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Abstract

Background: Pediatric obesity is closely associated with cardiometabolic comorbidities, but the role of sex in this relationship is less
investigated. We aimed to evaluate sex-related differences on cardiometabolic risk factors and preclinical signs of target organ damage in
adolescents with overweight/obesity (OW/OB).Methods: The main cross-sectional study included 988 adolescents (510 boys and 478
girls) with OW/OB aged 10–18 years. In all youths clinical and biochemical variables were evaluated and an abdominal echography was
performed. Echocardiographic data for the assessment of left ventricular mass (LVM) and relative wall thickness (RWT) were available
in an independent sample of 142 youths (67 boys and 75 girls), while echographic data of carotid intima media thickness (cIMT) were
available in 107 youths (59 boys and 48 girls). Results: The three samples did not differ for age, body mass index, and sex distribution.
In the main sample, boys showed higher waist-to-height ratio (WHtR) values (p < 0.0001) and fasting glucose levels (p = 0.002) than
girls. Lower levels of estimates glomerular filtration rate (eGFR) were found in girls vs boys (p < 0.0001). No sex-related differences
for prediabetes and hyperlipidemia were observed. A higher prevalence of WHtR ≥0.60 (57.3% vs 49.6%, p = 0.016) and fatty liver
disease (FLD) (54.5% vs 38.3%, p < 0.0001) as well as a trend for high prevalence of hypertension (40.4 vs 34.7%, p = 0.06) were
observed in boys vs girls. More, a higher prevalence of mild reduced eGFR (MReGFR) (<90 mL/min/1.73 m2) was observed in girls vs
boys (14.6% vs 9.6 %, p < 0.0001). In the sample with echocardiographic evaluation, boys showed higher levels of LVM (p = 0.046),
and RWT (p = 0.003) than girls. Again, in the sample with carotid echography, boys showed higher levels of cIMT as compared to girls
(p = 0.011). Conclusions: Adolescent boys with OW/OB showed higher risk of abdominal adiposity, FLD, and increased cardiac and
vascular impairment than girls, whereas the latter had a higher risk of MReGFR. Risk stratification by sex for cardiometabolic risk factors
or preclinical signs of target organ damage should be considered in youths with OW/OB.
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1. Introduction
Notoriously, pediatric obesity represents an alarming

phenomenon in industrialized countries from both a health
and a socio-economic point of view. In addition, accord-
ing to the World Health Organization, rate of children with
obesity (OB) is expected to double by 2035 [1]. Notewor-
thy, this condition is closely associated with several comor-
bidities or preclinical signs of organ damage, such as predi-
abetes, hypertension, dyslipidemia, and fatty liver disease
(FLD) [2]. This scenario is supposed to track into adult-
hood and produce serious long-term consequences on car-
diometabolic health. Indeed, the early presence of obesity-
related comorbidities may contribute to accelerate the risk
of cardiovascular morbidity in adulthood [2].

The presence of cardiometabolic comorbidities has
been largely studied in the pediatric population [3], but lit-
tle is known about the influence of sex on this association.
This aspect should not be overlooked in children, since it
has been widely demonstrated that men are more frequently
exposed to early morbidity and mortality for cardiovascular
disease than females [4]. Given the well-documented pro-
tective role of oestrogens, this advantage is attenuated after
menopause [5]. In addition, diseases associated to high car-
diometabolic risk, such as type 2 diabetes [6] and FLD are
more prevalent in males [7]. On the contrary, a higher risk
of chronic kidney disease has been reported in females [8].

Given the high burden of cardiovascular risk in pe-
diatric OB [9], it may be interesting to analyze in-depth
whether and which kind of cardiovascular risk factors or
preclinical signs of target organ damage are associated to a
non-modifiable risk factor such as sex.

Based on these premises, we hypothesized that sex-
related differences in cardiovascular risk might be present
in adolescents with excess weight. Therefore, the aim of
this study was to compare the traditional cardiovascular risk
factors and preclinical signs of cardiac, vascular and renal
impairment between adolescent boys and girls with over-
weight (OW) or OB.

2. Materials and Methods
This is a multicenter cross-sectional study that in-

cluded 1562 youths with OW or OB. Participants were con-
secutively admitted to nine Italian endocrinology centers of
the Pediatric Obesity Study Group within the Italian Soci-
ety for Pediatric Endocrinology and Diabetology between
2016 and 2020 [10]. This study was conducted according to
the principles expressed in the Declaration of Helsinki and
approved by the Research Ethical Committee of University
of Campania “Luigi Vanvitelli” (protocol code 834/2016).
An informed consent was obtained from the parents of all
participants before any procedure.

Exclusion criteria were: age <10 years (n = 561), ge-
netic obesity or endocrine disorders, chronic use of medica-
tions, glucose levels in the diabetic range (n = 13). Finally,
the records of 988 adolescents (510 boys and 478 girls),
mean age 12.9 ± 1.8 years, were examined.

Two separate samples of 142 young people with OW
or OB (67 boys and 75 girls) with echocardiographic evalu-
ation performed in the Pozzuoli Hospital (Naples) [11], and
107 youths (59 boys and 48 girls) with carotid ultrasound
performed in the Cardarelli Hospital of Naples [12] between
2003 and 2013, were included in the study.

2.1 Anthropometric, Clinical and Laboratory Evaluations
Anthropometric parameters were measured accord-

ing to standard methods by the same trained physician in
each center, as previously detailed [10]. Body mass in-
dex (BMI) was calculated as the ratio of weight (Kg) and
height (meters)2, and transformed into BMI-z score accord-
ing to the Italian growth charts. Waist circumference was
measured in standing position using a flexible tape taken
midway between the tenth rib and the iliac crest. The
waist-to-height ratio (WHtR) was calculated as the ratio of
waist (cm) and height (cm). Blood pressure (BP) was mea-
sured in a quiet room and in a seated position using aneroid
sphygmomanometer with cuffs of appropriate size, follow-
ing standard procedures [13]. After 5 min of resting, three
measurements were taken, 2 min apart and the mean of the
last two values was used in the analyses [13].

After an overnight fast, blood samples were taken
for measurement of glucose, insulin and lipids. Gly-
cosylated hemoglobin A1c (HbA1c) was measured by
high-performance liquid chromatography in each center
[10]. Homeostasis model assessment of insulin-resistance
(HOMA-IR) was calculated to estimate insulin-resistance
using the following formula: insulin (µU/mL) × fasting
glucose (mg/dL)/405. The triglycerides to high-density
lipoprotein-cholesterol (TG/HDL-C) ratio was calculated.
All young people within the main sample underwent a stan-
dard 2-h oral glucose tolerance test (1.75 g of glucose so-
lution per kilogram of body weight, maximum 75 g), and
samples were drawn for both glucose and insulin determi-
nations.

Serum creatinine (mg/dL) was measured by kinetic
colorimetric Jaffé method in 293 youths and by enzymatic
method in 695 youths. Estimated glomerular filtration rate
(eGFR) was calculated using Full Age Spectrum for height
equation (eGFRFASheight): 107.3/(Creatinine/Qheight),
where Creatinine is expressed in mg/dL and height in
meters for both sex. Qheight was calculated as it follows:
3.94 – 13.4 × height + 17.6 × height2 – 9.84 × height3 +
2.04 × height4 [14].

Biochemical tests were performed in the centralized
laboratory of each center [10]. Each laboratory belongs to
the National Health System and is certified according to In-
ternational Standards ISO 9000 (http://www.iso9000.it/).

2.2 Instrumental Assessments
Liver ultrasonography was performed by experienced

radiologists in each center. The presence of FLD was based
on the increased echogenicity (brightness) of the liver as
compared to the renal cortex [15].
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The echocardiographic data were collected with
young people in the left lateral decubitus position, us-
ing a commercially available echocardiographic system
with tissue Doppler (TD) capabilities (Power Vision 8000,
Toshiba-Corp. Medical, Japan) equipped with variable fre-
quency phased-array transducer (2.5–3.8 MHz), as else-
where described [11].

The left ventricular mass (LVM) was calculated ac-
cording to the American Society of Echocardiography
recommendations using M-mode whenever possible, or
optimally oriented 2-dimensional parasternal long-axis
view. LVM (g) was indexed (LVMi) using a simplified
method proposed by Chinali et al. [16] and expressed as
LVM/[(height2.16) + 0.09]. Relative wall thickness (RWT)
was calculated from the posterior wall thickness, inter-
ventricular septum thickness, and left ventricular diastolic
diameter through the following formula: (posterior wall
thickness + interventricular septum thickness)/left ventric-
ular diastolic diameter. The RWT was normalized for age
(RWTa) by the following equation: RWTa = RWT – 0.005
× (age – 10) [17].

Carotid intima media thickness (cIMT) was assessed
by commercially available system equipped with a 7–13
MHz linear array probe was used for B-mode ultrasound
evaluations. Quantitative B-mode ultrasound measure-
ments of cIMT were obtained as mean of cIMT of near and
far walls of both common carotid arteries of both carotid
bulbs, as previously described [18].

2.3 Definitions

OW or OB were defined using the Italian growth
charts [19]. Visceral adiposity was defined as WhtR≥0.60
[20]. Phenotypes of prediabetes were defined according
to the American Diabetes Association i.e.,: impaired fast-
ing glucose (fasting glucose ≥100 mg/dL), impaired glu-
cose tolerance (two-hour glucose during oral glucose toler-
ance test≥140 mg/dL), high HbA1c (HbA1c≥5.7%) [21].
Dyslipidemia was defined using fixed cut-offs proposed
by the Expert Panel for Cholesterol (≥200 mg/dL), HDL-
Cholesterol (<40 mg/dL), and triglycerides (≥130 mg/dL)
[22].

Hypertension was defined by criteria proposed by the
American Academy of Pediatrics based of BP ≥95th per-
centile for age, sex and height in young people aged <13
years and BP ≥130/80 mmHg for adolescents aged ≥13
years [23].

Fatty liver disease was defined as the presence of ul-
trasound detected hepatic steatosis and assessed as present
or absent [12].

Mild reduced eGFR (MReGFR) was defined by a
value of eGFRFASheight < 90 ≥ 60 mL/min/1.73 m2 [24].

Left ventricular hypertrophy (LVH) was defined us-
ing the single cut-point ≥45 g/h2.16 [13]. High RWTa was
defined by a cut-off ≥0.38 mm [10]. Concentric LVH was

defined by LVH plus high RWTa [10]. High cIMT was de-
fined by 90th percentile for age and sex by Doyon et al.
[25].

2.4 Statistical Analysis
Variables with normal distribution were expressed as

mean± standard deviation, whereas variables with skewed
distribution were Log transformed but expressed as median
and interquartile range. Comparison between groups was
assessed by Student’s t test. Categorical variables were ex-
pressed as number and frequence (%) and compared by χ2

test. Multiple regression analyses were performed to iden-
tify factors associated to LVMi, RWTa and cIMT. Signifi-
cance was considered at the level of p < 0.05. Statistical
analyses were conducted using IBM SPSS Statistics soft-
ware, Version 28.0 (IBM, Armonk, NY, USA).

3. Results
3.1 Study Population

The characteristics of the main sample are shown
in Table 1. Despite similar age and BMI, boys exhib-
ited higher waist circumference and WHtR than girls (p <

0.0001). No sex-related differences were found regarding
biochemical or clinical variables, except for higher levels
of fasting glucose (p = 0.002) in boys, and lower eGFRF in
girls (p < 0.0001).

When the categorical variables were considered, more
boys than girls showed a WhtR ≥0.60 (p = 0.016), FLD (p
< 0.0001) (Fig. 1) and hypertension, although at a lesser
extent (p = 0.066). On the contrary, a higher frequence of
MReGFR was observed in girls (p = 0.015). No differences
were observed regarding phenotypes of prediabetes or dys-
lipidemia (Supplementary Fig. 1). Impaired glucose tol-
erance was slightly more frequent in girls than boys: 10.7%
vs 7.5% (p = 0.077).

3.2 Left Ventricular Echocardiography
Themain characteristics of the sample who underwent

echocardiographic evaluation are reported in Table 2.
Despite no sex-related differences were observed for

age and BMI, boys exhibited higher values of LVMi (p =
0.046) and RWTa (p = 0.003) as compared to girls.

Boys exhibited a higher frequence of LVH (p = 0.015)
or concentric LVH (p = 0.002) (Supplementary Fig. 2).
Multiple regression analysis showed that LVMi was signifi-
cantly and independently associated withWHtR, TG/HDL-
C ratio and and male sex (Supplementary Table 1). RWTa
was significantly associated with WHtR and male sex.

3.3 Carotid Intima Media Thickness
The features of youths who underwent a cIMT evalu-

ation are reported in Table 3. Boys showed similar age and
BMI compared to girls, but they presented higher values of
cIMT (p = 0.011). cIMT values >90th percentile for age
and sex were found in 76% of the total sample (boys 86.4%
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Table 1. Description of the main sample as a whole and by sex.
All Boys Girls p value

n 988 510 478
Age, years 12.9 ± 1.8 12.8 ± 1.7 13.0 ± 1.9 0.063
BMI (kg/m2) 32.1 ± 5.4 32.0 ± 5.5 32.2 ± 5.4 0.607
BMI-z score 2.39 ± 0.63 2.36 ± 0.64 2.42 ± 0.62 0.183
Waist circumference (cm) 97.0 ± 12.7 98.9 ± 12.9 95.0 ± 12.3 <0.0001
Waist-to-height ratio 0.616 ± 0.08 0.623 ± 0.08 0.609 ± 0.08 <0.0001
G0 (mg/dL) 88.6 ± 9.7 89.5 ± 9.4 87.6 ± 9.9 0.002
G120 (mg/dL) 111.5 ± 21.2 112.3 ± 19.4 110.7 ± 22.8 0.226
HbA1c (%) 5.3 ± 0.4 5.3 ± 0.4 5.3 ± 0.4 0.169
HOMA-IR 4.0 (2.7–6.0) 3.9 (2.7–5.6) 4.2 (2.7–6.2) 0.221
Cholesterol (mg/dL) 153.9 ± 28.7 152.6 ± 28.2 155.4 ± 29.3 0.130
HDL-C (mg/dL) 47.0 ± 10.1 47.2 ± 9.8 46.8 ± 10.4 0.524
Triglycerides (mg/dL) 80.5 (62.0–105.0) 78.0 (60.8–102.0) 84.5 (63.8–109.3) 0.054
TG/HDL-C ratio 1.8 (1.3–2.5) 1.7 (1.2–2.4) 1.9 (1.3–2.5) 0.051
Systolic BP (mmHg) 116.1 ± 13.0 116.7 ± 12.8 115.4 ± 13.2 0.105
Diastolic BP (mmHg) 69.2 ± 9.4 69.0 ± 9.3 69.4 ± 9.4 0.425
eGFR (mL/min/1.73 m2) 114.3 ± 22.4 117.1 ± 21.9 111.3 ± 22.5 <0.0001
Data are expressed as mean ± standard deviation, median (interquartile range), n (%).
BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; G0, fasting
glucose; G120, glucose at 120’ during oral glucose tolerance test; HbA1c, glycosylated hemoglobin
A1c; HOMA-IR, homeostasis model assessment of insulin-resistance; TG/HDL-C, triglycerides to high-
density lipoprotein-cholesterol.

Fig. 1. Proportion (95% Cl) of youths with visceral adiposity, fatty liver disease, hypertension, and mild reduced estimated
glomerular filtration rate in boys (white bars) and girls (black bars). eGFR, estimated glomerular filtration rate.

and girls 62.5%, p = 0.004). cIMT was independently asso-
ciated only with age and male sex (Supplementary Table
1).

4. Discussion
The present study highlighted several sex-related dif-

ferences in cardiovascular risk factors in adolescents with

OW or OB, demonstrating that boys presented a higher de-
gree of visceral adiposity, FLD, cardiac and vascular abnor-
malities compared to girls, while girls showed a higher risk
of mild reduced glomerular function.

These findings are consistent with the sex-related car-
diovascular risk described in non-elderly adults. Indeed, it
is well established that males are considered at higher risk
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Table 2. Description of the sample with echocardiographic evaluation as a whole and by sex.
All Boys Girls p value

n 142 67 75
Age, years 12.2 ± 1.8 11.9 ± 1.5 12.4 ± 2.0 0.068
BMI (kg/m2) 29.8 ± 4.8 29.5 ± 5.1 30.1 ± 4.4 0.493
BMI-z score 2.1 ± 0.6 2.1 ± 0.6 2.2 ± 0.6 0.300
Waist-to-height ratio 0.623 ± 0.07 0.626 ± 0.07 0.620 ± 0.06 0.545
Cholesterol (mg/dL) 162.5 ± 35.2 157.7 ± 34.2 166.8 ± 35.7 0.123
HDL-C (mg/dL) 48.8 ± 11.6 47.6 ± 11.4 49.9 ± 11.7 0.239
Triglycerides (mg/dL) 87.0 (59.0–107.0) 86.0 (55.0–99.0) 88.0 (63.0–120.0) 0.115
TG/HDL-C ratio 1.8 (1.2–2.5) 1.8 (1.0–2.4) 1.7 (1.2–2.5) 0.433
Systolic BP (mmHg) 109.7 ± 10.9 110.2 ± 11.5 109.3 ± 10.4 0.603
Diastolic BP (mmHg) 66.5 ± 10.0 68.2 ± 9.5 65.0 ± 10.8 0.009
LVMi (g/m2.16) 44.2 ± 12.1 46.3 ± 10.9 42.3 ± 12.8 0.046
RWTa 0.351 ± 0.06 0.367 ± 0.06 0.337 ± 0.06 0.003

Data are expressed as mean ± standard deviation, median (interquartile range), n (%).
BMI, body mass index; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol;
TG/HDL-C, triglycerides to high-density ipoprotein-cholesterol; LVMi, left ventricular mass in-
dex; RWTa, relative wall thickness for age.

Table 3. Description of the sample with evaluation of carotid intima-media thickness as a whole and by sex.
All Boys Girls p value

n 107 59 48
Age, years 12.1 ± 1.5 12.3 ± 1.4 11.9 ± 1.5 0.220
BMI (kg/m2) 31.5 ± 5.5 31.3 ± 5.1 31.6 ± 6.1 0.756
BMI-z score 2.3 ± 0.6 2.3 ± 0.6 2.4 ± 0.7 0.484
Waist-to-height ratio 0.653 ± 0.07 0.652 ± 0.07 0.650 ± 0.08 0.856
Cholesterol (mg/dL) 154.6 ± 32.4 149.5 ± 30.5 161.2 ± 33.9 0.068
HDL-C (mg/dL) 44.9 ± 10.3 44.5 ± 11.3 45.4 ± 8.9 0.628
Triglycerides (mg/dL) 86.0 (68.0–115.0) 86.0 (64.5–109.8) 87.5 (68.0–119.0) 0.459
TG/HDL-C ratio 1.9 (1.4–2.8) 2.1 (1.4–2.7) 1.9 (1.5–3.0) 0.695
Systolic BP (mmHg) 122.2 ± 13.2 122.1 ± 13.5 122.4 ± 13.0 0.886
Diastolic BP (mmHg) 79.1 ± 8.3 79.2 ± 8.0 79.0 ± 8.7 0.896
cIMT (mm) 0.50 ± 0.06 0.52 ± 0.06 0.49 ± 0.07 0.011

Data are expressed as mean ± standard deviation, median (interquartile range), n (%).
BMI, body mass index; BP, blood pressure; cIMT, carotid intima media thickness; TG/HDL-C,
triglycerides to high-density lipoprotein-cholesterol.

of cardiovascular morbidity and mortality than females, al-
though this difference varies over time and geographically
[26]. Due to the multifactorial nature of cardiometabolic
risk, sex-related differences can be explained not only by
the protective role of estrogens, but also by the complex
interplay of several conditions, such as those correlated to
lifestyle behaviours (e.g., smoking, alcohol consumption),
or traditional cardiometabolic risk factors (such as visceral
adiposity, dyslipidemia, and hypertension) which are more
prevalent in non-elderly and non-diabetic males than fe-
males [26].

More complex and conflicting data are available on
the role of sex as non modifiable risk factor for cardiovas-
cular mortality among adults with OW or OB. For instance,
the hazard ratio of cardiovascular death was higher in men

with obesity (BMI ≥ 30 < 40 Kg/m2) [1.55 (1.22–1.96)]
than in females [1.09 (0.85–1.40)] as demonstrated byKhan
et al. [27] by analyzing several longitudinal studies in the
United States (Cardiovascular Disease Lifetime Risk Pool-
ing Project). Another study demonstrated that men showed
a higher mortality for cardiovascular disease as compared to
women independently of the severity of OB on the basis of
11 prospective cohorts from four European countries [28].
On the contrary, Mongraw-Chaffin et al. [29] reported that
higher BMI had the same deleterious effect on risk of inci-
dent cardiac heart disease in women and men.

Robust evidence has linked traditional pediatric car-
diometabolic risk factors, such as increased adiposity, hy-
pertension, hyperlipidemia, and risk factor clustering with
subclinical cardiovascular disease [30]. The adverse car-
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diometabolic risk profile related to OB starting in early ado-
lescence and even in early childhood has been also associ-
ated with fatal and not fatal cardiovascular events as early
as 40 years of age [31].

The association between OB and cardiometabolic risk
factors may begin at different stages of youth, depending
on the degree of OB, cardiometabolic risk factors, and sex
[32]. The emergence of sex-related differences in the tra-
jectories of atherogenic lipids (apolipoprotein B contain-
ing very low-density lipoprotein and low density lipopro-
tein traits) and predictive biomarkers (glucose and HDL-
C) for cardiometabolic diseases has been demonstrated in a
prospective birth cohort study from childhood (age 7 years)
to early adulthood (25 years) in UnitedKingdom [33]. Most
changes of causal and predictive cardiometabolic traits
were detrimental for males, and emerged only in late child-
hood and adolescence. It may be possible that multiple me-
diators such as adiposity, puberty timing, and other health
behaviours might have played a role, but this aspect was not
assessed in that study.

Of note, we did not find any sex-related difference
in the traditional cardiometabolic risk factors, either when
they were considered as continuous or categorical vari-
ables, in our sample of adolescents with OW or OB, ex-
cept for higher values of fasting plasma glucose in boys
and a slightly higher frequence of impaired glucose toler-
ance in girls. Moreover, a significally higher WHtR values
and frequence of individuals with WHtR≥0.60 were found
in boys. It is well known the important role played by vis-
ceral fat on cardiovascular risk. In particular, the WHtR is
a sex- and age-independent proxy for visceral adiposity and
it is strongly associated with higher cardiometabolic risk
in children with OW or OB. Fundamentally, our data are
in partial agreement with another cross-sectional study of
treatment-seeking Norwegean adolescents with severe obe-
sity, in whom no sex-related differences were found in di-
astolic BP, total cholesterol, HOMA-IR, and HbA1c levels
[34]. Instead, several discordances were noted likely due
to the different genetic, environmental or socio-economic
background. Firstly, we did not confirm the higher systolic
BP values and the lower HDL-Cholesterol values reported
in boys in the Norwegean study. Secondly, we found that
girls and not boys were exposed to higher levels of triglyc-
erides and had a higher TG/HDL-C ratio, whereas boys had
higher levels of fasting glucose that were non reported in the
Norwegean study.

Similarly to visceral adiposity, we found a higher fre-
quence of FLD in boys than girls. The close relationship
of FLD with cardiometabolic risk in children with OB has
been largely demonstrated [34–36]. As observed in adults
[37–39], accumulating pediatric evidence described non-
alcoholic FLD as a condition with sexual dimorphism, with
a higher prevalence in boys than in girls [40–42]. This
might be attributable to the predominant visceral distribu-
tion of adipose tissue in males that is associated with insulin
resistance and free fatty acids flux, leading to FLD devel-

opment [39]. On the other hand, females have a prevalent
subcutaneous fat distribution and leptin production that pre-
vents from visceral fatty tissue accumulation in cooperation
with estrogens, which may play a protective role against
liver fat accumulation. However, the role of sex steroids
on metabolic impairments is still complex and needs to be
further elucidated [41–43].

In the wide perspective of cardiometabolic burden of
pediatric obesity, the obesity-related glomerulopathy has
recently gained remarkable attention [44,45]. Similarly to
adults [46], emerging data demonstrated that children with
OB are at higher risk of kidney damage (expressed as re-
nal function decline with or without hypertension and/or
proteinuria) [47–50]. Of note, cardiometabolic parameters
have been closely associated to kidney injury, suggesting
an intimate link between renal function and OB, but also
with the obesity-related dysmetabolic state [45,51,52].

In line with adult evidence reporting that females are
more susceptible to chronic kidney disease development
than males [53,54], we demonstrated for the first time sex-
related differences for mild renal injury in adolescents with
OB.

It is well established that LVH or abnormal LV geome-
try act as risk factors for cardiovascular morbidity and mor-
tality in adult populations [55,56]. The assessment of LVH
depends on the cut-off used to calculate LV mass or on the
presence of hypertension, which is the principal determi-
nant of LVH [13]. In any case, using the method proposed
by Chinali et al. [16], that indexes the LVM for height2.16
with a single cut-point for both sex, we observed higher
LVMi, and higher prevalence of LVH and even of concen-
tric LVH in boys than in girls, as demonstrated in adults.
Of note, we observed lower levels of RWTa in girls vs boys,
likely due to several factors such as bodyweight or fat mass.
This finding may be expression of reduced adaptation of
LVM to increased body weight or to the postload in girls vs
boys. This kind of cardiac geometry may predispose later in
life to higher risk of eccentric LVH notoriously associated
with cardiac failure that is prevalent in females than males
with OB [57].

With regard to cIMT as a marker of preclinical
atherosclerosis in adolescents, studies regarding the impact
of sex are limited and not conclusive. In addition, the lack
of robust normative tables makes difficoult the interpreta-
tion of cIMT [56]. We observed a higher prevalence of high
cIMT in boys than girls, but the finding that approximately
76% of youths with OW/OB had cIMT levels above 90th
percentile [25] highlights the difficulty of interpreting cIMT
in adolescents with OW or OB from a clinical point of view.

This study has some limitations that should be ac-
knowledged. Firstly, the cross sectional design does not
allow to understand whether the sex-related differences in
the traditional cardiometabolic risk factors might increase
in the following years. Secondly, information about pu-
bertal stage, family history or lifestyle behaviours were not
available to assess their possible influence on the sex preva-

6

https://www.imrpress.com


lence of visceral adiposity, hypertension, fatty liver disease,
and preclinical signs of target organ damage. On the other
hand, study strengths include the multicenter study design
and the large and well-phenotyped sample allowing to show
significant sex-differences in the cardiovascularrisk profile
of children with obesity.

5. Conclusions
In conclusion, this cross-sectional study conducted

in adolescents with OW/OB confirmed our hypothesis
that sex-related differences in cardiovascular risk might
be present in adolescents with OW/OB. Boys exhibited
a higher degree of visceral adiposity, hypertension, FLD,
LVH, and cIMT than girls. Conversely, a higher prevalence
of MReGFR was detectable in girls. These findings mirror
the cardiovascular risk profile observed in non-elederly and
non-diabetic adults. Considering that cardiovascular risk
might occur early in life, the role of a non modifiable factor
such as sex should be considered for early cardiovascular
risk stratification.

Worthy of note, relevant clinical and prognostic impli-
cations could be also drawn. Indeed, a better understanding
of sex-differences related to cardiometabolic health of chil-
dren with OW/OB might enhance the effectiveness of obe-
sity prevention interventions by significantly improving the
challenging management of these at-risk patients in clinical
practice.

Therefore, more research efforts are needed to expand
knowledge about sex-differences in the context of pediatric
OB. As a matter of fact, this could pave the way for an
insightful approach of personalized medicine through tar-
geted strategies for children with OB.

Abbreviations
BP, blood pressure; BMI, body mass index; cIMT,

carotid intima media thickness; eGFRFASheight, Full Age
Spectrum for height equation; FLD, fatty liver disease;
GFR, glomerular filtration rate; HDL-C, high-density
lipoprotein cholesterol; HbA1c, glycosylated hemoglobin
A1c; HOMA-IR, Homeostasis model assessment of
insulin-resistance; IVST, interventricular septum thickness;
LVH, left ventricular hypertrophy; LVM, left ventricular
mass; MReGFR, mild reduced eGFR; OB, obesity; OW,
overweight; RWT, relative wall thickness; TG/HDL-C ra-
tio, triglycerides to high-density lipoprotein-cholesterol ra-
tio; WHtR, waist to height ratio.

Availability of Data and Materials
The datasets used and analyzed during the current

study are available from the corresponding author on rea-
sonable request.

Author Contributions
PDB and GV designed the research study. ADS,

MRL, DC, MW, EMdG, AM, CM, MFF, EM, VC, FF, GM,

NM, AI performed the research. PDB analyzed the data.
PDB, ADS, and GV wrote the manuscript. All authors con-
tributed to editorial changes in the manuscript. All authors
read and approved the final manuscript. All authors have
participated sufficiently in the work and agreed to be ac-
countable for all aspects of the work.

Ethics Approval and Consent to Participate
The research was conducted in accordance with the

ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
The study was approved by the Research Ethical Commit-
tee of University of Campania “Luigi Vanvitelli” (protocol
code 834/2016) and an informed parental consent was ob-
tained before any procedure.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/j.rcm2504141.

References
[1] WHO Federation. World Obesity Atlas 2023. 2023. Avail-

able at: https://data.worldobesity.org/publications/?cat=19 (Ac-
cessed: 10 February 2024).

[2] Reilly JJ, Methven E, McDowell ZC, Hacking B, Alexander D,
Stewart L, et al. Health consequences of obesity. Archives of
Disease in Childhood. 2003; 88: 748–752.

[3] Schipper HS, de Ferranti S. Atherosclerotic Cardiovascular Risk
as an Emerging Priority in Pediatrics. Pediatrics. 2022; 150:
e2022057956.

[4] Rodzlan Hasani WS, Muhamad NA, Hanis TM, Maamor NH,
Wee CX, Omar MA, et al. The burden of premature mortality
from cardiovascular diseases: A systematic review of years of
life lost. PLoS ONE. 2023; 18: e0283879.

[5] Mishra SR, Chung HF, Waller M, Mishra GD. Duration of es-
trogen exposure during reproductive years, age at menarche and
age at menopause, and risk of cardiovascular disease events,
all-cause and cardiovascular mortality: a systematic review and
meta-analysis. BJOG: an International Journal of Obstetrics and
Gynaecology. 2021; 128: 809–821.

[6] Kautzky-Willer A, Leutner M, Harreiter J. Sex differences in
type 2 diabetes. Diabetologia. 2023; 66: 986–1002.

[7] Le MH, Le DM, Baez TC, Wu Y, Ito T, Lee EY, et al. Global in-
cidence of non-alcoholic fatty liver disease: A systematic review
and meta-analysis of 63 studies and 1,201,807 persons. Journal
of Hepatology. 2023; 79: 287–295.

[8] Lewandowski MJ, Krenn S, Kurnikowski A, Bretschneider P,
Sattler M, Schwaiger E, et al. Chronic kidney disease is more

7

https://doi.org/10.31083/j.rcm2504141
https://doi.org/10.31083/j.rcm2504141
https://data.worldobesity.org/publications/?cat=19
https://www.imrpress.com


prevalent among women but more men than women are under
nephrological care: Analysis from six outpatient clinics in Aus-
tria 2019. Wiener Klinische Wochenschrift. 2023; 135: 89–96.

[9] Chung ST, Onuzuruike AU, Magge SN. Cardiometabolic risk in
obese children. Annals of the New York Academy of Sciences.
2018; 1411: 166–183.

[10] Di Bonito P, Licenziati MR, Corica D, Wasniewska MG, Di
Sessa A, Del Giudice EM, et al. Phenotypes of prediabetes and
metabolic risk in Caucasian youths with overweight or obe-
sity. Journal of Endocrinological Investigation. 2022; 45: 1719–
1727.

[11] Di Bonito P, Moio N, Sibilio G, Cavuto L, Sanguigno E, Forzi-
ato C, et al. Cardiometabolic phenotype in children with obesity.
The Journal of Pediatrics. 2014; 165: 1184–1189.

[12] Di Bonito P, Licenziati MR, Baroni MG, Congiu T, Incani M,
Iannuzzi A, et al. High normal post-load plasma glucose, car-
diometabolic risk factors and signs of organ damage in obese
children. Obesity (Silver Spring, Md.). 2014; 22: 1860–1864.

[13] Di Bonito P, Valerio G, Pacifico L, Chiesa C, Invitti C, Morandi
A, et al. Impact of the 2017 Blood Pressure Guidelines by the
American Academy of Pediatrics in overweight/obese youth.
Journal of Hypertension. 2019; 37: 732–738.

[14] Hoste L, Dubourg L, Selistre L, De Souza VC, Ranchin B, Hadj-
Aïssa A, et al. A new equation to estimate the glomerular filtra-
tion rate in children, adolescents and young adults. Nephrology,
Dialysis, Transplantation: Official Publication of the European
Dialysis and Transplant Association - European Renal Associa-
tion. 2014; 29: 1082–1091.

[15] Di Bonito P, Valerio G, Licenziati MR, Di Sessa A, Miraglia
Del Giudice E, Morandi A, et al. Uric acid versus metabolic
syndrome as markers of fatty liver disease in young peo-
ple with overweight/obesity. Diabetes/metabolism Research and
Reviews. 2022; 38: e3559.

[16] Chinali M, Emma F, Esposito C, Rinelli G, Franceschini A,
Doyon A, et al. Left Ventricular Mass Indexing in Infants, Chil-
dren, and Adolescents: A Simplified Approach for the Identifi-
cation of Left Ventricular Hypertrophy in Clinical Practice. The
Journal of Pediatrics. 2016; 170: 193–198.

[17] de Simone G, Daniels SR, Kimball TR, Roman MJ, Romano C,
Chinali M, et al. Evaluation of concentric left ventricular geom-
etry in humans: evidence for age-related systematic underesti-
mation. Hypertension (Dallas, Tex.: 1979). 2005; 45: 64–68.

[18] Iannuzzi A, Licenziati MR, De Michele F, Verga MC, Santo-
riello C, Di Buono L, et al. C-reactive protein and carotid intima-
media thickness in children with sleep disordered breathing.
Journal of Clinical Sleep Medicine: JCSM: Official Publication
of theAmericanAcademy of SleepMedicine. 2013; 9: 493–498.

[19] Cacciari E, Milani S, Balsamo A, Spada E, Bona G, Cavallo
L, et al. Italian cross-sectional growth charts for height, weight
and BMI (2 to 20 yr). Journal of Endocrinological Investigation.
2006; 29: 581–593.

[20] Santoro N, Amato A, Grandone A, Brienza C, Savarese P,
Tartaglione N, et al. Predicting metabolic syndrome in obese
children and adolescents: look, measure and ask. Obesity Facts.
2013; 6: 48–56.

[21] American Diabetes Association. Standards of medical care in
diabetes 2022. Diabetes Care. 2022; 45: S1–S2.

[22] Expert panel on integrated guidelines for cardiovascular health
and risk reduction in children and adolescents: summary report.
Pediatrics. 2011; 128: S213–S256.

[23] Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE,
Daniels SR, et al. Clinical Practice Guideline for Screening and
Management of High Blood Pressure in Children and Adoles-
cents. Pediatrics. 2017; 140: e20171904.

[24] Levey AS, Eckardt KU, Dorman NM, Christiansen SL, Hoorn
EJ, Ingelfinger JR, et al. Nomenclature for kidney function and
disease: report of a Kidney Disease: Improving Global Out-

comes (KDIGO) Consensus Conference. Kidney International.
2020; 97: 1117–1129.

[25] Doyon A, Kracht D, Bayazit AK, Deveci M, Duzova A, Krmar
RT, et al. Carotid artery intima-media thickness and distensi-
bility in children and adolescents: reference values and role of
body dimensions. Hypertension (Dallas, Tex.: 1979). 2013; 62:
550–556.

[26] Lawlor DA, Ebrahim S, Davey Smith G. Sex matters: secular
and geographical trends in sex differences in coronary heart dis-
ease mortality. BMJ (Clinical Research Ed.). 2001; 323: 541–
545.

[27] Khan SS, Ning H, Wilkins JT, Allen N, Carnethon M, Berry JD,
et al. Association of Body Mass Index With Lifetime Risk of
Cardiovascular Disease and Compression of Morbidity. JAMA
Cardiology. 2018; 3: 280–287.

[28] Song X, Tabák AG, Zethelius B, Yudkin JS, Söderberg S,
Laatikainen T, et al. Obesity attenuates gender differences in
cardiovascular mortality. Cardiovascular Diabetology. 2014;
13: 144.

[29] Mongraw-Chaffin ML, Peters SAE, Huxley RR, Woodward
M. The sex-specific association between BMI and coronary
heart disease: a systematic review and meta-analysis of 95 co-
horts with 1ꞏ2 million participants. The Lancet. Diabetes & En-
docrinology. 2015; 3: 437–449.

[30] Pool LR, Aguayo L, Brzezinski M, Perak AM, Davis MM,
Greenland P, et al. Childhood Risk Factors and Adulthood Car-
diovascular Disease: A Systematic Review. The Journal of Pe-
diatrics. 2021; 232: 118–126.e23.

[31] Jacobs DR, Jr, Woo JG, Sinaiko AR, Daniels SR, Ikonen J, Juon-
ala M, et al. Childhood Cardiovascular Risk Factors and Adult
Cardiovascular Events. The New England Journal of Medicine.
2022; 386: 1877–1888.

[32] Lee J, Cha SG, Lee JS, Kim ST, Song YH. Association between
Obesity and Cardiovascular Disease Risk Factors in Different
Age Groups of Adolescents: An Analysis of Data from the Ko-
rean National Health and Nutritional Examination Survey. Chil-
dren (Basel, Switzerland). 2023; 10: 827.

[33] O’Keeffe LM, Tilling K, Bell JA, Walsh PT, Lee MA, Lawlor
DA, et al. Sex-specific trajectories of molecular cardiometabolic
traits from childhood to young adulthood. Heart (British Cardiac
Society). 2023; 109: 674–685.

[34] Barstad LH, Júlíusson PB, Johnson LK, Hertel JK, Lekhal S,
Hjelmesæth J. Gender-related differences in cardiometabolic
risk factors and lifestyle behaviors in treatment-seeking adoles-
cents with severe obesity. BMC Pediatrics. 2018; 18: 61.

[35] de Groot J, Santos S, Geurtsen ML, Felix JF, Jaddoe VWV.
Risk factors and cardio-metabolic outcomes associated with
metabolic-associated fatty liver disease in childhood. EClini-
calMedicine. 2023; 65: 102248.

[36] Geurtsen ML, Santos S, Felix JF, Duijts L, Vernooij MW, Gail-
lard R, et al. Liver Fat and Cardiometabolic Risk Factors Among
School-Age Children. Hepatology (Baltimore, Md.). 2020; 72:
119–129.

[37] Ballestri S, Nascimbeni F, Baldelli E, Marrazzo A, Romagnoli
D, Lonardo A. NAFLD as a Sexual Dimorphic Disease: Role of
Gender and Reproductive Status in the Development and Pro-
gression of Nonalcoholic Fatty Liver Disease and Inherent Car-
diovascular Risk. Advances in Therapy. 2017; 34: 1291–1326.

[38] Lonardo A, Suzuki A. Sexual Dimorphism of NAFLD in Adults.
Focus on Clinical Aspects and Implications for Practice and
Translational Research. Journal of Clinical Medicine. 2020; 9:
1278.

[39] Lonardo A, Nascimbeni F, Ballestri S, Fairweather D, Win S,
Than TA, et al. Sex Differences in Nonalcoholic Fatty Liver
Disease: State of the Art and Identification of Research Gaps.
Hepatology (Baltimore, Md.). 2019; 70: 1457–1469.

[40] Li J, Ha A, Rui F, Zou B, Yang H, Xue Q, et al. Meta-analysis:

8

https://www.imrpress.com


global prevalence, trend and forecasting of non-alcoholic fatty
liver disease in children and adolescents, 2000-2021. Alimentary
Pharmacology & Therapeutics. 2022; 56: 396–406.

[41] Villanueva-Ortega E, Garcés-Hernández MJ, Herrera-Rosas A,
López-Alvarenga JC, Laresgoiti-Servitje E, Escobedo G, et al.
Gender-specific differences in clinical and metabolic variables
associated with NAFLD in a Mexican pediatric population. An-
nals of Hepatology. 2019; 18: 693–700.

[42] Denzer C, Thiere D, Muche R, Koenig W, Mayer H, Kratzer W,
et al. Gender-specific prevalences of fatty liver in obese children
and adolescents: roles of body fat distribution, sex steroids, and
insulin resistance. The Journal of Clinical Endocrinology and
Metabolism. 2009; 94: 3872–3881.

[43] Kasarinaite A, SintonM, Saunders PTK, Hay DC. The Influence
of SexHormones in Liver Function andDisease. Cells. 2023; 12:
1604.

[44] Sawyer A, Zeitler E, Trachtman H, Bjornstad P. Kidney Con-
siderations in Pediatric Obesity. Current Obesity Reports. 2023;
12: 332–344.

[45] Martínez-Montoro JI, Morales E, Cornejo-Pareja I, Tinahones
FJ, Fernández-García JC. Obesity-related glomerulopathy: Cur-
rent approaches and future perspectives. Obesity Reviews: an
Official Journal of the International Association for the Study of
Obesity. 2022; 23: e13450.

[46] Garofalo C, Borrelli S, Minutolo R, Chiodini P, De Nicola L,
Conte G. A systematic review and meta-analysis suggests obe-
sity predicts onset of chronic kidney disease in the general pop-
ulation. Kidney International. 2017; 91: 1224–1235.

[47] Correia-Costa L, Afonso AC, Schaefer F, Guimarães JT, Bus-
torff M, Guerra A, et al. Decreased renal function in overweight
and obese prepubertal children. Pediatric Research. 2015; 78:
436–444.

[48] Marzuillo P, Grandone A, Di Sessa A, Guarino S, Diplomatico
M, Umano GR, et al. Anthropometric and Biochemical Deter-
minants of Estimated Glomerular Filtration Rate in a Large Co-
hort of Obese Children. Journal of Renal Nutrition: the Official
Journal of the Council on Renal Nutrition of the National Kidney
Foundation. 2018; 28: 359–362.

[49] Di Bonito P, Licenziati MR, Campana G, Chiesa C, Pacifico L,
Manco M, et al. Prevalence of Mildly Reduced Estimated GFR

by Height- or Age-Related Equations in Young People With
Obesity and Its Association with Cardiometabolic Risk Factors.
Journal of Renal Nutrition: the Official Journal of the Council
on Renal Nutrition of the National Kidney Foundation. 2021;
31: 586–592.

[50] Di Sessa A, Passaro AP, Colasante AM, Cioffi S, Guarino
S, Umano GR, et al. Kidney damage predictors in children
with metabolically healthy and metabolically unhealthy obesity
phenotype. International Journal of Obesity (2005). 2023; 47:
1247–1255.

[51] Xargay-Torrent S, Puerto-Carranza E, Marcelo I, Mas-Parés B,
Gómez-Vilarrubla A, Martínez-Calcerrada JM, et al. Estimated
glomerular filtration rate and cardiometabolic risk factors in a
longitudinal cohort of children. Scientific Reports. 2021; 11:
11702.

[52] Ricotti R, Genoni G, Giglione E,Monzani A, NugnesM, Zanetta
S, et al. High-normal estimated glomerular filtration rate and hy-
peruricemia positively correlate with metabolic impairment in
pediatric obese patients. PLoS ONE. 2018; 13: e0193755.

[53] Carrero JJ, Hecking M, Chesnaye NC, Jager KJ. Sex and gender
disparities in the epidemiology and outcomes of chronic kidney
disease. Nature Reviews. Nephrology. 2018; 14: 151–164.

[54] Lewandowski MJ, Krenn S, Kurnikowski A, Bretschneider P,
Sattler M, Schwaiger E, et al. Chronic kidney disease is more
prevalent among women but more men than women are under
nephrological care: Analysis from six outpatient clinics in Aus-
tria 2019. Wiener Klinische Wochenschrift. 2023; 135: 89–96.

[55] Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP.
Prognostic implications of echocardiographically determined
left ventricular mass in the Framingham Heart Study. The New
England Journal of Medicine. 1990; 322: 1561–1566.

[56] de Simone G, Izzo R, Chinali M, De Marco M, Casalnuovo G,
Rozza F, et al. Does information on systolic and diastolic func-
tion improve prediction of a cardiovascular event by left ventric-
ular hypertrophy in arterial hypertension? Hypertension (Dallas,
Tex.: 1979). 2010; 56: 99–104.

[57] Sciomer S, Moscucci F, Salvioni E, Marchese G, Bussotti M,
Corrà U, et al. Role of gender, age and BMI in prognosis of
heart failure. European Journal of Preventive Cardiology. 2020;
27: 46–51.

9

https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Anthropometric, Clinical and Laboratory Evaluations
	2.2 Instrumental Assessments
	2.3 Definitions
	2.4 Statistical Analysis

	3. Results
	3.1 Study Population
	3.2 Left Ventricular Echocardiography
	3.3 Carotid Intima Media Thickness 

	4. Discussion
	5. Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

