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Abstract Metabolic syndrome (MetS) is a cluster of cardi-
ometabolic risk factors associated with an increased risk for
the development of cardiovascular diseases and type 2 dia-
betes. The prevalence of the MetS is not particularly high in
the overall pediatric population (3 %–4 %) but it is as high
as 30 %–50 % among overweight youth. Several definitions
of the MetS have been used, thus, generating confusion and
difficulties in defining the true prevalence of this syndrome.
The recent definition of the International Diabetes Federa-
tion has tried to standardize the diagnostic criteria. However,
there are still some concerns about use of cut-offs values and
dichotomous variables, and some debate as to whether a
continuous cardiometabolic risk score could be more appro-
priate for the pediatric population. Although there are some
studies that have shown the association between childhood
and adolescent MetS with long-term outcomes, further pro-
spective studies are needed to clarify the true value of
diagnosing MetS in youth.
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Introduction

Obesity is a growing problem that has reached epidemic
proportions around the world [1]. Excess body fat has been

associated with several metabolic and cardiovascular com-
plications that significantly contribute to the overall morbid-
ity and mortality [2].

Alarmingly, obesity-related complications can be detected
already in children and adolescents and they track over
time [2]. Of note, metabolic and cardiovascular compli-
cations can cluster together in what is known as the
metabolic syndrome (MetS).

Over the last few years, there have been a growing
number of publications addressing the dimensions and rel-
evance of this syndrome in both youth and adults. This
review offers an overview of the MetS, with a particular
reference to its prevalence and significance in obese youth.

What is Metabolic Syndrome?

In 1988 Reaven first introduced the concept of ‘Syndrome
X’ (later renamed MetS), defined as a cluster of metabolic
abnormalities associated with a risk of cardiovascular dis-
ease (CVD) and type 2 diabetes (T2D) greater than that of
its individual components [3]. Reaven hypothesized that
insulin resistance could be the central mechanism linking
this cluster of metabolic abnormalities [3]. Epidemiological
studies suggest that the MetS is common among adults,
particularly among obese individuals, and its incidence is
increasing in parallel with the epidemics of obesity [4, 5]. In
addition, there is clear evidence suggesting that, in adults,
the MetS significantly increases cardiovascular morbidity
and mortality [4, 5].

Since Reaven’s first introduction of the concept of the
MetS, a growing interest has emerged around this new entity
and additional diagnostic criteria have been added, such as
microalbuminuria, chronic inflammation, endothelial dys-
function, and alterations in the hemostatic system. In addi-
tion, there has been a lot of discussion as to whether non-
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alcoholic fatty liver disease, a common finding in obese
subjects, should be another key diagnostic criterion [4, 5].
Several definitions have been developed over the years in
adults, including those from the World Health Organization
(WHO), the Adult Treatment Panel III (ATP III), the Euro-
pean Group for the Study of Insulin Resistance, the Amer-
ican College of Endocrinology, the American Heart
Association/National Heart, Lung, and Blood Institute,
and, more recently, the International Diabetes Federation
(IDF) [4–6]. The main differences among the different def-
initions are the set of specific metabolic parameters taken
into account and differences in ‘pathological levels’ for the
included risk variables.

Pathogenesis of the Metabolic Syndrome

The pathogenesis of the MetS is not completely understood,
although 2 factors appear to play a key role: obesity and
insulin resistance [5]. Obesity is the main determinant of
insulin resistance both in adults and in children [7]. Inter-
estingly, several lines of evidence have suggested that vis-
ceral and/or ectopic fat distribution (ie muscle, liver) play a
more important role in the development of insulin resistance
than the overall body adiposity in both obese adults and
children [8]. Studies conducted in the pediatric population
have shown that the amount of visceral fat was directly
correlated with basal and glucose-stimulated insulin levels
and inversely correlated with insulin sensitivity and the rate
of glucose uptake [8]. In contrast, no correlation was found
between abdominal subcutaneous fat and these metabolic
indexes [8]. Based on the ‘portal theory’, this could be
related to a higher lipolytic activity of visceral compared
with subcutaneous fat, and therefore to more free fatty acids
and glycerol delivered directly to the liver [9].

Ectopic deposition of fat in the liver or muscle can
also be responsible for insulin resistance in obese sub-
jects, as the accumulation of fat in these sites impairs
insulin signaling, with reduced glucose uptake in the
muscle and decreased insulin-mediated suppression of
hepatic glucose production [10]. Intramyocellular lipid
(IMCL) accumulation has been associated with decreased
insulin sensitivity [11, 12]; obese insulin-resistant children
and adolescents have higher levels of visceral fat and IMCL
when compared with obese insulin-sensitive peers [13]. Ac-
cumulation of fat in the liver has also been associated with
insulin resistance, independently of total adiposity [14, 15]. In
obese youth, the decrease in insulin sensitivity, imbal-
ance between anti- and proinflammatory markers, and
increased prevalence of MetS parallels the severity of
liver fat accumulation [16]. Thus, nonalcoholic fatty
liver disease has been suggested as an additional core
component of Mets [16].

In addition to insulin resistance and obesity, other factors
that have been implicated in the pathogenesis of MetS are
maternal obesity, gestational diabetes, ethnicity, birth
weight, and family history of diabetes, together with genetic
factors [5]. Additional factors that may have a role in the
pathogenesis of the MetS are the immune system, chronic
stress and dysregulation of the hypothalamic-pituitary-
adrenal axis, and autonomic nervous system, increases in
cellular oxidative stress, renin-angiotensin-aldosterone sys-
tem activity, and intrinsic tissue glucocorticoid actions [5].

The Metabolic Syndrome in Children

The MetS has been reported to be common among obese
children and adolescents, where depending on the definition
used, the prevalence ranges from 26 %–49.7 %. In contrast
the prevalence of the MetS is quite low among normal
weight youth (3 %–4 %).

In the pediatric population, several distinct definitions
have been applied, thus leading to some confusion in terms
of characterizing the true epidemiology of the syndrome.
The initial approach has been to apply adult definitions to
the pediatric population. However, the use of adult criteria
in youth is hampered by several problems, including the
need of adopting specific age and sex cut-offs, due to the
well-known age and sex-dependent variation in anthropo-
metric parameters, such as BMI, waist circumference, as
well as in metabolic and cardiovascular parameters, such
as lipids and blood pressure. This has led to several defi-
nitions being proposed over the years. The definition of
MetS in children is also complicated by lack of specific
normal values for some metabolic and cardiovascular meas-
urements, and by well-known variations associated with
different ethnic groups and pubertal stage.

One of the first definitions of MetS for the pediatric
population was proposed by Cook et al in 2003 [17] and it
was applied to a large population of American adolescents
(n02430), aged 12–19 years. This definition was based on a
pediatric adaptation of the NCEP/ATP-III criteria, including
waist circumference over the 90th percentile, blood pressure
above the specific age and sex 90th percentiles, whereas for
glycemia, triglycerides, and HDL cholesterol absolute val-
ues were used (>110 mg/dL, >110 mg/dL, and <40 mg/dL,
respectively). The reported prevalence of the Mets was
4.2 % when considering the whole study population, but
increased to 28.7 % when restricting the analysis to subjects
who were obese [17]. In 2004, Weiss et al [18] highlighted
the key association between the degree of adiposity and an
increasing prevalence of the Mets, reporting an alarming
prevalence of 38.7 % in moderately obese and 49.7 % in
severely obese American children and adolescents (aged 8–
13 years). In this study a direct association was also found
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between a higher degree of insulin resistance and prevalence
of the MetS. In 2004 Duncan et al [19] reported a compar-
ison between the prevalence of the MetS over time among
US adolescents, aged 12–19 years, by comparing data from
the NHANES III (1988–1994) vs NHANES 1999–2000. A
significant increase in the prevalence of the syndrome was
reported when analyzing the whole study population (6.4 vs
4.2 %), as well as when repeating the analysis by sex (male:
9.1 vs 6.1 %; female: 3.7 vs 2.1 %) and ethnic groups.

With regards to European children, Invitti et al [20]
assessed the prevalence of the MetS in 588 Italian obese
children and adolescents (aged 6–16 years) by applying a
modified WHO definition. The prevalence of MetS was
23.3 %, and it significantly increased across tertiles of
BMI (16 % vs 23 % vs 31 %). Interestingly, in both sexes
the frequency of MetS gradually increased from Tanner
stage I to stage IV and declined at stage V.

The prevalence of MetS clearly varies according to the
criteria used and to the age, sex and ethnicity of the studied
populations [21]. In 2008, Lee et al [22] assessed the prev-
alence of the MetS among 251 children and adolescents
(122 African Americans/129 Caucasians, aged 8–19 years),
using 5 different pediatric definitions reported in the litera-
ture. Interestingly, the authors found a significant variability
in the prevalence of the MetS when applying different
definitions. Specifically, the prevalence was 18.7 % based
on Weiss’s definition, 21 % accordingly with Cook’s crite-
ria, 13.4 % using Cruz’s criteria, 25.1 % using Ford’s
criteria. Independently of the definition applied, in the same
study the prevalence of MetS was significantly higher in
obese than in normal weight children and adolescents:
42.9 % vs 2.8 % for Caucasians and 31.3 % vs 0.8 % for
African Americans [22]. A similar comparison was per-
formed by Goodman et al [23], where the prevalence of
MetS among adolescents was assessed by comparing the
definitions from the NCEP III and WHO. The prevalence of
the MetS varied from 4.2 % to 8.4 % based on the criteria
used. Furthermore, Reinehr et al [24] compared eight pro-
posed MetS definitions in 1205 Caucasian overweight chil-
dren and adolescents aged 4 to 16 years. The prevalence of
the MetS varied significantly between 6 % and 39 %
depending on the definition used, and only 2 % of the
children fulfilled the criteria of MetS in all definitions. In
accordance with previous studies, the authors observed an
association between the degree of obesity and insulin resis-
tance and MetS; in contrast, pubertal stage did not signifi-
cantly influence the occurrence of the MetS.

A valuable attempt to unify the diagnosis of MetS in
children is represented by the IDF definition (Table 1) [25].
The authors divided children into 3 age groups: 6 to <10, 10–
16, and >16 years. For children under the age of 10 years, no
specific diagnosis of MetS is proposed, whereas the definition
for those aged 10–16 years is based on the presence of

adiposity, defined as waist circumference values above the
90th percentile, while the other metabolic alterations were
defined on the basis of specific absolute cut-off values: trigly-
cerides ≥150 mg/dL, HDL cholesterol below 40 mg/dL, fast-
ing glucose levels ≥100 mg/dL, systolic blood pressure ≥130,
or diastolic blood pressure ≥85 mm Hg. The adult IDF
criteria have been proposed to define MetS in the group
aged >16 years [25].

Although, the IDF definition represents a valid attempt to
limit the confusion around MetS in children and adoles-
cents, this definition is not free of limitations. In particular,
3 main issues need to be considered: (1) Is it true that MetS
cannot be diagnosed in prepubertal children? (2) Is waist
circumference a parameter easily and reliably applicable to
the pediatric population? (3) Are there other important
parameters to be included in the definition of MetS?

In the IDF definition, waist circumference is the condi-
tion “sine qua non” to define MetS. This is related to the
observation that, although BMI represents an important
measure of adiposity, the degree of obesity per se is not a
sufficient marker to identify children at risk of MetS, while
central obesity represents a key component in the develop-
ment of metabolic complications [26, 27]. Waist circumfer-
ence has been associated with several cardio-metabolic
alterations in the pediatric population [26, 27]. However,
the use of waist circumference in the pediatric population is
limited by the fact that reference values exist only for some
populations. Another important point is the controversy on
how to measure waist circumference in children and adoles-
cents. By comparing 4 commonly recommended waist cir-
cumference measurement sites, Johnson et al [28] have
recently demonstrated that the different sites are not equiv-
alently associated with metabolic risk and that waist circum-
ference measured at the narrowest waist and midpoint
between the floating rib and iliac crest represents the mea-
surement site most closely associated with metabolic risk in
overweight youth.

Another limitation of the IDF definition is the statement
that below the age of 10 years MetS is not definable. This is
in contrast with a large body of evidence showing that many
of the metabolic and cardiovascular complications of obesi-
ty are already detectable in prepubertal children [29–31].
Our research group assessed the prevalence of MetS among
a group of 89 prepubertal children, aged 6 to 10 years [32].
According to Weiss criteria, MetS was diagnosed in 13.5 %
of prepubertal children, underlining the importance of
screening for metabolic complications of obesity even in
very young children. Finally, there are probably other vari-
ables not included in the IDF definition but which could be
invaluable to identify children and adolescents ‘at risk’,
such as liver steatosis [32].

The several definitions applied to the pediatric population
have generated confusion and difficulties in understanding
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the epidemiology of MetS in children and adolescents. In
addition, there have been some concerns about the stability
of the MetS during childhood and adolescence [33, 34]. In a
cohort of 1098 teenagers followed up over a 3-year period,
Goodman et al [34] found that a categorical diagnosis of
MetS in adolescents was unstable, with up to half of the
children with MetS at baseline, failing to meet the criteria at
follow-up.

Although there is a significant difference in the preva-
lence of MetS observed among different studies and there
are concerns about the stability of the MetS over time in
children, studies agree that there has been an increasing
prevalence of MetS in children and adolescents, paralleling
the epidemics of obesity in this age group. This observation
is alarming and should lead to a wider application of screen-
ing and intervention programs. This is further supported by
the reported association between the presence of MetS and
early signs of CVD during childhood and adolescence. In
particular, MetS during adolescence has been shown to be
significantly associated with increased carotid intima media
thickness and reduced brachial artery distensibility [35•].

Long-Term Consequences of Metabolic Syndrome
in Children

The effect of being diagnosed with the MetS during child-
hood and adolescence on the risk for MetS in adult life is
important for understanding the long-term impact on overall
morbidity and mortality. Up to now there are limited but
significant longitudinal studies, which have attempted to
answer this question. Burns et al [36••] assessed childhood
predictors of MetS during adult life and they found that
subjects with MetS during adulthood had higher BMI, blood
pressure, and triglycerides during childhood. A BMI above

the 75th percentile was significantly associated with the risk
of developing MetS, thus identifying BMI as the strongest
predictor. In addition, they found that the combination of
high BMI and high triglycerides levels played an additive
effect on the risk of developing the MetS.

Morrison et al prospectively assessed the association of the
MetS in childhood (age of the study population: 5–19 years)
with adult MetS and T2D 25 to 30 years later. Their study
showed that the presence of MetS and a family history of
diabetes during childhood and adolescence could identify
children at increased risk of adult MetS and T2D, allowing
prospective primary prevention of these outcomes [37••].
Similarly, adolescents with MetS who were followed up for
14–27 years in the Bogalusa Heart Study and the Cardiovas-
cular Risk in Young Finns Study, were found to be at two- to
three-fold increased risk of having MetS, increased intima
media thickness and T2D during adulthood compared with
those free of MetS during adolescence [38••].

Data from 3 major studies, the Fels Longitudinal Study,
the Muscatine Study, and the Princeton Follow-up Study
have also been combined to assess thresholds of metabolic
components during childhood influencing adult risk of MetS
and T2D. Interestingly, from these studies it emerged that
MetS components, when examined during childhood, had a
high negative predictive value for adult outcomes, thus
suggesting that they may provide a useful screening ap-
proach to identifying children not at risk, so that further
attention can be focused on those who more at risk [39•].

How to Prevent and Treat the MetS During Childhood
and Adolescence?

The epidemiologic data available so far strongly suggest that
the prevalence of the MetS is particularly high among obese

Table 1 MetS definition: International Diabetes Federation criteria

Age <10 years

Obesity (WC) ≥90th percentile. Metabolic syndrome cannot be diagnosed, but further measurements should be made if family history of metabolic
syndrome, type 2 diabetes mellitus, dyslipidemia, cardiovascular disease, hypertension, or obesity

Age 10–16 years

Obesity (WC) Plus 2 of the following: Triglycerides HDL-C Blood pressure: Glucose

≥90th percentile ≥1.7 mmol/L <1.03 mmol/L SBP ≥130 mm Hg ≥5.6 mmol/L or known diabetes

DBP ≥85 mm Hg

Age >16 years: use IDF adult criteria

WC: Plus 2 of the following: Triglycerides HDL-C Blood pressure: Impaired fasting glucose or type 2
diabetes

≥94 cm (men) ≥1.7 mmol/L <1.03 mmol/L (M); SBP ≥130 mm Hg

≥80 cm (women) <1.29 mmol/L (F)
or treatment

DBP ≥85 mm Hg or
previously diagnosed
hypertension

WC waist circumference, HDL-C high density lipoprotein-cholesterol, M males, F females
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children and adolescence. Therefore, screening for the syn-
drome should be directed to this group of people instead of
the whole pediatric population. Screening should identify
the underlying insulin resistance characterizing the syn-
drome and the single abnormalities. Therefore, together with
an anthropometric assessment (including not only BMI but
also waist circumference), obese youths should undergo
blood pressure measurements, assessment of lipid profile,
serum glucose determination and, if indicated, an oral glu-
cose tolerance test. Additional risk factors should also be
considered, such as birth weight, gestational diabetes, accel-
erated growth during infancy, and a potential family history
for obesity, diabetes, and cardiovascular diseases. In fact,
although these factors are not included in the definition of
MetS, they can contribute to the overall cardio-metabolic
risk of young people and identify a group of youth requiring
more intensive treatment strategies. Interestingly, a recent
study has indicated that the coexistence of low birth weight,
small head circumference, and parental history of over-
weight or obesity may be helpful in targeting children at
risk for developing MetS in adolescence [40•].

Preventing obesity and insulin resistance are the key
strategies to be applied early in life [41••]. However, when
required, treatment should be aimed at reducing the degree
of adiposity and the associated status of insulin resistance.
At the present time, there is no specific treatment for the
clustering of risk factors characterizing the MetS in children
and treatment should focus on reducing obesity, increasing
physical activity, and treating the individual components of
the syndrome when necessary [41••]. Lifestyle changes,
including a balanced diet appropriate for age, together with
regular physical activity, should be strongly recommended
[41••]. Even in the absence of weight loss, lifestyle inter-
ventions can help improve insulin sensitivity and the car-
diovascular profile of obese youth. Decreases in body
weight have been associated with a significant improvement
in insulin sensitivity [42].

In children and adolescents, there is limited experience
with weight loss medications or insulin sensitizers. Metfor-
min has been shown to improve insulin sensitivity and BMI
in non-diabetic obese adolescents with fasting hyperinsuli-
nemia and a family history of T2D [43]. A similar efficacy
of metformin on insulin sensitivity and BMI has been found
in 2 other small studies conducted in obese normoglycemic
adolescents [44, 45]. On the other hand, limited effect of
metformin on weight and insulin sensitivity was found in a
larger study of obese, insulin-resistant minority adolescents
[46]. Sibutramine reduces body weight in children when
used in conjunction with behavioral intervention and, in
some studies, a positive effect on glucose and lipid metab-
olism has also been shown [47]. However, this drug has
been associated to an increase in blood pressure and heart
rate, thereby posing limitations for its wide use in the

pediatric population [47]. Orlistat has been investigated in
children and has been associated with a significant weight
loss, even though several side effects have been associated
with its use [48]; mainly gastrointestinal disturbances, but
also multiple vitamins deficiencies [48]. No significant
effects on glucose metabolism have been reported with this
drug [48]. In adults, thiazolidinediones have also been
shown to have a good efficacy in improving insulin sensi-
tivity [49], but have not been well studied in the pediatric
age-group and have been recently associated with a variety
of concerning side effects in adults.

Further controlled trials are required to have a better
assessment of the safety and efficacy of drugs to address
obesity and insulin resistance in children and adolescents,
and to clarify which group of subjects really needs them.

Should We Keep Talking About MetS in Youth or Just
Consider Its Individual Components?

The evidence available so far strongly indicates that
MetS is a reality among obese youth. Even more alarm-
ing is the observation of tracking of the single compo-
nents of the syndrome as well the predictive value of
the presence of MetS during adolescence on the persis-
tence of the same during adult life. However, there are
still several concerns on this entity in children and
adolescence and, at present it is difficult to answer the
question as to whether MetS is ‘just a chimera or a
useful clinical concept.’ Although there has been an
attempt to create a unique MetS definition for the pedi-
atric population, there is still a lot of debate on which
are the best components to consider and there is still a
lot to do to have specific normative values reflecting
age, gender, and race specific changes in cardio-
metabolic risk factors. In addition, the effect of growth
and puberty seriously complicates the definition of the
MetS in youth, requiring definitions that remain dis-
criminatory over time. One major limitation of all MetS
definitions applied to the pediatric population has been
the use of dichotomous ‘normal-abnormal’ variable cat-
egorization. These are difficult to define in a clear and
unbiased way due to lack of specific normative values
for all criteria included in the syndrome and for all
populations. In addition, strict cut points are difficult
to apply in pediatrics due to the well-known fluctuations
associated with growth and puberty. It has been sug-
gested that using a continuous risk score, instead of
dichotomous variables could improve the value and
clinical utility of diagnosing MetS [50].

Longitudinal studies across different ethnic groups are
strongly required to understand the true value of the con-
stellation of cardio-metabolic abnormalities characterizing
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the MetS during childhood and adolescence. In addition, the
true clinical value of defining the syndrome in childhood
will be better defined once a specific treatment for the
syndrome has been identified.

Conclusions

Several definitions of the MetS have been applied to the
pediatric population over the years, thus generating confu-
sion and difficulties in defining the true prevalence of this
syndrome. The recent definition from the IDF has tried to
standardize the diagnostic criteria. However, there are still
some concerns about use of cut-off values and dichotomous
variables, and some debate as to whether a continuous
cardio-metabolic risk score might be more appropriate for
the pediatric population. Although there are some longitu-
dinal studies that have shown the association between child-
hood and adolescence MetS with long-term outcomes,
further prospective studies are needed to clarify the true
value of diagnosing MetS in youth.
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