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Abstract

Objective: The aim of the present study was to compare BMI and anthropometric
indicators of abdominal obesity in Brazilian adolescents from public schools
between 2003 and 2008.

Design: A comparison of anthropometric indicators in adolescents was done
based on two cross-sectional surveys conducted in 2003 (2 530) and in 2008
(n 498). BMI (= weight/height?), waist circumference (WC), hip circumference
(HO), waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) were evaluated.
The age-adjusted means were compared between the two studies by linear
regression and the percentile values were compared by quantile regression.
A P value <0-05 was adopted for statistical significance.

Setting: Metropolitan area of Rio de Janeiro, Brazil.

Subjects: Two probabilistic samples of students aged 15-19 years old, from public
schools.

Results: There was a decrease in boys’ mean WC (72:9cm v. 70-9cm, P=0-01)
and an increase in girls' mean BMI (21-1kg/m?* ». 22:0kg/m?, P=0-03). Among
boys, the WC, HC and WHI(R percentiles were lower whereas the WHR per-
centiles were higher in 2008 than in 2003. Among girls, the percentiles of all
measures were higher in 2008, except for WHR.

Conclusions: Anthropometric measures among boys tended to decrease, while
among girls there was a tendency to increase from 2003 to 2008, indicating an Trends in anthropometry
important gender effect and a higher morbidity risk associated with excess body fat in Abdominal obesity
gitls. The school setting offers opportunities for interventions to address this situation. BMI
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The prevalence of overweight and obesity in adolescents ©

: : : : 1
has been increasing over past years in many countries”,

anthropometric measurements of abdominal obesity
Such evidence reinforces the importance of monitoring

including Brazil, where in a period of 35 years (1974-1975
to 2008-2009) overweight in adolescents increased from
3-7% to 21-7 % in boys and from 7-6 % to 19-4 % in girls'®.
This trend in overweight and obesity increase was also
observed in 9-12-year-old public schools students
investigated in a randomized clinical trial for prevention
of obesity in the city of Niteroi, Rio de Janeiro, comparing
baseline and final data collected after one school year.
On the other hand, the prevalence of underweight
decreased among Brazilian adolescents reaching about
3% among boys and girls in 2008-2009%.

In a study conducted in 2003 with adolescents from
public schools in the metropolitan area of Rio de Janeiro,
a considerable prevalence of metabolic disorders was
observed, particularly in those who were obese™” and
an association was found between these disorders and
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anthropometric measurements in adolescents.

In general, trends in overweight and obesity in adoles-
cents have been evaluated based on BMIV V. However,
trends in anthropometric indicators of abdominal obesity
such as waist circumference (WC), waist-to-hip ratio
(WHR) and waist-to-height ratio (WHtR) have also been
studied among adolescents. The increase in these mea-
surements has been demonstrated in adolescents from
various countries like Spain(u), Australia®®, the USA(M),
the UK">'® and New Zealand"”. In Brazil, studies on
abdominal fat trends among adolescents have not been
published yet.

The aim of the present study was to compare BMI, WC,
WHR and WHtR in adolescents from public schools of
a municipality in the metropolitan area of Rio de Janeiro,
Brazil, between 2003 and 2008.

© The Authors 2012
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Methods

The analysis was based on data from two cross-sectional
school-based surveys conducted in 2003 and 2008 with
probabilistic samples of adolescents from public schools
of Niterdi, a city located in the metropolitan area of Rio de
Janeiro, Brazil, with about 500000 inhabitants.

The survey conducted in 2003, which aimed to evalu-
ate risk factors for CVD in adolescents, investigated
a probabilistic sample of 610 adolescents (cluster sampling
by random class selection) aged 12-19 years, from 5th to
11th grades in thirteen of the thirty-three public schools
located in the city. The sample size estimation was based
on the number of students enrolled in the state education
system in Niter6i in 2001 (25 102 students in the target age
group). Details on sample design and selection can be
found elsewhere®.

In 2008, there were 26294 students from 5th to 11th
grades enrolled in the state education system in Niteroi.
To favour the comparability between the two studies,
the same thirteen schools included in the first survey
were included in the 2008 survey and thirty classes were
randomly selected, with a mean expected number of
thirty students per class. Therefore, 894 students aged
12-19 years were selected to participate in the survey. In
both studies, the same criteria of eligibility were applied:
not being pregnant and not having physical deficiencies
which would hinder the anthropometric evaluation.

To verify the differences in the anthropometric
measurements between the two studies, we opted for
evaluating only those adolescents aged 15 years or older,
considering that in this age range the changes observed
would be less subjected to the effect of the sexual
maturation, which can be especially variable between
individuals particularly in the first phase of adolescence.

In 2003, there were 641 eligible students in the age
group of 15-19 years, of which twenty-six parents did not
sign the informed consent, seventy refused to participate
in the research and fifteen did not come to school on the
days scheduled for measurements. Therefore, 530 students
were evaluated (non-response rate of 17:3%). In 2008, in
the same age group, there were 632 eligible students of
which thirty-three did not present the consent form
signed by the legal guardian, seventy-four refused to
participate in the research and twenty-seven did not come
to school on the date scheduled for data collection.
Therefore, 498 students were evaluated (non-response
rate of 21-2%).

With these sample sizes, it was possible to estimate
a prevalence of overweight of about 20%?, with 95%
confidence interval and 5% absolute precision, con-
sidering the effect of the cluster design of sampling
(classes)*”.

In both studies, interviewers were trained and standar-
dized in anthropometric measurements within the margins
of error accepted by Habicht's criterion®”. When the

https://doi.org/10.1017/51368980012005198 Published online by Cambridge University Press

EG Barros et al.

interviewers did not reach the limit values for reliability
and validity they underwent further standardization
sessions to reach acceptable values. Interviewers were
retrained periodically during the fieldwork using the
same procedures. In the two surveys, body weight was
measured using an electronic scale (Kratos PPS, Brazil)
accurate to 50g. Height was measured with a portable
stadiometer (Leicester model 2003, UK or Alturexata
model 2008, Brazil) accurate to 0-1cm. No significant
differences were found between height means measured
by the two stadiometers in twenty-five young adults
(Leicester = 1625 (sp 9-2) c¢cm and Alturexata = 162-7
(sp 9-2) cm, P=0-93).

The adolescents were evaluated wearing light clothing
and barefoot, in orthostatic position. Due to the precision
of the electronic scale, body weight was measured
only once. Height was measured twice, considering the
average of both measurements as the valid measure.
A maximum variation of 0-5cm between the two mea-
surements was allowed, repeating the procedure if the
difference was greater than this limit?". BMI was calcu-
lated dividing weight (in kilograms) by the square of
height (in metres). Overweight prevalence was estimated
by the age- and gender-specific BMI cut-offs (Zscore > 1)
according to reference curves proposed by the WHO“?.

WC and hip circumference (HC) were measured
with inelastic tape measures, with variation of 0-1cm, on
the smallest trunk circumference (natural waist of the
individual) and on the maximum circumference over the
buttocks, respectively. Two measurements were taken for
each circumference and the averages were considered as
the valid measures. A maximum variation of 1-0cm was
allowed between both measurements, repeating the
procedure if the difference was greater than the accept-
able limit*?.

The age-adjusted means with respective 95 % confidence
intervals, and the 3rd, 10th, 50th, 90th and 97th percentiles,
of BMI, WC, HC, WHR and WHIR were estimated by sex
and year of study. The means were compared by linear
regression and frequencies were compared by the x* test.
P<0-05 was taken as the level for a statistically significant
difference. These statistical analyses were made consider-
ing the cluster sampling design (random classes) and the
sampling expansion corrected by the relative weight,
using the procedures for complex samples of the statis-
tical software package SPSS version 19-0. Percentiles were
compared by quantile regression using the statistical
software package SAS version 9-2.

The study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all procedures
involving human subjects were approved by the Research
Ethics Committee of University Hospital Clementino Fraga
Filho (for the survey conducted in 2003) and of Institute of
Pediatrics Martagdo Gesteira (for the survey conducted in
2008), both from the Federal University of Rio de Janeiro.
The participation in the surveys was voluntary and only
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those adolescents who presented written informed consent
signed by a legal guardian (for those under 18 years of
age) took part in the research.

Results

Comparing the participants (530 students in 2003 and
498 students in 2008) with the non-participants (111 students
in 2003 and 134 students in 2008), it was observed that
there were no significant differences between participants
and non-participants in 2003 with regard to gender and
age range. In 2008 no differences were verified with regard
to age range, but the proportion of boys was smaller
among participants than among non-participants (Table 1).

There were no differences between the investigated
groups in the 2003 and 2008 surveys according to gender
(girls: 66:6% in 2003 v. 59-6% in 2008, P=0-13), age
range (15-16 years: 44:5% in 2003 v. 53-8% in 2008;
17-19 years: 55-5% in 2003 v. 46:2% in 2008, P=0-43)
and mean age (girls: 171 ». 16-9 years, P= 0-55; boys:
173 v. 165 years, P=0-12).

A significant increase in girls’ mean BMI (= 0-03) and
significant decreases in boys’ mean WC (P=0-01) and
HC (P<0-01) were observed between the two studies
(Table 2).

In both studies conducted in 2003 and 2008, a high
prevalence of overweight for boys and girls was
observed; nevertheless, differences were dependent on
gender. Although the results were not statistically sig-
nificant, there was a tendency of increasing overweight
among girls (15-9% in 2003 v. 22:2% in 2008, P=0-11),

Table 1 Comparison of participants and non-participants accord-
ing to gender and age range: adolescents from public schools in
the metropolitan area of Rio de Janeiro, Brazil, 2003—2008

2003
Participants Non-participants
(n 530) (n111)
n % n % P value
Gender
Male 177 334 45 40-5 0-15
Female 353 66-6 66 59-5
Age (years)
15-16 236 44-5 55 49-5 0-33
17-19 294 555 56 50-5
2008
Participants Non-participants
(n 498) (n134)
n % n % P value
Gender
Male 201 40-4 67 50-0 0-045
Female 297 59-6 67 50-0
Age (years)
15-16 268 53-8 69 51-5 0-63
17-19 230 46-2 65 48-5
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whereas for boys the prevalence of overweight was not
different between the two studies (19:8 % in 2003 v. 194 %
in 2008, P=0-90).

Based on the percentile distribution of anthropometric
variables, it was observed that boys’ WC, HC and WHtR
curves were lower in 2008, whereas the BMI curves
overlapped (Fig. 1) and the WHR curve was higher from
the 50th percentile. For girls, the curves for all variables
tended to be higher in 2008, except the WHR curve,
which was higher only for the most elevated percentiles
of the distribution (Fig. 2).

Discussion

In the present study we sought to know whether there
were differences in means and percentile curves of BMI,
WC, WHR and WHtR in adolescents from public schools
of a municipality in the metropolitan area of Rio de
Janeiro, Brazil, between 2003 and 2008. When we ana-
lysed the data, without stratifying by age group, we
observed a significant increase in BMI for girls, but not
for boys; and the same was observed for overweight
prevalence. We also observed a tendency that boys’
anthropometric measurements of abdominal obesity
decreased between 2003 and 2008, whereas for girls
they tended to increase. National representative surveys
have already revealed that overweight and obesity have
been increasing significantly in young Brazilians®'?.
Based on a birth cohort study in Southern Brazil*?, BMI
in 15-year-old adolescents was positively associated with
early rapid weight gain during early life, which can be a
marker of high risk of obesity in older children and young
adults. Nutrition during pregnancy as well as infant and
young child feeding practices up until the child’s second
birthday (also referred to as ‘the first 1000 days of life”)
should therefore receive priority attention in order to
rectify this situation.

During the 2000s, Brazil has undergone profound
changes in the socio-economic scenario. Economic
growth and social policies for reducing poverty and
improving income distribution have increased the popu-
lation’s purchasing power?>*® with important changes in
the dietary pattern. For example, consumption of pro-
cessed foods and sodas has increased, and thus may be
related to increased rates of overweight and obesity in
all age and sex groups in Brazil®”. These changes affect
the entire population, characterizing a period effect.
However, a cohort effect may be present if children are
compared with adolescents, showing a greater increase
in prevalence of overweight and obesity in children®.
This scenario may explain our findings when changes
in mean BMI were analysed by stratifying our school
data into two age groups: 15-17 years and 17-19 years
(see Supplementary Materials). Mean BMI increased in
the younger group by 0-6kg/m® among boys and by
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Table 2 Variation in the means of anthropometric obesity indicators according to gender among adolescents from
public schools in the metropolitan area of Rio de Janeiro, Brazil, 2003—2008

Boys
2003 (n 177) 2008 (n 201)
Variable Mean 95% ClI Mean 95% Cl P value*
BMI (kg/m?) 21-3 20-7, 21-9 21-2 20-7, 21-6 0-72
WC (cm) 72-9 71-8, 741 70-9 69-8, 72-0 0-01
HC (cm) 93-1 91-9, 94-2 90-2 89-0, 91-4 <0-01
WHR 0-78 0-78, 0-79 0-79 0-78, 0-79 0-51
WHtR 0-42 0-41, 0-43 0-41 0-40, 0-42 0-17
Girls
2003 (n 353) 2008 (n 297)
Mean 95% ClI Mean 95% Cl P value*
BMI (kg/mz) 211 20-5, 21-7 220 21-4, 22-5 0-03
WC (cm) 67-5 66-3, 68-7 68-1 66-9, 69-2 0-51
HC (cm) 93-2 92-0, 94-4 94-3 93-3, 95-2 0-18
WHR 0-72 0-72, 0-73 0-72 0-72, 0:73 0-65
WHtR 0-42 0-10, 0-43 0-42 0-42, 0-43 0-39

WC, waist circumference; HC, hip circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

*Obtained by linear regression.

1-4 kg/m?* among girls, whereas for the older group these
changes in mean BMI were negligible in girls (0-2kg/m?)
and even showed a reduction among boys (—0-4 kg/m?).
These changes are in accordance with an important
cohort effect: the younger group showing a higher
increase in BMI, and the older group showing an increase
in BMI only when compared within their own cohort
(i.e. those who were younger in 2003), but not when
compared with the younger group in 2008.

The stabilization of overweight prevalence in boys
could also have resulted from a possible higher level of
physical activity among boys compared with girls. Even
though we did not analyse physical activity data, it is
possible that the boys were more active than the girls as
observed by a systematic review® and a Brazilian
nationwide surveillance study**”.

In general, percentile values of girls’ anthropometric
measurements increased between 2003 and 2008, except
for WHR, which increased only for the highest percentiles
of the distribution. Using WHR to estimate abdominal fat
accumulation in adolescents is highly dependent on age®”’
and the changes in WHR during pubertal development
might be reflecting changes in the relationship between
the measures of waist and hip, more than properly central
accumulation of fat®”. WHR presented poorer perfor-
mance in the prediction of abdominal fat evaluated by
dual-energy X-ray absorptiometry than WC in children
aged 3-19 years®®. In contrast, WHtR has been recom-
mended for adolescents because besides being inde-
pendent of sex and age, it is considered a good marker to
monitor overweight for young subjects'**® This index
is also highly correlated to visceral fat®" and with risk
factors for metabolic syndrome in children®. In the
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students evaluated in the 2003 study, WHtR was the
second measure of abdominal fat more closely associated
with the components of metabolic syndrome; WC presented
the best results while WHR was the one with the poorest
association'® .

The present study therefore demonstrated that, for
girls, besides the increase in total body fat reflected by the
differences in BMI, there was also a trend of abdominal
obesity increase as suggested by percentile distributions
of WC and WHItR (Fig. 2b and e), which could indicate
a higher risk of metabolic disorders associated with the
excess of central body fat.

In boys, 2003 and 2008 BMI curves overlapped (Fig. 1a).
There was even a tendency of lower fat accumulation in
the abdominal region expressed by lower values of WC
and WHIR percentiles in 2008 (Fig. 1b and e). The only
exception was for WHtR 97th percentile, which was higher
in the second study. The higher values for the 2008 boys’
WHR 50th percentile may be explained by the lower
average WC, resulting in higher values for the ratio
between these measures of waist and hip. However, this
finding does not seem to have any clinical relevance.

Studies analysing trends in percentile distributions of
anthropometric indicators of abdominal obesity in young
people are scarce, thus limiting the possibility of com-
paring the results observed in the present study. Studies
that evaluated temporal changes in WC and WHtR
measures in adolescents have compared averages and
demonstrated an increase in these measures, both for
boys and girls"**7.

Evaluating the BMI of adolescents in Belgium, between
1969 and 1996 Hulens et al*® observed an increase in
the values of this index between the lowest and the
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Fig. 1 Variation in the percentiles of anthropometric obesity indicators among male adolescents from public schools in
the metropolitan area of Rio de Janeiro, Brazil, 2003 (—) to 2008 (----- ): (@) BMI; (b) waist circumference (WC);
(c) hip circumference (HC); (d) waist-to-hip ratio (WHR); (e) waist-to-height ratio (WHtR). Significant difference between 2003 and

2008 obtained by quantile regression: *P < 0-05

highest percentiles for girls and only in the highest
percentiles (85th and 95th) for boys. Kautiainen et al®”
also noted an increase between 1977 and 1999 in the 85th
and 95th BMI percentiles of Finnish girls and boys.

It is important to highlight that the absolute values
of the 90th percentile of BMI both in 2003 (25-9 kg/m? for
boys and 25-3 kg/m? for girls) and in 2008 (25-2 kg/m? for
boys and 26-8 kg/m? for girls) were already higher than
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the cut-off point indicated by WHO®® to classify over-
weight in adults (25-0 kg/m?®). Likewise, the 97th percentile
of WHtR both in 2003 (0-50 for boys and 0-51 for girls) and
in 2008 (0-52 for boys and 0-54 for girls) were equal to or
greater than the cut-off point suggested to indicate risk of
CVD (0-50)"?.

The sample size in the present study did not allow the
comparison of changes between anthropometric indicators
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Fig. 2 Variation in the percentiles of anthropometric obesity indicators among female adolescents from public schools

in the metropolitan area of Rio de Janeiro, Brazil, 2003 (—

) to 2008 (----- ): (@) BMI; (b) waist circumference (WC);

(c) hip circumference (HC); (d) waist-to-hip ratio (WHR); (e) waist-to-height ratio (WHtR). Significant difference between 2003 and

2008 obtained by quantile regression: *P < 0-05

for each year of age, which would be recommended due
to the variation in anthropometric measurements with the
growth process. This limitation has been softened by
adjusting the measurements by age. Despite this limita-
tion, we can confirm the importance of monitoring the
nutritional status of adolescents based on anthropometric
measurements, a method which is characterized by its
practicality and low costs. Therefore this should be
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implemented in the routine health-care service for children
and adolescents, including in the school environment,
aiming at better control and prevention of nutritional
problems.

The present results revealed that, between 2003 and
2008, among girls from Niter6i, Rio de Janeiro, there
was a significant increase in mean BMI and a tendency for
anthropometric indicators of abdominal obesity to increase.
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However, among boys, there was stabilization in these
measures. Further analysis suggested that a cohort effect
may have a role in this phenomenon. Therefore, new
studies that could clarify gender differences in the
evolution of anthropometric indicators of adolescents in
the metropolitan region investigated would be important.
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