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The metabolic syndrome is a constellation of metabolic abnormali-
ties that result in an increased risk for type 2 diabetes mellitus and
cardiovascular disease in adults. It emerges when a person’s predispo-
sition for insulin resistance is worsened by increasing central obesity
and is largely confined to the overweight population. The United
States National Cholesterol Education Program’s Adult Treatment
Panel III report proposed a set of criteria for the clinical diagnosis of
metabolic syndrome in the adult population. A uniform definition for
the paediatric population is lacking. Despite this, several studies have
demonstrated that features of the syndrome develop in childhood and
that the syndrome is present in up to 30% of obese children (body
mass index at or above the 95th percentile). Ninety per cent of obese
children meet at least one of the five criteria. The degree of abnor-
mality is related to the body mass index, waist circumference and fast-
ing insulin levels. There appears to be a genetic predisposition to the
development of the syndrome and certain ethnic groups are at
increased risk. The intrauterine environment also appears to play a
role. Insulin resistance should be targeted for treatment through exer-
cise and dietary intervention. The role of pharmacotherapeutic
agents remains unclear. A uniform definition of the metabolic syn-
drome for paediatric patients needs to be created. Early intervention
should be instituted because many of the features of the syndrome
track from childhood into adulthood. 
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Le syndrome métabolique chez les enfants et
les adolescents

Le syndrome métabolique est une constellation d’anomalies métaboliques
qui entraînent une augmentation du risque de diabète non
insulinodépendant et de maladies cardiovasculaires chez les adultes. Il
émerge lorsque la prédisposition d’un individu à l’insulinorésistance est
aggravée par une obésité centrale croissante, et il est largement confiné à
la population qui fait de l’embonpoint. Le rapport du groupe III de
traitement aux adultes du National Cholesterol Education Program des
États-Unis a proposé une série de critères pour parvenir au diagnostic
clinique du syndrome métabolique dans la population adulte. Il n’existe
pas de définition uniforme pour la population pédiatrique. Malgré tout,
plusieurs études ont démontré que des caractéristiques du syndrome se
déclarent pendant l’enfance et que jusqu’à 30 % des enfants obèses (dont
l’indice de masse corporelle est égal ou supérieur au 95e percentile)
souffrent du syndrome. Quatre-vingt-dix pour cent des enfants obèses
respectent au moins l’un des cinq critères. Le degré d’anomalie est relié à
l’indice de masse corporelle, à la circonférence de la taille et aux taux
d’insuline à jeun. Il semble exister une prédisposition génétique à
l’apparition du syndrome, et certains groupes ethniques y sont plus
vulnérables. L’environnement intra-utérin semble également avoir un
rôle à jouer. L’insulinorésistance devrait être ciblée pour un traitement par
l’exercice et une intervention diététique. Le rôle de la pharmacothérapie
demeure incertain. Une définition uniforme du syndrome métabolique
s’impose pour la population pédiatrique. Une intervention précoce
devrait être appliquée, car bon nombre des caractéristiques du syndrome
sont maintenues de l’enfance à l’âge adulte.

The metabolic syndrome is a constellation of metabolic
abnormalities that result in an increased risk for type 2

diabetes mellitus (T2DM) and cardiovascular disease (CVD)
in the adult population (1-7). The syndrome emerges when a
person’s predisposition for insulin resistance is worsened by
increasing central adiposity, and is associated with dyslipi-
demia, hypertension and hyperglycemia (1-7). It is largely
confined to the overweight population (1-7). Adults with
the metabolic syndrome have at least a twofold higher risk
for atherosclerotic CVD and a fivefold increased risk for the
development of T2DM (1-7). Many studies (8-12) have
shown that features of the syndrome develop in childhood
and are highly prevalent among overweight children and
adolescents. Evidence of CVD in childhood has been
demonstrated in postmortem studies, showing the presence
of fatty streaks and fibrous plaques in the aorta and coronary
vessels of children and adolescents (13). Body mass index
(BMI), blood pressure, total cholesterol, triglycerides, low

density lipoprotein-cholesterol and high density lipoprotein-
cholesterol (HDL-C) were strongly associated with the
extent of the lesions seen (13). Cardiovascular risk factors at
12 to 18 years of age are predictive of adult common carotid
intimal thickness, suggesting that exposure to cardiovascular
risk factors early in life may induce changes in arteries that
contribute to the development of atherosclerosis (11).
Impaired glucose tolerance (IGT) and T2DM are being diag-
nosed more frequently in children and adolescents, coincid-
ing with rising rates of obesity (14,15). No long-term
outcome data on the risk for T2DM and CVD in children
with features of the metabolic syndrome are available.

DEFINITION

The key elements of the metabolic syndrome are central
obesity, high blood pressure, dyslipidemia and hyper-
glycemia (7,16-19). In 2001, The United States National
Cholesterol Education Program’s Adult Treatment Panel III
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report (7) proposed a set of criteria for the clinical diagnosis of
metabolic syndrome in adults that includes: increased waist
circumference, high blood pressure, high fasting blood glucose
and triglycerides, and low HDL-C. The diagnosis requires that
three of the five criteria be met (7). For the paediatric popu-
lation, there is a lack of an uniform definition (Table 1).

There is a need to define the metabolic syndrome for chil-
dren and adolescents. Many features of this syndrome track
from childhood into adulthood (20); therefore, the defini-
tion should include similar components. Early identification
of the clustering of risk factors should help target prevention
efforts in high-risk individuals. Lack of a clear definition will
continue to impede our ability to determine the prevalence
of the syndrome in children and to establish the natural his-
tory of the disease, including identifying predictors and risk
factors. In many paediatric studies to date looking at the
metabolic syndrome, BMI percentiles have been used as a
surrogate for waist circumference, and IGT has been used
interchangeably with impaired fasting glucose (Table 1).

EPIDEMIOLOGY

There have been several studies looking at the prevalence
of the metabolic syndrome in the paediatric population.
Unfortunately, a uniform definition of the condition has
not been established, making direct comparisons of these
studies difficult. 

The overall prevalence of the metabolic syndrome
among North American children and adolescents is
between 3% and 4% (8,10,11). Prevalence rates are higher
in boys (6.1%) than in girls (2.1%) (8). Forty-one per cent
of adolescents have one and 14.2% have two features of the
metabolic syndrome (8). The most common abnormality is
high triglycerides and low HDL-C and the least common
abnormality is impaired fasting glucose (1.5%) (8).

The prevalence of the metabolic syndrome among obese
children and adolescents (BMI at or above the 95th percentile)

is dramatically higher than their non-obese counterparts:
28.7% versus 6.1% (BMI between the 85th and 95th per-
centiles). The metabolic syndrome is virtually absent in
children with a BMI less than the 85th percentile (0.1%).
Close to 90% of obese children and adolescents have at
least one feature of the metabolic syndrome and over one-
half (56%) meet two criteria (8). In a more recent study
where BMI rather than waist circumference was used as a
measure of central adiposity, the prevalence of metabolic
syndrome reached 50% among children and adolescents
with a BMI at or above the 97th percentile (9).

A clustering of risk factors associated with the metabolic
syndrome has been demonstrated in certain populations,
including Native Canadians/Americans, Mexican Americans,
Japanese Americans, Micronesians, Caucasians, East Asians
and Asian Indians (21,22). Sung et al (22) demonstrated that
50% of obese nine- to 12-year-old Hong Kong Chinese chil-
dren had at least two of the three cardiovascular risk factors of
dyslipidemia, hypertension and hyperinsulinemia. According
to the third National Health and Nutrition Examination
Survey (8), the prevalence of the metabolic syndrome is
higher among Hispanic children (5.6%), in particular,
Mexican Americans, and it is lower in African American
children and adolescents (2.0%). The prevalence among
Caucasian adolescents was 4.8% in the survey (8). 

THE LINK BETWEEN OBESITY AND 

INSULIN RESISTANCE

Central obesity leading to insulin resistance is the underlying
abnormality of the metabolic syndrome (Figure 1) (23-25).
Obesity is the most common cause of insulin resistance in
children (26). Children in the top quartile for fasting insulin
and for BMI are 3.6 and 11.7 times more likely, respectively, to
have the features of metabolic syndrome (27). Higher baseline
insulin levels are predictive of clustering of the features of high
triglycerides, low HDL-C and high systolic blood pressure at
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TABLE 1
Various diagnostic criteria for the metabolic syndrome in children and adolescents

Raitakari et al (11), Weiss et al (9),
Chen et al (10), Cruz et al (12), cardiovascular risk in obesity and metabolic 

Adult, Cook et al (8), Bogalusa Heart Study, overweight young Finns, 3 criteria, syndrome in children 
NCEP ATP III (7), NHANES III, 4 criteria, 75th percentile Hispanic youth, ≥≥75th percentile and adolescents,

Criterion 3 of 5 criteria 3 of 5 criteria for age and sex 3 of 5 criteria for age and sex 3 of 5 criteria

High triglycerides ≥≥1.69 mmol/L ≥1.24 mmol/L Triglyceride to HDL ratio ≥90th percentile ≥75th percentile ≥95th percentile

Low HDL cholesterol Triglyceride to HDL ratio ≤10th percentile ≤25th percentile ≤5th percentile

Male <1.03 mmol/L <1.03 mmol/L

Female <1.29 mmol/L <1.03 mmol/L

Abdominal obesity, waist BMI ≥75th percentile N/A BMI > +2 SDs

circumference*

Male   >102 cm ≥90th percentile ≥90th percentile

Female >88 cm ≥90th percentile ≥90th percentile

High fasting glucose†
≥≥6.1 mmol/L ≥6.1 mmol/L Insulin resistance index Impaired glucose N/A Impaired glucose 

tolerance, tolerance, 

2 h BG ≥7.8 mmol/L 2 h BG >7.8 mmol/L

High blood pressure ≥≥130/85 mmHg ≥90th percentile Mean arterial pressure ≥90th percentile ≥75th percentile ≥95th percentile

Accepted adult criteria are indicated by bold font. In some studies, *body mass index (BMI) percentiles were used as a surrogate for waist circumference and
†impared glucose tolerance was used interchangeably with impaired fasting glucose. BG Blood glucose; HDL High density lipoprotein; N/A Not available; NCEP ATP
III National Cholesterol Education Program’s Adult Treatment Panel III; NHANES III Third National Health and Nutrition Examination Survey 
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Figure 1) Pathophysiology of the metabolic syndrome. In the assessment of a child or adolescent with central obesity, the physician must consider the com-
plex interplay between factors that contribute to obesity and insulin resistance (incoming arrows) in addition to the metabolic consequences of insulin resist-
ance (outgoing arrows). This diagram can be copied and used with parents to help them understand the interrelationship of all of these factors. Created by
HJ Dean, S Hadjiyannakis and EAC Sellers. This chart has been reviewed and approved by the Canadian Paediatric Society (January 2005)
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Figure 1) Physiopathologie du syndrome métabolique. Dans l’évaluation d’un enfant ou d’un adolescent atteint d’obésité centrale, le médecin doit tenir compte
des interactions complexes entre des facteurs qui contribuent à l’obésité et à l’insulinorésistance (flèches entrantes) en plus des conséquences métaboliques de
l’insulinorésistance (flèches sortantes). Ce diagramme peut être copié et utilisé auprès des parents afin de les aider à comprendre les interactions entre tous ces
facteurs. Créé par HJ Dean, S Hadjiyannakis et EAC Sellers. Ce diagramme a été révisé et approuvé par la Société canadienne de pédiatrie (janvier 2005).
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six-year follow-up (11). When insulin levels are elevated in
childhood, they remain so in adulthood, leading to a higher
prevalence of obesity, hypertension and dyslipidemia (20).

The distribution of fat plays an important role in the
development of insulin resistance. A preponderance of fat in
the abdomen, upper body and trunk (android obesity) is pre-
dictive of diabetes and CVD (28). Abdominal fat is located
in two major components; subcutaneous and visceral, with
increased visceral fat resulting in worsening of insulin resist-
ance. Waist circumference is a surrogate measure for visceral
fat. Central adiposity measured by waist circumference in
children has been linked to adverse lipid profiles (high
triglycerides and low HDL-C), and higher fasting insulin
levels and blood pressure, independent of weight and height
(29-32). In addition to an increase in visceral fat, accumula-
tion of lipids in muscle cells also decreases insulin sensitivity
because skeletal muscle is a primary site of insulin action (33). 

RISK FACTORS

Factors that contribute to insulin resistance include obesity
(central adiposity), a sedentary lifestyle, age, onset of puberty,
genetics (family history of T2DM, high-risk ethnic back-
ground), intrauterine environment (small for gestational
age [SGA], large for gestational age [LGA] and gestational
diabetes) and diet. 

Puberty is associated with a 30% decrease in insulin sen-
sitivity during the progression from Tanner stage II to IV
(34). Therefore, the clinical manifestations of the metabolic
syndrome often present peripubertally. 

Features of the metabolic syndrome aggregate in families.
Children of obese parents are five times more likely to be
obese (35). Family studies show that genetic factors account
for about 50% of the variance in intra-abdominal fat even
after adjusting for age, sex and total body fat (36). The chil-
dren of individuals with T2DM have insulin resistance even
before the onset of puberty (37,38). Children of hypertensive
parents also have more insulin resistance and higher blood
pressure, serum cholesterol and triglyceride levels than con-
trol subjects (39,40). In Mexican Americans, a parental phe-
notype of T2DM is the most predictive factor for the
development of metabolic syndrome (12).

Recent studies suggest that the risk for metabolic syn-
drome may originate in utero in some individuals. A con-
tinuum of increased risk for CVD, T2DM, insulin resistance
and hypertension in individuals born SGA has been estab-
lished (41). This is seen more commonly in SGA babies
who undergo rapid postnatal weight gain (42). LGA infants
are also at risk for metabolic syndrome, obesity and T2DM
(43,44). Gestational diabetes often gives rise to macrosomia
in the fetus and represents an increased risk for obesity and
T2DM in offspring (45,46). The metabolic syndrome in
pregnancy is itself an independent predictor of macrosomia,
which in turn increases the probability of metabolic syn-
drome in the children (47). 

Insulin resistance has also been implicated in polycystic
ovarian syndrome (PCOS) and nonalcoholic fatty liver dis-
ease (NAFLD). Individuals with PCOS and/or NAFLD are

at increased risk for the metabolic syndrome given the
shared underlying presence of insulin resistance.

PCOS is one of the most common endocrine diseases of
young women, affecting up to 10% of women of reproduc-
tive age (48-50). It is defined by ovulatory dysfunction; clin-
ical evidence of hyperandrogenism (hirsutism, acne,
androgenic alopecia) and/or hyperandrogenemia; and by the
exclusion of related disorders, such as hyperprolactinemia,
thyroid disorders and nonclassic adrenal hyperplasia (51).
Women and adolescents with PCOS have a greater frequency
and degree of insulin resistance than weight-matched con-
trol subjects (52,53). The insulin resistance itself is linked to
the ovarian and adrenal hyperandrogenemia seen in this
syndrome (54). PCOS has been associated with IGT,
T2DM, hypertension and dyslipidemia. Insulin resistance is
the major risk factor for all of these conditions (55-57).

NAFLD is an increasingly recognized condition that may
progress to end-stage liver disease. The pathological picture
resembles that of alcohol-induced liver injury (58,59). Central
obesity, T2DM and hyperlipidemia frequently coexist with
NAFLD (58-62). NAFLD affects 2.6% of children and 22.5%
to 52.8% of obese children (60-63). NAFLD is often the cause
of asymptomatic elevation in aminotranferases (alanine
aminotransferase level greater than aspartate aminotransferase
level) (62). Insulin resistance is the most reproducible factor
implicated in the development of NAFLD (62,63).

WHO SHOULD BE SCREENED?

Screening for features of the metabolic syndrome should be
done in obese children and youth (BMI at or above the
95th percentile) in the presence of the risk factors men-
tioned above. Screening should include an assessment of
BMI (64), waist circumference (18), blood pressure and a
fasting lipid profile. A fasting blood glucose and/or a 2 h
oral glucose tolerance test should be performed in obese chil-
dren 10 years of age or older with two or more risk factors, in
accordance with the Canadian Diabetes Association’s 2003
clinical practice guidelines (65).

TREATMENT

Insulin resistance should be targeted for treatment through
exercise and dietary interventions. The role of pharmacother-
apeutic agents remains unclear. All five components of the
metabolic syndrome improve with even modest amounts of
weight loss achieved through diet and exercise. 

It is well known that regular physical activity can reduce
insulin resistance, improve glucose intolerance, reduce the risk
of T2DM and reduce CVD risk. Ku et al (66) demonstrated in
prepubertal five- to 11-year-old children that increased
physical activity was related to greater insulin sensitivity,
independent of body composition and race. Kang et al (67)
showed that eight months of high-intensity physical training
in obese adolescents improved fasting plasma triglycerides, low
density lipoprotein particle size and diastolic blood pressure. 

Very few studies have been conducted in children relating
diet to insulin resistance. Dietary modifications, such as
decreasing consumption of fat and simple sugars and increas-
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ing consumption of omega-3 fatty acids (eg, fish oil, flaxseed
oil), help to decrease triglyceride levels (68). A 12-week study
(69) in overweight adolescents showed that a low-carbohydrate
diet resulted in greater weight loss than a low-fat diet
(9.9±9.3 kg versus 4.1±4.9 kg, respectively) and mild,
although not significant, improvements in HDL-C and
triglyceride levels. A six-month study (70) in obese adoles-
cents showed that a low glycemic load diet versus a low-fat
diet resulted in a greater decrease in BMI (–1.3±0.7 versus
0.7±0.5, respectively) and fat mass (–3.0±1.6 versus
1.8±1.0 kg, respectively). Insulin resistance increased over
time in both groups, but less so in the group following the low
glycemic load diet (70). However, further studies are needed
before such dietary interventions are recommended. 

Family-based behavioural interventions for obese chil-
dren have been associated with reductions in total choles-
terol, increases in HDL-C, reductions in insulin resistance
and a return of ovulatory cycles in girls with PCOS (71-73).

In very high-risk insulin-resistant children, pharmacother-
apy may be indicated. A double-blind randomized controlled
(74) trial using metformin for six months in obese, insulin-
resistant youth with a family history of T2DM demonstrated
significant improvements in glucose tolerance and fasting
insulin levels. However, the study was small and of relatively
short duration. Further studies looking at the use of metformin
and other insulin sensitizers are necessary. Other agents that
may prove beneficial are thiazolidinediones. 

CONCLUSIONS

Nearly 30% of obese (BMI at or above the 95th percentile)
paediatric patients meet the criteria for the metabolic syn-
drome and 90% of obese children have at least one feature
of the syndrome. These children may be at a significantly
increased risk for the development of T2DM and CVD.
The features of the metabolic syndrome are driven by the
presence of abdominal obesity and insulin resistance. A
uniform definition of the metabolic syndrome for paediatric
patients needs to be created and comprehensive screening
of obese children should be considered. Early intervention
targeting insulin resistance may help attenuate the disease
process.
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