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Abstract. – The prevalence of obesity continues to increase. Obesity is associated with
cardiovascular risk factors: elevated blood pressure, dyslipidemia and glycemic alterations,
causing metabolic syndrome. A subgroup of
obese, Metabolically Healthy Obese (MHO), appears to be less prone to the development
of metabolic disturbances. Carotid intima-media thickness (cIMT) is a non-invasive marker
of subclinical atherosclerosis and it is associated with increased risk of CVD events. To investigate the cardiovascular risk, demonstrated through the increase of cIMT in obese subjects without Metabolic Syndrome (MetS), we
have studied cIMT in MHO, metabolically unhealthy obese (MUO) and obese with MetS diagnosed with the IDEFICS criteria and compared
to a control group.
224 obese children aged 6 to 21 years (13,50
+/- 4.01 years) and 103 normal weight subjects
aged 7 to 19 years (13.2 +/- 4.1 years) were studied. The body mass index (BMI) of the obese
children was ≥ the 95th percentile.
Based on the IDEFICS criteria, we divided the
obese subjects in three groups: MHO if no criteria were out of range, MUO if, at least, one of the
criteria was out of range and MetS group if all
the IDEFICS criteria were present.
In all the subjects cIMT was measured with
color Doppler by a vascular surgeon. Differences in the means of the variables were tested by
ANOVA.
Based on the IDEFICS criteria, 32 subjects
were affected by MetS (14,3%), 66 were considered MUO (29,4%) and 126 MHO (56,3%).
Comparison of mean cIMT highlighted a significant difference (p < 0.05) between the groups
of obese children (MHO, MUO and MetS) and
controls for both carotid arteries.

We did not find significative difference in the
value of cIMT in MHO, MUO and MetS subjects,
and all groups showed cIMT value higher compared to cIMT of the controls.
Key Words:
Carotid intima media thikness (cIMT); Metabolic syndrome (Met.S), Metabolically health obese (MHO), Metabolicallu unhealthy obese (MUO), Insulin resistence
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Abbreviations
cIMT: carotid Intima Media Thickness; MUO: Metabolically Unhealthy Obese; MHO: Metabolically Healthy
Obese; MetS: Metabolic Syndrome; CVD: Cardio Vascular Disease; IDEFICS: Identification and prevention of
Dietary - and lifestyle - induced health Effects In Children
and infantS; IDF: International Diabetes Federation.

Introduction
The prevalence of obesity in youth continues
to increase, and so does the frequency of obesity-related comorbidities. According to the Global
Health Observatory Data 2017 by World Health
Organization (WHO), there are over 340 million
obese children and adolescents aged 5-191.
In Italy, about 21% of children are overweight
and 9% are obese2 with obesity trends expected
to further increase3.
It has been shown that both physical and psychosocial complications of obesity are present in
childhood and worsen in adulthood4.
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Obesity is associated with cardiovascular risk
factors, including elevated blood pressure (BP),
dyslipidemia and glycemic control alterations,
causing Metabolic Syndrome (MetS).
MetS is defined by combination of dyslipidemia, abnormal glucose regulation, central adiposity and hypertension that directly increase the
risk of cardiovascular disease (CVD) events.
Since its first definition by Reaven in 19885, many international organizations and expert groups
have attempted to propose a validated definition
of MetS in adults and children6-13 (Table I).
In 2007, the International Diabetes Federation
(IDF) provided a definition for MetS in the pediatric population using pediatric specific criteria7.
In 2014 consortium IDEFICS (Identification
and prevention of Dietary – and lifestyle – induced health Effects in Children and infantS)
estimated the prevalence of the MetS using reference standards obtained in European children
based on the following criteria: Waist Circumference (WC) ≥90th percentile, Systolic Blood
Pressure (SBP) ≥90th percentile or Diastolic Blood
Pressure (DBP) ≥90th percentile, Triglycerides
≥90th percentile or HDL cholesterol ≤10th percentile, HOMA-insulin resistance ≥90th percentile or
fasting glucose ≥90th percentile9.
The prevalence of MetS in childhood and adolescence has been estimated to differ between 6
and 39%, depending on which diagnostic criteria
are applied14.
Evidence15,16 demonstrate that not all obese
children show typical alterations of Mets.
A subgroup of obese youths, called “Metabolically Healthy Obese” (MHO), appears to
be less prone to the development of metabolic
disturbances and seems to display a “favorable”
metabolic state17-19.
The prevalence of MHO in children varies
from 3 to 87%, depending on the definition used
and the parameters evaluated20.
The first consensus-based definition of pediatric MHO was introduced in 2018 by Damanhoury et al19 and was based on the cut-offs
values provided by the IDF definition of MetS in
youth. In respect to this definition, only children
with obesity fulfilling all the cardiometabolic
criteria shown in Table II should be classified
as MHO.
Recently, it was described the “Metabolically
Unhealthy Obese” phenotype (MUO), defined as
an obese subgroup characterized by alteration of
one or more of MetS typical parameters21 and,
consequently, by a higher cardiovascular risk.
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Carotid intima-media thickness (cIMT) is a
non-invasive marker of subclinical atherosclerosis22, obtained from ultrasonography and it is
associated with increased risk of CVD events23-25.
Increased cIMT in adults has been significantly
associated with cardiovascular comorbidities26.
Previous evidence27 has shown increased cIMT
both in MHO and MUO obese children compared
with normal weight children.
So far, the association between MetS and cIMT
in pediatric populations, has been examined only
by few studies28-30.
The increasing worldwide prevalence of childhood obesity have highlighted the importance of
identifying children and adolescents with multiple cardio-metabolic risk factors.
In order to investigate the cardiovascular risk
in obese subjects, we have studied the value of
cIMT in a population of MHO, MUO and obese
with MetS diagnosed with the IDEFICS criteria
compared to a control group.

Patients and Methods
Subjects
Participants were 224 obese children (103 F and
121 M) aged 6 to 21 years (13,50 +/- 4.01 years);
103 normal weight subjects (49 F and 54 M) aged 7
to 19 years (13.2 +/- 4.1 years) represent the control
group. The body mass index (BMI) of the obese
children was ≥ the 95th percentile, whereas the
BMI of control children was between the 25th and
the 75th percentile31. Participants were recruited at
the Pediatric Clinic of the University of L’Aquila
– Auxology service. Exclusion criteria were secondary obesity, other syndromes, and use of medications known to alter blood pressure or lipid or
glucose metabolism. We studied only the subject
with primary obesity in order to avoid confusing
factors. Based on the IDEFICS criteria, we divided
the obese subjects in three groups: MHO if WC >
90 centile, Triglycerides < 90 centile (age and sex
specific), HDL-C > 10 centile (age and sex specific), SBP/DBP < 90 centile (age, sex and height
specific), HOMA-IR or FPG < 90 centile (age and
sex specific); MUO if at least one of the criteria
was out of range and to the MetS group if all the
IDEFICS criteria were present. For the evaluation
of the reference value for age and sex of the centile
of triglycerides, HDL cholesterol, fasting glucose
and insulin we used the data published by Mellerio
et al32. The Pediatric Department Ethical Committee approved the study (protocol number 21/2020).

Obesity

SBP/DBP ≥ 90th
TG ≥ 90th percentile
percentile
(age and sex specific)
(age, sex and 		
height specific)

SBP/DBP≥90th
TG ≥ 1.1 mmol/L
HDL-C < 1.3
percentile 		
mmol/L
(age, sex and 			
height specific)
		

Cruz et al (10)
Three or more factors
WC ≥ 90th percentile
		
(age and sex specific)
			
			

De Ferranti et al (11) Three or more factors
WC ≥ 75th percentile
		
(age and sex specific)
			
			

WC: waist circumference; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triglyceride; HLD-C: High-density lipoprotein-cholesterol;
FPG: fasting plasma glucose; HOMA–IR : homeostasis model assessment – insulin resistance.

HDL-C < 5th
percentile (age
and sex specific)

Impaired glucose
tolerance
(ADA criterion)

TG ≥ 95th percentile
(age and sex specific)

Weiss et al (13)
Three or more factors
BMI ≥ 97th percentile
		
(age and sex specific)
			

SBP/DBP ≥ 95th
percentile
(age and sex specific)

FPG ≥ 5.6 mmol/L or
2-h plasma glucose
levels from the
OGTT ≥ 7.8
mmol/L or
hyperinsulinism

FPG ≥ 6.1 mmol/L

Viner et al (12)
Three or more factors
BMI ≥ 95th percentile
SBP/DBP ≥ 95th
TG ≥ 1.75 mmol/L or HDL-C <0.9 mmol/L
		
(age and sex specific)
percentile
or total cholesterol ≥ 95th percentile
			
(age and sex specific)			
						
						
						

HDL-C ≤ 10th
percentile
(age and sex
specific)

Impaired glucose
tolerance (ADA
criterion)

HOMA-IR ≥ 90th
percentile or FPG
≥ 90th percentile
(age and sex specific)

HDL-C ≤ 10th
percentile
(age and sex
specific)

SBP/DBP ≥ 90th
TG ≥ 90th percentile
percentile
(age and
(age, sex and
sex specific)
height specific)		

FPG ≥ 5.6 mmol/L

IDEFICS (9)
Three or more factors
WC ≥ 90th percentile
		
(age and sex specific)
			
			

WC ≥ 90th percentile
SBP/DBP ≥ 130/
TG ≥ 1.7 mmol/L
HDL-C < 1.03
(age and sex specific)
85 mmHg		
mmol/L
or adult cut-off if lower				

FPG ≥ 6.1 mmol/L

Blood glucose

FPG ≥ 5.6 mmol/L
or 2-h plasma
glucose levels
from the OGTT
≥ 7.8 mmol/L

Central obesity
plus any two of
the other four factors

Blood lipids		

SBP/DBP ≥ 90th
TG ≥ 1.24 mmol/L
HDL-C ≤ 1.03
percentile (age, sex		
mmol/L
and)height specific			

Blood pressure

Central obesity plus
WC ≥ 90th percentile
SBP/DBP ≥ 95th
TG ≥ 1.47 mmol/L
HDL-C < 1.03
any two of the other
(age and sex specific)
percentile		
mmol/L or
four factors		
(age, sex and 		
non-HDL-C ≥
			
height specific)		
3.76 mmol/L
						

China (8)

IDF (7)

Three or more
WC ≥ 90th percentile
factors
(age and sex specific)
			

Cook et al (6)

Definition		

Table I. MetS diagnostic criteria.
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Table II. Characteristic of MHO patients.
Only children with all the following criteria fulfilled are classified as MHO
BMI-SDS
> +2 SD (using the WHO growth charts)
HDL
> 40 mg/dl (> 1.03 mmol/l)
Triglycerides
≤ 150 mg/dl (≤ 1.7 mmol/l)
Blood pressure (systolic and diastolic)
≤ 90th percentile
A measure of glycemia
Fasting plasma glucose ≤ 100 mg/dl (≤ 5.6 mmol/l) (the most commonly
	  used euglycemia criterion)
MHO, metabolically healthy obesity; BMI-SDS, body mass index standard deviation score; HDL, high density lipoprotein.

Anthropometric Measurements
Standing height was measured with a HOLTAIN Limited stadiometer (London, UK) to the
nearest 0.1 cm. Weight (to the nearest 0.1 kg) and
body composition (trunk and total fat and lean
mass) were measured with a TANITA BC-418
MA bioimpedance analyzer (Amsterdam, The
Netherlands). BMI was calculated using the formula BMI = kg/m 2. BMI for age was expressed
as BMI-SDS based on age- and gender-specific percentiles using the 2006 Italian growth
charts33. The waist circumference percentile was
calculated according to IDEFICS in children
and adolescents for the European population34.
The waist-to-height ratio was also calculated 35.
Blood pressure was measured in sitting position
using a mercury sphygmomanometer after a 10
min rest. Measurements were taken from the
upper arm with an appropriately sized cuff. SBP
and DBP were read to the nearest 2 mmHg and
recorded at the appearance and disappearance
of Korotkoff’s sounds, respectively. The mean
value of the last 2 consecutive reading was recorded.
Blood Samples
With the written informed consent of the
parents, blood was drawn from the cubital vein
of each participant (in sitting position between
8.00 and 10.00 a.m.) after 12 h fasting to determine: fasting plasma glucose (FPG) and
insulin (FPI), serum triglycerides (TG), total
cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), 25-hydroxyvitamin D, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-glutamyl transpeptidase (ƔGT).
Plasma glucose, insulin, triglycerides, HDL-C,
AST, ALT, and ƔGT, were analyzed with an ARCHITECT apparatus (Green Oaks, IL, USA).
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Glucose and insulin levels were used to estimate basal insulin resistance (IR) by the homeostatic model assessment (HOMA-IR): fasting
blood glucose (mg/dl) × fasting insulin (mg/
dl)/40536.
CIMT was measured with color Doppler ultrasound by a vascular surgeon (F.C.) using a
ESAOTE Technos MPX Diagnostic Ultrasound
Machine (Genova, Italy). Patients lay supine
with the head slightly tilted contralateral to the
side being examined; shoulder elevation allowed
stretching the neck of subjects with a short neck.
The far wall of the left and right common carotid
artery was scanned 1 cm before the carotid bulb
over a length of 1 cm37. cIMT was measured by
the semiautomatic instrument, which averaged 6
values from each artery and provided the result
in micrometers.
Data Processing and Statistical Analysis
The mean cIMT values of MUO, MHO, MetS
and control subjects were compared by ANOVA.
Data entry and analysis were performed using
the Statgraphics-Centurion Ver XV statistical
package. Results are presented as mean ± standard deviation (SD). Differences in the means
of the variables were tested by ANOVA. Data
distribution was tested for normality using the
Shapiro-Wilk test. A post-hoc Fisher LSD analysis was performed using the independent “t”
test in case of normally distributed continuous
variables. Probability bilateral values (p-values)
< 0.05 were considered statistically significant.
With 325 subjects, the study had a power of 90%
to detect a moderate effect size (Cohen’s ƒ:0.25)
with 3 df and an α of 0.05 on the CIMT among
groups. Given the difference in the number of
subjects among groups, the post-hoc analysis of
power was based on the average group size. The
power analysis was performed by G*POWER
Version 3-1-9-2.
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Table III. Mean values and SD of the anthropometric and metabolic parameters determined in control, MHO, MUO, and MetS
children.
Controls

MHO

MUO

MetS

Age
11.47 ± 3.63
12.2 ± 28
11,96 ± 3.3
11.38 ± 2.17
Weight (kg)
39.21 ± 4.32*
67.2 ± 18.4**
68,1 ± 19.9**
68,3 ± 18.0**
Height (cm)
142.4 ± 9.34*
153.1 ± 15.4**
152.3 ± 19.9**
150,3 ± 11.6**
BMI
17.8 ± 2.56*
26.2 ± 3.31**
27,5 ± 3.15***
29.7 ± 5,74****
					
BMI-SDS
0.43 ± 0.11*
1.65 ± 0.73**
2.06 ± 0.59***
2.24 ± 0.57****
					
					
Triglycerides
43.4 ± 21.6*
53.3 ± 15.1**
53.3 ± 12.3***
65.6 ± 20.1****
(percentile)					
					
HDL-C
59.3 ± 6.21*
35.1 ± 18.4**
19.1 ± 7.2***
4.87 ± 1.87****
(percentile)					
					
					
LDL-C
5.3 ± 19.5*
63.4 ± 21.6**
65.3 ± 19.3***
70.3 ± 14.5****
(percentile)
SBP
72.1 ± 5.2*
81.2 ± 4.2**
90.9 ± 10.1***
99,0 ± 1,2****
(percentile)					
					
					
DBP
65.54 ± 3.56*
80.3 ± 3.0**
82.9 ± 6,2***
96.9 ± 1.91****
(percentile)					
					
					
HOMA -IR
1.13 ± 0.25
1.75 ± 0.85
1.94 ± 0.41
2.68 ± 1.1

*vs. **p < 0.05
*vs. **p < 0.05
**vs. ****p < 0.05
*vs. **,***,****p < 0.05
**vs. ***p < 0.05
**vs. ****p < 0.05
*vs. **,***,****p < 0.05
**vs. ****p < 0.05
***vs. ****p < 0.05
*vs. **,***,****p < 0.05
**vs. ***p < 0.05
**vs. ****p < 0.05
***vs. ****p < 0.05
*vs. **,***,****p < 0.05
*vs. **,***,****p < 0.05
**vs.***p < 0.05
***vs. ****p < 0.05
*vs. ****p < 0.05
*vs. **,***,****p < 0.05
**vs. ***p < 0.05
***vs. ****p < 0.05
*vs. ****p < 0.05
*vs. *,**,***,****p < 0.05

MHO: metabolically health obese; MUO: metabolically unhealthy obese; Mets: Metabolic Syndrome; BMI: body mass index;
HLD-C:High-density lipoprotein-cholesterol; LDL-C: Low-density lipoprotein-cholesterol; SBP: systolic blood pressure; DBP:
diastolic blood pressure; HOMA –IR : homeostasis model assessment – insulin resistance.

Results
Based on the IDEFICS criteria, 32 subjects
were affected by MetS (14,3 %), 66 were considered MUO (29,4%) and 126 MHO (56,3%).
The mean values and SD of the anthropometric
and metabolic parameters determined in MHO,
MUO, MetS and control children are summarized in Table III.
The mean cIMT values in MHO, MUO, MetS
and control subjects are reported in Table IV for
the left cIMT and in Table V for the right cIMT.
Comparison of mean cIMT highlighted a
statistically significant difference (p < 0.05)

between the groups of obese children (MHO,
MUO and MetS) and controls for both the left
carotid artery (Figure 1) and the right carotid
artery (Figure 2).

Discussion
No consensus exists regarding the definition of
MetS in children and adolescents38. Furthermore,
studies published so far have used their own set
of variables, number of criteria (three or four)
and different cut-off points to define risk factors
associated with MetS.

Table IV. Mean left cIMT values in control subjects and MHO, MUO and MetS patients.
Controls
402,87 ± 53,4 *

MHO

MUO

MetS

495 ± 77**

487 ± 73.2***

484,23 ± 86.7****

MHO: metabolically health obese; MUO: metabolically unhealthy obese; Mets: Metabolic Syndrome. *vs. **,***,****p < 0.05.
**vs. ***,****p = n.s. ***vs. ****p = n.s.
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Table V. Mean right cIMT values in control subjects and MHO, MUO and MetS patients.
Controls

MHO

MUO

MetS

377,84 ± 51,93 *

455,13 ± 74,79**

453,65 ± 64,9***

484,36 ± 73,6****

MHO: metabolically health obese; MUO: metabolically unhealthy obese; Mets: Metabolic Syndrome. *vs. **,***,****p < 0.05.
**vs. ***,****p = n.s. ***vs. ****p = n.s.

The IDEFICS definition of MetS uses sex-specific and age-specific cut-offs based on the distribution of all MetS components in healthy children. For these reasons it gives more balanced
weights to the different components of MetS and
stresses the importance of adiposity as a risk
factor for cardiometabolic disorders later in life9.
Based on the IDEFICS criteria 32 subjects
were affected by MetS (14,3 %), 66 were considered MUO (29,4%) and 126 MHO (56,3%). The
incidence of MetS in our casuistry is higher than
in previous report14; this can be explained by the
fact that other definitions tend to classify children
based on only three of the four components of
MetS. Instead, in the IDEFICS classification each
factor – except for adiposity – has equal chances
to contribute to the prevalence of the MetS.
Abd El-Hafez et al’s study39 on adult population have already documented an increase in
cIMT in the subjects defined as MHO regardless
of the metabolic asset.
In addition, many studies40,41,24 have reported
an association between cIMT, atherosclerosis and
subsequently myocardial infarction and stroke in
adults.
Similar results regarding cIMT and cardiovascular risk have been reported also in pediatric
population42,43. Moreover, Koskinen et al44 have

shown that isolated obesity represents a cardiovascular risk factor. These results in youth have
highlighted the need to act precociously on overweight and obesity.
Our study is the first that applies the IDEFICS
classification to a wide range of serious obese patients and evaluates cIMT alterations in subjects
with MHO, MUO and MetS.
We did not find significative difference in the
value of cIMT in MHO, MUO and MetS subjects, and all groups showed a cIMT statistically
higher compared to cIMT of the normal weight
subjects.
These results confirm our previous study27,
which showed increased cIMT values in obese
MHO and MUO youths compared to non-obese
controls and, consequently, a higher CVD risk.
These results are partially in contrast with some
of the previous studies on the same topic45.
This discordance can be partly explained by
the different criteria of enrollment and definition
of MHO, and by the different methods used to
measure cIMT. In our study CIMT was measured
according to most recent guidelines37.
It can be assumed that the age of obesity onset
is another factor likely implicated in the discrepancy between our data and those of previous
studies; our casuistry is composed by subjects

Figure 1. Mean left cIMT in control subjects and MUO,
MHO and MetS patients. CIMT: carotid-intima media
thickness; MHO: metabolically health obese; MUO: metabolically unhealthy obese; Mets: Metabolic Syndrome.

Figure 2. Mean right cIMT in control subjects and MUO,
MHO and MetS patients. CIMT: carotid-intima media
thickness; MHO: metabolically health obese; MUO: metabolically unhealthy obese; Mets: Metabolic Syndrome.
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with early obesity onset and whose obesity has
persisted for at least 10 years (data not shown). As
shown by Zamrazilova et al46 in a previous pilot
study among obese adolescents, an earlier onset
and a longer duration of obesity state could play a
leading role in CVD risk’s increase.
The strength of our study is to have shown
an increase in cIMT regardless the presence of
metabolic alterations in the obese child, confirming the existence of a subset of obese children
who do not show alterations of metabolic profile.
Although this condition appears to be associated
with a lower risk of developing Mets, on the other hand, it does not seem to be associated with
a lower CVD risk, due to the increase in cIMT
compared to healthy controls.
Limitations
Our study has some limitations. The impossibility to differentiate the age of the onset of the
obesity state.
Previous studies47 have highlighted the importance of examining the impact of metabolic pathway-related gene expression that may be implicated in insulin resistance and the mechanisms of
development of a metabolically unhealthy obesity
profile. In the present work no genetic studies was
conducted on patients for this purpose.
Hence, further extensive studies are warranted
to validate our preliminary data and draw firm
conclusions.

Conclusions
Summarily, our study highlights that MHO,
MUO and MetS subjects present an increased
cIMT value and that, consequently, these patients
need close cardiovascular monitoring, including
color Doppler ultrasound examination performed
according to the latest Association for European
Paediatric Cardiology (AEPC) guidelines, besides dietary and behavioral program, to correct
the weight excess and promote the stable achievement of normal weight over time.

Conflict of Interest

The Authors declare that they have no conflict of interests.

Ethics Approval and Consent to Participate

The present study received the consent of the Ethics Committee of the Pediatric Clinic of the University of L’Aquila..

Consent to Publish

All parents signed informed consent for the use of laboratory and anthropometrics data of the subjects studied.

Availability of Data and Materials

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Authors’ Contribution

G.F. and A.V. have conceived and designed the study and
revised the manuscript; G.I. and E.A. have acquired and
processed data; M.L. and C.G. have analyzed the data and
wrote the drafts of the work F.C. performed the echo-color
Doppler evaluation. All the Authors have approved the submitted version and have agreed both to be personally accountable for the author’s own contributions and to ensure
that questions related to the accuracy or integrity of any
part of the work, even ones in which the author was not personally involved, are appropriately investigated, resolved,
and the resolution documented in the literature.

References
1) Faienza MF, Chiarito M, Molina-Molina E, Shanmugam H, Lammert F, Krawczyk M, D’Amato G,
Portincasa P. Childhood obesity, cardiovascular and liver health: a growing epidemic with age.
World J Pediatr 2020; 16: 438-445.
2) Dati OKkio alla Salute 2016. Available from:
https://www.epicentro.iss.it/okkioallasalute/dati2016. Accessed 20 Jun 2020.
3) Kumar S, Kelly AS. Review of childhood obesity:
from epidemiology, etiology, and comorbidities
to clinical assessment and treatment. Mayo Clin
Proc 2017; 92: 251-265.
4) Valerio G, Licenziati MR, Manco M, Ambruzzi
AM, Bacchini D, Baraldi E, Bona G, Bruzzi P, Cerutti F, Corciulo N, Crinò A, Franzese A, Grugni
G, Iughetti L, Lenta S, Maffeis C, Marzuillo P, Miraglia Del Giudice E, Morandi A, Morino G, Moro B, Perrone L, Prodam F, Ricotti R, Santamaria
F, Zito E, Tanas R. Health consequences of obesity in children and adolescents. Minerva Pediatr
2014; 66: 381-414.
5) Reaven GM. Banting lecture 1988. Role of insulin
resistance in human disease. Diabetes 1988; 37:
1595-1607.
6) Cook S, Weitzman M, Auinger P, Nguyen M, Dietz
WH. Prevalence of a metabolic syndrome phenotype in adolescents: findings from the third National Health and Nutrition Examination Survey, 19881994. Arch Pediatr Adolesc Med 2003; 157: 821-827.
7) Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink
M, Arslanian S, Wong G, Bennet P, Shaw J, Caprio S. The metabolic syndrome in children and adolescents – an IDF consensus report. Pediatr Diabetes 2007; 8: 299-306.

247

G. Farello, G. Iapadre, M. Lizzi, C. Gentile, E. Altobelli, F. Ciocca, A. Verrotti
8) Wang Q, Yin J, Xu L, Cheng H, Zhao X, Xiang
H, Lam HS, Mi J, Li M. Prevalence of metabolic
syndrome in a cohort of Chinese schoolchildren:
comparison of two definitions and assessment
of adipokines as components by factor analysis.
BMC Public Health 2013; 13: 249.
9) Ahrens W, Moreno LA, Mårild S, Molnár D, Siani
A, De Henauw S, Böhmann J, Günther K, Hadjigeorgiou C, Iacoviello L, Lissner L, Veidebaum
T, Pohlabeln H, Pigeot I. Metabolic syndrome
in young children: definitions and results of the
IDEFICS study. Int J Obes 2014; 38: S4-S14.
10) Cruz ML, Goran MI. The metabolic syndrome in
children and adolescents. Curr Diab Rep 2004; 4:
53-62.
11) de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld
EJ, Newburger JW, Rifai N. Prevalence of the
metabolic syndrome in American adolescents.
Circulation 2004; 110: 2494-2497.
12) Viner RM, Segal TY, Lichtarowicz-Krynska E,
Hindmarsh P. Prevalence of the insulin resistance
syndrome in obesity. Arch Dis Child 2005; 90: 1014.
13) Weiss R, Dziura J, Burgert TS, Tamborlane WV,
Taksali SE, Yeckel CW, Allen K, Lopes M, Savoye
M, Morrison J, Sherwin RS, Caprio S. Obesity
and the metabolic syndrome in children and adolescents. N Engl J Med 2004; 350: 2362-2374.
14) Reinehr T, de Sousa G, Toschke AM, Andler W.
Comparison of metabolic syndrome prevalence
using eight different definitions: a critical approach. Arch Dis Child 2007; 92: 1067-1072.
15) Sims EA. Are there persons who are obese,
but metabolically healthy? Metabolism 2001; 50:
1499-1504.
16) Karelis AD, St-Pierre DH, Conus F, Rabasa-Lhoret
R, Poehlman ET. Metabolic and body composition
factors in subgroups of obesity: what do we know?
J Clin Endocrinol Metab 2004; 89: 2569-2575.
17) Karelis AD. Metabolically healthy but obese individuals. Lancet 2008; 372: 1281-1283.
18) Blüher M. The distinction of metabolically ‘healthy’
from ‘unhealthy’ obese individuals. Curr Opin Lipidol 2010; 21: 38-43.
19) Damanhoury S, Newton AS, Rashid M, Hartling
L, Byrne JLS, Ball GDC. Defining metabolically healthy obesity in children: a scoping review.
Obes Rev 2018; 19: 1476-1491.
20) Vukovic R, Dos Santos TJ, Ybarra M, Atar M.
Children with metabolically healthy obesity: a review. Front Endocrinol 2019; 10: 865.
21) Khokhar A, Chin V, Perez-Colon S, Farook T,
Bansal S, Kochummen E, Umpaichitra V. Differences between metabolically healthy vs unhealthy obese children and adolescents. J Natl
Med Assoc 2017; 109: 203-210.
22) Davis PH, Dawson JD, Riley WA, Lauer RM. Carotid intimal-medial thickness is related to cardiovascular risk factors measured from childhood
through middle age. Circulation 2001; 104: 28152819.

248

23) Raitakari OT, Juonala M, Kähönen M, Taittonen
L, Laitinen T, Mäki-Torkko N, Järvisalo MJ, Uhari
M, Jokinen E, Rönnemaa T, Akerblom HK, Viikari
JS. Cardiovascular risk factors in childhood and
carotid artery intima-media thickness in adulthood: the Cardiovascular Risk in Young Finns
Study. JAMA 2003; 290: 2277-2283.
24) Polak JF, Pencina MJ, Pencina KM, O’Donnell
CJ, Wolf PA, D’Agostino RB Sr. Carotid-wall intima-media thickness and cardiovascular events.
N Engl J Med 2011; 365: 213-221.
25) Eikendal AL, Groenewegen KA, Anderson TJ,
Britton AR, Engström G, Evans GW, de Graaf
J, Grobbee DE, Hedblad B, Holewjin S, Ikeda
A, Kitagawa K, Kitamura A, Lonn EM, Lorenz
MW, Mathiesen EB, Nijpels G, Dekker JM, Okazaki S, O’Leary DH, Polak JF, Price JF, Robertson C, Rembold CM, Rosvall M, Rundek T, Salonen JT, Sitzer M, Stehouwer CD, Hoefer IE, Peters SA, Bots ML, den Ruijter HM. Common carotid intima-media thickness relates to cardiovascular events in adults aged <45 years. Hypertension 2015; 65: 707-713.
26) Raitakari OT, Juonala M, Viikari JS. Obesity in
childhood and vascular changes in adulthood:
insights into the Cardiovascular Risk in Young
Finns Study. Int J Obes 2005; 29: S101-S104.
27) Farello G, Antenucci A, Stagi S, Mazzocchetti C,
Ciocca F, Verrotti A. Metabolically healthy and
metabolically unhealthy obese children both have
increased carotid intima-media thickness: a case
control study. BMC Cardiovasc Disord 2018; 18:
140.
28) Reinehr T, Wunsch R, Pütter C, Scherag A. Relationship between carotid intima-media thickness
and metabolic syndrome in adolescents. J Pediatr 2013; 163: 327-332.
29) Juonala M, Singh GR, Davison B, van Schilfgaarde K, Skilton MR, Sabin MA, Cheung M,
Sayers S, Burgner DP. Childhood metabolic syndrome, inflammation and carotid intima-media
thickness. The Aboriginal birth cohort study. Int J
Cardiol 2016; 203: 32-36.
30) Zhao M, López-Bermejo A, Caserta CA, Medeiros
CCM, Kollias A, Bassols J, Romeo EL, Ramos
TDA, Stergiou GS, Yang L, Xargay-Torrent S,
Amante A, Gusmão TME, Grammatikos E, Zhang
Y, Prats-Puig A, de Carvalho DF, Yang L, Carreras-Badosa G, Simões MO, Hou Y, Mas-Pares B,
Shui W, Guo T, Wang M, Chen H, Lou X, Zhang Q,
Zhang Y, Bovet P, Magnussen CG, Xi B. Metabolically healthy obesity and high carotid intima-media
thickness in children and adolescents: International Childhood Vascular Structure Evaluation Consortium. Diabetes Care 2019; 42: 119-125.
31) De Onis M. WHO child growth standards - length/
height-for-age, weight-for-age, weight-for-length,
weight-for-height and body mass index-for age:
methods and development. Geneva, Switzerland:
World Health Organization; 2006.
32) Mellerio H, Alberti C, Druet C, Capelier F, Mercat
I, Josserand E, Vol S, Tichet J, Lévy-Marchal C.

Increased Cimt in child obesity

33)

34)

35)

36)

37)

38)

39)

40)

Novel modeling of reference values of cardiovascular risk factors in children aged 7 to 20 years.
Pediatrics 2012; 129: e1020-e1029.
Cacciari E, Milani S, Balsamo A, Spada E, Bona G, Cavallo L, Cerutti F, Gargantini L, Greggio
N, Tonini G, Cicognani A. Italian cross-sectional
growth charts for height, weight and BMI (2 to 20
yr). J Endocrinol Invest 2006; 29: 581-593.
Nagy P, Kovacs E, Moreno LA, Veidebaum T, Tornaritis M, Kourides Y, Siani A, Lauria F, Sioen I,
Claessens M, Mårild S, Lissner L, Bammann K,
Intemann T, Buck C, Pigeot I, Ahrens W, Molnár
D. Percentile reference values for anthropometric body composition indices in European children from the IDEFICS study. Int J Obes 2014; 38:
S15-S25.
Maffeis C, Banzato C, Talamini G. Waist-to-height
ratio, a useful index to identify high metabolic risk
in overweight children. J Pediatr 2008; 152: 207213.
Matthews DR, Hosker JP, Rudenski AS, Naylor
BA, Treacher DF, Turner RC. Homeostasis model assessment: insulin resistance and beta-cell
function from fasting plasma glucose and insulin concentrations in man. Diabetologia 1985; 28:
412-419.
Dalla Pozza R, Ehringer-Schetitska D, Fritsch
P, Jokinen E, Petropoulos A, Oberhoffer R. Intima media thickness measurement in children:
a statement from the Association for European
Paediatric Cardiology (AEPC) working group on
cardiovascular prevention endorsed by the Association for European Paediatric Cardiology. Atherosclerosis 2015; 238: 380-387.
Pervanidou P, Kanaka-Gantenbein C, Chrousos
GP. Assessment of metabolic profile in a clinical
setting. Curr Opin Clin Nutr Metab Care 2006; 9:
589-595.
Abd El-Hafez H, Elrakhawy MM, El-Baiomy AA,
El-Eshmawy MM. Carotid intima media thickness is independently associated with male
gender, middle age, and IGF-1 in metabolically healthy obese individuals. ISRN Obes 2014;
2014: 545804.
Chambless LE, Heiss G, Folsom AR, Rosamond
W, Szklo M, Sharrett AR, Clegg LX. Association
of coronary heart disease incidence with carotid arterial wall thickness and major risk factors:

41)

42)

43)

44)

45)

46)

47)

The Atherosclerosis Risk in Communities (ARIC)
study, 1987-1993. Am J Epidemiol 1997; 146:
483-494.
Hodis HN, Mack WJ, LaBree L, Selzer RH, Liu
CR, Liu CH, Azen SP. The role of carotid arterial
intima-media thickness in predicting clinical coronary events. Ann Intern Med 1998; 128: 262-269.
Urbina EM, Williams RV, Alpert BS, Collins RT,
Daniels SR, Hayman L, Jacobson M, Mahoney L,
Mietus-Snyder M, Rocchini A, Steinberger J, McCrindle B. Noninvasive assessment of subclinical atherosclerosis in children and adolescents:
recommendations for standard assessment for
clinical research: a scientific statement from the
American Heart Association. Hypertension 2009;
54: 919-950.
Corica D, Oreto L, Pepe G, Calabrò MP, Longobardo L, Morabito L, Pajno GB, Alibrandi A, Aversa T, Wasniewska M. Precocious preclinical cardiovascular sonographic markers in metabolically healthy and unhealthy childhood obesity. Front
Endocrinol 2020; 11: 56.
Koskinen J, Magnussen CG, Sabin MA, Kähönen
M, Hutri-Kähönen N, Laitinen T, Taittonen L, Jokinen E, Lehtimäki T, Viikari JS, Raitakari OT, Juonala M. Youth overweight and metabolic disturbances in predicting carotid intima-media thickness, type 2 diabetes, and metabolic syndrome
in adulthood: the Cardiovascular Risk in Young
Finns Study. Diabetes Care 2014; 37: 18701877.
Roberson LL, Aneni EC, Maziak W, Agatston A,
Feldman T, Rouseff M, Tran T, Blaha MJ, Santos RD, Sposito A, Al-Mallah MH, Blankstein R,
Budoff MJ, Nasir K. Beyond BMI: the “metabolically healthy obese” phenotype & its association with clinical/subclinical cardiovascular disease and all-cause mortality -- a systematic review. BMC Public Health 2014; 14: 14.
Zamrazilova H, Weiss R, Hainer V, Aldhoon-Hainerová I. Cardiometabolic health in obese adolescents is related to length of obesity exposure: a
pilot study. J Clin Endocrinol Metab 2016; 101:
3088-3095.
Blüher S, Schwarz P. Metabolically healthy obesity from childhood to adulthood - Does weight
status alone matter? Metabolism 2014; 63: 10841092.

249

