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ables have been proposed to identify obese patients likely 
to be affected by impaired glucose tolerance or T2DM, and 
ultrasound has proved to be a valid surrogate for biopsy in 
the diagnosis of NAFLD. Further large longitudinal and cross-
sectional studies are needed to improve our chances of iden-
tifying obese youth at the highest metabolic risk. 

 © 2014 S. Karger AG, Basel 

 Introduction 

 Early-onset obesity, which has reached pandemic pro-
portions, is associated with increased morbidity and mor-
tality and therefore with a shorter life expectancy  [1, 2] . 
Most of the health-threatening consequences of juvenile 
obesity are due to metabolic disturbances induced by an 
excessive accumulation of fat which leads to chronic dis-
eases like type 2 diabetes mellitus (T2DM), hypertension 
and cardiovascular disease (CVD)  [1, 2] . Thus, the pre-
vention of obesity-induced metabolic conditions is a cor-
nerstone of the management of overweight and obesity 
during childhood  [3] . Due to the challenging proportion 
of children and adolescents affected by obesity in most 
countries, finding effective ways to identify obese paedi-
atric patients who are at increased risk of developing car-
diovascular and metabolic complications has been recog-
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 Abstract 

 Most of the complications of juvenile obesity are due to met-
abolic disturbances induced by an excessive accumulation 
of fat which leads to chronic diseases like type 2 diabetes 
mellitus (T2DM) and cardiovascular disease (CVD). Finding 
effective ways of identifying obese paediatric patients who 
are at increased risk of developing cardiovascular and meta-
bolic complications has been recognised to be a promising 
strategy to improve prevention of complications of early 
obesity. Moreover, correctly identifying obese children who 
are already affected by metabolic co-morbidities should be 
a clinical priority. According to the state of the art sum-
marised in this review, traditional metabolic variables in-
cluded in the definitions of metabolic syndrome (MS), pre-
diabetes, non-alcoholic fatty liver disease (NAFLD)/non-al-
coholic steato-hepatitis and, in obese girls, the presence of 
polycystic ovary syndrome are the best available longitudi-
nal predictors of CVD and T2DM among obese children and 
adolescents. In clinical practice, traditional metabolic vari-
ables included in the definitions of MS should be assessed in 
all obese children and adolescents; fasting metabolic vari-
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nised to be a promising strategy to improve prevention of 
complications of early obesity and has been a major pri-
ority of the research in the field of childhood obesity for 
several years  [4] . Despite the large number of papers pub-
lished on this subject, our knowledge of risk factors for 
the progression towards overt obesity-related cardiovas-
cular and metabolic disease from childhood to adulthood 
is still far from being satisfactory and does not allow for a 
fully accurate discrimination of obese children and ado-
lescents who are at increased metabolic risk  [4] . However, 
some obesity-related conditions, such as impaired glu-
cose tolerance (IGT), non-alcoholic fatty liver disease 
(NAFLD) and others, that are common complications of 
obesity during childhood and adolescence have been rec-
ognised to be risk factors for the development of cardio-
vascular and metabolic disease, such as non-alcoholic ste-
ato-hepatitis (NASH), symptomatic atherosclerosis and 
T2DM, and have been included in the metabolic assess-
ment of the obese child or adolescent in most clinical set-
tings despite their imperfect accuracy in stratifying the 
risk for adult disease. As the diagnosis of some of these 
conditions requires invasive and/or non-cost-effective 
tests, several circulating, imaging or anthropometric 
markers have been recently proposed as screening tools 
for these baseline complications of childhood obesity, in 
order to narrow the number of patients undergoing gold-
standard invasive tests. This review critically summarises 
the current knowledge about both the prospective predic-
tors of cardio-metabolic risk in obese children and ado-
lescents and the markers of the presence of obesity-relat-
ed metabolic impairment. These markers can be defined 
as ‘cross-sectional predictors’, as they do not precede the 
metabolic impairment but mark its presence. Thus, the 
term ‘predictor’ is used with the double meaning of risk 
factor and marker in the title of this review, which in-
cludes two main sections, one concerning predictors of 
future disease, titled ‘Risk Factors’, and one concerning 
predictors of current metabolic impairment, titled ‘Mark-
ers of Co-Morbidities’.

  Articles of potential interest for this review were 
searched in PubMed using the following term: ‘predict *  
AND obes *  AND (child *  OR adolescen * ) AND (dyslipid-
emia OR triglyceride *  OR glucose OR ‘type 2 diabetes’ OR 
atherosclerosis OR hypertension OR cholesterol OR hy-
percholesterolemia OR NAFLD OR NASH OR cardiovas-
cular OR coronary OR stroke OR metabolic)’. A total of 
2,185 abstracts were read, and 113 full-text articles were 
uploaded and examined, 71 of which were retained as ref-
erences for this review, based on their suitability for the 
reviewed subject, their scientific quality and their currency.

  Risk Factors 

 The Metabolic Syndrome and Traditional Fasting and 
Non-Fasting Circulating Risk Factors 
 Metabolic syndrome (MS) is by far the most exten-

sively described condition associated with childhood and 
adolescent obesity and has traditionally been supposed to 
be a risk factor for adult cardiovascular and metabolic 
complications. In adolescents as in adults, MS is gener-
ally defined as the association of obesity or central obe-
sity with at least 2 other cardiovascular risk factors from 
among abnormal glucose homeostasis, high systolic and/
or diastolic blood pressure, high triglycerides (TG) and 
low high-density lipoprotein cholesterol (HDL-C)  [5–8] . 
There are several controversies that have fuelled the sci-
entific debate on the utility of assessing MS in children 
and adolescents, both in the general population and 
among obese patients  [6–8] .

  A real consensus on the definition of MS for children 
and adolescents has never been achieved  [6, 7] . Several 
definitions with different cut-off values for the diverse pa-
rameters have been proposed, leading to greatly different 
prevalence estimates and diagnosis inconsistency when 
tested in the same populations and often showing diag-
nosis instability during adolescence  [8–10] . More impor-
tantly, independently of the definition adopted, there is 
still debate about the utility of MS as a cardiovascular pre-
dictor in children and adolescents, as it has not been de-
finitively established whether MS has a legitimate role as 
a clinical tool to identify adolescents with the highest met-
abolic and cardiovascular risk  [7] . Longitudinal data from 
the Bogalusa Heart and Cardiovascular Risk in Young 
Finns studies, which included 1,781 participants aged 
9–18 years examined at baseline and 14–27 years later, 
and longitudinal data from the Tehran Lipid and Glucose 
Study, which included 1,424 adolescents followed up for 
10.4 years, have not shown that MS during childhood and 
adolescence is any more useful than body mass index 
(BMI) or the presence of obesity in predicting subclinical 
atherosclerosis, T2DM or adult MS  [11, 12] . However, 
these studies are population-based and they do not ad-
dress the question whether among BMI-matched obese 
children and adolescents the presence of MS may imply a 
further cardio-metabolic risk besides obesity. The above 
studies have also highlighted that the presence of MS dur-
ing adolescence is not predictive of adult MS after adjust-
ment for adult BMI and is not predictive of adult T2DM 
or increased carotid intima-media thickness (cIMT), a 
surrogate marker of pre-clinical atherosclerosis, after ad-
justment for the presence of adult MS. This means, in 
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other words, that obesity or MS that resolves before adult-
hood does not imply any worse cardio-metabolic progno-
sis compared to never experiencing either obesity or MS 
 [12, 13] . Consistently, data on 6,328 subjects from four 
prospective cohorts pooled together (the Bogalusa, Mus-
catine, Cardiovascular Risk in Young Finns and Child-
hood Determinants of Adult Health studies) showed that 
obese children and adolescents who recover from their 
obesity have the same risk of presenting adult T2DM, hy-
pertension, dyslipidaemia or increased cIMT as children 
and adolescents who were never obese  [14] . On the other 
hand, the Bogalusa and Cardiovascular Risk in Young 
Finns studies showed that while individuals developing 
MS as adults have a 1.7-fold higher risk of presenting in-
creased adult cIMT than those never experiencing MS, 
individuals with persistent MS from childhood onwards 
have a 3.4-fold higher risk of presenting increased adult 
cIMT, suggesting that childhood MS, unless it resolves, is 
a real cardiovascular risk factor  [13] . Consistently, the 
Princeton Lipid Research Clinics Follow-up Study, the 
only available paediatric prospective study assessing real 
cardiovascular events and not surrogate cardiovascular 
markers like cIMT, demonstrated that not only do sub-
jects with persistent high blood pressure or high TG from 
childhood onwards have about a 3-fold higher risk of de-
veloping adult T2DM than those with adult onset of these 
risk factors, but also that subjects with persistent high TG 
from childhood onwards have about a 5-fold higher risk 
of developing adult CVD than those with adult onset of 
hypertriglyceridaemia, thus highlighting the deleterious 
role of persistent childhood metabolic risk factors in the 
development of adult cardio-metabolic disease  [15] . Al-
though these studies are population-based, thus not fo-
cusing on obese youth, they strongly suggest that an obese 
child with traditional metabolic impairments has an in-
creased metabolic and cardiovascular risk compared to a 
BMI-matched peer without metabolic impairments. Sup-
porting this hypothesis, cross-sectional studies on obese 
adolescents have shown that obese individuals with MS 
or single MS components have higher cIMT and a higher 
risk of presenting left ventricular hypertrophy than obese 
counterparts with no impairment  [16–18] . Moreover, a 
short-term longitudinal study of obese Latino children 
and adolescents showed that persistent MS was associat-
ed with higher cIMT compared to subjects without MS 
 [19] .

  A recent cross-sectional study including 461 over-
weight adolescents reported that the presence of MS is a 
less effective predictor of increased cIMT than the sum 
of the quantitative components of MS  [20] . Consistent-

ly, a longitudinal study in 265 adolescents showed that a 
cluster score using traditional MS as continuous vari-
ables tracks better into adulthood than dichotomous MS 
and is a better predictor of adult MS  [21] . Even if the use 
of quantitative scores has not yet entered routine clinical 
practice, these data suggest that while assessing the met-
abolic profile of an obese child or adolescent, severe im-
pairments of metabolic parameters should be consid-
ered particularly unfavourable from the point of view of 
cardiovascular prognosis, even if isolated. Of note, while 
cardiovascular risk associated with childhood BMI and 
MS has been shown to be reversible in the case of obe-
sity/MS recovery, childhood low-density lipoprotein 
(LDL) cholesterol and blood pressure have come to be 
associated with adult cIMT irrespective of their tracking 
into adulthood, based on the Cardiovascular Risk in 
Young Finns Study  [22] . Small dense LDL cholesterol 
particles are particularly atherogenic; recently, the TG/
HDL-C ratio has been shown to be a good marker of 
small dense LDL in overweight and obese children and 
adolescents and has been associated with increased arte-
rial stiffness in children, adolescents and young adults, 
regardless of BMI and blood pressure  [23, 24] . Thus, the 
TG/HDL-C ratio should be calculated while assessing 
the cardiovascular risk of obese paediatric patients. A 
TG/HDL-C ratio  ≥ 3 is associated with a markedly high-
er concentration of small LDL than a TG/HDL-C ratio 
<3  [23] .

  Despite a considerable body of evidence about the as-
sociations between traditional metabolic risk factors and 
adult T2DM, an accurate risk score to identify obese chil-
dren who are likely to develop T2DM is still lacking. Lon-
gitudinal cohorts have shown that the combination of 4 
or more MS components during childhood or adoles-
cence is strongly predictive of T2DM during young adult-
hood, though this criterion has poor sensitivity  [25, 26] . 
The IGT, a traditional pre-diabetic condition, is not a ful-
ly accurate predictor of future T2DM. In fact, short-term 
longitudinal studies have shown that IGT is a strong pre-
dictor of T2DM in severely obese African-American ado-
lescents and a moderate predictor in obese white adoles-
cents, in whom it tends to convert to normal glucose tol-
erance in 75% of cases  [27, 28] . Notably, IGT during 
childhood and adolescence is a cardiovascular risk factor 
per se, independently of the development of diabetes, as 
it is associated with an increased rate of cardiovascular 
events in adults  [29] , and it has recently been shown to be 
associated with increased cIMT in youth  [20] . Impaired 
fasting glucose (IFG), which affects 2–5% of obese chil-
dren and adolescents, is also considered a pre-diabetic 
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condition  [30] . Even if the Bogalusa Heart Study and the 
Cardiovascular Risk in Young Finns Study failed to dem-
onstrate any association between baseline IFG and T2DM 
in young adulthood  [11, 30] , the Princeton Lipid Re-
search Clinics Follow-up Study showed that IFG was the 
strongest independent predictor of adult IFG/T2DM 
from among parental history of T2DM, IFG and cigarette 
smoking after adjustment for BMI  [26] . Another study in 
pre-adolescent and adolescent girls showed that IFG was 
a strong independent predictor of IFG/T2DM at 24 years 
of age, along with weight gain, MS and high insulinaemia 
 [31] . Further longitudinal studies especially designed for 
populations of obese adolescents at baseline would prob-
ably be helpful to clarify the exact significance of isolated 
IFG in obese individuals during adolescence. Combined 
IFG and IGT is a condition characterised by profound 
impairment of both insulin sensitivity and secretion, 
whose pathophysiology in obese youth largely overlaps 
with that of overt T2DM  [32] . Thus, although longitudi-
nal studies exploring the exact short- and long-term pre-
dictive utility of this condition are lacking, it should be 
considered a strong risk factor for the development of 
T2DM. As in adults, a 1-hour glucose level >155 mg/dl 
during an oral glucose tolerance test (OGTT) in obese 
children and adolescents was shown to be associated with 
impaired glucose disposition and insulin secretion, thus 
being a candidate predictor of T2DM for future longitu-
dinal studies  [33] . Preliminary data from a pilot longitu-
dinal study show that glycated haemoglobin (HbA1c) in 
non-diabetic obese adolescents may be a predictor of 
short-term onset of T2DM, but a validated cut-off is still 
not available  [34] .

  In summary, in obese adolescents the development of 
T2DM and CVD is predicted not only by traditional fast-
ing risk factors but also by the presence of IGT, especially 
among patients of non-European ancestry and in asso-
ciation with IFG.

  Anthropometric Risk Factors 
 Data from the 1958 British birth cohort have shown 

that childhood BMI and BMI gain were weak predictors 
of adult T2DM and CVD risk factors  [35] . Consistently, 
data from the 1985 Australian Health and Fitness Survey 
showed that BMI, waist circumference (WC), waist-to-
height ratio (WtH-r) and the sum of skinfolds are all sim-
ilarly weak predictors of adult MS score (Spearman cor-
relations around 0.20 and 0.30 for measures at 7–11 and 
12–15 years, respectively)  [36] . Longitudinal data on pre-
dictive properties of anthropometric measures in samples 
of obese children and adolescents do not exist.

  Family History 
 T2DM has a high heritability, and children of people 

with T2DM are at increased risk of developing T2DM 
 [37] . Even if longitudinal studies on the exact predictive 
value of a family history of T2DM among obese children 
and adolescents are not available, cross-sectional data 
demonstrate that obese children and adolescents with a 
family history of T2DM are more likely to present with 
glucose dysregulation  [38, 39] , suggesting an increased 
risk of adult T2DM in this sub-group of obese paediatric 
patients. Moreover, a very high percentage (74–100%) of 
children with T2DM has a family history of T2DM, prov-
ing that the absence of family history is a good negative 
predictor of paediatric-onset T2DM  [40] . The predispo-
sition to CVD is also heritable, and cross-sectional data 
in healthy young adults prove that a family history of cor-
onary heart disease is a risk factor for subclinical athero-
sclerosis even after adjustment for MS, suggesting that 
obese youth with a family history of coronary heart dis-
ease may have an increased risk of developing CVD  [41] .

  Birth Weight 
 Low birth weight is a well-recognised risk factor for the 

development of T2DM and CVD  [42–44] . Even if longitu-
dinal studies specifically exploring the predictive value of 
low birth weight among obese youth are not available, 
cross-sectional evidence proves that obese children and ad-
olescents born small for gestational age are more likely to 
present with insulin resistance and MS compared to their 
counterparts born normal or large for gestational age, sug-
gesting that a low birth weight is predictive of worse meta-
bolic and cardiovascular status in obese youth  [42–44] .

  Adiposity Rebound 
 At a general population level, an early adiposity re-

bound is a risk factor for adverse adult metabolic out-
comes because it associates with childhood obesity and 
higher adult BMI  [45] . This justifies the hypothesis that 
obese children and adolescents with a history of early ad-
iposity rebound may be at increased metabolic risk be-
cause of an increased likelihood of becoming obese adults 
compared to their obese peers without a history of early 
adiposity rebound. This should be assessed by longitudi-
nal studies in cohorts of obese children and adolescents.

  Other Risk Factors 
 Besides traditional circulating, anthropometric and 

anamnestic paediatric risk factors for adult T2DM and 
CVD, several others have been emerging as potential pre-
dictors of these conditions at a general population level.

http://dx.doi.org/10.1159%2F000362237


 Predictors of Metabolic Risk in Childhood 
Obesity 

Horm Res Paediatr 2014;82:3–11
DOI: 10.1159/000362237

7

  Among lifestyle risk factors, infrequent fruit con-
sumption and low physical activity in childhood were as-
sociated with accelerated 6-year IMT progression in 
adulthood in the Cardiovascular Risk in Young Finns 
Study  [22] , while a persistently low consumption of fruits 
and vegetables was associated with increased adult cIMT 
 [22] . However, data from pooled longitudinal analyses 
using the recently established 7 American Heart Associa-
tion (AHA) ideal goals (ideal BMI, physical activity and 
diet, non-smoking, ideal blood pressure, cholesterol and 
fasting blood glucose) as outcome have shown that the 
association between childhood diet variables and the 
number of adult AHA goals disappeared after adjustment 
for parental smoking and socio-economical status, base-
line anthropometry and traditional circulating variables 
 [46] . Data on the predictive value of lifestyle variables in 
cohorts of obese youth are not available.

  The prospective paediatric studies also explored the 
predictive utility of established CVD-associated poly-
morphisms in predicting subclinical atherosclerosis dur-
ing childhood, highlighting the lack of accuracy improve-
ment compared to traditional factors alone  [22] . A simi-
lar conclusion has been drawn for several ‘alternative’ 
circulating biomarkers, like C-reactive protein, adipo-
nectin, leptin, homocysteine and asymmetric dimethylar-
ginine  [22] , even if high adiponectin has been shown to 
be protective against adult MS among obese girls  [47] . 
Overall, according to the state of the art, the 2011 AHA 
statement that ‘substantial research is required before 
non-traditional risk factors can be used to identify […] 
cardiovascular disease risk in children and adolescents’ 
 [48, 49]  still seems to be valid.

  Among co-morbidities of childhood and adolescent 
obesity, polycystic ovary syndrome and low sex hormone-
binding globulin in adolescent girls are known to be 
strong risk factors for severe obesity and MS during early 
adulthood  [50] , and NAFLD in obese children and ado-
lescents is known to be associated not only with NASH 
but also with short-term worsening of glucose homeosta-
sis  [51] .

  Markers of Co-Morbidities 

 Markers of T2DM and IGT 
 According to the American Academy of Pediatrics, all 

adolescents evaluated for obesity should undergo a fast-
ing plasma glucose (FPG) test  [3] . FPG has recently shown 
good accuracy in detecting OGTT-confirmed cases of 
T2DM in obese children and adolescents, in contrast to 

the 6.5% HbA1c cut-off proposed by the American Dia-
betes Association as a screening tool for T2DM, which 
has shown low sensitivity in detecting T2DM cases diag-
nosed by FPG or OGTT  [34] . An HbA1c above 5.8% was 
associated with 67% sensitivity and 87% specificity for 
T2DM  [34] . Acanthosis nigricans, a well-known marker 
of insulin resistance and metabolic co-morbidity in obese 
children, is present in 90% of non-Caucasian children 
with T2DM; thus, the absence of acanthosis nigricans 
among non-Caucasian children greatly contributes to ex-
cluding the presence of T2DM  [40] .

  Regarding the state of the art on potential fasting 
screening tools for IGT, high-normal (5.5%) or mildly 
pre-diabetic (5.7–5.8%) thresholds of HbA1c have shown 
only moderate accuracy in identifying OGTT-confirmed 
IGT cases among obese children and adolescents  [52–55] . 
The American Diabetes Association’s criteria for select-
ing children to test for T2DM and criteria specifically de-
signed for screening obese children for IGT in European 
populations, such as a clinical score issued from a Ger-
man cohort or the fasting glucose cut-off of 86 mg/dl is-
sued from an Italian cohort  [56, 57] , have recently shown 
sub-optimal accuracy in identifying IGT when tested in 
different populations  [58] . Also, a clinical score based on 
data from a multi-ethnic American cohort showed only 
moderate accuracy  [39] . Recently, fasting TG >103 mg/dl 
has been proposed as a criterion for identifying obese 
youth at risk of IGT in a Canadian population  [58] . This 
criterion has recently been validated in a large pooled 
population of obese Italian children and adolescents, 
where it showed 67% sensitivity and 68% specificity for 
IGT  [59] . Based on the Italian data, an implemented tool 
combining TG and FPG has been proposed to identify 
youth at risk for IGT. The combination of TG  ≥ 100 mg/
dl and FPG  ≥ 80 mg/dl had 69% sensitivity and 78% spec-
ificity in identifying youth with IGT, which is the highest 
accuracy ever achieved by a published screening tool for 
IGT in youth  [59] . This screening strategy should be val-
idated abroad before being recommended in the manage-
ment of obese youth  [59] .

  Markers of NAFLD and NASH 
 The European Society for Paediatric Gastroenterol-

ogy, Hepatology and Nutrition recommends that all 
obese children older than 3 years have abdominal ultra-
sounds and hepatic function tests performed to search 
of NAFLD  [60] . While alanine aminotransferase and as-
partate aminotransferase are not predictive of this con-
dition, ultrasounds have been shown to be accurate in 
identifying biopsy-confirmed NAFLD in obese children 
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and adolescents  [61] . However, large-scale abdominal 
ultrasounds may not be a cost-effective approach. Sev-
eral circulating biomarkers and composite clinical 
scores including both clinical and circulating variables 
have been proposed as screening tools for NAFLD, but 
none of them proved to have higher accuracy and cost-
effectiveness than ultrasounds  [62] . Biopsy is also the 
gold-standard method to diagnose NASH and hepatic 
fibrosis. Recently, cytokeratin-18 fragment levels as well 
as a combined score made up of clinical variables and 5 
polymorphisms have been proposed to identify obese 
children with NASH  [63, 64] . The paediatric NAFLD 
fibrosis index and transient elastography have both 
showed good accuracy in detecting hepatic fibrosis in 
children with NAFLD  [65, 66] .

  Markers of MS 
 Among normal or overweight children, the degree of 

general or central adiposity, expressed as the Z score of 
BMI (Z-BMI) and WC or WtH-r, is a good marker of 
the presence of MS  [67, 68] . In contrast, among obese 
children and adolescents the Z-BMI, WC, WtH-r and 
skinfold thickness, though showing positive associa-
tions with MS and its components, are only moderate 
predictors of these co-morbidities  [38, 69–73] . For ex-
ample, even though a WtH-r cut-off of 0.6 has been 
proposed to detect obese children with metabolic im-
pairments  [38, 73] , data from the National Health and 
Nutrition Examination Survey provide evidence that a 
high percentage of subjects affected by metabolic co-
morbidities (about 50%) is under this threshold despite 
a real increased risk associated with a WtH-r >0.6, due 
to the unsatisfactory accuracy of this criterion  [73] . In-
terestingly, among both normal and obese children and 
adolescents, traditional surrogate measures of visceral 
adiposity like WC and Wt-H-r do not perform better 
than BMI or Z-BMI as markers of metabolic co-mor-
bidities  [68–70] . This can be convincingly explained by 
recent evidence that during childhood and adolescence, 
BMI and WC are very highly correlated and have simi-
larly sized associations with intra-abdominal adipose 
tissue  [74, 75] . Thus, in paediatric clinical practice, the 
use of measures of central adiposity to identify obese 
patients to test for metabolic variables is not justified, 
although some authors say the opposite  [73] . Consis-
tently, the American Academy of Pediatrics recom-
mends that a metabolic assessment including fasting 
glucose and lipids and blood pressure measurement be 
offered to obese children and adolescents regardless of 
other conditions  [3] .

  Several circulating markers, such as uric acid, alanine 
aminotransferase, adiponectin, leptin, resistin, retinol 
binding protein 4, plasminogen activator inhibitor-1 and 
other inflammatory markers, as well as novel adiposity 
markers, such as epicardial fat, have been associated with 
MS, fueling the research on the pathogenesis, long-term 
prediction and treatment of cardio-metabolic disease  [17, 
76–80] . However, their clinical advantages as markers of 
MS have not been assessed, so that their use as screening 
tools for MS is not justified  [17, 76–80] .

  Conclusions 

 According to the state of the art, traditional metabolic 
variables, pre-diabetes, NAFLD/NASH and, in obese 
girls, the presence of polycystic ovary syndrome are the 
best available longitudinal predictors of CVD and T2DM 
among obese children and adolescents. In clinical prac-
tice, traditional metabolic variables included in the defi-
nitions of MS should be assessed in all obese children and 
adolescents; fasting metabolic variables have been pro-
posed to identify obese patients likely to be affected by 
IGT or T2DM with normal FPG; ultrasound has proved 
to be a valid surrogate for biopsy in the diagnosis of 
NAFLD; cytokeratin-18 and some genetic polymor-
phisms have been proposed to diagnose NASH, and elas-
tography has showed good accuracy in detecting hepatic 
fibrosis. Further large longitudinal and cross-sectional 
studies are needed to improve our chances of identifying 
obese youth at the highest metabolic risk.
 

 References   1 Franks PW, Hanson RL, Knowler WC, Sie-
vers ML, Bennett PH, Looker HC: Childhood 
obesity, other cardiovascular risk factors and 
premature death. N Engl J Med 2010;   362: 
485–493. 

  2 Park MH, Falconer C, Viner RM, Kinra S: The 
impact of childhood obesity on morbidity and 
mortality in adulthood: a systematic review. 
Obes Rev 2012;   13:   985–1000. 

  3 Barlow SE; Expert Committee: Expert com-
mittee recommendations regarding the pre-
vention, assessment, and treatment of child 
and adolescent overweight and obesity: 
summary report. Pediatrics 2007;   120:S164–
S192. 

  4 DeBoer MD: Obesity, systemic inflammation, 
and increased risk for cardiovascular disease 
and diabetes among adolescents: a need for 
screening tools to target interventions. Nutri-
tion 2013;   29:   379–386. 

http://dx.doi.org/10.1159%2F000362237


 Predictors of Metabolic Risk in Childhood 
Obesity 

Horm Res Paediatr 2014;82:3–11
DOI: 10.1159/000362237

9

  5 Kassi E, Pervanidou P, Kaltsas G, Chrousos G: 
Metabolic syndrome: definitions and contro-
versies. BMC Med 2011;   9:   48. 

  6 Weiss R, Bremer AA, Lustig RH: What is met-
abolic syndrome, and why are children get-
ting it? Ann NY Acad Sci 2013;   1281:   123–140. 

  7 Marcovecchio ML, Chiarelli F: Metabolic 
syndrome in youth: chimera or useful con-
cept? Curr Diab Rep 2013;   13:   56–62. 

  8 Goodman E, Daniels SR, Meigs JB, Dolan LM: 
Instability in the diagnosis of metabolic syn-
drome in adolescents. Circulation 2007;   115:  
 2316–2322. 

  9 Invitti C, Maffeis C, Gilardini L, Pontiggia B, 
Mazzilli G, Girola A, et al: Metabolic syn-
drome in obese Caucasian children: preva-
lence using WHO-derived criteria and asso-
ciation with nontraditional cardiovascular 
risk factors. Int J Obes 2006;   30:   627–633. 

 10 Sangun O, Dundar B, Kosker M, Pirgon O, 
Dundar N: Prevalence of metabolic syndrome 
in obese children and adolescents using three 
different criteria and evaluation of risk fac-
tors. J Clin Res Pediatr Endocrinol 2011;   3:  
 70–76. 

 11 Magnussen CG, Koskinen J, Chen W, Thom-
son R, Schmidt MD, Srinivasan SR, Kivimäki 
M, Mattsson N, Kähönen M, Laitinen T, Tait-
tonen L, Rönnemaa T, Viikari JS, Berenson 
GS, Juonala M, Raitakari OT: Pediatric meta-
bolic syndrome predicts adulthood metabolic 
syndrome, subclinical atherosclerosis, and 
type 2 diabetes mellitus but is no better than 
body mass index alone: the Bogalusa Heart 
Study and the Cardiovascular Risk in Young 
Finns Study. Circulation 2010;   122:   1604–
1611. 

 12 Hosseinpanah F, Asghari G, Barzin M, 
Ghareh S, Azizi F: Adolescence metabolic 
syndrome or adiposity and early adult meta-
bolic syndrome. J Pediatr 2013;   163:   1663–
1669. 

 13 Magnussen CG, Koskinen J, Juonala M, Chen 
W, Srinivasan SR, Sabin MA, Thomson R, 
Schmidt MD, Nguyen QM, Xu JH, Skilton 
MR, Kähönen M, Laitinen T, Taittonen L, 
Lehtimäki T, Rönnemaa T, Viikari JS, Beren-
son GS, Raitakari OT: A diagnosis of the met-
abolic syndrome in youth that resolves by 
adult life is associated with a normalization of 
high carotid intima-media thickness and type 
2 diabetes mellitus risk: the Bogalusa heart 
and cardiovascular risk in young Finns stud-
ies. J Am Coll Cardiol 2012;   60:   1631–1639. 

 14 Juonala M, Magnussen CG, Berenson GS, 
Venn A, Burns TL, Sabin MA, Srinivasan SR, 
Daniels SR, Davis PH, Chen W, Sun C, 
Cheung M, Viikari JS, Dwyer T, Raitakari OT: 
Childhood adiposity, adult adiposity, and car-
diovascular risk factors. N Engl J Med 2011;  
 365:   1876–1885. 

 15 Morrison JA, Glueck CJ, Woo JG, Wang P: 
Risk factors for cardiovascular disease and 
type 2 diabetes retained from childhood to 
adulthood predict adult outcomes: the
Princeton LRC Follow-up Study. Int J Pediatr 
Endocrinol 2012;   2012:   6. 

 16 Reinehr T, Wunsch R: Intima media thick-
ness-related risk factors in childhood obesity. 
Int J Pediatr Obes 2011;   6(S1):46–52. 

 17 Mangge H, Zelzer S, Puerstner P, Schnedl WJ, 
Reeves G, Postolache TT, Weghuber D: Uric 
acid best predicts metabolically unhealthy 
obesity with increased cardiovascular risk in 
youth and adults. Obesity (Silver Spring) 
2013;   21:E71–E77. 

 18 Di Bonito P, Moio N, Scilla C, Cavuto L, Sibi-
lio G, Forziato C, Sanguigno E, Saitta F, Iardi-
no MR, Capaldo B: Preclinical manifestations 
of organ damage associated with the metabol-
ic syndrome and its factors in outpatient chil-
dren. Atherosclerosis 2010;   213:   611–615. 

 19 Ventura EE, Lane CJ, Weigensberg MJ, Tole-
do-Corral CM, Davis JN, Goran MI: Persis-
tence of the metabolic syndrome over 3 an-
nual visits in overweight Hispanic children: 
association with progressive risk for type 2 
diabetes. J Pediatr 2009;   155:   535–541. 

 20 Reinehr T, Wunsch R, Putter C, Scherag A: 
Relationship between carotid intima-media 
thickness and metabolic syndrome in adoles-
cents. J Pediatr 2013;   163:   327–332. 

 21 Kelly AS, Steinberger J, Jacobs DR, Hong CP, 
Moran A, Sinaiko AR: Predicting cardiovas-
cular risk in young adulthood from the meta-
bolic syndrome, its component risk factors, 
and a cluster score in childhood. Int J Pediatr 
Obes 2011;   6:e283–e289. 

 22 Juonala M, Viikari JS, Raitakari OT: Main 
findings from the prospective Cardiovascular 
Risk in Young Finns Study. Curr Opin Lipidol 
2013;   24:   57–64. 

 23 Burns SF, Lee SJ, Arslanian SA: Surrogate lip-
id markers for small dense low-density lipo-
protein particles in overweight youth. J Pedi-
atr 2012;   161:   991–996. 

 24 Urbina EM, Khoury PR, McCoy CE, Dolan 
LM, Daniels SR, Kimball TR: Triglyceride to 
HDL-C ratio and increased arterial stiffness 
in children, adolescents, and young adults. 
Pediatrics 2013;   131:e1082–e1090. 

 25 Schubert CM, Sun SS, Burns TL, Morrison JA, 
Huang T T-K: Predictive ability of childhood 
metabolic components for adult metabolic 
syndrome and type 2 diabetes. J Pediatr 2009;  
 155:S6.e1–e7. 

 26 Morrison JA, Glueck CJ, Wang P: Childhood 
risk factors predict cardiovascular disease, 
impaired fasting glucose plus type 2 diabetes 
mellitus, and high blood pressure 26 years lat-
er at a mean age of 38 years: the Princeton-
lipid research clinics follow-up study. Metab-
olism 2012;   61:   531–541. 

 27 Kleber M, deSousa G, Papcke S, Wabitsch M, 
Reinehr T: Impaired glucose tolerance in 
obese white children and adolescents: three to 
five year follow-up in untreated patients. Exp 
Clin Endocrinol Diabetes 2011;   119:   172–176. 

 28 Weiss R, Taksali SE, Tamborlane WV, 
Burgert TS, Savoye M, Caprio S: Predictors of 
changes in glucose tolerance status in obese 
youth. Diabetes Care 2005;   28:   902–909. 

 29 Ford ES, Zhao G, Li C: Pre-diabetes and the 
risk for cardiovascular disease: a systematic 
review of the evidence. J Am Coll Cardiol 
2010;   55:   1310–1317. 

 30 International Diabetes Federation: Global 
IDF/ISPAD Guideline for Diabetes in Child-
hood and Adolescence. 2011. www.idf.org/
sites/default/files/Diabetes-in-Childhood-
and-Adolescence-Guidelines.pdf. 

 31 Morrison JA, Glueck CJ, Umar M, Daniels S, 
Dolan LM, Wang P: Hyperinsulinemia and 
metabolic syndrome at mean age of 10 years 
in black and white schoolgirls and develop-
ment of impaired fasting glucose and type 2 
diabetes mellitus by mean age of 24 years. Me-
tabolism 2011;   60:   24–31. 

 32 Cali’ AM, Bonadonna RC, Trombetta M, 
Weiss R, Caprio S: Metabolic abnormalities 
underlying the different prediabetic pheno-
types in obese adolescents. J Clin Endocrinol 
Metab 2008;   93:   1767–1773. 

 33 Tfayli H, Lee SJ, Bacha F, Arslanian S: One-
hour plasma glucose concentration during 
the OGTT: what does it tell about β-cell func-
tion relative to insulin sensitivity in over-
weight/obese children? Pediatr Diabetes 
2011;   12:   572–579. 

 34 Nowicka P, Santoro N, Liu H, Lartaud D, 
Shaw MM, Goldberg R, Guandalini C, Savoye 
M, Rose P, Caprio S: Utility of hemoglobin 
A(1c) for diagnosing prediabetes and diabetes 
in obese children and adolescents. Diabetes 
Care 2011;   34:   1306–1311. 

 35 Li L, Pinot de Moira A, Power C: Predicting 
cardiovascular disease risk factors in mi-
dadulthood from childhood body mass index: 
utility of different cutoffs for childhood body 
mass index. Am J Clin Nutr 2011;   93:   1204–
1211. 

 36 Schmidt MD, Dwyer T, Magnussen CG, Venn 
AJ: Predictive associations between alterna-
tive measures of childhood adiposity and 
adult cardio-metabolic health. Int J Obes 
(Lond) 2011;   35:   38–45. 

 37 Meigs JB, Cupples LA, Wilson PW: Parental 
transmission of type 2 diabetes: the Framing-
ham Offspring Study. Diabetes 2000;   49:  
 2201–2207. 

 38 Santoro N, Amato A, Grandone A, Brienza C, 
Savarese P, Tartaglione N, Marzuillo P, Per-
rone L, Miraglia Del Giudice E: Predicting 
metabolic syndrome in obese children and 
adolescents: look, measure and ask. Obes 
Facts 2013;   6:   48–56. 

 39 Lee JM, Gebremariam A, Woolford SJ, Tarini 
BA, Valerio MA, Bashir S, Eason AJ, Choi PY, 
Gurney JG: A risk score for identifying over-
weight adolescents with dysglycemia in pri-
mary care settings. J Pediatr Endocrinol 
Metab 2013;   26:   477–488. 

 40 Reinehr T: Type 2 diabetes mellitus in chil-
dren and adolescents. World J Diabetes 2013;  
 4:   270–281. 

http://dx.doi.org/10.1159%2F000362237


 Morandi/Maffeis

 

Horm Res Paediatr 2014;82:3–11
DOI: 10.1159/000362237

10

 41 Chen W, Srinivasan SR, Xu J, Berenson GS: 
Effect of parental coronary artery disease on 
adverse effects of the metabolic syndrome and 
aging on carotid artery intima-media thick-
ness (from the Bogalusa Heart Study). Am J 
Cardiol 2008;   102:   180–183. 

 42 Hill DJ, Prapavessis H, Shoemaker JK, Jack-
man M, Mahmud FH, Clarson C: Relation-
ship between birth weight and metabolic sta-
tus in obese adolescents. ISRN Obes 2013;  
 2013:   490923. 

 43 Ponzio C, Palomino Z, Puccini RF, Strufaldi 
MW, Franco MC: Does low birth weight af-
fect the presence of cardiometabolic risk fac-
tors in overweight and obese children? Eur J 
Pediatr 2013;   172:   1687–1692. 

 44 Eyzaguirre F, Bancalari R, Román R, Silva R, 
Youlton R, Urquidi C, García H, Mericq V: 
Prevalence of components of the metabolic 
syndrome according to birthweight among 
overweight and obese children and adoles-
cents. J Pediatr Endocrinol Metab 2012;   25:  
 51–56. 

 45 Sovio U, Kaakinen M, Tzoulaki I, Das S, 
Ruokonen A, Pouta A, Hartikainen AL, Moli-
tor J, Järvelin MR: How do changes in body 
mass index in infancy and childhood associ-
ate with cardiometabolic profile in adult-
hood? Findings from the Northern Finland 
Birth Cohort 1966 Study. Int J Obes (Lond) 
2014;   38:   53–59. 

 46 Laitinen TT, Pahkala K, Venn A, Woo JG, 
Oikonen M, Dwyer T, Mikkilä V, Hutri-
Kähönen N, Smith KJ, Gall SL, Morrison JA, 
Viikari JS, Raitakari OT, Magnussen CG, Ju-
onala M: Childhood lifestyle and clinical de-
terminants of adult ideal cardiovascular 
health: The Cardiovascular Risk in Young 
Finns Study, the Childhood Determinants of 
Adult Health Study, the Princeton Follow-up 
Study. Int J Cardiol 2013;   169:   126–132. 

 47 Morrison JA, Glueck CJ, Daniels S, Wang P, 
Stroop D: Paradoxically high adiponectin in 
obese 16-year-old girls protects against ap-
pearance of the metabolic syndrome and its 
components seven years later. J Pediatr 2011;  
 158:   208–214. 

 48 Canas JA, Sweeten S, Balagopal PB: Biomark-
ers for cardiovascular risk in children. Curr 
Opin Cardiol 2013;   28:   103–114. 

 49 Balagopal PB, de Ferranti SD, Cook S, Daniels 
SR, Gidding SS, Hayman LL, McCrindle BW, 
Mietus-Snyder ML, Steinberger J; American 
Heart Association Committee on Atheroscle-
rosis Hypertension and Obesity in Youth of 
the Council on Cardiovascular Disease in the 
Young; Council on Nutrition, Physical Activ-
ity and Metabolism; Council on Epidemiolo-
gy and Prevention: Nontraditional risk fac-
tors and biomarkers for cardiovascular dis-
ease: mechanistic, research, and clinical 
considerations for youth: a scientific state-
ment from the American Heart Association. 
Circulation 2011;   123:   2749–2769. 

 50 Glueck CJ, Morrison JA, Daniels S, Wang P, 
Stroop D: Sex hormone-binding globulin, 
oligomenorrhea, polycystic ovary syn-
drome, and childhood insulin at age 14 years 
predict metabolic syndrome and class III 
obesity at age 24 years. J Pediatr 2011;   159:  
 308–313. 

 51 Kim G, Giannini C, Pierpont B, Feldstein AE, 
Santoro N, Kursawe R, Shaw M, Duran E, 
Goldberg R, Dziura J, Caprio S: Longitudinal 
effects of MRI-measured hepatic steatosis on 
biomarkers of glucose homeostasis and he-
patic apoptosis in obese youth. Diabetes Care 
2013;   36:   130–136. 

 52 Lee HS, Park HK, Hwang JS: HbA1c and glu-
cose intolerance in obese children and adoles-
cents. Diabet Med 2012;   29:e102–e105. 

 53 Tsay J, Pomeranz C, Hassoun A, Zandieh SO, 
Rutledge J, Vogiatzi MG, Oberfield SE, Mota-
ghedi R: Screening markers of impaired glu-
cose tolerance in the obese pediatric popula-
tion. Horm Res Paediatr 2010;   73:   102–107. 

 54 Yeşiltepe Mutlu G, Özsu E, Çizmecioğlu FM, 
Hatun Ş: Can HbA1c and one-hour glucose 
concentration in standard OGTT be used for 
evaluation of glucose homeostasis in child-
hood? J Clin Res Pediatr Endocrinol 2013;   5:  
 80–84. 

 55 Sharma S, Fleming SE: Use of HbA(1C) test-
ing to diagnose pre-diabetes in high risk Afri-
can American children: a comparison with 
fasting glucose and HOMA-IR. Diabetes 
Metab Syndr 2012;   6:   157–162. 

 56 Maffeis C, Pinelli L, Brambilla P, Banzato C, 
Valzolgher L, Ulmi D, Di Candia S, Camma-
rata B, Morandi A: Fasting plasma glucose 
(FPG) and the risk of impaired glucose toler-
ance in obese children and adolescents. Obe-
sity (Silver Spring) 2010;   18:   1437–1442. 

 57 Reinehr T, Wabitsch M, Kleber M, de Sousa 
G, Denzer C, Toschke AM: Parental diabetes, 
pubertal stage, and extreme obesity are the 
main risk factors for prediabetes in children 
and adolescents: a simple risk score to iden-
tify children at risk for prediabetes. Pediatr 
Diabetes 2009;   10:   395–400. 

 58 Morrison KM, Xu L, Tarnopolsky M, Yusuf 
Z, Atkinson SA, Yusuf S: Screening for dys-
glycemia in overweight youth presenting for 
weight management. Diabetes Care 2012;   35:  
 711–716. 

 59 Morandi A, Maschio M, Marigliano M, Mira-
glia del Giudice E, Moro B, Peverelli P, Maf-
feis C: Screening for impaired glucose toler-
ance in obese children and adolescents: a val-
idation and implementation study. Pediatr 
Obes 2014;   9:   17–25.  

 60 Vajro P, Lenta S, Socha P, Dhawan A, Mc-
Kiernan P, Baumann U, Durmaz O, Lacaille 
F, McLin V, Nobili V: Diagnosis of nonalco-
holic fatty liver disease in children and adoles-
cents: position paper of the ESPGHAN Hepa-
tology Committee. J Pediatr Gastroenterol 
Nutr 2012;   54:   700–713. 

 61 Shannon A, Alkhouri N, Carter-Kent C, 
Monti L, Devito R, Lopez R, Feldstein AE, No-
bili V: Ultrasonographic quantitative estima-
tion of hepatic steatosis in children with 
NAFLD. J Pediatr Gastroenterol Nutr 2011;  
 53:   190–195 

 62 Koot BG, van der Baan-Slootweg OH, Bohte 
AE, Nederveen AJ, van Werven JR, Tammin-
ga-Smeulders CL, Merkus MP, Schaap FG, 
Jansen PL, Stoker J, Benninga MA: Accuracy 
of prediction scores and novel biomarkers for 
predicting nonalcoholic fatty liver disease in 
obese children. Obesity (Silver Spring) 2013;  
 21:   583–590. 

 63 Feldstein AE, Alkhouri N, De Vito R, Alisi A, 
Lopez R, Nobili V: Serum cytokeratin-18 
fragment levels are useful biomarkers for 
nonalcoholic steatohepatitis in children. Am 
J Gastroenterol 2013;   108:   1526–1531. 

 64 Nobili V, Donati B, Panera N, Vongsakulya-
non A, Alisi A, Dallapiccola B, Valenti L: A 
four-polymorphisms risk score predicts ste-
atohepatitis in children with non-alcoholic 
fatty liver disease. J Pediatr Gastroenterol 
Nutr 2013, Epub ahead of print. 

 65 Alkhouri N, Sedki E, Alisi A, Lopez R, Pinzani 
M, Feldstein AE, Nobili V: Combined paedi-
atric NAFLD fibrosis index and transient 
elastography to predict clinically significant 
fibrosis in children with fatty liver disease. 
Liver Int 2013;   33:   79–85. 

 66 Nobili V, Alisi A, Vania A, Tiribelli C, Pietro-
battista A, Bedogni G: The pediatric NAFLD 
fibrosis index: a predictor of liver fibrosis in 
children with non-alcoholic fatty liver dis-
ease. BMC Med 2009;   7:   21. 

 67 Maffeis C, Banzato C, Talamini G; Obesity 
Study Group of the Italian Society of Pediatric 
Endocrinology and Diabetology: Waist-to-
height ratio, a useful index to identify high 
metabolic risk in overweight children. J Pedi-
atr 2008;   152:   207–213. 

 68 Kotlyarevska K, Wolfgram P, Lee JM: Is waist 
circumference a better predictor of insulin re-
sistance than body mass index in U.S. adoles-
cents? J Adolesc Health 2011;   49:   330–333. 

 69 Blüher S, Molz E, Wiegand S, Otto KP, Ser-
geyev E, Tuschy S, L’Allemand-Jander D, 
Kiess W, Holl RW; Adiposity Patients Regis-
try Initiative and German Competence Net 
Obesity: Body mass index, waist circumfer-
ence, and waist-to-height ratio as predictors 
of cardiometabolic risk in childhood obesity 
depending on pubertal development. J Clin 
Endocrinol Metab 2013;   98:   3384–3393. 

 70 Nambiar S, Truby H, Davies PS, Baxter K: Use 
of the waist-height ratio to predict metabolic 
syndrome in obese children and adolescents. 
J Paediatr Child Health 2013;   49:E281–E287. 

 71 Viggiano D, De Filippo G, Rendina D, Faso-
lino A, D’Alessio N, Avellino N, Verga MC, 
Prisco AG, Sorrentino FA, Sabatini P, Chia-
relli F; O.Si.M.E. Study Group: Screening of 
metabolic syndrome in obese children: a pri-
mary care concern. J Pediatr Gastroenterol 
Nutr 2009;   49:   329–334. 

http://dx.doi.org/10.1159%2F000362237


 Predictors of Metabolic Risk in Childhood 
Obesity 

Horm Res Paediatr 2014;82:3–11
DOI: 10.1159/000362237

11

 72 Freedman DS, Horlick M, Berenson GS: A 
comparison of the Slaughter skinfold-thick-
ness equations and BMI in predicting body 
fatness and cardiovascular disease risk factor 
levels in children. Am J Clin Nutr 2013;   98:  
 1417–1424. 

 73 Khoury M, Manlhiot C, McCrindle BW: Role 
of the waist/height ratio in the cardiometa-
bolic risk assessment of children classified by 
body mass index. J Am Coll Cardiol 2013;   62:  
 742–751. 

 74 Bigornia SJ, LaValley MP, Benfield LL, Ness 
AR, Newby PK: Relationships between direct 
and indirect measures of central and total ad-
iposity in children: what are we measuring? 
Obesity (Silver Spring) 2013;   21:   2055–2062. 

 75 Grotti Clemente AP, Molin Netto BD, Ganen 
Ad, Tock L, Arisa Caranti D, de Mello MT, 
Tufik S, Dâmaso AR: Cut-off values of viscer-
al adiposity to predict NAFLD in Brazilian 
obese adolescents. J Nutr Metab 2013;   2013:  
 724781. 

 76 Boyraz M, Cekmez F, Karaoğlu A, Cinaz P, 
Durak M, Bideci A: Relationship of adipo-
kines (adiponectin, resistin and RBP4) with 
metabolic syndrome components in pubertal 
obese children. Biomark Med 2013;   7:   423–
428. 

 77 Park HK, Hwang JS, Moon JS, Lee JA, Kim 
DH, Lim JS: Healthy range of serum alanine 
aminotransferase and its predictive power for 
cardiovascular risk in children and adoles-
cents. J Pediatr Gastroenterol Nutr 2013;   56:  
 686–691. 

 78 Klünder-Klünder M, Flores-Huerta S, Gar-
cía-Macedo R, Peralta-Romero J, Cruz M: 
Adiponectin in eutrophic and obese children 
as a biomarker to predict metabolic syndrome 
and each of its components. BMC Public 
Health 2013;   13:   88. 

 79 González M, del Mar Bibiloni M, Pons A, 
Llompart I, Tur JA: Inflammatory markers 
and metabolic syndrome among adolescents. 
Eur J Clin Nutr 2012;   66:   1141–1145. 

 80 Papoutsakis C, Yannakoulia M, Ntalla I, De-
doussis GV: Metabolic syndrome in a Medi-
terranean pediatric cohort: prevalence using 
International Diabetes Federation-derived 
criteria and associations with adiponectin and 
leptin. Metabolism 2012;   61:   140–145. 

  

http://dx.doi.org/10.1159%2F000362237

	CitRef_1: 
	CitRef_2: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_6: 
	CitRef_7: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 
	CitRef_11: 
	CitRef_12: 
	CitRef_13: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_17: 
	CitRef_18: 
	CitRef_19: 
	CitRef_20: 
	CitRef_21: 
	CitRef_22: 
	CitRef_23: 
	CitRef_24: 
	CitRef_25: 
	CitRef_26: 
	CitRef_27: 
	CitRef_28: 
	CitRef_29: 
	CitRef_31: 
	CitRef_32: 
	CitRef_33: 
	CitRef_34: 
	CitRef_35: 
	CitRef_36: 
	CitRef_37: 
	CitRef_38: 
	CitRef_39: 
	CitRef_40: 
	CitRef_41: 
	CitRef_42: 
	CitRef_43: 
	CitRef_44: 
	CitRef_45: 
	CitRef_46: 
	CitRef_47: 
	CitRef_48: 
	CitRef_49: 
	CitRef_50: 
	CitRef_51: 
	CitRef_52: 
	CitRef_53: 
	CitRef_54: 
	CitRef_55: 
	CitRef_56: 
	CitRef_57: 
	CitRef_58: 
	CitRef_59: 
	CitRef_60: 
	CitRef_61: 
	CitRef_62: 
	CitRef_63: 
	CitRef_64: 
	CitRef_65: 
	CitRef_66: 
	CitRef_67: 
	CitRef_68: 
	CitRef_69: 
	CitRef_70: 
	CitRef_71: 
	CitRef_72: 
	CitRef_73: 
	CitRef_74: 
	CitRef_75: 
	CitRef_76: 
	CitRef_77: 
	CitRef_78: 
	CitRef_79: 
	CitRef_80: 


