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Abstract
Purpose A phenotype of metabolically healthy obesity (MHO) has been described in youth with obesity, but data are still
scarce in this age group. The aim of the current study was to describe and compare clinical and laboratory parameters related
to obesity among three different groups of youth, namely youth with normal weight (NW), with MHO, and with meta-
bolically unhealthy obesity (MUO).
Methods One hundred and three youngsters with obesity were divided according to 2018 consensus-based criteria into those
with MHO [n= 49, age (±SD): 10.9 ± 2.9 years] and those with MUO [n= 54, 11.5 ± 2.7 years] and were compared to age-,
sex- and Tanner-matched NW [n= 69, 11.3 ± 2.9 years]. Several obesity-related parameters were investigated for all three
groups of children. Comparisons were made by analysis of variance (ANOVA) followed by the Fisher’s PLSD test.
Results Youth with MHO had lower systolic (p < 0.001) and diastolic (p < 0.01) blood pressure z-score and triglycerides
(p < 0.01), but higher HDL-C (p < 0.001), total cholesterol (p < 0.05), and apo-A1 (p < 0.05) compared to those with MUO.
Compared to controls, both children with MHO and MUO showed higher fasting insulin (p < 0.05), HOMA-IR (p < 0.05),
and QUICKI (p < 0.001). Similarly, both groups had higher hsCRP, fibrinogen, uric acid, and leptin compared to controls
(for all, p < 0.001), while their adiponectin was lower (p < 0.05). Visfatin was higher in children with MUO compared to
controls (p < 0.01), and it showed a trend to be lower in children with MHO compared to those with MUO (p= 0.1).
Conclusion This study provides evidence that children identified as having MHO by the consensus-based criteria had better
metabolic profiles than youth with MUO, but worse than NW. Further research is needed in pediatric populations both
regarding MHO criteria and the nature of the MHO phenotype per se.
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Introduction

The worldwide prevalence of pediatric overweight and
obesity has plateaued at high levels in many countries and
continues to rise in others [1]. Robust evidence has shown
that increased body weight in youth is associated with
serious short- and long-term complications leading to
increased risk of type 2 diabetes (T2D) and cardiovascular

disease (CVD) in early adulthood [2]. Thus, childhood
obesity remains one of the most alarming public health
problems of our times, threatening to undermine both life
expectancy and quality of life of generations to come [3].

However, it has been shown that not all individuals with
obesity exhibit complications to the same severity and
extent. In adult populations, for example, several reports
have shown that there are men and women with obesity
who, at a given time, do not demonstrate the traditional
cardiometabolic risk factors linked to increased body fat.
These individuals have been characterized as having
metabolically healthy obesity (MHO) in contrast to those
with metabolically unhealthy obesity (MUO) who exhibit
obesity-related complications [4]. Depending on the criteria
used to define the condition and the study population, adults
with MHO represent up to 35% of the adult population with
obesity, with dramatic differences in the prevalence among
different studies [5].
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Similar to the adult population, some evidence suggests
that a percentage of children and adolescents with obesity
can be characterized as having MHO at a given point in
time [6, 7]. These kids seem to have a “favorable” meta-
bolic profile with normal glucose metabolism, normal lipid,
and blood pressure levels [8].

Several attempts have been made to define MHO in
youth with obesity by using various diagnostic criteria
related to insulin sensitivity and metabolic syndrome com-
ponents, in various combinations and with diverse cut-off
values [6, 9–13]. It is, thus, no wonder that the prevalence
of pediatric MHO in youth with obesity varies between 3
and 80% depending on the definition used, the obesity
criteria applied and the specific characteristics of the
populations studied [8, 14]. In 2018, a scoping review was
carried out in order to reach a consensus-based definition of
pediatric MHO through experts’ consultation and the
application of a Delphi process [15]. However, the con-
sensus was not reached for all criteria and some limitations
were reported by the authors regarding the procedure.

Further to the pediatric MHO definition difficulties, there is
accumulating evidence that MHO phenotype in adults is not a
totally benign condition since the risk of developing T2D and
CVD in MHO is lower than MUO but still higher than normal
weight (NW) individuals [16–18]. Far less is known regarding
health status and clinical implications associated with the
MHO phenotype in pediatric populations.

We hypothesized that even children fulfilling the recently
described MHO criteria may differ from peers with NW
regarding other important metabolic parameters that are
associated with obesity or its complications. We, therefore,
compared several obesity-related clinical and metabolic
parameters among three groups of age-, sex- and Tanner-
matched youth, namely youth with NW, with MHO, and
with MUO in order to evaluate the consensus-based
pediatric MHO definition.

Materials and methods

The medical records of all Greek children and adolescents
aged 5–16 years who attended the Outpatient Pediatric
Clinic of the University Hospital of Ioannina, Ioannina,
Greece between January and December 2016 were
reviewed, in order to identify the ones with obesity. Among
them, all children who fulfilled any of the following
exclusion criteria were excluded from the study: recent
(within prior 3 months) acute disease or use of medication;
recent significant (>10%) change in body weight; clinical or
laboratory evidence of any chronic cardiac, renal, hepatic,
or endocrine (including thyroid) disease that could not be
directly or indirectly related to obesity (for example, con-
genital heart disease, chronic viral hepatitis, etc.). Next, one

of the authors contacted the parents of the eligible children,
to ask if they are willing to participate in the study.

All children and adolescents enrolled in the study were
Caucasian and were divided into those with MHO and
those with MUO according to the first international
consensus-based definition of pediatric MHO, published
in 2018 by Damanhoury et al. [15]. More specifically,
participants were classified as having MHO if they met all
of the following criteria: HDL > 40 mg/dL (>103 mmol/
L), triglycerides≤150 mg/dL (≤1.7 mmol/L), and systolic
and diastolic blood pressure ≤+1.28 standard deviation
(SD) (≤90th percentile for age, sex, and height).
Regarding glycemia, no consensus was achieved in the
above definition, but we used fasting blood glucose
(FPG) ≤ 100 mg/dL (≤5.6 mmol/L) as a euglycemia cri-
terion since it was the one most commonly used in pre-
vious studies of MHO in children [8]. Children with
obesity that did not meet one or more of the above criteria
were classified as having MUO.

At the same time, NW age-, sex- and Tanner-matched
children and adolescents that were examined during the
same period of time at the same clinic for non-medical
reasons (e.g., school certificates, scheduled vaccination,
minor injuries, etc.) and who did not fulfill any of the above
exclusion criteria were similarly asked if they are willing to
participate in the study. These children comprised the NW
group and were also Caucasian.

The study was reviewed and approved by the Institu-
tional Scientific Review Board at Ioannina University
Hospital and all parents and children of both groups (NW
and with obesity) agreed to participate in the study.

An appointment was given for each child during which,
weight, height, and waist circumference were measured and
recorded by a single investigator. Bodyweight was mea-
sured to the nearest 0.1 kg on a medical scale with the child
wearing only his/her underwear. Body height was measured
with the child wearing no shoes, with a wall-mounted sta-
diometer, to the nearest 0.1 cm. Body mass index (BMI)
was calculated as weight (kg) divided by the square of
height (m2) and obesity was defined as >+2 SD for age and
sex according to the WHO growth charts. Waist cir-
cumference was measured to the nearest 1 mm at the mid-
point between the lowest rib and the superior border of the
iliac crest at minimal respiration, using an inelastic mea-
suring tape with the participant standing still on both feet
with arms hanging freely [19].

Systolic and diastolic blood pressure (SBP and DBP
respectively) were measured three times on the right arm, in
the seated position using a mercury sphygmomanometer
with an appropriately sized cuff. The mean of the three
measurements and subsequently the SBP and DBP z-scores
for each child were calculated, according to the criteria
established by the Fourth Report on the diagnosis,
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evaluation, and treatment of high blood pressure in children
and adolescents [20]. Pubertal development of each parti-
cipant was assessed consistently by a single investigator and
was recorded according to Tanner’s stage [21, 22].

After a 12-h overnight fast, blood samples were drawn
from all three groups and several laboratory parameters
were measured using Siemens Advia 1650 Clinical Chem-
istry System (Siemens Medical Solutions, Erlangen, Ger-
many). More specifically, regarding glucose metabolism,
FPG (normal: 60–99 mg/dL), and fasting insulin (normal:
7–15 μU/mL) were measured. In addition, the Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR) index
and Quantitative Insulin Sensitivity Check Index (QUICKI)
were calculated according to the following formulas:
HOMA-IR= [FPG (mg/dL) × fasting insulin (mIU/mL)]/
405 [23] and QUICKI= 1/[log(fasting insulin in μU/mL)+
log (FPG in mg/dL)] [24].

Regarding lipid metabolism total cholesterol (TC) (nor-
mal: <170 mg/dL), triglycerides (TG) (normal: up to 9 years
<75 mg/dL, older than 9 years <90 mg/dL), HDL-
Cholesterol (HDL-C) (normal: >45 mg/dL), apolipoprotein
A1 (apo-A1) (normal: >120 mg/dL) and B (apo-B) (normal:
<90 mg/dL) were measured. In addition, LDL-Cholesterol
(LDL-C) levels (normal: <110 mg/dl) were calculated using
Friedewald’s equation [25].

Pro-inflammatory and pro-thrombotic markers that were
measured included high-sensitivity C-reactive protein
(hsCRP) (normal: 0.22–1.15 mg/L), fibrinogen (normal:
200–400 mg/dL), and uric acid (UA) (normal: 2.6–6.6 mg/
dL). In addition, aspartate transaminase (AST) (normal:
5–40 IU/L) and alanine transaminase (ALT) (normal: 5–40
IU/L) were measured to evaluate hepatic function.

Further, the adipokines that were measured included adi-
ponectin, leptin, visfatin, and IL-6 all of which have reference
values dependent on age and/or sex [26–29]. Adiponectin and
visfatin were measured with enzyme immunoassay methods
(EIA) (Phoenix Pharmaceuticals Inc., USA). Their sensitivities
were 0.15 ng/mL and 2.3 ng/mL respectively and their intra-
and inter-assay CVs 10 and 15%. Leptin was measured using
an enzyme-linked immunosorbent assay (ELISA) kit (Diag-
nostic Systems Laboratories Inc, USA) with a sensitivity of
0.05 ng/mL, and intra- and inter-assay coefficients of varia-
bility (CVs), 6.2 and 5.3% respectively at the level of 12 ng/
mL. Interleukin-6 (IL-6) was measured by a non-competitive
assay (ImmunoTools GmbH, Germany) with sensitivity 4 pg/
mL and intra- and inter-assay CVs 8.5 and 7.9% respectively.

Statistical analysis

After examination of parameters for normal distribution,
comparisons between the two study groups of patients with
obesity and the control group were made by analysis of
variance (ANOVA) followed by the Fisher’s PLSD test. To

eliminate the effect of multiple comparisons the
Benjamini–Hochberg procedure was utilized. ANCOVA
analysis was also made to adjust for age. Moreover, a
subgroup “sensitivity” analysis was made that included
boys vs girls and prepubertal vs pubertal children. Values
are expressed as mean plus/minus standard deviation (±SD).
A level of significance of p < 0.05 was set. A power sample
size estimation was performed which showed that a sample
size of 170 children was sufficient for any parameter
comparison between every two groups. This sample size is
sufficient to demonstrate a 15% difference in all the para-
meters examined, with a power of >80% at a significance
level of 0.05 [30]. Statistical analysis was performed using
the Stat View software package of SAS Institute Inc.
(Cary, USA).

Results

The medical records of 180 children and adolescents with
obesity were retrieved, covering the 1-year search period, of
which 122 were potentially eligible, and 103 agreed to
participate in the study. Of these youth with obesity, 49
were identified as having MHO (21 boys) and 54 as having
MUO (24 boys) giving an MHO phenotype prevalence of
47.6%. In addition, 69 children and adolescents (29 boys)
with NW comprised the control group. It is worth men-
tioning that after applying the Damanhoury criteria on these
NW children, 7/69 met one and 1/69 met two criteria.

Regarding age, sex, and Tanner stage, no statistically
significant difference was observed among all three groups
(Table 1). WC did not differ between the two groups of
children with obesity (Table 1). The values of parameters
used to characterize children as having either MHO or
MUO differed significantly between the two obese groups
except for BMI z-score (4.0 ± 1.6 vs 4.1 ± 1.8) and FPG
levels (87.9 ± 7 vs 88.4 ± 10 mg/dL). In addition, all these
parameters differed significantly between children with
obesity and NW, except for FPG levels (Table 2).

Obesity related metabolic parameters such as fasting
insulin levels, HOMA-IR and QUICKI, hsCRP, fibrinogen,
and uric acid levels, as well as adipokine levels (adipo-
nectin, leptin), were found to be affected in children with
both MHO and MUO compared to controls (Table 3).
Visfatin was higher only in children with MUO compared
to NW while IL-6 showed no difference among the three
groups. In addition, ALT was higher in both groups with
obesity compared to controls while AST did not show a
statistically significant difference (Table 3). Comparisons of
the above parameters between the two groups with obesity
showed no significant differences, apart from visfatin that
showed a tendency to increase in children with MUO
(Table 3).
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Regarding specifically insulin and insulin sensitivity
indices, a comparison between prepubertal and pubertal
youth showed no difference while both subgroups of MUO
and MHO differed significantly compared to controls (Table
3). Further, an insulin cutoff value of >11.2 μU/mL showed
a 75% specificity and a 47 and 66% sensitivity to diagnose
μΗΟ and MUO respectively. Regarding HOMA-IR, a value
of >2.5 had a 77% specificity and a 43 and 67% sensitivity
while a value <0.332 for QUICKI had a 76% specificity and
51 and 68% sensitivity in the 2 groups, respectively. At
higher specificity values, sensitivity promptly declined.

The subgroup “sensitivity” analysis intending to define
robustness across subgroups namely in boys vs girls and in
prepubertal vs pubertal children (data not shown) yielded
results in line with those of the main statistical analysis.

Discussion

In this cross-sectional study, 103 children and adolescents
with obesity were divided according to the criteria proposed
by Damanhoury et al. to either having MHO or MUO [15].
Several obesity-related clinical and laboratory parameters
were compared between these two groups of youth with
obesity and the third group of age-, sex-, and Tanner-
matched NW children. As anticipated, most of the exam-
ined parameters were affected in children with MUO

compared to NW, including the parameters used as criteria
to differentiate MHO and MUO phenotypes (i.e., HDL-C,
TG, SBP, DBP, and FBG) as well as indicators of visceral
adiposity, insulin sensitivity, hepatic steatosis, thrombosis,
immune system, and inflammation. What was not antici-
pated though, was the finding that several of the examined
parameters were found to be affected also in children with
MHO compared to NW.

Concerning glucose metabolism, no significant differ-
ence was observed regarding FPG levels among youth with
NW, youth with MHO, and youth with MUO (88.1 ± 8 vs
87.9 ± 7 vs 88.4 ± 10 mg/dL). Such an observation could be
explained by the fact that FBG usually remains within the
normal range in children, despite obesity and changes in
insulin sensitivity and secretion [31], especially in children
with relatively short obesity duration such as our study
participants [32]. In addition, possible differences in the
genetic predisposition of each child to develop hypergly-
cemia could also play a role. Fasting insulin levels (8.4 ±
3.5 vs 12.4 ± 7.6 vs 14.7 ± 13.5 μU/mL) and HOMA-IR
(1.85 ± 0.8 vs 2.7 ± 1.7 vs 3.3 ± 3.7) were lower and
QUICKI (0.36 ± 0.032 vs 0.33 ± 0.05 vs 0.33 ± 0.03) was
higher in NW compared to both children with MHO and
MUO indicating that a state of insulin resistance and con-
sequent hyperinsulinemia characterize both groups of chil-
dren with obesity compared to NW peers. In addition, a
relative overlapping was observed when cutoff values of

Table 1 Descriptive
characteristics of children in
normal weight (NW) group, in
group of children with
metabolically healthy obesity
(MHO), and group of children
with metabolically unhealthy
obesity (MUO)

Parameters NW MHO MUO P (MHO vs NW,
MUO vs NW)

Sex 29 boys,
40 girls

21 boys,
28 girls

24 boys,
30 girls

0.92, 0.93 NS

Age (years) 11.3 ± 2.9 10.9 ± 2.9 11.5 ± 2.7 0.56, 0.76 NS

Prepubertal/pubertal 23/46 22/27 19/35 0.28, 0.98 NS

Data are expressed as a number or as mean ± standard deviation (SD)

NS non-significant, statistical significance between each obese and control groups, MHO metabolically
healthy obesity, MUO metabolically unhealthy obesity, NW normal weight

Table 2 Comparison of the
mean values of parameters used
as criteria to define
metabolically healthy obesity
(MHO) and metabolically
unhealthy obesity (MUO)
among all three groups of youth

Parameters NW Youth with MHO Youth with MUO

BMI z-score 0.59 ± 0.73 4.0 ± 1.6*** 4.1 ± 1.8***

HDL-C (mg/dL) 50.7 ± 7.4 49.7 ± 7.9b 42.4 ± 9.6***

TG (mg/dL) 85 ± 32 89 ± 26a 106 ± 40***

Systolic blood pressure z -score 0.3 ± 0.6 0.89 ± 0.7***, b 1.9 ± 0.8***

Diastolic blood pressure z-score 0.56 ± 0.56 0.56 ± 0.59a 1.01 ± 0.92**

Fasting blood glucose (mg/dL) 88.1 ± 8 87.9 ± 7 88.4 ± 10

Data are expressed as mean ± standard deviation (SD)

BMI body mass index, HDL-C high-density lipoprotein-cholesterol, MHO metabolically healthy obesity,
MUO metabolically unhealthy obesity, NW normal weight, TG triglycerides

*p < 0.05, **p < 0.01, ***p < 0.001: statistical significance between each group with obesity and
control group
ap < 0.01, bp < 0.001: statistical significance between the two groups of youth with obesity
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insulin, HOMA-IR, and QUICKI were calculated to dif-
ferentiate between groups of children.

Regarding subclinical inflammation and atherogenesis,
hsCRP (2.1 ± 1.2 vs 4.7 ± 3.8 vs 5.4 ± 3.9 mg/L), fibrinogen
(296 ± 50 vs 361 ± 109 vs 381 ± 76mg/dL), and UA (4.4 ±
0.9 vs 5.4 ± 2 vs 5.02 ± 1.4 mg/dL) were found to be lower
in NW compared to both children with MHO and MUO
while they did not differ significantly between the latter two

groups. A recent study in adults showed that pro-
inflammatory monocyte subsets were lower in adults with
MHO compared to those with MUO but higher than NW
suggesting a sub-clinical inflammation in individuals with
MHO [33]. To the best of our knowledge, no studies have
been published linking hsCRP or fibrinogen levels with
MHO phenotype in children, while increased UA levels
have recently been linked to MUO in youth [34]. Our results

Table 3 Obesity-related
somatometric and laboratory
parameters examined in all three
study groups, namely normal
weight (NW) children, children
with metabolically healthy
obesity (MHO), and children
with metabolically unhealthy
obesity (MUO)

Parameters NW Youth with MHO Youth with MUO trends

Somatometric parameters

Waist circumference z-score [19] −0.3 ± 0.7 1.85 ± 1*** 2.04 ± 1.2***

Glucose metabolism

Fasting Insulin (μU/mL) 8.4 ± 3.5 12.4 ± 7.6* 14.7 ± 13.5**

Prepubertal 7.5 ± 2.9 10.8 ± 6.2* 11.9 ± 3.7**

Pubertal 8.9 ± 3.6 13.5 ± 8.5* 16.2 ± 14**

HOMA-IR 1.85 ± 0.8 2.7 ± 1.7* 3.3 ± 3.7***

Prepubertal 1.64 ± 0.7 2.4 ± 1.4* 2.7 ± 0.8**

Pubertal 1.95 ± 0.9 2.98 ± 1.8* 3.7 ± 4.1**

QUICKI 0.36 ± 0.032 0.33 ± 0.05*** 0.33 ± 0.03***

Prepubertal 0.38 ± 0.034 0.34 ± 0.05** 0.34 ± 0.05**

Pubertal 0.35 ± 0.030 0.32 ± 0.05** 0.31 ± 0.05**

Lipid metabolism

T-Chol (mg/dL) 172 ± 17 178 ± 26a 167 ± 28

LDL-C (mg/dL) 104 ± 16 111 ± 22t 103 ± 23 p= 0.055

Apo-A1 (mg/dL) 145 ± 19 139 ± 20a 128 ± 23***

Apo-B (mg/dL) 71 ± 15 79 ± 18** 81 ± 16**

Apo-B/Apo-A1 0.50 ± 0.13 0.58 ± 0.16**, t 0.65 ± 0.16*** p= 0.06

Pro-inflammatory and pro-thrombotic markers

hsCRP (mg/L) 2.1 ± 1.2 4.7 ± 3.8*** 5.4 ± 3.9***

Fibrinogen (mg/dL) 296 ± 50 361 ± 109*** 381 ± 76***

Uric Acid (mg/dL) 4.4 ± 0.9 5.4 ± 2*** 5.02 ± 1.4***

Adipokines

Adiponectin (μg/mL) 11.9 ± 5.8 9.8 ± 5.8* 9.4 ± 5*

Leptin (ng/mL) 10.5 ± 7 31 ± 19*** 34 ± 15***

Visfatin (ng/mL) 9.8 ± 5 11.7 ± 6t 12.9 ± 7** p= 0.10

IL-6 (pg/mL) 9.4 ± 10 8.3 ± 6.4 9.9 ± 9.5

NAFLD

AST (U/L) 24 ± 6.8 24.4 ± 6.4 25.9 ± 8.3

ALT (U/L) 18.7 ± 8 23.6 ± 13*** 26.5 ± 15***

Data are expressed as mean ± standard deviation (SD)

ALT alanine transaminase, Apo-A1 apoliporoptein-A1, Apo-B apolipoprotein-B, AST aspartate transaminase,
HOMA-IR homeostasis model assessment of insulin resistance, hsCRP high sensitivity C-reactive protein,
IL-6 interleukin-6, LDL-C low-density lipoprotein-cholesterol, MHO metabolically healthy obesity, MUO
metabolically unhealthy obesity, NAFLD non-alcoholic fatty liver disease, NW normal weight, QUICKI
quantitative insulin sensitivity check index, T-Chol total cholesterol

*p < 0.05, **p < 0.01, ***p < 0.001: statistical significance between each group with obesity and
control group
ttrend, ap < 0.05: statistical significance between the two groups of youth with obesity
¶no differences were found comparing between prepubertal and pubertal groups for any of glucose
metabolism parameters
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show that obesity is associated with subclinical inflamma-
tion and a pro-atherogenic milieu, even in children with the
MHO phenotype.

Regarding adipokines, adiponectin was higher (11.9 ±
5.8 vs 9.8 ± 5.8 vs 9.4 ± 5 μg/mL), and leptin was lower
(10.5 ± 7 vs 31 ± 19 vs 34 ± 15 ng/mL) in controls com-
pared to both children with MHO and MUO. Visfatin was
higher in children with MUO compared to NW (12.9 ± 7 vs
9.8 ± 5 ng/mL, p < 0.01) but showed no difference between
children with MHO and NW (11.7 ± 6 vs 9.8 ± 5 ng/mL).
IL-6 did not differ between the three groups of children
(9.4 ± 10 vs 8.3 ± 6.4 vs 9.9 ± 9.5 pg/mL). Visfatin showed
a tendency to increase between patients with MHO and
MUO (11.7 ± 6 vs 12.9 ± 7, p= 0.10) while the other three
adipokines did not differ between the two groups of chil-
dren with obesity. Similar to our results, studies have shown
that children with MHO may present with lower adipo-
nectin levels compared to NW, and higher leptin levels
[35, 36]. Regarding visfatin and the MHO phenotype, data
have been conflicting thus far [37, 38], while, to the best of
our knowledge, there have been no studies investigating
IL‐6 levels in children with MHO and MUO. These results
point toward a pro-inflammatory milieu that could gradually
lead to metabolic derangements not only in children with
MUO but also in those with MHO compared to NW.

Regarding liver transaminases, ALT, which is con-
sidered to be the best screening tool to detect NAFLD in
children [39], was higher in youth with both MHO and
MUO compared to NW [(23.6 ± 13) vs (26.5 ± 15) vs
(18.7 ± 8) U/L respectively, p < 0.001]. In addition, children
with MUO had mean ALT values (26.5 ± 15 U/L) above
the upper limit of normal in children (22 U/L for girls and
26 U/L for boys) according to the latest NASPGHAN
Clinical Practice Guideline [39]. These findings imply that
mainly children with MUO but also those with MHO are at
increased risk of developing liver dysfunction and possibly
NAFLD, in agreement with other studies in both adoles-
cents and adults with obesity [40–42]. Fortunately, only one
of all youth included in the study, a prepubertal child with
MUO, had ALT > 80 U/L, a finding that has been linked
with increased risk of fibrosis in children with non-
alcoholic steatohepatitis [39].

The uncertainties that still exist regarding pediatric MHO
definition may imply that MHO does not represent a bio-
logically defined distinct subgroup of individuals with
obesity and that it might not be a totally benign condition
after all [16, 43]. Indeed, evidence is gradually accumulat-
ing, both in adults and children, that individuals with MHO
have a worse metabolic profile compared to their lean
counterparts and are at increased risk of obesity complica-
tions. In a recent study, for example, Caleyachetty et al.
showed that adults with MHO had a higher risk of coronary
heart disease, CVD, and heart failure than NW counterparts

[17]. In youth, individuals with MHO have shown an
increased risk of hepatic steatosis, a higher degree of visc-
eral fat accumulation, higher inflammatory biomarkers, and
higher carotid intima-media thickness, a proxy of CVD,
compared to NW [35, 41, 44, 45]. The findings of our study
corroborate the notion that MHO is not a totally benign
condition that can be clearly differentiated from MUO but
rather, obesity represents a continuum-increased risk for
complications and CVD.

This study has some limitations, namely the relatively
small sample size from an epidemiological point of view,
and the lack of information regarding long-term outcomes
(e.g., obesity complications and related morbidities) due to
the study’s cross-sectional design. In addition, it could be
speculated that there may have been subtle differences in fat
composition or fat distribution between the study groups
since reference methods of adiposity estimation were not
used. Further, information on children’s birth, diet, lifestyle
habits, and family history is lacking. The strengths of this
study were that all three groups were age-, sex- and Tanner-
matched as well as of the same ethnicity, that several
obesity-related biochemical parameters were measured and
that the differences observed were statistically strong
making the results more reliable.

In conclusion, it was shown that children and adolescents
with obesity diagnosed as having MHO show a better
metabolic profile than their peers with MUO, but a worse
profile compared to NW. These findings question the benign
nature of the pediatric MHO. More comprehensive and
stringent criteria could possibly better define children and
adolescents with obesity that are metabolically healthy, but
still, the clinical significance and the long-term outcome of
such a phenotype are highly debatable. Until more data are
gathered, children with MHO should be considered as
having a vaguely defined and possibly unstable phenotype
and should therefore be treated as all children with obesity.
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