.; Izar, M.C.O.; Saraiva, J.F.K.; Chacra, A.P.M.; Bianco, H.T.; Afiune Neto, A.; Bertolami, A.; Pereira, A.C.; Lottenberg, A.M.;
Sposito, A.C.; et al. Atualização da Diretriz Brasileira de Dislipidemias e Prevenção da Aterosclerose—2017. Arq. Bras. Cardiol.
2017, 109, 1–76. [CrossRef] [PubMed]

19. Golbert, A.; Vasques, A.C.J.; Faria, A.C.R.A.; Lottenberg, A.M.P.; Joaquim, A.G.; Vianna, A.G.D.; Bauer, A.; Fioretti, A.M.B.;
Lerário, A.C.; Pires, A.C. Diretrizes da Sociedade Brasileira de Diabetes 2019–2020; Editora Clannad: São Paulo, Brazil, 2020.

20. Mishra, P.; Pandey, C.M.; Singh, U.; Gupta, A.; Sahu, C.; Keshri, A. Descriptive statistics and normality tests for sta-tistical data.
Ann. Card. Anaesth. 2019, 22, 67–72. [CrossRef] [PubMed]

21. Fleck, M.P.; Bourdel, M.C. Método de simulação e escolha de fatores na análise dos principais componentes. Rev. Saúde Pública
1998, 32, 267–272. [CrossRef] [PubMed]

22. Mickey, R.M.; Greenland, S. The impact of confounder selection criteria on effect estimation. Am. J. Epidemiol. 1989, 129, 125–137.
[CrossRef] [PubMed]

23. Subhash, R.L.; Keim, J.L.; Solymos, P. Resource Selection: Resource Selection (Probability) Functions for Use-Availability
Data. R Package Version 0.3-5. 2019. Available online: https://CRAN.Rproject.org/package=ResourceSelection (accessed on
1 November 2021).

24. Miranda, V.P.N.; De Faria, F.R.; De Faria, E.R.; Priore, S.E. Somatic maturation and body composition in female healthy adolescents
with or without adjustment for body fat. Rev. Paul. Pediatr. 2014, 32, 78–84. [CrossRef]

25. Lopes, P.C.S.; Prado, S.R.L.D.A.; Colombo, P. Fatores de risco associados à obesidade e sobrepeso em crianças em idade escolar.
Rev. Bras. Enferm. 2010, 63, 73–78. [CrossRef]

26. Rogol, A.D.; Roemmich, J.N.; Clark, P.A. Growth at puberty. J. Adolesc. Health 2002, 31, 192–200. [CrossRef]
27. Longo-Silva, G.; Toloni, M.H.D.A.; de Menezes, R.C.E.; Asakura, L.; Oliveira, M.A.A.; Taddei, J.A.D.A.C. Introdução de

refrigerantes e sucos industrializados na dieta de lactentes que frequentam creches públicas. Rev. Paul. Pediatr. 2015, 33, 34–41.
[CrossRef]

28. Kansra, A.R.; Lakkunarajah, S.; Jay, M.S. Childhood and Adolescent Obesity: A Review. Front. Pediatr. 2020, 8, 581461. [CrossRef]
29. Sumi, A.; Iwase, M.; Nakamura, U.; Fujii, H.; Ohkuma, T.; Ide, H.; Jodai-Kitamura, T.; Komorita, Y.; Yoshinari, M.; Kitazono, T.

Impact of age at menarche on obesity and glycemic control in Japanese patients with type 2 diabetes: Fukuoka Diabetes Registry.
J. Diabetes Investig. 2018, 9, 1216–1223. [CrossRef]

30. World Health Organization. Obesity and Overweight. 2020. Available online: https://www.who.int/news-room/fact-sheets/
detail/obesity-and-overweight#:~{}:text=The%20prevalence%20of%20overweight%20and,19%25%20of%20boys%20were%20
overweight (accessed on 20 November 2021).

31. Fisberg, M.; Maximino, P. Doenças crônicas não transmissíveis na adolescência. In Nutrição e Saúde na Adolescência; Priore, S.E.,
Oliveira, R.M.S., Eds.; Editora Rubio: Rio de Janeiro, Bazil, 2010; pp. 269–275.

32. Cobayashi, F.; Oliveira, F.L.C.; Escrivão, M.A.M.S.; Daniela, S.; Taddei, J.A.D.A.C. Obesidade e fatores de risco cardiovascular em
adolescentes de escolas públicas. Arq. Bras. Cardiol. 2010, 95, 200–206. [CrossRef] [PubMed]

33. Ramos, A.T.; Carvalho, D.F.; Gonzaga, N.C.; Cardoso, A.S.; Noronha, J.A.F.; Carodos, M.A.A. Perfil lipídico em crianças e
adolescentes com excesso de peso. Rev. Bras. Crescimento Desenvolv. Hum 2011, 21, 780–788. [CrossRef]

34. Oliveira, T.M.S.; De Faria, F.R.; Pereira, P.F.; Franceschini, S.C.; Priore, S.E. Nutritional status, metabolic changes and white blood
cells in adolescents. Rev. Paul. Pediatr. 2014, 32, 351–359. [CrossRef] [PubMed]

35. Moraes, M.; Da Veiga, G.V. Acurácia da gordura corporal e do perímetro da cintura para predizer alterações metabólicas de risco
cardiovascular em adolescentes. Arq. Bras. Endocrinol. Metabol. 2014, 58, 341–351. [CrossRef] [PubMed]

http://doi.org/10.1017/S0007114519002344
http://doi.org/10.1186/s12916-014-0207-1
http://doi.org/10.2105/AJPH.82.3.358
http://doi.org/10.36660/abc.20201238
http://doi.org/10.5935/abc.20170121
http://www.ncbi.nlm.nih.gov/pubmed/28813069
http://doi.org/10.4103/aca.ACA_157_18
http://www.ncbi.nlm.nih.gov/pubmed/30648682
http://doi.org/10.1590/S0034-89101998000300010
http://www.ncbi.nlm.nih.gov/pubmed/9778862
http://doi.org/10.1093/oxfordjournals.aje.a115101
http://www.ncbi.nlm.nih.gov/pubmed/2910056
https://CRAN.Rproject.org/package=ResourceSelection
http://doi.org/10.1590/S0103-05822014000100013
http://doi.org/10.1590/S0034-71672010000100012
http://doi.org/10.1016/S1054-139X(02)00485-8
http://doi.org/10.1016/j.rpped.2014.06.009
http://doi.org/10.3389/fped.2020.581461
http://doi.org/10.1111/jdi.12839
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:~{}:text=The%20prevalence%20of%20overweight%20and,19%25%20of%20boys%20were%20overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:~{}:text=The%20prevalence%20of%20overweight%20and,19%25%20of%20boys%20were%20overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:~{}:text=The%20prevalence%20of%20overweight%20and,19%25%20of%20boys%20were%20overweight
http://doi.org/10.1590/S0066-782X2010005000087
http://www.ncbi.nlm.nih.gov/pubmed/20602009
http://doi.org/10.7322/jhgd.20030
http://doi.org/10.1590/S0103-05822014000400011
http://www.ncbi.nlm.nih.gov/pubmed/25510999
http://doi.org/10.1590/0004-2730000002865
http://www.ncbi.nlm.nih.gov/pubmed/24936728


Int. J. Environ. Res. Public Health 2023, 20, 2074 11 of 11

36. Moulin-Mares, S.; Oliosa, P.; Faria, E.; Zago-Gomes, M.; Mill, J. Association of uric acid with cardiovascular risk in Brazilian
children and adolescents. Nutr. Metab. Cardiovasc. Dis. 2020, 31, 314–321. [CrossRef]

37. Twig, G.; Afek, A.; Shamiss, A.; Derazne, E.; Rabbi, M.L.; Tzur, R.; Gordon, B.; Tirosh, A. Adolescence BMI and Trends in
Adulthood Mortality: A Study of 2.16 Million Adolescents. J. Clin. Endocrinol. Metab. 2014, 99, 2095–2103. [CrossRef]

38. Giudici, K.V.; Rolland-Cachera, M.-F.; Gusto, G.; Goxe, D.; Lantieri, O.; Hercberg, S.; Péneau, S. Body mass index growth
trajectories associated with the different parameters of the metabolic syndrome at adulthood. Int. J. Obes. 2017, 41, 1518–1525.
[CrossRef]

39. Buscot, M.-J.; Thomson, R.; Juonala, M.; A Sabin, M.; Burgner, D.P.; Lehtimäki, T.; Hutri-Kähönen, N.; A Viikari, J.S.; Raitakari, O.T.;
Magnussen, C.G. Distinct child-to-adult body mass index trajectories are associated with different levels of adult cardiometabolic
risk. Eur. Hear. J. 2018, 39, 2263–2270. [CrossRef]

40. Quinte, G.C.; Barros, F.; Gigante, D.P.; De Oliveira, I.O.; Motta, J.V.D.S.; Horta, B.L. Overweight trajectory and cardio metabolic
risk factors in young adults. BMC Pediatr. 2019, 19, 75. [CrossRef]

41. Franco, L.P.; Morais, C.C.; Cominetti, C. Normal-weight obesity syndrome: Diagnosis, prevalence, and clinical implications. Nutr.
Rev. 2016, 74, 558–570. [CrossRef]

42. Oliveros, E.; Somers, V.K.; Sochor, O.; Goel, K.; Lopez-Jimenez, F. The Concept of Normal Weight Obesity. Prog. Cardiovasc. Dis.
2013, 56, 426–433. [CrossRef] [PubMed]

43. Al-Goblan, A.S.; Al-Alfi, M.A.; Khan, M.Z. Mechanism linking diabetes mellitus and obesity. Diabetes Metab. Syndr. Obes. Targets
Ther. 2014, 7, 587–591. [CrossRef]

44. Morais, N.D.S.D.; Miranda, V.P.N.; Priore, S.E. Imagem corporal de adolescentes do sexo feminino e sua associação à composição
corporal e ao comportamento sedentário. Ciênc Saúde Colet 2018, 23, 2693–2703. [CrossRef] [PubMed]

45. Ripka, W.L.; Orsso, C.E.; Haqq, A.M.; Prado, C.M.; Ulbricht, L.; Leite, N. Validity and accuracy of body fat prediction equations
using anthropometrics measurements in adolescents. Eat. Weight. Disord. -Stud. Anorex. Bulim. Obes. 2020, 26, 879–886. [CrossRef]

46. Prado Júnior, P.P.; Faria, F.R.; Faria, E.R.; Franceschini, S.C.C.; Priore, S.E. Cardiovascular risk and associated factors in adolescents.
Nutr. Hosp. 2015, 32, 897–904.

47. Olafsdottir, A.S.; Torfadottir, J.E.; Arngrimsson, S.A. Health Behavior and Metabolic Risk Factors Associated with Normal Weight
Obesity in Adolescents. PLOS ONE 2016, 11, e0161451. [CrossRef]

48. Wiklund, P.; Törmäkangas, T.; Shi, Y.; Wu, N.; Vainionpää, A.; Alen, M.; Cheng, S. Normal-weight obesity and cardiometabolic
risk: A 7-year longitudinal study in girls from prepuberty to early adulthood. Obesity 2017, 25, 1077–1082. [CrossRef]

49. Peterson, M.D.; Saltarelli, W.A.; Visich, P.S.; Gordon, P.M. Strength Capacity and Cardiometabolic Risk Clustering in Adolescents.
Pediatrics 2014, 133, e896–e903. [CrossRef]

50. Lamounier, J.A. Obesidade na adolescência. In Nutrição e Saúde na Adolescência; Priore, S.E., Oliveira, R.M.S., Eds.; Editora Rubio:
Rio de Janeiro, Brazil, 2010; pp. 75–92.

51. Chan, K.; Siu, J.Y.-M.; Lee, A. A school-based programme promoting healthy eating. Health Educ. J. 2019, 79, 277–289. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.numecd.2020.09.012
http://doi.org/10.1210/jc.2014-1213
http://doi.org/10.1038/ijo.2017.119
http://doi.org/10.1093/eurheartj/ehy161
http://doi.org/10.1186/s12887-019-1445-3
http://doi.org/10.1093/nutrit/nuw019
http://doi.org/10.1016/j.pcad.2013.10.003
http://www.ncbi.nlm.nih.gov/pubmed/24438734
http://doi.org/10.2147/DMSO.S67400
http://doi.org/10.1590/1413-81232018238.12472016
http://www.ncbi.nlm.nih.gov/pubmed/30137138
http://doi.org/10.1007/s40519-020-00918-3
http://doi.org/10.1371/journal.pone.0161451
http://doi.org/10.1002/oby.21838
http://doi.org/10.1542/peds.2013-3169
http://doi.org/10.1177/0017896919880575

	Introduction 
	Methods and Materials 
	Study Design 
	Sample Selection 
	Characterization of the Population 
	Evaluated Variables 
	Anthropometric and Body Composition Assessment 
	Clinical and Biochemical Parameters 
	Cardiometabolic Risk Factors 

	Statistical Analysis 
	Ethical Aspects 

	Results 
	Discussion 
	Conclusions 
	References

