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D ]etabolic syndrome (MS) defined as a cluster

of risk factors for cardiovascular diseases such
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ABSTRACT

To compare the prevalence of metabolic abnormalities (MA) and metabolic syndro-
me (MS) assessed by different criteria among Brazilian adolescents.
Weighted prevalence of MA and MS were estimated using criteria adapted from the Internatio-
nal Diabetes Federation (IDF), National Cholesterol Education Program, Adult Treatment Panel
Il (NCEP/ATP 1Il), and the World Health Organization (WHO) in a probabilistic sample of 577
students aged 12-19. The most prevalent MA was low concentration of HDL-C as per IDF
(32.5%) and NCEP/ATP IlI (41.6%) criteria and hypertension as per the WHQ's criterion (12.4%).
Prevalence of MS using the NCEP/ATP Ill criterion (6.04%) was five times higher than the WHO's
(1.1%) and the IDF’s (1.6%) criteria. As expected, MS was significantly higher among overweight
than among non-overweight adolescents. Low prevalence of MS but high preva-
lence of some MA were found.These findings suggest that the diagnosis of MA is more relevant
in clinical practice especially in overweight adolescents. ArqBras Endocrinol Metab. 2011;55(2):164-70
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RESUMO

Comparar a prevaléncia de alteracdes metabdlicas (AM) e de sindrome metabdlica
(SM) avaliadas por trés diferentes critérios nos adolescentes brasileiros.
Foram estimadas prevaléncias expandidas de AM e SM pelos critérios adaptados do Internatio-
nal Diabetes Federation (IDF), National Cholesterol Education Program, Adult Treatment Panel
Il (NCEP/ATP 1ll) e o World Health Organization (WHO), em uma amostra probabilistica de 577
estudantes de 12 a 19 anos. Baixa concentracao de HDL-C foi a AM mais prevalente
segundo critérios do IDF (32,5%) e do NCEP/ATP lll (41,6%), e hipertensao pelo critério do WHO
(12,4%). A prevaléncia de SM pelo critério NCEP/ATP Il (6,04%) foi cinco vezes mais alta do que
pelos critérios WHO (1,1%) e IDF (1,6%) e, como era esperado, foi significantemente mais eleva-
da entre adolescentes com sobrepeso. Foram encontradas menores prevaléncias
de SM e maiores prevaléncias de algumas AM. Esses resultados sugerem que o diagndstico
das AM é mais relevante na pratica clinica especialmente para adolescentes com excesso de
peso. ArqBras Endocrinol Metab. 2011;55(2):164-70

Descritores
Adolescente; excesso de peso; sindrome metabdlica; lipoproteina de alta densidade; hipertensao arterial

as hypertriglyceridemia, low blood concentrations of
HDL-C (high density lipoprotein cholesterol), hyper-
tension, hyperglycemia, and abdominal adiposity, has
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increased among adolescents in several countries and
overweight and obese youth are the more vulnerable
(1,2). In Brazil, the prevalence of overweight in ado-
lescents has increased by six times in boys and nearly
three times in girls over the period of 1974 to 2009 (3),
however, few studies have evaluated the presence of MS
among overweight Brazilian adolescents. The first study
in Brazil was conducted by the Authors in a sample pop-
ulation from public schools of Niteréi, Rio de Janeiro.
Prevalence of MS, based on the presence of at least three
metabolic abnormalities was 21.4% among overweight
12 to 19-year-old girls and 0.1% in those classified as
normal weight (4). In another study conducted in the
city of Maracai, Sao Paulo the prevalence of MS among
6 to 16-year-old schoolchildren as defined by the Na-
tional Cholesterol Education Program, increased from
0.3% in those with normal weight to 10.7% and 34.5%
in overweight and obese subjects, respectively (5).
Several criteria have been described to define MS
among adults and, in general, all of them define it as the
concomitant presence of three or more metabolic ab-
normalities (6). The criteria used to define MS in ado-
lescents are commonly an adaptation of the criteria used
for adults (7,8) differing in variables such as the cut off
points defining the metabolic abnormality. A systematic
review of literature brought evidence that the prevalen-
ce of MS among adolescents varied from 2.2% to 52.1%
depending on the criterion adopted and the studied
population (9). Therefore, lack of standardization in
diagnostic criteria impairs the comparison of prevalence
found in different studies and identification of the true
magnitude of MS. In order to attenuate this situation
and standardize the diagnosis criterion, the Internatio-
nal Diabetes Federation (IDF) proposed a specific de-
finition for adolescents which considers the increase of
abdominal adiposity measured by waist circumference
(WC) as being the priority abnormality that should be
added to two or more metabolic abnormalities (10).
WC is an easily obtained measurement which has
been used to predict abdominal adiposity. In adoles-
cents, as with adults, this measurement is associated
with the metabolic abnormalities of MS and, therefore
with the risk of cardiovascular disease (11). The low
prevalence of MS among adolescents in Brazil may
be due to the diagnostic criteria used, since the pre-
valence of the syndrome’s components is increasing
among adolescents (12) and weight gain has also
been clearly documented in national surveys (3,13).
Therefore, we compared the prevalence of MS among
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students, applying three diagnostic criteria and compa-
red the prevalence of each specific metabolic abnorma-
lity included in the definition of MS.

SUBJECTS AND METHODS

This study was carried out from June to December of
2003 in a probabilistic sample of 12 to 19-year-old ad-
olescents from public schools of the city of Niteréi, Rio
de Janeiro state, in Brazil. Niterdi has approximately
479.000 inhabitants. Sample size calculation was based
on the data for 2001, when 25,102 students between
the ages of 12 and 19 were enrolled in the 33 public
schools. The sample size of 600 students was originally
calculated based on the prevalence of 25% of hypercho-
lesterolemia, at a 95% confidence interval, with 5% of
precision and random class selection cluster sampling
(14). As a 30% non-response was anticipated accor-
ding to a pilot study, the total sample should therefore
comprise 780 adolescents (26 classes with 30 students
each). The classes were randomly distributed in 13 of
the 33 schools. The needed sample to estimate, with
a 95% confidence interval (95% CI) and an absolute
precision of five percentage points, a prevalence of 5%
of MS (5), expecting a non-response of 30%, was of
100 students. Considering a 40% high prevalence of
any metabolic abnormality the needed sample would
need to be of 360 adolescents. Of the 757 students
that met the eligibility criteria (absence of any physical
handicap that could interfere with the anthropomet-
ric evaluation, not be pregnant or breastfeeding, and
not be on any medication that might interfere with the
results of the tests) anthropometric data was obtained
from 610 adolescents only (43 did not present authori-
zation from their parents, 85 refused to participate, and
19 were not present on the day of the evaluation). An
additional 33 adolescents had no blood samples, result-
ing in a total of 577 adolescents in this study.

Weight (digital scales) and height (portable stadi-
ometer) were measured by trained anthropometrists.
WC was measured at the smallest circumference of the
trunk. Blood pressure was measured twice with ado-

lescents seated and using an automated blood pressure

recorder (Pro Check) with a 2-minute interval between
the two measures. If the variation between the two
measurements exceeded 15 mmHg, an additional me-
asure was obtained and the average calculated. Adoles-
cents were previously advised not to engage in physi-
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drinks, and not to smoke at least 30 minutes before
blood pressure measurement (14).

Glucose, HDL-C, and triglycerides were assessed
using the automatized enzymatic method Extress Plus
with blood samples collected after a 12-hour fasting pe-
riod. All anthropometric and biochemical data collec-
tion procedures are described in detail by Alvarez and
cols. (4) and Vieira and cols. (12).

The three criteria used to determine the presence of
MS among the adolescents are presented in table 1 and
they were adapted for the purpose of this study. When
applying the criterion proposed by Viner and cols. (8)
the cut off points for BMI according to sex and age
and recommended by the International Obesity Task
Force (15) were used to classify overweight. Also,
fasting glycemia was used instead of the oral glucose
tolerance test due to its practical aspects and viability
in epidemiological studies. For Ford and cols. (7) and
Zimmet and cols. (10) criteria, WC values in the 90*
percentile for age and sex were obtained according to
the investigated sample’s distribution. The use of WC
values from the American population as a reference, su-
ggested by the IDF, would have further reduced the
prevalence of MS since prevalence of obesity in young
Brazilians is not as high as the observed in the United
States. The criteria suggested by IDF for the diagnosis
of MS among adolescents up to 16 years old were used
for all adolescents in this study in order to allow com-
parisons with the other criteria used in this study (7,8).
Hypertension was defined by sex, age, and height/age
percentile, according to the Brazilian Society of Car-
diology (BSC) (16) when the Viner and cols. (8) and
Ford and cols. (7) criteria were applied.

To estimate the prevalence of metabolic abnormali-
ties cut off points suggested by the BSC (16) were also
used for HDL-C (< 45 mg/dL), triglycerides (= 100
mg/dL), and hypertension (= 95" percentile for age,
sex, and height by age percentile).

Data analysis was performed using the Statistical
Analysis System software, version 8.2 (SAS, Institute
Inc, Cary, NC). Weighted prevalence of metabolic ab-
normalities and of MS with 95% confidence intervals
were estimated by sex and nutritional status (overwei-
ght and not overweight) and were compared based on
the chi-square test using SAS Surveyreg with a p-value
< 0.05 for statistical significance.

This research was approved by the Ethics Commit-
tee in Research of the Clementino Fraga Filho Univer-
sity Hospital at the Federal University of Rio de Janei-
ro, in accordance with the Declaration of Helsinki.
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Table 1. Criteria used in diagnosing metabolic syndrome among

adolescents
Criteria Viner and cols. Ford and cols. Zimmet and cols.
(WHO)* (NCEP/ATP Ill)t (IDF)*

Overweight/ IF'BMI SWC > 90" SWC = 90"

obesity

HDL-C <35mg/dL <40 mg/dL <40 mg/dL

Glucose >110 mg/dL >100 mg/dL >100 mg/dL

Hypertension > Q50 >90n > 130 mmHg or

> 85 mmHg

Triglycerides >150 mg/dL >110 mg/dL >150 mg/dL

MST 3or+ 3or+ WC > 90"+ 2 or
abnormalities abnormalities  more abnormalities

* World Health Organization; * National Cholesterol Education Program, Adult Treatment Panel IIl;
*International Diabetes Federation; S waist circumference taking into account sample distribution
values; I body mass index (IOTF criterion); T metabolic syndrome; * Taking into account sex, age
and height/age.

RESULTS

Prevalence of MS among the adolescents ranged from
1.1 % to 6.0% depending on the criterion that was ap-
plied (Table 2). Prevalence was approximately five times
greater when the Ford and cols. (7) criterion was used
in comparison to the other two. Based on this referen-
ce, MS was significantly higher among boys than girls
(13.8% vs.2.4%, p < 0.001). As expected, prevalence of
MS was higher in overweight adolescents regardless of
the criteria applied. According to Viner and cols. (8)
and the IDF criteria prevalence of MS was observed
only among overweight adolescents (6.6% and 9.6%
respectively). Based on the Ford and cols. (7) criterion
prevalence was 21.5% in overweight and only 3% in non
overweight adolescents.

Table 3 shows the prevalence of each metabolic ab-
normality according to the criterion used. Low blood
concentration of HDL-C was the most prevalent meta-
bolic alteration among all adolescents according to Ford
and cols. (7) (41.6%), IDF (10) (32.5%) and BSC (16)
(56.3%) criteria. Among the boys, hypertension was the
second most prevalent abnormality, and the first accor-
ding to Viner and cols. (8), varying from 27% to 30%.
Hypertension was significantly higher among boys than
girls. The prevalence of hyperglycemia was 22.5% ac-
cording to the criteria that used the cut off point = 100
mg,/dL; however, prevalence decreased significantly to
5% when the cut off point > 110 mg/dL was utilized
in conformity with the Viner and cols. (8) criterion.
Hypertriglyceridemia was the least prevalent abnormali-
ty (~3%) when Viner and cols. (8) and IDF (10) criteria
were applied. However, when the cut oft point propo-
sed by BSC was used prevalence reached 20%.
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Table 2. Metabolic syndrome weighted prevalence in diagnosed adolescent students from public schools in Niter6i, RJ, Brazil

Metabolic syndrome Total (N = 577) Boys (N = 210) Girls (N = 367)
criterion % (95% CI)' % (95% CI)' % (95% CI)* Erale
Viner and cols. (WHO) 1.1(0.4-2.8) 1.0(0.2-5.3) 1.1(0.3-3.8) 0.94
Ford and cols. (NCEP/ATP IIl) 6.0 (3.0-7.8) 13.8(8.5-21.7) 2.4(1.0-5.7) <0.001
Zimmet and cols. (IDF) 1.6 (0.6-3.9) 3.1(0.9-9.8) 0.9 (02-3.9) 017
ey } -

Oveeriesl,ght Non h;)\;e;\:vglght p-value
Viner and cols. (WHO) 6.6 (2.5-16.3) 0 -
Ford and cols. (NCEP/ATP IIl) 21.5(12.6-34.2) 3.0(1.7-5.3) <0.001
Zimmet and cols. (IDF) 9.6 (3.8-22.4) 0 -

t95% Confidence Interval; ¥ According to IOTF criterion [15] grouping all participants falling above the overweight cut off (both overweight and obese).

Table 3. Weighted prevalence of metabolic abnormalities according to different criteria for diagnosing metabolic syndrome and based on cut off points
proposed by the Brazilian Society of Cardiology in adolescent students from public schools in Niteréi, RJ, Brazil

Citera "oy a5 G Erot prlue

Viner and cols. (WHO)
Overweight/obesity (BMI) 15.8 (12.4-19.9) 17.6 (13.0-23.5) 15.0(10.5-20.8) 0.48
HDL-C < 35 mg/dL 6.1(3.1-9.1) 6.8 (1.4-12.8) 5.8 (2.2-9.4) 0.75
Triglycerides > 150 mg/dL 3.7(1.9-5.4) 3.6(1.1-6.1) 3.7(1.4-5.9) 0.98
Glucose > 110 mg/dL 5.0(1.3-8.7) 51(2.2-7.9) 5.0(0.1-9.8) 0.96
Hypertension > 95 percentile (SBP and/ 12.4(8.1-16.6) 27.0(19.0-34.9) 5.7(2.6-8.9) <0.001
or DBP)

Ford and cols. (NCEP/ATP IIT)
Overweight/obesity (WC > P90) 9.0 (6.3-12.9) 9.7 (5.9-15.7) 8.7 (5.5-13.6) 0.73
HDL-C <40 mg/dL 41.6 (30.6-52.6) 38.8 (28.2-49.3) 42.9 (30.4-55.4) 0.37
Triglycerides > 110 mg/dL 14.5(11.2-17.9) 19.0 (12.7-25.2) 12.5(7.9-17.0) 0.11
Glucose > 100 mg/dL 22.5(13.3-31.7) 29.2 (16.8-41.5) 19.4 (8.8-29.9) 0.14
Hypertension > 90" percentile 16.6 (11.7-21.4) 32.9(24.6-41.2) 9.1(4.9-13.4) <0.001
(SBP* and/or DBPt)

Zimmet and cols. (IDF)
Overweight/obesity (WC > P90) 9.0 (6.3-12.9) 9.7 (5.9-15.7) 8.7 (5.5-13.6) 0.48
HDL-C < 40 mg/dL 32.5(23.6-41.4) 28.7 (19.0-38.5) 34.3(23.6-44.9) 0.31
Triglycerides > 150 mg/dL 3.7(1.9-5.4) 3.6(1.1-6.1) 3.7(1.4-5.9) 0.98
Glucose > 100 mg/dL 22.3(13.3-31.7) 29.2 (16.8-41.5) 19.4 (8.9-29.9) 0.14
Hypertension 130/85 mmHg 12.5(7.9-17.05) 30.3 (21.1-39.5) 4.4 (16-7.2) <0.001

BSCt
HDL-C < 45 mg/dL 56.3 (42.9-69.8) 55.9 (42.1-69.8) 56.5 (41.7-71.4) 0.92
Triglycerides > 100 mg/dL 20.4 (16.0-24.9) 24.8 (18.1-31.5) 18.4(12.5-24.3) 0.16
Glucose > 100 mg/dL 22.5(13.3-31.7) 29.2 (16.8-41.5) 19.4 (8.8-29.9) 0.14
Hypertension > 95 percentile 12.4 (8.1-16.6) 27.0 (19.0-34.9) 5.7 (2.6-8.9) <0.0001
(SBP and/or DBP)

* Systolic blood pressure; * Diastolic blood pressure; # Brazilian Society of Cardiology, according to IOTF criterion [14] grouping all participants falling above the overweight cut off (both overweight
and obese).

DISCUSSION studies were conducted in developing countries inclu- =
Presence of MS in young people has recently been as-  ding Brazil (4,5). In general, boys are at a higher risk
sociated to the premature presence of chronic diseases  than girls (17,18), as are the Americans with Hispanic
in adulthood (2), which highlights the importance of  origin, and black people are more than white (19,20).
investigating the problem among this age group. Since  Considerably higher prevalence is observed among
the last decade MS has been investigated among youth,  overweight and obese adolescents when compared to
especially in developed countries (17,1), although few  normal weight adolescents (1,4,5).
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However, a diagnosis criterion that is accepted
worldwide has not yet been established, specifically for
adolescents; and the present study shows that the appli-
cation of different criteria can result in great differences
in the estimated prevalence. When using the criterion
adapted for adolescents by Ford and cols. (7) based on
the NCEP/ATP III (21) for adults, MS was almost five
times more prevalent than when evaluated by the other
two criteria. Other studies (17,1) also highlight the
great variability of MS prevalence in the same sample
using several definitions. The lower cut off for classifi-
cation of hypertension and hypertriglyceridemia, are
probably the main contributors to the higher preva-
lence of MS obtained by applying the NCEP/ATP
IIT criterion adapted for adolescents.

Higher MS prevalence among boys compared to
girls is in accordance others studies (17,1). This diffe-
rence was probably due to higher prevalence (although
not significant) of hypertriglyceridemia among boys,
mainly when the NCEP/ATP III criterion was used.
Triglyceride metabolism can be affected by the con-
sumption of alcohol (22) and studies with Brazilian
adolescents show that the intake of alcohol is more pre-
valent in boys than in girls (23,24). Moreover in the last
30 years the increasing prevalence of overweight in Bra-
zil was higher in boys than in girls (3,13). Prevalence
of hypertension was also higher in boys than in girls.

The association between overweight and the pre-
sence of MS was observed in this study, regardless of
the criterion used, as was verified in several other stu-
dies (9,5,17,1). This association shows the importance
of measures for preventing and controlling obesity star-
ting at childhood and emphasizes the need to diagnose
overweight children as a priority in clinical practice.

In an attempt to unify the definitions of MS for uni-
versal use among adolescents, the IDF (10) considered
abnormalities commonly associated with cardiovascular
risk as being components of the syndrome, using cut off
points that were specific for adolescents up to the age
of 16 and establishing as a main criterion the presence
of high WC values, linked to two other abnormalities
among the components of the syndrome. The use of the
IDF criterion adapted for adolescents up to the age of 19
in our study may have avoided the underestimation of the
prevalence, since the use of the adult criterion for adoles-
cents decreased the sensitivity of the IDF criterion in the
diagnosis of MS as verified by other authors (25,26).

Cook and cols. (17) stated that the choice of specific
cut oft points for an age group is still premature and
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does not bestow greater reliability to the IDF criterion,
highlighting the need for more longitudinal studies to
identify cardiovascular risk factors, especially among
overweight youth and in order to understand the de-
velopment of MS. Our data indicating that most of MS
prevalence is due to excess in adiposity as supported
by Reaven’s (6) proposal of better understanding the
physiopathological meaning of MS and its clinical sig-
nificance. Particularly in adolescence, it is important
to identify the prevalence of metabolic abnormalities,
mainly of those related to environmental factors that
may be prevented regardless of the cluster of risk fac-
tors. In the present study the most prevalent metabolic
abnormality was low concentration of HDL-C, which
is considered an antiatherogenic lipoprotein (27) that
in low concentrations can be an isolated risk factor for
cardiovascular diseases. Other studies (18,2) have also
identified this component as one of the main alterations
tound among young people with MS.

The reduction of blood HDL-C values can be asso-
ciated with the lack of regular physical activity. In Bra-
zil, physical activity among youth is not common and
levels of inactivity are high (28).

Another important abnormality verified in this stu-
dy was hypertension, mainly among boys, similar to
what has been observed in other studies (17,5). The
prevalence of this component of MS among all adoles-
cents was around 12% when evaluated by the criterion
adapted from the WHO (8). When compared to other
studies carried out in Brazil that used the same crite-
rion to classify hypertension this value was similar to
that found by Moura and cols. (29) in children and
adolescents from private and public schools from a city
in Northeastern Brazil (9.4%), and by Silva and cols.
(30) in adolescents seen at a clinic (13%) in the city
of Sao Paulo. When the cut off point adapted by Ford
and cols. (7) based on the NCEP/ATP III criterion
(21) and which defines a lower value of diastolic and
systolic pressure to classify normal blood pressure was
applied, prevalence increased to 16%. In other studies
with adolescents (9,17) great variation in the prevalen-
ce of hypertension was also observed as a consequence
of different cut oft points used in the diagnosis crite-
rion. High prevalence of hypertension could be due to
increased random error in the measurements since a
digital manometer has limitations, specially in measu-
ring diastolic pressure, therefore there was the need to
calibrate it more frequently, which was done during the
study. On the other hand, this equipment is easy to use

Arq Bras Endocrinol Metab. 2011;55/2



and a similar model was used to evaluate hypertension
in Japanese children and adolescents (31).

The difficulty in comparing MS prevalence in
adolescents obtained in different studies is due to
changes in diagnostic criteria and also changes in the
cut offs used to detect the presence of metabolic ab-
normalities. Ferranti and cols. (20) clearly showed that
small changes in the cut off points defining lipemic pro-
file and alterations in WC measurements were sufficient
to double the prevalence of MS from 4.2% to 9.2%
among American adolescents. In the present study the
prevalence of hyperglycemia is up to 4 times greater
when the cut off point > 100 mg/dL is used instead
of 2 110 mg/dL. Also in relation to HDL-C, a sim-
ple change in the symbol (< or < 40 mg/dL) verified
between the IDF (11) and Ford and cols. (7) criteria,
resulted in differences of approximately 10% in the pre-
valence of this alteration, which will certainly produce
great impact upon the prevalence of MS.

In 2005 in Brazil the BSC (16) changed the re-
ference values to classify lipemic disorders in the 2 to
19-year-old age group. The cut off points for triglyce-
rides, total cholesterol, and LDL-C were reduced; and
for HDL-C was increased when compared with the pre-
vious recommendation that was based on the NCEP/
ATP III (21). These changes explain the greater preva-
lence of metabolic abnormalities that was found when
this criterion was used.

One possible limitation in our study that could have
underestimated the prevalence of MS was the use of
fasting glycemia instead of the oral glucose tolerance
test (OGTT), in conformity to the criterion proposed
by Viner and cols. (8). However, this underestimation
would be more likely among obese adolescents and the
prevalence of obesity (BMI values greater than the cor-
responding cut off point according to age and sex) was
only 2%.

In conclusion, the use of different diagnostic crite-
ria leads to huge differences in the prevalence of MS,
although prevalence of MS for most classifications was
low and more noticeable among overweight adoles-
cents. Thus, MS in adolescence presents a complex, yet
controversial issue and only longitudinal studies would
prove the noxious effects of metabolic abnormalities in
adolescence which, clustered or not, could produce the
risk of diseases in adulthood.
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