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Abstract

Objective: To present the components of the metabolic syndrome in children and adolescents and to discuss how 
they are assessed in the pediatric population in addition to presenting the major metabolic syndrome classifications 
for the age group.

Sources: A review of literature published from 1986 to 2008 and found on MEDLINE databases.

Summary of the findings: The prevalence of childhood obesity has been increasing globally over recent 
decades and as a result its complications, such as diabetes mellitus, arterial hypertension and dyslipidemia, have 
also increased. The concept of metabolic syndrome, already common with adults, is now beginning to be applied to 
children through classifications using the criteria for adults modified for the younger age group. Notwithstanding, 
these classifications differ in terms of the cutoff points used and whether they employ body mass index or waist 
circumference to define obesity. The review presents these classifications, highlighting the points on which they differ 
and the debate about them. 

Conclusions: If childhood obesity goes untreated, it will have severe consequences in the future. A number 
of models for classifying metabolic syndrome in children have been published, but there is considerable diversions 
between them. The criteria for classifying metabolic syndrome in children therefore need to be standardized in order 
to identify those people at greatest risk of future complications.
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Introduction

Over recent decades, a marked increase has been 

observed in the number of obese people worldwide.1 

Obesity has gradually come to be treated as a disease 

and characterized as a global epidemic. In line with 

these developments, obesity has also been increasing 

among children. According to epidemiological data 

from the United States, the prevalence of obesity 

among children doubled from 1976 to 2002.2 One 

epidemiological study conducted in the city of Pelotas, 

RS, Brazil found that among 960 adolescents aged 15 

to 18, the prevalence of overweight and obesity were 

20.9 and 5% respectively.3
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The availability of high-calorie foods and the inactivity 

associated with hours spent watching television, playing 

video games and using computers are part of the cause of 

the increase in the number of obese children.4

As childhood obesity has increased, the complications 

associated with it have become more common and easier 

to identify. As with adults, childhood obesity leads to the 

emergence of diseases such as diabetes mellitus, systemic 

arterial hypertension and dyslipidemia, which increase the 

risk of cardiovascular events. For example, type 2 diabetes 

mellitus (DM2) has increased dramatically over the last 

20 years.5

The association between obesity and coronary disease 

is already well-established in adults.6 This association led 

to the term “metabolic syndrome” being created to define 

the condition of those people who are at greatest risk of 

cardiovascular events, due to the common pathophysiologic 

basis shared by the syndrome’s components, which in turn 

is possibly orchestrated by central obesity.7 The factors 

that comprise the metabolic syndrome include visceral 

obesity, atherogenic dyslipidemia, hypertension and insulin 

resistance. On the basis of these factors, criteria have been 

defined to identify people with metabolic syndrome so that 

preventative measures can be taken, thereby reducing the 

chances of adverse cardiovascular outcomes.

It is important to remember that there is no official 

definition of metabolic syndrome in children. Adaptation of 

the criteria used for adults is complicated because of the 

multiple definitions proposed by different organizations and 

because normal ranges for each criterion must be adjusted 

for each age group.

This article will present the most important classifications 

for metabolic syndrome in children and the way in which 

they were arrived at. Before this, however, the syndrome’s 

components will be discussed, presenting their relationship 

with outcomes in adulthood and discussing how each is 

assessed in the pediatric population.

Relationships between metabolic syndrome 

components in children and future outcomes 

The number of child obesity cases began to rise in the 

1970s and continues to do so today, when a significant 

increase has been observed in the mean weight of children 

in all socioeconomic classes and ethnic and racial groups.8 

The large numbers of obese children and adolescents being 

observed today are bringing the first consequences of this 

epidemic to medical services: increased incidence of DM2 

among adolescents, hepatic steatosis, orthopedic problems, 

sleep apnea and others.9,10

The consequences for adulthood of persistent childhood 

obesity will become evident in a few decades, when the 

chronic diseases that can lead to death from cardiovascular 

complications become manifest. Some studies have already 

found evidence corroborating this prediction. They will be 

presented below.

The first question is whether children who are classified 

as having metabolic syndrome will continue to have the 

syndrome in the future? Morrison et al.11 carried out a 

prospective assessment of 814 children and adolescents 

as part of a 25-30 year follow-up. Metabolic syndrome 

in adulthood was strongly associated with presence of 

metabolic syndrome and with body mass index (BMI) in 

childhood, with each increase in BMI percentile of the order 

of 10 points being linked to a 25% increase in the risk of 

metabolic syndrome in adulthood. Another important finding 

from this study was that metabolic syndrome in childhood 

was an independent predictor of DM2 in adulthood.

The greatest concern aroused by childhood obesity 

is probably cardiovascular diseases. The Bogalusa Heart 

Study12 analyzed data from autopsies of people who died 

aged from 3 to 31 and who had previously been assessed 

for risk factors (lipid profile, arterial blood pressure, 

anthropometric data). The study results showed that the 

presence of fatty streaks (one of the earliest stages of 

atheromatous plaques) in the aorta was strongly related to 

total cholesterol and LDL cholesterol levels and correlated 

inversely with HDL cholesterol. Fibrous plaques were 

observed in the coronary arteries of people who had high 

LDL cholesterol, triglycerides and arterial blood pressure 

and low HDL. Microscopic histological analysis of the aortic 

and coronary intima confirmed these findings.

One recent study prospectively analyzed a cohort 

of 276,835 children for coronary disease. The risk of a 

coronary event in adulthood had a positive correlation with 

BMI between 7 and 13 years of age for boys and between 

10 and 13 years of age for girls, with a linear relationship 

between BMI and the rate of cardiac events.13 Another 

interesting study estimated the future consequences of the 

obesity epidemic observed among today’s adolescents. By 

estimating the prevalence of obesity among 35-year-olds in 

the United States in 2020 (projected from current data and 

secular trends) and the future incidence of coronary events 

between 2020 and 2035 (using a computerized statistical 

simulation program), these researchers concluded that 

in 2035 the prevalence of coronary disease would have 

risen by 5 to 16%, with an excess of 100,000 cases being 

attributable to the increase in obesity.14

Components of the metabolic syndrome in the 

child population

Obesity

The clinical significance of visceral fat is well-established, 

being positively correlated with DM2, hypertension and 

dyslipidemia. Intra-abdominal visceral fat is best measured 

using imaging exams and computerized tomography (CT) 
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and magnetic resonance (MRI) offer the most precise 

estimates of intra-abdominal fat in children.15 In adults, 

waist circumference (WC) measured at the midpoint between 

the costal margin and the anterior superior iliac spine are 

well-correlated with the quantity of visceral fat measured 

by CT.16-18 Although there is also a correlation between 

these two parameters in adolescents, it is not significant 

and is influenced by puberty.19 The effect of puberty can 

be explained by the marked physiological changes that 

take place during this period in response to increased sex 

hormone levels.20 It is believed that BMI and WC are not 

sufficiently sensitive as methods for assessing visceral 

adiposity in children and adolescents, possibly because of 

the significant changes in the distribution of body fat during 

this period.21 Nevertheless, recent studies that assess the 

composition of adipose tissue in children and adolescents 

using MRI have shown that WC measurement and BMI 

calculation are viable methods for estimating visceral and 

subcutaneous fat respectively.22,23

Some years ago, our research team proposed using 

ultrasonography as a low-cost method of assessing visceral 

obesity.24 Using ultrasonography with children for the same 

reason has recently been proposed, although the method 

is not yet being used universally.25 

Although BMI is often used in Brazil, studies with 

children suggest that WC has a closer relationship with other 

metabolic syndrome parameters than BMI does (insulin 

resistance, hypertension and dyslipidemia).26,27

There are BMI curves adjusted for age and sex which 

have been based on longitudinal data from a number of 

countries. At our institution we use the curves published by 

the Centers for Disease Control and Prevention (CDC), which 

provide BMI broken down by age and sex for children from 

two to 19 years of age. Obesity is defined as a BMI above 

the 95th percentile and cases where BMI is between the 

85th and 95th percentile defined as at risk of obesity.28

There is no universal cutoff for WC measurements and 

there is no consensus in the literature. Figures for WC will 

be discussed later, in the subsection on classifying metabolic 

syndrome in children.

In addition to the lack of established cutoff points for 

waist circumference measurements, the best anatomic 

location to be measured is also debatable. For example, 

Cook et al.29 measured WC at the midpoint between the 

costal margin and the anterior superior iliac spine, which 

is the procedure used with adults. De Ferranti et al.30 do 

not describe the measurement method used, but it can be 

inferred that the position is similar to that adopted by Cook 

et al., since their criteria for diagnosing metabolic syndrome 

were based on the National Cholesterol Education Program 

Adult Treatment Panel III (NCEP/ATP-III) for adults.

A different study, which employed NCEP/ATP-III and 

World Health Organization (WHO) criteria, determined 

that the measurement should be taken using a measuring 

tape passing over the umbilical scar and the superior iliac 

crest.31

Golley et al. employed a different protocol, measuring 

at the midpoint between the 10th rib and the iliac crest in 

a study comparing different metabolic syndrome criteria in 

a population of girls aged 6 to 9 years.32

The National Health and Nutrition Examination Survey 

(NHANES) was conducted by the CDC in the United States 

population and employed a WC measurement taken at the 

top of the iliac crest with the subject in the supine position 

and breathing out.33

Although WC is a more complex parameter in children 

than in adults, it is nevertheless clear that the measurement 

should be standardized in order to avoid discordant results, 

whether in clinical use or epidemiological studies.

Dyslipidemia

Dyslipidemia is a risk factor that provokes many doubts 

among pediatricians who are assessing and treating obese 

children. These uncertainties spring from the fact that the 

literature on lipids and their complications gives priority 

to total cholesterol and LDL-cholesterol, but the two 

lipid disorders found in metabolic syndrome are low HDL 

cholesterol and high triglycerides.34

Treatment objectives for reducing cardiovascular risk 

in dyslipidemic children have been published, with the 

following targets being set: HDL cholesterol > 35 mg/dL 

and triglycerides < 150 mg/dL.35

There is no agreement in the literature about which 

values should be used to define metabolic syndrome. some 

of the proposals that do exist will be presented later, in the 

subsection on classifying metabolic syndrome in children.

Insulin resistance

It has not yet been established whether the influence 

of obesity on metabolic parameters can be entirely or 

partially explained by insulin resistance.36 There are studies 

in the literature which consider insulin resistance of great 

importance in the metabolic syndrome. Serum insulin levels 

have been shown to correlate with other components of the 

syndrome in some studies conducted with obese children and 

adolescents.37,38 Prospective studies such as the Bogalusa 

Heart Study39 have also observed relationships between 

high insulin levels and increased BMI, LDL cholesterol 

and triglycerides, in addition to hypertension and low HDL 

cholesterol.

In contrast, other studies have shown that obesity has 

a greater influence on the other components of metabolic 

syndrome than does insulin resistance, meaning that the 

effect of insulin resistance can be explained by obesity. 

In one Canadian study, both BMI and insulin levels were 
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Criteria/ components	 WHO (1999)	 NCEP/ATP-III (2001)	 IDF (2005)

Obligatory	 Insulin resistance +	 At least three criteria	 Central obesity defined by
	 at least 2 criteria		  ethnicity + at least 2 criteria

Definition of adiposity	 BMI ≥ 30 kg/m2 	 WC ≥ 102 cm (men)	 WC ≥ 90 cm (men)	
	 or WHR > 0.9 (men) 	 or ≥ 88 cm (women)	 or ≥ 80 cm (women)
	 or > 0.85 (women)

Metabolism glycemic	 Diabetes, TDG or AFG	 Fasting glycemia ≥ 100 mg/dL	 Fasting glycemia ≥ 100 mg/dL

Dyslipidemia	 Triglycerides ≥ 150 mg/dL 	 Triglycerides ≥ 150 mg/dL	 Triglycerides ≥ 150 mg/dL
	 or HDL ≥ 35 (men) 	 or HDL ≥ 40 (men)	 or HDL ≥ 40 (men)
	 or ≥ 40 (women) mg/dL 	 or ≥ 50 (women) mg/dL	 or ≥ 50 (women) mg/dL
	 or taking hypolipemiants	 or taking hypolipemiants	 or taking hypolipemiants

Arterial hypertension	 PA ≥ 140 or 90 mmHg 	 PA ≥ 130 or 85 mmHg	 PA ≥ 130 or 85 mmHg
	 or taking antihypertensives	 or taking antihypertensives	 or taking antihypertensives

Other components	 Microalbuminuria	 –	 –

Table 1 -	 Classification of metabolic syndrome in adults according to the WHO, NCEP/ATP-III and IDF criteria

AFG = abnormal fasting glycemia; BMI = body mass index; HDL = HDL cholesterol; IDF = International Diabetes Federation; NCEP/ATP-III = National Cholesterol 
Education Program/Adult Treatment Panel III; PA = arterial blood pressure; RGT = reduced glucose tolerance; WC = waist circumference; WHO = World Health 
Organization; WHR = waist to hip ratio.

associated with other syndrome components when analyzed 

separately, but the contribution of BMI was greater in a 

simultaneous analysis.40 In the Bogalusa study, the risk 

of developing metabolic syndrome in adulthood had an 

independent association with BMI but not with fasting 

serum insulin.41

The criteria for diagnosing diabetes mellitus type 2 are 

the same for both children and adults.42 However, there is 

no consensus in the literature on the criteria for assessing 

glycemic metabolism in order to classify children as suffering 

from the metabolic syndrome. The majority of classifications 

proposed have used fasting glycemia ≥ 110 mg/dL, but 

classifications based on percentile curves and postprandial 

measurements have also been published.43

Systemic arterial hypertension

The association between arterial hypertension and 

obesity is valid for all age groups. In the pediatric population, 

obesity is the primary cause of hypertension. Systolic 

hypertension is positively correlated with BMI and the waist-

to-hip ratio in both children and adolescents.44,45

Arterial hypertension in children is defined statistically 

on the basis of a distribution curve from healthy children, in 

contrast with adults, where arterial hypertension is defined 

according to possible cardiovascular outcomes and mortality 

on the basis of the results of large-scale studies.

Body composition is the greatest determinant of arterial 

blood pressure in children and adolescents. For this reason, 

arterial blood pressure measurements must be adjusted for 

height, age and sex.

Classification of metabolic syndrome in children

While classification of NAS in adults is still widely 

discussed, it is nevertheless well-established (Table 1). 

The two most important definitions are those published 

by the WHO in 1999,46 and the NCEP/ATP-III,47 which was 

published in 2001. The first demands that insulin resistance 

be present, while this is not the case with the second. 

Despite this difference, studies show similar prevalence 

among adults comparing the two classifications.48 In 

2005, the International Diabetes Federation presented a 

new classification proposal.49 This system takes visceral 

obesity, as represented by waist circumference, as the 

most important marker.

When attempts were made to use these classifications 

with children and adolescents, conflicting results were 

observed. Goodman et al.31 tried to determine the prevalence 

of metabolic syndrome in adolescents using the WHO and 

NCEP/ATP-III definitions. They used the same cutoff points 

for both classifications for all risk factors, with the exception 

of obesity, which was defined as BMI ≥ 95th percentile% 

according to an age and sex-adjusted BMI chart. Among 

the 1,513 people enrolled on the study, the prevalence was 

4.2% according to the WHO definition and 8.4% according 

to the NCEP/ATP-III system. In addition to the enormous 

difference between the two groups, the prevalence also 

attracts attention by being very much lower than in adults, 
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Criteria/ components	 Cook et al.	 de Ferranti et al.	 Weiss et al.

Definition of adiposity	 WC ≥ 90th percentile	 WC > percentile 70	 z (BMI) ≥ 2

Metabolism glycemic	 Fasting glycemia 	 Fasting glycemia	 Glycemia (OGTT)
	 ≥ 110 mg/dL	 ≥ 110 mg/dL	 de 140 to 200 mg/dL

Dyslipidemia	 Triglycerides ≥ 110 mg/dL 	 Triglycerides ≥ 100 mg/dL	 Triglycerides > 95th percentile
	 or HDL ≥ 40 mg/dL	 or HDL < 45 (men) 	 or HDL < 5th percentile
		  or < 50 (women) mg/dL

Arterial hypertension	 PA ≥ p 90%	 PA ≥ p 90%	 PA ≥ p 95%

Table 2 -	 Criteria for classifying metabolic syndrome in children and adolescents as proposed by Cook et al., de Ferranti et al. and Weiss 
et al., with at least three of five criteria present

HDL = HDL cholesterol; OGTT = oral glucose tolerance test; PA = arterial blood pressure; WC = waist circumference; z (BMI) = z score for body mass index.

estimated at 24%.48 The most likely explanation for this 

difference is the lower prevalence of obesity in adolescents 

when compared with adults. It could also be postulated 

that not enough time had passed for central obesity to 

trigger the mechanisms responsible for the emergence of 

associated risk factors.

In response to these findings, classifications have 

been proposed in the last few decades based on modified 

versions of the criteria for adults with the objective 

of identifying children and adolescents with metabolic 

syndrome (Table 2).

Cook et al. conducted one of the first studies to analyze 

metabolic syndrome in children in 2003.29 Using data 

from the Third National Health and Nutrition Examination 

Survey from 1988-1994 (NHANES III) the study assessed 

adolescents aged 12 to 19, applying the criteria for 

metabolic syndrome defined by the NCEP/ATP-III, with 

certain modifications. The first change was that obesity 

was defined as WC ≥ 90th percentile for age and sex. The 

cutoff point for arterial blood pressure was extracted from 

figures published by the National Blood Pressure Education 

Program (NBPEP).50 Additionally, the reference values for 

the lipid profile were taken from the National Cholesterol 

Education Panel.51 The results indicated a metabolic 

syndrome prevalence of 4.2% for the sample studied. When 

stratified by BMI, 28.7% of the obese adolescents (BMI ≥ 

95th percentile for age and sex) met the metabolic syndrome 

criteria. This prevalence is not surprising if one considers 

that approximately 7% of 20 to 29-year-old adults suffer 

from metabolic syndrome.48 The author defends using the 

waist circumference measure rather than other obesity 

indicators, such as BMI, on the basis that fat distribution 

is strongly indicative of cardiovascular risk.

The same population was analyzed by Ferranti et al. 

in 2004,30 but they employed different criteria to define 

metabolic syndrome. In their study they also used a modified 

version of the NCEP/ATP-III criteria. Their results indicated 

a metabolic syndrome prevalence of 9.2% in the sample 

and 31.2% of children whose BMI was ≥ the 85th percentile 

for age and sex. The reason for this prevalence, which was 

considerably greater than that calculated by Cook et al., was 

the cutoff points for WC and the lipid profile. The WC cutoff 

point chosen was > 75th percentile, in contrast with Cook 

et al. who used the 90th. The lipid profile cutoff points used 

were also different. The result is a less restrictive definition, 

which increases the number of adolescents meeting the 

criteria.  The authors defend these criteria stating that they 

are relatively closer to those used with adults. For example, 

setting HDL cholesterol at 40 mg/dL as employed by Cook, 

selects percentiles 10 to 25 for boys and 10 to 15 for girls, 

which is lower than the percentile that corresponds to 40 

mg/dL in adults. Triglycerides at 110 mg/dL represent the 

pediatric percentiles of 85 to 95 - higher than the adult 

percentiles of 75 to 85. Finally, the WC cutoff point at the 

90th percentile is very much higher than the 75th percentile 

used in the adult NCEP/ATP-III criteria. Therefore, de Ferranti 

et al. derived a pediatric definition that was strictly based 

on the adult criteria defined by the NCEP/ATP-III.

In a study of 429 children aged 4 to 20 and classified 

as obese, Weiss et al.37 found a metabolic syndrome 

prevalence of 38.7% among those defined as moderately 

obese (BMI z score from 2.0 to 2.5) and 49.7% in a group 

defined as severely obese (BMI z score > 2.5). Weiss et al. 

used different criteria to define metabolic syndrome. One 

difference was the fact that obesity was defined on the 

basis of BMI rather than waist circumference, as in other 

studies. The authors defend using BMI on the basis that it 

is less subject to variations due to puberty or race. They 

also state that BMI has a strong correlation with visceral 

adiposity, and correlates better with blood pressure and the 

lipid profile than does waist circumference.52

Metabolic syndrome in children - Pergher RN et al.



106  Jornal de Pediatria - Vol. 86, No. 2, 2010

	 Age

Criteria/ components	 6 to < 10 years	 10 to 16 years	 > 16 years

Definition of adiposity	 WC ≥ 90th percentile	 WC ≥ 90th percentile	 WC ≥ 90 cm (men) 
				   or ≥ 80 cm (women)

Metabolism glycemic	 No set value for diagnosis 	 Fasting glycemia 	 Fasting glycemia
		 of metabolic syndrome	 ≥ 100 mg/dL	 ≥ 100 mg/dL

Dyslipidemia	 No set value for diagnosis 	 Triglycerides ≥ 150 mg/dL	 Triglycerides ≥ 150 mg/dL
		 of metabolic syndrome	 or HDL ≥ 40 mg/dL 	 or HDL ≥ 40 (men)
			  or taking hypolipemiants	 or ≥ 50 (women) mg/dL 
				   or taking  hypolipemiants

Arterial hypertension	 No set value for diagnosis	 PA ≥ 130 or 85 mmHg	 PA ≥ 130 or 85 mmHg
		 of metabolic syndrome	 or taking antihypertensives	 or taking antihypertensives

Table 3 -	 Classification of metabolic syndrome in children and adolescents according to the International Diabetes Federation criteria

HDL = HDL cholesterol; PA = arterial blood pressure; WC = waist circumference.

Recently, the IDF has published a new definition of 

metabolic syndrome for children (Table 3).53 Due to the 

fact that there are developmental differences between 

children and adolescents, the pediatric population was 

divided into the following groups: from 6 to 10 years, 

from 10 to 16 and over 16. Children less than 6 years old 

were excluded due to the lack of data for this age-group. 

The authors suggest that the metabolic syndrome should 

not be diagnosed in children less than 10 years old, but 

that weight loss should be strongly recommended to those 

with abdominal obesity. For children over 10 years old the 

metabolic syndrome is diagnosed according to the presence 

of abdominal obesity combined with two or more clinical 

criteria. With the exception of the WC measurement, the 

cut-offs for other criteria, such as blood pressure, lipid 

profile and glycemia, are fixed values that do not take into 

account percentiles rage and sex. This is in contrast with 

a tendency observed in other classifications where figures 

are ever more commonly converted to percentiles, because 

of the changes in body and metabolism between different 

age groups of adolescents.

Although using percentiles for age and sex has been 

shown to be more appropriate, one problem is choosing 

the cutoff during the transition to adulthood.54 For adults, 

criteria are not based on percentiles but on fixed values.  

Thus, whereas for children where the waist circumference 

cutoff point is the 90th percentile, for adults it is a fixed 

number (102 cm for men and 88 cm for women according 

to the NCEP/ATP-III criteria) which corresponds to the 75th 

to the 90th percentiles for men and the 75th for women. 

Therefore, an 18-year-old may be classified as having central 

obesity according to the adult classification but not if the 

child classification is used.

Conclusions

Children and adolescents are becoming the victims of the 

obesity epidemic that has emerged in modern times. The 

future complications of this situation could be catastrophic 

if preventative interventions are not implemented. To 

achieve this it is necessary to identify those people who are 

at risk of developing complications from being overweight. 

Therefore, the term metabolic syndrome, habitually used for 

adults, may be applicable to people in younger age groups. 

A number of models for classifying metabolic syndrome in 

children have been published, but there is considerable 

divergence between them. Further studies and continued 

debate are needed in order to standardize the criteria for 

classifying metabolic syndrome in children.

References
1.	 Speiser PH, Rudolf MC, Anhalt H, Camacho-Hubner C, Chiarelli F, 

Eliakim A, Freemark M. Consensus Statement: Childhood obesity. 
J Clin Endocrinol Metab. 2005;90:1871-87.

2.	 Hedley AA, Ogden CL, Johnson CL, Carrol MD, Curtin LR, 
Flegal KM. Prevalence of overweight and obesity among 
US children, adolescents, and adults, 1999-2002. JAMA. 
2004;291:2847‑50.

3.	 Terres NG, Pinheiro RT, Horta BL, Pinheiro KA, Horta LL. Prevalência 
e fatores associados ao sobrepeso e à obesidade em adolescentes. 
Rev Saude Publica. 2006;40:627-33.

4.	 Misra A, Khurana L. Obesity and the metabolic syndrome in 
developing countries. J Clin Endocrinol Metab. 2008;93:S9-30.

Metabolic syndrome in children - Pergher RN et al.

http://www.ncbi.nlm.nih.gov/pubmed/15199035
http://www.ncbi.nlm.nih.gov/pubmed/15199035
http://www.ncbi.nlm.nih.gov/pubmed/18987276
http://www.ncbi.nlm.nih.gov/pubmed/18987276


Jornal de Pediatria - Vol. 86, No. 2, 2010  107

27.	Lee S, Bacha F, Gungor N, Arslanian SA. Waist circunference is 
an independent predictor of insulin resistance in black and white 
youths. J Pediatr. 2006.148:188-94.

28.	Ogden CL, Kuczmarski RJ, Flegal KM, Mei Z, Guo S, Wei R, et al. 
Centers for Disease Control and Prevention 2000 growth charts 
for the United States: improvements to the 1977 National Center 
for Health Statistics version. Pediatrics. 2002;109:45-60

29.	Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH. Prevalence 
of a metabolic syndrome phenotype in adolescents: findings from 
the third National Health and Nutrition Examination Survey, 1988-
1994. Arch Pediatr Adolesc Med. 2003;157:821-7.

30.	de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger 
JW, Rifai N. Prevalence of the metabolic syndrome in American 
adolescents: findings from the Third National Health and Nutrition 
Examination Survey. Circulation. 2004;110:2494-7.

31.	Goodman E, Daniels SR, Morrison JA, Huang B, Dolan LM. 
Contrasting prevalence of and demographic disparities in the World 
Health Organization and National Cholesterol Education Program 
Adult Treatment Panel III definitions of metabolic syndrome among 
adolescents. J Pediatr. 2004;145:445-51.

32.	Golley RK, Magarey AM, Steinbeck KS, Baur LA, Daniels LA. 
Comparison of metabolic syndrome prevalence using six different 
definitions in overweight pre-pubertal children enrolled in a weight 
management study. Int J Obes. 2006;30:853-60.

33.	Centers for Disease Control and Prevention. The Third National 
Health and Nutrition Examination Survey (NHANES III, 1988-1994) 
reference manuals and reports. Bethesda, MD: NationalCenter 
for Health Statistics; 2005.

34.	Jones K. The dilemma of the metabolic syndrome in children 
and adolescents: disease or distraction? Pediatric Diabetes. 
2006;7:311-321.

35.	Kavey RE, Daniels SR, Lauer RM, Atkins DL, Hayman LL, Taubert K; 
American Heart Association. American Heart Association guidelines 
for primary prevention of atherosclerotic cardiovascular disease 
beginning in childhood. Circulation. 2003;107:1562-6.

36.	Miranda PJ, DeFronzo RA, Califf RM, Guyton JR. Metabolic 
syndrome: definition, pathophysiology, and mechanisms. Am 
Heart J. 2005;149:33-45.

37.	Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel 
CW, et al. Obesity and the metabolic syndrome in children and 
adolescents. N Engl J Med. 2004;350:2362-74.

38.	Rönnemaa T, Knip M, Lautala P, Viikari J, Uhari M, Leino A, et al. 
Serum insulin and other cardiovascular risk indicators in children, 
adolescents and young adults. Ann Med. 1991;23:67-72.

39.	Bao W, Srinivasan SR, Berenson GS. Persistent elevation of plasma 
insulin levels is associated with increased cardiovascular risk in 
children and young adults. The Bogalusa Heart Study. Circulation. 
1996;93:54-9.

40.	Lambert M, Paradis G, O’Loughlin J, Delvin EE, Hanley JA, Levy 
E. Insulin resistance syndrome in a representative sample of 
children and adolescents from Quebec, Canada. Int J Obes Relat 
Metab Disord. 2004;28:833-41.

41.	Srinivasan SR, Myers L, Berenson GS. Predictability of childhood 
adiposity and insulin for developing insulin resistance syndrome 
(syndrome X) in young adulthood: the Bogalusa Heart Study. 
Diabetes. 2002;51:204-9.

42.	Type 2 diabetes in children and adolescents. American Diabetes 
Association. Pediatrics. 2000;105:671-80.

43.	De Ferranti SD, Osganian SK. Epidemiology of pediatric metabolic 
syndrome and type 2 diabetes mellitus. Diab Vasc Dis Res. 
2007;4:285-96.

44.	Lurbe E, Alvarez V, Redon J. Obesity, body fat distribution, and 
ambulatory blood pressure in children and adolescents. J Clin 
Hypertens (Greenwich). 2001;3:362-7.

45.	Kuschnir MC, Mendonça GA. Risk factors associated with arterial 
hypertension in adolescents. J Pediatr (Rio J). 2007;83:335-42.

5.	 Pinhas-Hamiel O, Dolan LM, Daniels SR, Standiford D, Khoury PR, 
Zeitler P. Increased incidence of non-insulin-dependent diabetes 
mellitus among adolescents. J Pediatr. 1996;128:608-15.

6.	 Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, 
Anis AH. The incidence of co-morbidities related to obesity and 
overweight: a systematic review and meta-analysis. BMC Public 
Health. 2009;9:88.

7.	 Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. 
Lancet. 2005;365:1412-28.

8.	 Kelishad R. Childhood overweight, obesity, and the 
metabolic syndrome in developing countries. Epidemiol Rev. 
2007;29:62‑76.

9.	 Ebbeling CB, Pawlak DB, Ludwig DS. Childhood obesity: public-
health crisis, comom sense cure. Lancet. 2002;360:473-82.

10.	Mancini MC. Obesidade: diagnóstico e tratamento. In: Monte 
O, Longui CA, Calliari LE, Koche C (Org.). Endocrinologia para o 
Pediatra. 3 ed. São Paulo: Editora Atheneu. 2006, p. 429-39.

11.	Morrison JA, Friedman LA, Wang P, Glueck CJ. Metabolic syndrome 
in chilhood predicts adult metabolic syndrome and type 2 diabetes 
mellitus 25 to 30 years later. J Pediatr. 2008;152:201-6.

12.	Tracy RE, Newman WP 3rd, Wattigney WA, Berenson GS. Risk factors 
and atherosclerosis in youth autopsy findings of the Bogalusa 
Heart Study. Am J Med Sci. 1995;310 Suppl 1:S37‑41.

13.	Baker JL, Olsen LW, Sorensen TI. Childhood body-mass index and 
the risk of coronary heart disease in adulthood. N Engl J Med. 
2007;357:2329-37.

14.	Bibbins-Domingo K, Coxson P, Pletcher MJ, Lightwood J, Goldman 
L. Adolecent overweight and future coronary heart disease. N Engl 
J Med. 2007;357:2371-9.

15.	Hoffer FA. Magnetic resonance imaging of abdominal masses in the 
pediatric patient. Semin Ultrasound CT MR. 2005;26:212-23.

16.	Kvist H, Chowdury B, Grangard U, Tylén U, Sjöström L. Total and 
visceral adipose-tissue volumes derived from measurements 
with computed tomography in adult men and women: predictive 
equations. Am J Clin Nutr. 1988:48:1351-61.

17.	Sjöström L, Kvist H. Regional body fat measurement with CT-scan 
and evaluation of anthropometric prediction. Acta Med Scand. 
1988;723:169-77.

18.	Lemieux S, Prud´homme D, Bouchard C, Tremblay A, Després JP. Sex 
differences in the relation of visceral adipose tissue accumulation 
to total body fatness. Am J Clin Nutr. 1993;58:463‑7.

19.	Goran MI, Kaskoun M, Shuman WP. Intra-abdominal adipose 
tissue in young children. Int J Obes Relat Metab Disord. 
1995;19:279‑83.

20.	Björntorp P. The regulation of adipose tissue distribution in 
humans. Int J Obes Relat Metab Disord. 1996;20:291-302. 

21.	He Q, Horlick M, Thornton J, Wang J, Pierson RN Jr, Heshka S, 
et al. Sex-specific fat distribution is not linear across pubertal 
groups in a multiethnic study. Obes Res. 2004;12:725-33.

22.	Benfield LL, Fox KR, Peters DM, Blake H, Rogers I, Grant C, et 
al. Magnetic resonance imaging of abdominal adiposity in a large 
cohort of British children. Int J Obes (Lond). 2008;32,91-9.

23.	Brambilla P, Bedogni G, Moreno LA, Goran MI, Gutin B, Fox KR, et 
al. Crossvalidation of anthropometry against magnetic resonance 
imaging for the assessment of visceral and subcutaneous adipose 
tissue in children. Int J Obes (Lond). 2006;30:23-30.

24.	Leite CC, Wajchenberg BL, Radominski R, Matsuda D, Cerri GG, 
Halpern A. Intra-abdominal thickness by ultrasonography to predict 
risk factors for cardiovascular disease and its correlations with 
anthropometric measurements. Metabolism. 2002;51:1034-40.

25.	Semiz S, Ozgören E, Sabir N. Comparison of ultrasonographic and 
anthropometric methods to assess body fat in childhood obesity. 
Int J Obes (Lond). 2007;31:53-8.

26.	Lee S, Bacha F, Arslanian SA. Waist circumference, blood pressure, 
and lipid components of the metabolic syndrome. J Pediatr. 
2006;149:809-16.

Metabolic syndrome in children - Pergher RN et al.

http://www.ncbi.nlm.nih.gov/pubmed/16492427
http://www.ncbi.nlm.nih.gov/pubmed/16492427
http://www.ncbi.nlm.nih.gov/pubmed/16492427
http://www.ncbi.nlm.nih.gov/pubmed/11773541
http://www.ncbi.nlm.nih.gov/pubmed/11773541
http://www.ncbi.nlm.nih.gov/pubmed/11773541
http://www.ncbi.nlm.nih.gov/pubmed/12912790
http://www.ncbi.nlm.nih.gov/pubmed/12912790
http://www.ncbi.nlm.nih.gov/pubmed/12912790
http://www.ncbi.nlm.nih.gov/pubmed/12912790
http://www.ncbi.nlm.nih.gov/pubmed/15477412
http://www.ncbi.nlm.nih.gov/pubmed/15477412
http://www.ncbi.nlm.nih.gov/pubmed/15477412
http://www.ncbi.nlm.nih.gov/pubmed/15480365
http://www.ncbi.nlm.nih.gov/pubmed/15480365
http://www.ncbi.nlm.nih.gov/pubmed/15480365
http://www.ncbi.nlm.nih.gov/pubmed/15480365
http://www.ncbi.nlm.nih.gov/pubmed/16404409
http://www.ncbi.nlm.nih.gov/pubmed/16404409
http://www.ncbi.nlm.nih.gov/pubmed/16404409
http://www.ncbi.nlm.nih.gov/pubmed/17212598
http://www.ncbi.nlm.nih.gov/pubmed/17212598
http://www.ncbi.nlm.nih.gov/pubmed/12654618
http://www.ncbi.nlm.nih.gov/pubmed/12654618
http://www.ncbi.nlm.nih.gov/pubmed/12654618
http://www.ncbi.nlm.nih.gov/pubmed/15660032
http://www.ncbi.nlm.nih.gov/pubmed/15660032
http://www.ncbi.nlm.nih.gov/pubmed/15175438
http://www.ncbi.nlm.nih.gov/pubmed/15175438
http://www.ncbi.nlm.nih.gov/pubmed/2036208
http://www.ncbi.nlm.nih.gov/pubmed/2036208
http://www.ncbi.nlm.nih.gov/pubmed/8616941
http://www.ncbi.nlm.nih.gov/pubmed/8616941
http://www.ncbi.nlm.nih.gov/pubmed/8616941
http://www.ncbi.nlm.nih.gov/pubmed/15170466
http://www.ncbi.nlm.nih.gov/pubmed/15170466
http://www.ncbi.nlm.nih.gov/pubmed/11756342
http://www.ncbi.nlm.nih.gov/pubmed/11756342
http://www.ncbi.nlm.nih.gov/pubmed/11756342
http://www.ncbi.nlm.nih.gov/pubmed/10699131
http://www.ncbi.nlm.nih.gov/pubmed/10699131
http://www.ncbi.nlm.nih.gov/pubmed/18158698
http://www.ncbi.nlm.nih.gov/pubmed/18158698
http://www.ncbi.nlm.nih.gov/pubmed/11723358
http://www.ncbi.nlm.nih.gov/pubmed/11723358
http://www.ncbi.nlm.nih.gov/pubmed/17627321
http://www.ncbi.nlm.nih.gov/pubmed/17627321
http://www.ncbi.nlm.nih.gov/pubmed/8627431
http://www.ncbi.nlm.nih.gov/pubmed/8627431
http://www.ncbi.nlm.nih.gov/pubmed/19320986
http://www.ncbi.nlm.nih.gov/pubmed/19320986
http://www.ncbi.nlm.nih.gov/pubmed/15836891
http://www.ncbi.nlm.nih.gov/pubmed/17478440
http://www.ncbi.nlm.nih.gov/pubmed/17478440
http://www.ncbi.nlm.nih.gov/pubmed/12241736
http://www.ncbi.nlm.nih.gov/pubmed/12241736
http://www.ncbi.nlm.nih.gov/pubmed/18206689
http://www.ncbi.nlm.nih.gov/pubmed/18206689
http://www.ncbi.nlm.nih.gov/pubmed/18206689
http://www.ncbi.nlm.nih.gov/pubmed/18057335
http://www.ncbi.nlm.nih.gov/pubmed/18057335
http://www.ncbi.nlm.nih.gov/pubmed/18057339
http://www.ncbi.nlm.nih.gov/pubmed/16152736
http://www.ncbi.nlm.nih.gov/pubmed/16152736
http://www.ncbi.nlm.nih.gov/pubmed/3202084
http://www.ncbi.nlm.nih.gov/pubmed/3202084
http://www.ncbi.nlm.nih.gov/pubmed/3202084
http://www.ncbi.nlm.nih.gov/pubmed/3202084
http://www.ncbi.nlm.nih.gov/pubmed/8379501
http://www.ncbi.nlm.nih.gov/pubmed/8379501
http://www.ncbi.nlm.nih.gov/pubmed/8379501
http://www.ncbi.nlm.nih.gov/pubmed/7627253
http://www.ncbi.nlm.nih.gov/pubmed/7627253
http://www.ncbi.nlm.nih.gov/pubmed/15090643
http://www.ncbi.nlm.nih.gov/pubmed/15090643
http://www.ncbi.nlm.nih.gov/pubmed/18193066
http://www.ncbi.nlm.nih.gov/pubmed/18193066
http://www.ncbi.nlm.nih.gov/pubmed/16344845
http://www.ncbi.nlm.nih.gov/pubmed/16344845
http://www.ncbi.nlm.nih.gov/pubmed/16344845
http://www.ncbi.nlm.nih.gov/pubmed/12145778
http://www.ncbi.nlm.nih.gov/pubmed/12145778
http://www.ncbi.nlm.nih.gov/pubmed/12145778
http://www.ncbi.nlm.nih.gov/pubmed/16788571
http://www.ncbi.nlm.nih.gov/pubmed/16788571
http://www.ncbi.nlm.nih.gov/pubmed/17137898
http://www.ncbi.nlm.nih.gov/pubmed/17137898


108  Jornal de Pediatria - Vol. 86, No. 2, 2010

Correspondence:
Rafael Nardini Queiroz Pergher 
Rua Cristiano Viana, 765/122 - Pinheiros
CEP 05411-001 - São Paulo, SP - Brazil
E-mail: pergherafael@hotmail.com

46.	World Health Organization. Definition, Diagnosis and Classification 
of Diabetes Mellitus and its Complications. Part 1: Diagnosis and 
Classification of Diabetes Mellitus, Department of Noncommunicable 
Disease Surveillance, WHO, Geneva, 1999.

47.	Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults. Executive Summary of The Third 
Report of The National Cholesterol Education Program (NCEP) 
Expert Panel on Detection, Evaluation, And Treatment of High 
Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA. 
2001;285:2486-97.

48.	Ford ES, Giles WH. A comparison of the prevalence of the metabolic 
syndrome using two proposed definitions. Diabetes Care. 2003; 
26:575-81.

49.	Alberti KG, Zimmet P, Shaw J; IDF Epidemiology Task Force 
Consensus Group. The metabolic syndrome - a new worldwide 
definition. Lancet. 2005;366:1059-62. 

50.	Update on the 1987 Task Force Report on High Blood Pressure 
in Children and Adolescents: a working group report from the 
National High Blood Pressure Education Program. National 
High Blood Pressure Education Program Working Group on 
Hypertension Control in Children and Adolescents. Pediatrics. 
1996;98:649‑58.

51.	National Cholesterol Education Panel. Report of the Expert Panel 
on Blood Cholesterol Levels in Children and Adolescents. Bethesda, 
MD: National Institutes of Health; 1991. NIH  Publication No. 
91-2732.

52.	Daniels SR, Khoury PR, Morrison JA. Utility of different measures of 
body fat distribution in children and adolescents. Am J Epidemiol. 
2000;152:1179-84.

53.	Alberti KG, Zimmet PZ, Shaw JE. The metabolic syndrome in 
children and adolescents. Lancet. 2007;369:2059-61. 

54.	Goodman E. Pediatric metabolic syndrome: smoke and mirrors 
or true magic? J Pediatr. 2006;148:149-51.

Metabolic syndrome in children - Pergher RN et al.

http://www.ncbi.nlm.nih.gov/pubmed/11368702
http://www.ncbi.nlm.nih.gov/pubmed/11368702
http://www.ncbi.nlm.nih.gov/pubmed/11368702
http://www.ncbi.nlm.nih.gov/pubmed/11368702
http://www.ncbi.nlm.nih.gov/pubmed/12610004
http://www.ncbi.nlm.nih.gov/pubmed/12610004
http://www.ncbi.nlm.nih.gov/pubmed/16182882
http://www.ncbi.nlm.nih.gov/pubmed/16182882
http://www.ncbi.nlm.nih.gov/pubmed/8885941
http://www.ncbi.nlm.nih.gov/pubmed/8885941
http://www.ncbi.nlm.nih.gov/pubmed/8885941
http://www.ncbi.nlm.nih.gov/pubmed/8885941
http://www.ncbi.nlm.nih.gov/pubmed/8885941
http://www.ncbi.nlm.nih.gov/pubmed/11130624
http://www.ncbi.nlm.nih.gov/pubmed/11130624
http://www.ncbi.nlm.nih.gov/pubmed/16492419
http://www.ncbi.nlm.nih.gov/pubmed/16492419

