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Abstract — The aim of this study was to develop percentiles of body composition indicators and 1 Universidade Federal do
determine cutoff points to predict metabolic syndrome (MS) risk in 6-10-year-old children. This is a Recdncavo da Bahia. Amargosa,
cross-sectional, population-based epidemiological study with the participation of 1480 schoolchildren BA. Brasil.

aged 6-10-year. Anthropometric assessment (body mass, height, and skinfolds) and blood pressure 2 Universidade Federal do Tridngulo
measurement were performed in schools. The body mass index (BMI), as well as the body fat percentage Mineiro. Uberaba, MG. Brasil.
(%BF), lean body mass (LBM), fat body mass (FBM), were calculated according to standardized
formulas for children. Blood collection to assess the lipid and glycemic profile was also performed
at school, on pre-established days and times. The MS diagnosis was determined based on changes
in triglycerides, HDL-c, blood glucose, waist circumference, and blood pressure. The LMS method
was used to develop the percentiles, the area under the ROC curve (AUC) to identify the accuracy of
the indicators, and the sensitivity and specificity to determine the cutoff points. FBM and %BF had How to cite this article
significantly higher values in girls, who also had lower values for %LM compared to boys (p<0.05). Quadros TMB, Gordia AP, Mendes
The indicators of body composition, BMI, FBM, and %BF were accurate in predicting the MS risk EL, Andaki ACR. Body composition

Received: December 17, 2021
Accepted: July 05, 2023

for both sex at all ages. The main indicators of body composition to predict the MS risk, in both indicators in the metabolic syndrome
sex, were BMI, FBM, and %BE. These findings suggest that simple anthropometric measurements, risk prediction in 6-10-year-old children.
which can be performed in clinical practice, have the potential to direct non-pharmacological actions. Rev Bras Cineantropom Desempenho

Hum 2023, 25:685289. DOI: https://doi.

Key words: Body composition; Metabolic syndrome; Child.
0rg/10.1590/1980-0037.2023v25e85289

Resumo — Ofjetivon-se desenvolver percentis de indicadores de composigiao corporal e determinar pontos
e corte para predizer o risco de sindrome metabolica (SM) em criangas de seis a 10 anos de idade. Estudo Corresponding author
epidemiolggico de corte fransversal, de base populacional, com participagdo de 1480 escolares de seis a 10 anos Alex Pinheiro Gordia.
2o idade. A avaliagio antropométrica (massa corporal estatura e dobras cutineas) ¢ a aférigao da pressio Centro de Formagdo de Professores,
arterial foram realizadas ras escolas. O tndice de massa corporal (IMC) bem como o percentual de gordura Universidade Federal do Recncavo da
(WG C), percentual de massa magra (%MM), massa corporal gorda (MCG) foram calculados de acordo com Bahia — UFRB
JOrmulas padronizadas para criangas. A coleta de sangue para avaliar o perfil fjpidico e glicemico tambenm Av. Nestor de Melo Pita, 535, 45300-000,
o1 realizadn na escola, em dias ¢ bordrios pre-estabelecidos. O diagndstico da SM for determinado com base Centro, Amargosa (BA), Brasil.
em alteragdes nos triglicerideos, DL~ glicemia, perimetro de cintura e pressio arterial. O método LMS E-mail: alexgordia@gmail.com
o7 utilizade para desenvolver os perentss, a drea sob a curva ROC (AUC) para identsficar a acurdcia dos
ores e a sensibilidade e especificidade para determinar os pontos de corte. MCG e %G C apresentaram
walores significativamente superior 7as meninas ¢ lambeém valores inferiores para a MCM em relagdo aos
meninos (p<0,05). Os indicadores de composigiao corporal, IMC MCG ¢ %GC apresentaram acurdcia na
predipao do risco de SM para ambos os sexos em Zfodas as idades. Os principads indicadores de composigio
corporal para predigio do risco de SM, em ambos os sexos, foram o IMC, %GC ¢ MCG. Esses achados
SUGEren que MEAIAAs arLroponerIIcas Sinples, que podem ser realizadas na pratica diniaa, tem potencial
para direcionar agdes nio medi:

1nd

Copyright: This work is licensed under
a Creative Commons Attribution 4.0
Palavras-chave: Composipao corporal: Sindrome metabolica; Crianga. International License.

[0S05.

Rev Bras Cineantropom Desempenho Hum 2023, 25: 85289



https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-7875-334X
https://orcid.org/0000-0002-9064-9254
https://orcid.org/0000-0001-8182-8296
https://orcid.org/0000-0002-6486-2326

Body composition indicators and metabolic syndrome

INTRODUCTION

Chronic non-communicable diseases are among the main passive harms
of prevention that burden the health system and are responsible for a high
burden of morbidity and mortality!. Among these diseases, we highlight
metabolic syndrome (MS), which can be characterized by the simultaneity of
risk factors such as central obesity, arterial hypertension, low levels of HDL-c,
hypertriglyceridemia, and hyperglycemia®. The presence of MS increases the risk
tor diabetes by five times and doubles the chances of developing cardiovascular
diseases.’ Furthermore, longitudinal data demonstrate that children diagnosed
with MS are more likely to have MS in adulthood.* Therefore, two points seem
to be crucial to reduce the prevalence of MS, I) to establish environments that
control risk factors from childhood; and II) to validate simple, non-invasive,
and low-cost methods for early detection of MS risk™®.

The worldwide MS prevalence among children and adolescents varies
between 1.2% and 26%, reaching up to 60% among overweight/obese young
people”. In Brazil, a systematic review of the literature showed a prevalence
of MS in the pediatric population ranging from 0% to 40%°. The marked
differences in the prevalence of MS between studies may be associated,
especially, with differences in the sample profile and the criteria used for the
MS diagnosis. According to Haffner’, the difficulty in defining accurate cutoff
points that are adjusted to the growth curves also represents a challenge for
epidemiologists in the IMS diagnosis in children and adolescents. Nevertheless,
assessments for the MS diagnosis involve laboratory collections to obtain
indicators of lipid, glycemic, and insulinemic profiles. These techniques are
invasive, expensive, and difficult to access, highlighting the need to identify
practical and low-cost methods to enable the assessment of this syndrome
at a population level.

Anthropometric measurements have received special attention due to their
consistent association with this outcome and their possibility of use in many
sectors of public health, such as schools, family health units, and hospitals.
Considering the consensus in the literature that obese and overweight young
people are more likely to have MS”# anthropometric indicators of body
composition could be used as important tools for MS screening in pediatric
population. Thus, this study aimed: I) to verify the accuracy of anthropometric
indicators of body composition to predict IMS risk in children, and IT) to develop
percentiles and determine cutoft points for body composition indicators to

predict the MS risk in children.

METHODS

Study design and population

This is a cross-sectional, population-based epidemiological study with a
probabilistic sample of 6-10-year-old children, enrolled in public and private
schools in urban and rural areas of the city of Uberaba/MG, Brazil.

For the sample calculation, we considered the number of children enrolled
in elementary school (1% to 9" grade), the MS prevalence of 50% (prevalence
unknown in the municipality), tolerable error of 3.5%, and confidence level of
95%. The minimum sample number was 768 children and after adding 10% to

Rev Bras Cineantropom Desempenho Hum 2023, 25: €85289

Quadros et al.

2/



Body composition indicators and metabolic syndrome

compensate for losses and refusals and 20% to minimize confounding factors,
the sample was estimated at 1014 children. To select the sample, schools were
stratified according to educational segment (municipal, state, and private).
We randomly selected 15 schools in the city. The number of children in each
stratum was determined in proportion to the number of enrollments, according
to data provided by the State Department of Education.

After approval by the Ethics Committee for Research with Human Beings
(Protocol CEP/UFTM.: 1710), the directors of the selected schools were contacted
to obtain authorization and schedule for data collection. The selected students
who met the study’s inclusion criteria and were interested in participating in
the research received the Informed Consent Form for their parents to know
and sign. Data collection was carried out at the school from August 2011 to

August 2012.

Evaluations

Body mass (BM) was obtained using a digital electronic scale (Plenna,
Ice, Sdo Paulo, Brazil). Height was measured using a portable anthropometer
(Welmmy, Santa Barbara d’Oeste/SP, Brazil). Body mass index (BMI) was
calculated with measurements of body mass and height. The classification of
overweight and obese children was performed based on the criteria proposed
by Cole et al.’® Waist circumference (WC) was obtained at the end of normal
expiration using a flexible and inelastic measuring tape with a length of 2m
(TBW, Sio Paulo). All measurements were taken in triplicate and the mean
value of the three measurements was considered. Measurements were taken at
the midpoint between the iliac crest and the last floating rib, as recommended
by the World Health Organization.

Triceps (Tri-SK) and subscapular (Sub-SK) skinfolds were obtained using
an adipometer (Lange Skinfold Caliper, Cambridge, MA, USA) which exerts
a constant pressure of 10g/mm?2, on the right side of the body and with
three non-consecutive repetitions for each measurement. The final measure
was obtained by the average of the three values. To calculate the body fat
percentage (%BF) we used the equations proposed by Slaughter et al."* based
on ethnicity and Tri-SK and Sub-SK thickness summation. The lean body
mass (LBM) was obtained by subtracting the fat body mass (FBM) from
the body mass total.

Blood pressure was measured with a mercury column sphygmomanometer
(Unitec, Sao Paulo, Brazil), following standards protocols for children'2,
Two other measurement moments were set aside for children with high blood
pressure levels. Children who had systolic or diastolic blood pressure above
the 90* percentile were diagnosed with high blood pressure National High
Blood Pressure Education Program Working Group on High Blood Pressure
in Children and Adolescents® on three different occasions.

Blood samples (8mL) were collected in BD Vacutainer® vacuum tubes
and centrifuged at 3400rpm for 8-minute. Serum samples were analyzed for
the determination of HDL-c and triglycerides and plasma for blood glucose.
We used the semi-automated Bio 200F analyzer (Bioplus, Sdo Paulo, Brazil).

The MS diagnosis was determined by the presence of, at least, three of the
tollowing alterations triglycerides > 100mg/dL; HDL-c < 50mg/dL; blood
glucose 2110mg/dL; waist circumference > 75™ percentile of the sample for
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age and sex, blood pressure (diastolic or systolic) > 90* percentile adjusted for
age, height and sex".

Statistical analysis

The SPSS statistical program was used to perform the Kolmogorov-Smirnov,
Mann-Whitney, and Chi-square tests. Outliers were identified and removed
using the quartile interval method. The ROC curve assessed the ability of
anthropometric indicators of body composition to predict MS. The sensitivity
(SE) and specificity (SP) values of the anthropometric indicators of body
composition were calculated for each cutoff point present in the sample.
The statistical significance of each analysis was verified by the area under
the ROC curve (AUC) and by the lower limit of the 95% confidence interval
> 0.5. For comparability with other studies, the 5th, 10th, 25th, 50th, 75th,
90th, and 95th percentiles were chosen as reference values. The percentiles,
Box Cox (L), adjusted median (M), and coefficient of variation (S) values
were performed using the LMS method proposed by Cole, using the LMS

Chartmaker program'.

RESULTS

The participants of this investigation were 1.480 children of both sex (52.2%
girls), with a mean age of 8.55 (SD=1.53), students from the urban and rural
areas in the municipality of Uberaba/MG. The BM, height, and BMI did not
differ significantly between boys and girls (p>0.05). The FBM and %BF was
significantly higher in girls, who also had lower values for the LBM compared to
boys (p<0.05) (Table 1). The MS prevalence was 12.6% and 8.5% for girls and
boys, respectively, with a statistically significant difference between sex (p<0.05).

The percentiles (5th, 10th, 25th, 50th, 75th, 90th, and 95th) of body
composition indicators (BMI, BFEM, LBM, and %BF), Box Cox (L), adjusted
median (M), and coefficient of variation (S) values for age and sex for all
variables analyzed were presented in Tables 2 and 3.

BMI, FBM, and %BF showed statistically significant accuracy for predicting
the MS risk for both sex at all ages evaluated. On the other hand, the LBM
showed significant accuracy values only for girls aged 7-10-year and boys aged
6,9, and 10 years (Table 4).

Table 1. Anthropometric characteristics and body composition of 6-10-year-old children according to sex.

Girls (n=773) Boys (n=707)
Variables p-value
Mean (SD) Median (min-max) Mean (SD) Median (min-max)
Body mass (kg) ~ 30.05(8.88) 28.70 (15.70-64.70)  30.58 (9.54)  28.25 (16.50 - 69.90) 0.500
Height (m) 131(0.10)  1.31(1.03-1.70) 131(0.10)  1.31(1.07-1.66) 0.900
BMI (kg/m2)  17.49(3.31) 1652 (10.24-3053) 17.49(3.51) 16.40 (10.75 - 31.43) 0.600
LBM (kg) 23.09 (4.60) 22.63(12.63-40.17) 23.72 (4.44) 23.22 (13.15 - 41.64) 0.010
FBM (kg) 7.49 (5.19) 5.84 (1.43 - 33.93) 6.80 (6.18) 4.60 (1.05 - 39.34) 0.001
%BF 2242 (847)  20.96 (5.01-55.56) 19.66 (10.18) 16.55 (5.31 - 57.98) 0.001

Legend: n = sample; SD = standard deviation; min = minimum value; max = maximum value; BMI = body mass index;
LBM = lean body mass; FBM = fat body mass; % BF = body fat percentage. Note: Significant difference between sex p < 0.05
from Mann Whitney test.
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Table 2. Coefficient Box Cox (L), Median (M) and coefficient of variation (S), followed by percentile

values for body mass index, lean body mass, fat body mass, and body fat percentage by age for girls.

Age

Variable (vears) M S 5th 10th  25th ~ 50th ~ 75th ~ 90th  95th
6 -1.16 1569 015 1260 13.16 1424 1569 1750 1956 21.07

7 -1.23 1591 016 1265 1324 1437 1591 1788 2019 21.93

BMI 8 -1.29 1623 017 1280 1341 1459 1623 1836 2092 22.90
9 -1.36 1687 018 1320 13.85 1510 16.87 1921 2212 2443

10 -143 1703 018 1325 13.90 1519 17.03 1951 2266 2525

6 -0.16 1797 015 1407 1484 1624 1797 1992 21.89 23.17

7 -0.11 1988 015 1565 1649 18.01 19.88 21.96 24.05 2540

LBM 8 -0.06 2215 014 1752 1844 2011 2215 2441 26,65 28.10
9 -0.01 2466 015 1936 2042 2233 2466 2724 2979 3143

10 003 2613 015 2033 2149 2358 2613 2895 31.74 3353

6 011 377 057 154 186 259 377 559 808 10.15

7 -0.08 446 060 173 212 300 446 670 979 1235

FBM 8 -0.04 556 062 206 256 368 556 846 1243 1570
9 -0.01 684 064 242 304 446 684 1053 1555 19.66

10 002 78 066 261 334  5.01 783 1219 1812 2293

6 -0.03 1820 034 1051 11.86 1452 1820 22.85 28.08 31.78

7 0.02 19.08 036 1044 1194 1491 19.08 2438 3038 34.63

%BF 8 0.06 2044 038 10.88 1253 15.83 2044 2629 3286 37.50
9 011 2216 039 1150 13.34 17.02 2216 28.64 3586 40.92

10 015 2287 039 1155 1351 17.43 2287 2969 3723 4248

BMI = body mass index; LBM = lean body mass; FBM = fat body mass; % BF = body fat percentage

Table 3. Coefficient Box Cox (L), Median (M) and coefficient of variation (S), followed by percentile values

for body mass index (BMI), lean body mass, fat body mass, and body fat percentage by age for boys.

Variable (yigfs) M S 5h  10th 25th  50th  75h  90th  O5th
6 268 1554 012 1329 1368 1445 1554 17.00 18.87 20.45
7 230 1568 014 1311 1356 1444 1568 17.37 1956 21.42
BMI 8 193 1606 016 1303 1355 1459 1606 1807 2069 22.91
9 155 1684 018 1324 1386 1500 1684 1921 2227 24.80
10 147 1750 020 1327 1400 1545 1750 2025 2369 2644
6 044 1906 013 1533 1641 17.47 19.06 2072 2228 2324
7 031 2072 013 1653 1740 1892 2072 2263 2444 2558
LBM 8 018 2289 013 1830 1924 2091 2289 2502 27.07 28.37
9 006 2504 013 2015 2114 2291 2504 27.36 2961 31.04
10 -005 2716 013 2197 2302 2489 2716 2965 3210 3366
6 020 303 059 124 149 206 303 461 694 901
7 020 33 068 122 150 216 335 540 868 11.80
FBM 8 017 434 072 147 184 272 434 720 1184 1628
9 023 527 076 177 220 326 527 907 1577 2278
10 -003 676 080 186 246 396 676 1162 1906 2570
6 020 1485 040 802 913 1143 1485 1957 2543 29.95
7 017 1481 044 754 869 1112 1481 2002 2664 31.83
%BF 8 015 1688 047 816 952 1241 1688 2332 3164 38.25
9 013 1784 050 817 965 1283 17.84 2517 3480 4252
10 -011 1982 053 859 1027 1394 1982 2858 4023 4967

BMI = body mass index; LBM = lean body mass; FBM = fat body mass; % BF = body fat percentage
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DISCUSSION

This study investigated different body composition indicators as predictors
of MS risk in Brazilian children, including the proposition of percentiles and
cutoff points. Among the investigated body composition indicators, those that
estimate the amount of body fat were the most accurate for predicting MS
in 6-10-year-old children. We believe that the percentiles and cutoft points
developed in this study may be useful in screening for MS risk at an early age,
aiming at the development of prevention strategies by health-promoting agents.

The prevalence of MS observed in this study, compared with Brazilian® and
international studies’, suggests that actions to deal with this health problem
are necessary. BMI cutoff points have been used to determine overweight and
obesity in population studies involving children'®. On the other hand, BMI
percentiles were also used as one of the diagnostic MS factors, for example,
BMI 97th percentile for age and sex'®'’; > 95th percentile’"; > 85th percentile
of the sample®.

The suggested BMI cutoff point to predict MS risk among girls in this
study was 18.5 kg/m?* (5=80.33%, E=76.33%). BMI had the highest AUC
(0.867) among girls. For boys, BMI was the fourth most accurate predictor
(AUC=0.872), behind FBM (AUC=0.880). The suggested BMI cutoff point
to predict MS among boys was 18.6 kg/m? (S=80%, E=80%). A previous study
with Spanish children®! suggested the 65th percentile of BMI, regardless of sex
and age, in predicting the set of cardiovascular risk factors that compose MS
(AUC=0.868, S=80%, and E=75%).

The BMI cutoff points (> 75th percentile of the sample) suggested to

predict MS, by age and sex, in the present study, approached the overweight
diagnosis proposed by the International Obesity Task Force/IOTF (criterion
internationally used with a representative sample of six countries, including
Brazil)'® and Conde and Monteiro®, the national reference.
In another study, Ferreira et al.?” reported that BMI was the most accurate
predictor of MS risk in a study with 109 Brazilian children aged 7-11-year-old.
Among the different anthropometric measures tested, the BMI > 24.5 kg/m?,
WC > 78cm, and %BF > 41% (measured by DEXA) were considered to be M'S
predictors. The lack of description of the anatomical point of PC measurement
and generalization of data (without distinction of age and sex) limits the
possibility of comparisons between studies.

The BMI values in this study, which are close to those reported for the diagnosis
of obesity'®", are found in the reference curve > 90th percentile, with high
specificity values in predicting the risk of MS. Halley Castillo et al.”® reported
that high BMI values have an impact on the MS prevalence, as eutrophic and
overweight boys had 3% and 66% of MS prevalence, respectively. However,
the MS prevalence in 6-12-year-old Mexican children was 23.3%, while in
the overweight group, the prevalence was 28.5%.

Sellers et al.” found unexpected results in a cohort of Australian Aboriginal
children,as BMI had low values in the sample, with a prevalence of overweight
of 6.4% and obesity of 4.9%, while the MS prevalence was 14%, a result
contradictory to that found in an American study with the same parameters,
prevalence of obesity of 15% and MS of 4%7. The use of BMI as a diagnostic
criterion for overweight and obesity in children is consolidated in the scientific
literature; however, its use, as a predictive criterion for the MS risk, should be
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carried out with caution, as children with a classification of “normal weight”
by BMI, they can be considered falsely thin, and, as a result of excess body fat,
especially in the central region of the body, present metabolic changes in MS
components.

The %BF was an accurate predictor of MS for girls (AUC = 0.867) and
boys (AUC = 0.864) with cutoff points between the 50th and 75th percentile.
The values suggested for predicting the MS risk in 6-8-year-old girls and
7-8-year-old boys approached the cutoff points they classify as adequate?” or
excellent®® (SE293.3% and SP=72%) the amount of %BF. Cutoff points for
7,9, and 10-year-old girls were included in the classification of moderately
high and high body fat?”*, which was repeated among 6,9, and 10-year-old
boys. A previous study carried out with Brazilians suggested a cutoff point
of 25.7% of %BF (SE=75% and SP=71.25%) in the MS prediction in girls
with a mean age of 9.9 years, classification of the moderately high amount of
%BF*, and among boys, there was no significant accuracy for this predictor.
The recommendations for the amount of %BF in children were proposed only
by sex, without age stratification?”-®. Thus, divergences between cutoft points
for %BF presented in this study (by age and sex) and the recommendations may
have occurred due to the lack of specificity attributed to different age groups
in previous recommendations.

Sun et al.” warn of the secular trend of increasing %BF. The average %BF
of North American children born in the 1990s was significantly higher than
the average of children born three decades earlier. The estimate of the growth
trajectories of the %BF differed between sex, with an increase in the %BF among
boys up to 12 years old and a subsequent decrease, and a linear increase in the
%BF with age among girls. Girls had significantly higher mean %BF than boys
at all ages (8-18-year-old) and in all four decades of birth. In the present study,
girls,in addition to having higher %BF, following the secular trend, had a higher
prevalence of MS compared to boys (p<0.05), strengthening the consistent
relationship between %BF and risk of MS in the pediatric population.

We should highlight the FBM, which presented AUC>0.737 for boys and
girls. Suggested cutoff points were > 75th percentile for girls and > 50th percentile
for boys. The girls in this study had significantly higher FBM values compared
to boys (p<0.05). It is difficult to compare our findings with other studies, as
values are expressed, most of the time, in percentages and not in kilograms.

The LBM was not accurate in predicting the risk of MS in different age
groups in both sex, and it had the worst performance when compared to the
other indicators analyzed in this study for the MS prediction. These findings
are in agreement with the body of evidence that suggests a strong relationship
between body fat indicators and MS during childhood and adolescence.”®

One of the limitations of the present investigation is the lack of comparability
with other studies that have been conducted on this topic, as there is no
standardization of the measurements and cutoff points used. Another important
aspect is the standardization of data collection on anthropometric measurements,
which must be considered when using this technique. In our study, all
anthropometric measurements were performed by two trained evaluators,
ensuring greater reliability of the results. Although we have a representative
sample of the population with children of different ethnicities, the results were
not stratified in this way in our study.
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Respecting the limitations of the study and based on the observed results,
we concluded that the main anthropometric indicators for MS, in both
genders, were BMI, BFM, and %BF. These findings suggest that simple
anthropometric measurements, which can be performed in clinical practice,
have the potential to direct non-pharmacological actions, such as regular
physical activity and healthier eating habits, aimed at promoting health and
preventing MS at an early age.
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