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Abstract
Despite the implementation of preventive measures to counteract the obesity epidemics, the prevalence of 
childhood obesity is still alarming all over the world. Childhood obesity is the most common risk factor for both 
cardiovascular and metabolic diseases. In fact, an earlier onset of obesity can cause a greater risk of adiposity 
tracking across the lifespan and consequently a longer exposure to cardiometabolic risk factors. Accumulating 
evidence provided by prospective and intervention studies demonstrated the link between pediatric obesity and 
selected subclinical signs of cardiovascular damage (atherosclerosis and left ventricular hypertrophy), or fatal and 
not fatal cardiovascular events as early as 40 years of age.

The numerous guidelines and scientific documents published in the last years demonstrate the relevance of 
assessing cardiometabolic risk factors in children and adolescents with OB.

This Position paper, released by experts of the “Childhood Obesity study group” within the Italian Society for 
Pediatric Endocrinology and Diabetology, aims to review the assessment of cardiometabolic risk factors and 
comorbidities in children and adolescents with OW/OB on the light of the most recent scientific evidence.

The main recommendations are: (a) early detection of comorbidities, including hypertension, dyslipidemia, 
prediabetes/type 2 diabetes, metabolic dysfunction-associated steatotic liver disease, polycystic ovary syndrome, 
inactivity, obstructive sleep apnea and decline in kidney function; (b) weight loss treatment, which is associated 
with a reduction of all cardiometabolic risk factors; (c) specific treatment of comorbidities, through lifestyle 
modifications or pharmacological treatment added to lifestyle for suitable individuals; d). monitoring comorbidities 
for mitigating future morbidity and mortality.
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Introduction
Despite the slight reduction in the prevalence of child-
hood obesity (OB) obtained through sustained preven-
tive programs in the last years, the ongoing surveillance 
systems show that the prevalence of OB is still alarming 
all over the world. The last Italian 2019 report underlines 
the presence of overweight (OW) in 20.4% children, OB 
in 9.4% and severe OB in 2.4% [1]. There are several com-
pelling evidences that childhood OB is the most common 
risk factor for both cardiovascular (CV) and metabolic 
diseases [2].

Two conditions are worthy of particular attention: 
OB onset under 5 years of age and severe OB. An ear-
lier onset of OB can cause a greater lifetime exposure to 
cardiometabolic risk factors (CMRFs) [3]. Indeed, a sys-
tematic review with meta-analysis reported a medium/
strong tracking of adiposity across the lifespan and an 
association between childhood OB and selected adult CV 
risk factors [4]. Moreover, a higher prevalence of CMRFs, 
such as insulin resistance (IR), hypertension (HTN), dys-
lipidemia, and prediabetes, has been reported in children 
with severe OB compared to milder forms [5, 6].

Since CV disease in childhood is rare, it is difficult to 
demonstrate the value of relative contribute of each sin-
gle CMRF in childhood as compared to adulthood, when 
subclinical and clinical disease are prevalent. However, 
recent longitudinal studies demonstrated that some risk 
factors in childhood, such as HTN and dyslipidemia, are 
associated with subclinical atherosclerosis and left ven-
tricular hypertrophy (LVH) in adult life. Of note, Franks 
et al. have shown that children in the highest quartile of 
body mass index (BMI) had more than double the rate 
of premature death (including CV disease) than those in 
the lowest [7]. According to a recent systematic review, 
robust evidence linked hypertension, hyperlipidemia, and 
risk factor clustering with subclinical CV disease, while 
limited evidence linked these factors with adult clinical 
CVD [8]. In this context of uncertain results, an impor-
tant prospective study was performed on the behalf of 
the International Childhood Cardiovascular Cohort (i3C) 
Consortium [9]. This study, that included seven cohorts 
in Australia, Finland, and the United States, found that 
childhood risk factors at the age of 3–19 years were asso-
ciated individually and in combination with fatal and not 
fatal CV events as early as 40 years of age.

Based on these premises, children with OW/OB should 
be monitored closely and screened periodically for obe-
sity-related CV risk factors. The numerous guidelines 
and scientific documents published in the last years 

demonstrate the relevance of assessing CMRFs in chil-
dren and adolescents with OB. A recent scoping review 
of 30 international and national guidelines on the man-
agement of pediatric OB found that most of them (76%) 
had some guidance on screening for metabolic complica-
tions, namely, HTN, type 2 diabetes (T2D), dyslipidemia, 
and non-alcoholic fatty liver disease (NAFLD) [10]. The 
Authors reported significant variations between guide-
lines in the extent and details of recommendations, such 
as BMI thresholds, age of onset, frequency, and screen-
ing tests. Only few months later, the American Academy 
of Pediatrics (AAP) released a technical report that pro-
vided evidence-based information for the management of 
OB comorbidities [11].

In addition, as new studies are reviewed and graded, 
several guidelines specifically dedicated to the assess-
ment and management of childhood HTN, diabetes, lipid 
and fatty liver disease (FLD) have been updated [12–16].

Thus, experts of the “Childhood Obesity study group” 
of the Italian Society for Pediatric Endocrinology and 
Diabetology decided to update the Italian Consensus 
position statement on diagnosis, treatment and preven-
tion of pediatric obesity released in 2018 [17] with the 
aim to review the assessment of CMRFs in children and 
adolescents with OW/OB on the light of the most recent 
scientific evidences.

This position statement follows the publication of an 
updated consensus document on the treatment of pediat-
ric obesity recently released by the same group of experts 
[18], to which any interested reader should refer to for 
more details on lifestyle intervention, drugs, and bariatric 
surgery.

Adiposity measures and cardiometabolic risk
Obesity is as a state of excessive adipose tissue, that 
is strongly associated with an increased prevalence of 
CMRFs. Since direct measurement of body fat is rarely 
available in the clinical practice, the weight-to-length 
ratio (< 2 years) or the BMI (≥ 2 years), which measure 
excess weight, and not body fat, are the most frequently 
used tool to diagnose and classify OW or OB. Despite 
this limit, stratification of weight categories based on 
age- and sex-specific BMI percentiles showed a higher 
prevalence of abnormal levels of cardiometabolic vari-
ables with greater severity of OB [19]. As BMI is strictly 
dependent on sex and age, several BMI metrics can be 
used, i.e. BMI Z-score, BMI percentile, percent of the 
BMI 95th percentile (%BMIp95), or percent of the BMI 
median (%BMIp50). It was found that all these metrics 
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significantly correlated with adiposity, visceral adiposity 
and CMRFs in children and adolescents, but %BMIp95 
and %BMIp50 were the indices most strongly corre-
lated with measures of adiposity [20]. However, there 
is emerging evidence to suggest that central adiposity 
is increasing at a faster rate than BMI also in childhood 
[21]. Therefore, other tools, such as waist circumference 
(WC), have been proposed as surrogate of abdominal 
fat content. Specifically, WC may be useful in addition 
to BMI, in the stratification of CMR in childhood with 
OW/OB [22]. For instance, it has been demonstrated that 
youths with high WC values were more likely to have ele-
vated CMRFs compared with those with low WC values, 
within a given BMI category [23]. Unfortunately, the use 
of WC in the clinical practice is undermined by the lack 
of cut points and widely accepted reference data for chil-
dren and/or adolescents (only few country-specific refer-
ences are available). Therefore, the waist-to-height ratio 
(WHtR) is an alternative simple and quick tool to screen 
for abdominal fat and CMR in children. Compared to 
BMI and WC, WHtR is much less variable with age, and 
a single cut-off can be used for stratification across age 
range. On the contrary, different cut-offs should be con-
sidered for East and Southeast Asian regions and Latin 
American regions [24]. A WHtR cut-off value > 0.50 has 
been demonstrated to predict central OB with high accu-
racy [25] and to be related to worse metabolic profile in 
children and adolescents from the general population 
[26]. Regarding children and adolescents with OB, a cut-
off ≥ 0.60 has been proposed to predict CMR [27–29]; 
furthermore, a reduction of this index over time was 
associated with an improvement in the CMR profile [27].

In the light of current knowledge, WHtR did not have 
significantly better screening power than BMI and WC in 
most traditional CMRFs, except for elevated triglycerides 
(TG) when compared with BMI and high metabolic risk 
score when compared with WC [30].

Panel recommendation BMI is essential for the screen-
ing of children > 5 years of age with OW, OB and severe 
OB as well as for the stratification of CMR. The cut-offs 
for definition are shown in Table  1. The WHtR mea-
sure may provide additional support to suspect CMR. 
In youths with OB, the combination between BMI and 
WHtR can be useful to monitor overall and abdominal 
adiposity changes during weight management programs.

Hypertension
High blood pressure (BP) is frequently reported in chil-
dren with OW/OB. HTN was found respectively in 5.0% 
of OW and 15.3% of OB youths compared to 1.9% nor-
mal-weight children [31]. The standard procedure for the 
diagnosis of HTN has been based on systolic and/or dia-
stolic BP values   ≥95th percentile for age, sex, and height 

provided by the Fourth report on the diagnosis, evalu-
ation, and treatment of high BP in children and adoles-
cents [32]. The former reference tables were replaced by 
those proposed by the AAP in 2017 after the exclusion 
of individuals with OW/OB [12]. Furthermore, the AAP 
proposed the use of table percentiles for age < 13 years 
a cut-off of BP ≥ 130/80 mmHg over 13 years of age, as 
it was proposed in adults. In 2020 the Canadian guide-
lines accepted the new AAP tables of BP, but in view of 
a simplification, proposed static cut-offs in children 
(< 12 years) ≥ 120/80 mmHg and ≥ 130/85 in adolescents 
(age ≥ 12 years), respectively [33].

In 2022 a Panel of experts of the European Society 
of Cardiology (ESC) agreed upon the new normative 
tables released by the AAP, but did not support the use 
of fixed cut off at 13 years for several reasons: (1) incom-
plete pubertal maturation at this age; (2) systolic BP lev-
els rarely exceed the normal adult cut-point between 13 
and 16 years, especially in tall boys; (3) the power in the 
identification of early hypertensive organ damage is still 
unknown. Therefore, it was suggested to use percentiles 
for age ≤ 16 years, and a fixed cut-off of 130/85 mmHg in 
the transition age of 16–18 years [13].

Italian cross-sectional studies demonstrated the advan-
tage of the 2017 AAP tables over the 2004 Fourth Report 
tables in young people with OW/OB. About 11% youths 
who were discordantly classified (non-hypertensive 
according to the 2004 tables but hypertensive according 
to the 2017 tables) showed higher BP levels and abnormal 
CMRFs [34]. Another comparative study underlined the 
advantage of using the 2017 percentiles of BP, as recom-
mended by ESC consensus document, against the Cana-
dian fixed cutoffs in terms of primary CV prevention 
[35].

The screening should be performed in all children and 
adolescents with OW/OB starting from 2 years of age 
and repeated at each visit. Several guidelines recom-
mend that HTN should be confirmed on 3 different occa-
sions (moderate level of evidence). Since this procedure 
exposes youths with OW/OB at high risk of drop-out 
[36–38], we agree with the ESC consensus document that 
a second measure of BP within 2–3 weeks from the first 
finding may be sufficient for confirmation of HTN.

Ambulatory BP monitoring can be used in selected 
cases (suspected white coat, secondary HTN, diabe-
tes, monitoring of antihypertensive therapy and clini-
cal trials) in specialized centers. However, the lack of 
the normative tables, which are representative of the 
young general population (those in use are derived from 
a German population) limits the implementation of this 
method in clinical practice [39].

Echocardiographic evaluation may be undertaken 
at presentation of HTN to identify LVH as an index of 
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target damage, and to address the need and monitoring 
of drug therapy (see next paragraph).

The best therapeutic approach either in case of elevated 
BP or HTN corresponds to the multidisciplinary treat-
ment of OB. The initial approach is based on hypocalo-
ric diet, reduction of sodium intake and screen time and 
increase of moderate/vigorous physical activity (PA). If 
HTN persists after 6 months, pharmacologic treatment 
can be started with drugs licensed for use in children, in 

the presence cardiac or renal damage or failure of non-
pharmacological therapy. If HTN Stage 2 is confirmed in 
the second visit the patient should start therapy imme-
diately or be sent to a specialist center. Antihypertensive 
agents licensed for use in children include angioten-
sin converting enzyme inhibitors, angiotensin receptor 
blockers, dihydropyridine calcium channel blocker [12, 
13]. Diuretics or beta blockers are not suggested in chil-
dren with OW/OB, except in specific conditions, as 

Table 1 Cardiometabolic risk factors
Cut-offs

Weight excess
Overall adipositya, b,c

0–2 years
At risk of overweight Weight-to-length ratio Z-score > + 1 and <=+2
Overweight Weight-to-length ratio Z-score > + 2 and <=+3
Obesity Weight-to-length ratio Z-score > + 3
2–5 years
At risk of overweight BMI Z-score > + 1 and <=+2
Overweight BMI Z-score > + 2 and <=+3
Obesity BMI Z-score > + 3
5–18 years
Overweight BMI Z-score > + 1 and <=+2
Obesity BMI Z-score > + 2 and <=+3
Severe Obesity BMI Z-score > + 3
Visceral adiposity
WHtR ≥ 0.60
High blood pressured

Elevated BP Systolic and/or diastolic BP (mmHg) ≥ 90th < 95th pc. for age, sex, and height
Hypertension Systolic and/or diastolic BP (mmHg) ≥ 95th pc. for age, sex, and height (under 16 years) e

Systolic and/or diastolic BP (mmHg) ≥ 135/80 (16–18 years)
Glucose dysmetabolism
Prediabetes
Impaired fasting glucose Fasting glucose ≥ 100 < 126 mg/dL
High HbA1c HbA1c ≥ 5.7 < 6.5% (≥ 39 < 48 mmol/mol)
Impaired glucose tolerance 2-h glucose during oral glucose tolerance test ≥ 140 < 200 mg/dL
Diabetes Fasting glucose ≥ 126 mg/dL or HbA1c ≥ 6.5% (≥ 48 mmol/mol) or 2-h glucose ≥ 200 mg/dL f

Dyslipidemia
High LDL-Cholesterol LDL- Cholesterol calculated ≥ 130 mg/dL
High cholesterol Total cholesterol ≥ 200 mg/dL
High triglycerides Triglycerides ≥ 100 mg/dL (< 10 years) or TG ≥ 130 mg/dL (≥ 10years)
Low HDL-Cholesterol HDL- Cholesterol <40 mg/dL
Physical inactivity
Physical activity < 60 min/day
Sedentary behavior ≥ 2 h/day
a Weight-to-length or BMI z-scores of + 1, + 2 and + 3, approximate the 85th, 97th and 99th pcs, respectively
bNormative BMI tables are available from: https://www.who.int/tools/child-growth-standards/standards/weight-for-length-height (0–2 years); https://www.who.
int/toolkits/child-growth-standards/standards/body-mass-index-for-age-bmi-for-age (2–5 years); https://www.who.int/tools/growth-reference-data-for-5to19-
years (5–18 years)
c software to calculate weight-to-length or BMI percentile or Z-scores is available at http://www.weboriented.it/gh4/downloads/index.php
d Normative systolic and diastolic BP tables arranged by age, sex, and height (and height percentile) [15]
e Confirm on two occasions within 2–3 weeks
f Confirm on two occasions

Abbreviations: BMI: body mass index; BP: blood pressure; HbA1c: glycosylated hemoglobin A1c; HDL: high density lipoprotein; LDL: low density lipoprotein.; pc: 
percentile

https://www.who.int/tools/child-growth-standards/standards/weight-for-length-height
https://www.who.int/toolkits/child-growth-standards/standards/body-mass-index-for-age-bmi-for-age
https://www.who.int/toolkits/child-growth-standards/standards/body-mass-index-for-age-bmi-for-age
https://www.who.int/tools/growth-reference-data-for-5to19-years
https://www.who.int/tools/growth-reference-data-for-5to19-years
http://www.weboriented.it/gh4/downloads/index.php
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they may alter glucose metabolism and reduce energy 
expenditure.

Panel recommendation In agreement with the ESC 
Consensus document for the diagnosis of HTN in chil-
dren or adolescents with OW/OB, this Panel suggests the 
use of the cut-offs of BP by sex, age, and height of the AAP 
guidelines to define elevated BP (≥ 90th < 95th percen-
tile), Stage 1 HTN (≥ 95th percentile) and Stage 2 HTN 
(BP ≥ 95th percentile + 12  mm Hg) (Table  1). Only two 
measurements (within 2–3 weeks) are sufficient to con-
firm HTN.

Dyslipidemia
The association between OB and dyslipidemia is predic-
tive of fatal and non-fatal CV events in adult life. Trans-
lational, epidemiological and clinical studies have clearly 
demonstrated the strong link between visceral and ecto-
pic fat and the development of atherogenic dyslipidemia, 
and atherosclerotic lesions have been proven since pedi-
atric age [40]. Dyslipidemia in OB is mainly driven by the 
effects of IR and pro-inflammatory adipokines, but it also 
depends on individual factors [41].

Although it still remains underestimated, the diagno-
sis of dyslipidemia is increasing both in adulthood and 
in childhood, due to the worsening in OB prevalence but 
also to the growing medical attention towards CMRFs in 
patients of any age [42].

Lipid abnormalities in children and adolescents with 
OB include elevated serum triglycerides (TG) and non-
high-density cholesterol (non-HDL-C) levels and low 
HDL-C levels. Low density lipoprotein-cholesterol (LDL-
C) levels are frequently normal or slightly elevated, but 
an increase of small dense LDL-C has been demonstrated 
[43]. According to a recent systematic review and meta-
analysis the prevalence of high TG in children and ado-
lescent with OW or OB, is respectively 12.6% and 19.2%, 
the prevalence of low HDL-C is 15.7% and 20.3%, while 
elevated LDL-C has been reported in 7.5% and 12.2% 
[44].

The appropriate age for screening dyslipidemia is still 
debated. The guidelines from NHLBI, BMJ Best Prac-
tice, and the Society for Adolescent Health and Medicine 
report two windows by age for universal lipid screen-
ing in youth, regardless of BMI status: 9–11 years and 
17–21 years [45]. However, it is strongly recommended 
to anticipate lipid screening between 2 and 8 years of age 
in children with OB, which represents itself a CMRF. The 
presence of family history of dyslipidemia or premature 
CV disease, or moderate- or high-risk medical conditions 
are additional criteria for earlier screening [17, 46]. Most 
guidelines recommend the fasting lipid profile (TG, total 
cholesterol, HDL-C and calculated LDL-C) to detect 
dyslipidemia in children with OB [10]. The importance 

of lipoprotein (a) dosage in the global estimate of CV 
risk is also emerging, especially in the context of famil-
ial hypercholesterolaemia [47, 48]. Lipoprotein(a) level 
is genetically determined. It has been demonstrated that 
concentrations of lipoprotein(a) are independent of BMI, 
age and sex during childhood [49]. Therefore, the dos-
age of this lipoprotein is useful for identifying children at 
high CV risk, independent of obesity.

A total cholesterol ≥ 200  mg/dl, an LDL-C ≥ 130  mg/
dl and a HDL-C < 40 mg/dl are the cut-off reference val-
ues to define an abnormal lipid profile according to the 
Expert Panel on Integrated Guidelines for Cardiovas-
cular Health and Risk Reduction in Children and Ado-
lescents [46]. For TG, the cut-off differs according to 
age: ≥100 mg/dl up to 9 years and ≥ 130 mg/dl above 10 
years of age (Table  1). Consistent evidence unequivo-
cally establishes that the atherosclerotic risk linked to 
dyslipidemia is a cumulative risk, determined by both the 
concentration of circulating LDL-C and other ApoB-con-
taining lipoproteins, and the total duration of exposure to 
these lipoproteins. This evidence justifies the importance 
of increased awareness, early identification, and optimal 
treatment to reduce clinical CV risk.

Obesity-associated dyslipidemia is usually treated with 
diet and lifestyle interventions. The Expert Panel Guide-
lines for Cardiovascular Health and Risk Reduction in 
Children and Adolescents provide evidence based guid-
ance for dietary management of dyslipidemia [46]. The 
first nutritional approach is based upon the CHILD 1 diet 
(total fat 30% of daily caloric intake, saturated fat 8–10%, 
monounsaturated and polyunsaturated fat up to 20%, 
cholesterol < 300  mg/d, avoid trans fats, encourage high 
dietary fiber intake from foods). If dyslipidemia persists, 
the CHILD-2–TG diet is prescribed (total fat 25–30% 
≤7% from saturated fat, ∼10% from monounsaturated 
fat; <200 mg/d of cholesterol; avoid trans fats, encourage 
high dietary fiber intake). In addition, low simple sugars 
are replaced with complex carbohydrates, sugar-sweet-
ened beverages are avoided and the weekly frequency 
dietary fish is increased). The use of plant sterols or sta-
nol esters can be usefull as an adjunct to low cholesterol 
diet.

However, children with OW/OB may also suffer from 
familial hypercholesterolemia, which is characterized by 
the presence of high levels of LDL-C, that may be need 
pharmacologic treatment in addition to CHILD-2 -diet. 
Less than 1% of children and adolescents with OB would 
qualify for statin treatment [50].

Panel recommendation The appropriate age for screen-
ing of dyslipidemia in children with OB is 6 years; screen-
ing may be anticipated starting from the age of 2 years in 
the presence of familial or medical conditions at risk of 
CV disease [17, 46].
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Prediabetes and type 2 diabetes
The prevalence of pre-diabetes in children/adolescents 
with OB is on average 17% (95% C.I.: 13–22), according 
to a meta-analysis including both community/school-
based and clinic-based representative cohorts of Euro-
peans, Americans, Asians, and Africans, and considering 
all the three phenotypes of prediabetes: impaired fast-
ing glucose, impaired glucose tolerance and glycosylated 
hemoglobin (HbA1c) between 5.7 and 6.4% [51]. The het-
erogeneity is very high, even among cohorts with similar 
ethnic composition, with a prevalence ranging from 3 to 
56% [51]. The prevalence tends to peak among groups of 
patients from specialized OB centers and/or with a very 
high average BMI [51–54]. In fact, not only the risk of 
prediabetes is almost three times higher in youth with 
OB compared healthy youth, but it also correlates posi-
tively with the BMI [51–54]. Type 2 diabetes has a preva-
lence of 1.3% [95% C.I.: 0.6–2.1], with no study reporting 
a prevalence above 2%, according to the above-men-
tioned meta-analysis, which mainly includes adolescent 
cohorts [51]. The prevalence may be lower (around 0.3%) 
when both children and adolescents are considered [44, 
55]. Some ethnicities (Native Americans, Africans, Lati-
nos, Asians, and Pacific Islanders) are at increased risk, 
compared to White youth [10, 56]. A recent study per-
formed in Italian children and adolescents with OW/OB 
demonstrated that prediabetes was detected in 22.8% 
children under 10 years of age, although at a significantly 
lower extent than adolescents (27.6%) [52].

According to the American Diabetes Association and 
the International Society for Pediatric and Adolescent 
Diabetes, screening for prediabetes and T2D is consid-
ered in children with OW starting from the age of 10 
years or at pubertal onset in the presence of at least one 
of the following additional risk factors: maternal history 
of diabetes or gestational diabetes during the child’s ges-
tation, T2D in a first- or second-degree relative, tradi-
tionally high-risk ethnicity, and signs of IR or associated 
conditions (acanthosis nigricans, HTN, dyslipidemia, 
polycystic ovary syndrome (PCOS), or small-for-gesta-
tional-age birth weight) [16, 57]. Fasting plasma glucose, 
2-h plasma glucose during an oral glucose tolerance test 
and HbA1c can be used for the screening [58]. In those 
with normal screening results, screening should be 
repeated after three years, or before, in case of worsening 
BMI or strong family history of T2D [16, 57].

Although the prediabetes is not considered a disease 
but a condition at risk for T2D, the treatment of pre-
diabetes is fundamental to avoid the stress of beta-cell 
function. Therefore, in youths with prediabetes all guide-
lines recommend a healthy lifestyle: diet consistent with 
recommendations and requirements for age and BMI, 
replacement of juices and soft drinks with water, and reg-
ular physical activity (PA) (1 h daily of moderate/vigorous 

PA, with bone and muscle training at least three times 
a week). Type 2 diabetes is treated with the above-men-
tioned lifestyle plus drug therapy tailored to the sever-
ity of the metabolic impairment [57]. The HbA1c target 
is < 7%. At diagnosis, metformin (titrated to 2  g/die) is 
used alone (HbA1c < 8.5%) or in combination with s.c. 
basal insulin 0.25–0.5 U/kg/die (HbA1c > 8.5%), preceded 
by i.v. insulin therapy in case of ketosis, ketoacidosis, or 
hyperosmolar state. In 90% of cases, the patients on met-
formin + insulin therapy can be weaned off insulin in 2–6 
weeks. If HbA1c does not decrease below 7%, a glucagon-
like peptide-1 agonist licensed for use in children can be 
added to metformin [57]. Patients keeping a high HbA1c 
(> 9%) need s.c. insulin besides maximal doses of metfor-
min and glucagon-like peptide 1agonist/other medica-
tion [57]. Pre-prandial rapid insulin could be necessary. 
Frequent self-monitoring of blood glucose is needed for 
patients using insulin or sulfonylurea [17]. HbA1c should 
be dosed every three months. Retinopathy and albumin-
uria should be screened at diagnosis and annually [57].

Panel recommendation Youths with OB should undergo 
a fasting glucose test and HbA1c assessment starting from 
age 6 years [17]. OGTT and HbA1c should be performed 
in children with OW/OB from age 10 years or at pubertal 
onset in the presence of additional risk factors.

Metabolic syndrome
Metabolic syndrome (MetS) is defined by a cluster of 
several CMRFs, specifically visceral OB, high BP, dyslip-
idemia, and altered glucose metabolism, which increase 
the risk of developing future CV disease and T2D in 
adulthood [59–62]. Identifying children with MetS might 
allow pediatricians to promptly identify and treat chil-
dren with an adverse metabolic phenotype and to prevent 
future adverse outcomes [62]. However, there are several 
concerns that limit the use of MetS definition in children 
and adolescents. First, at least 40 different definitions of 
pediatric MetS have been proposed [61]. Mainly, they are 
derived from those used for adults, by applying the age-
related cut-off values specific for each component [63]. In 
turn, this may lead to an over-estimation of diagnosis of 
MetS in childhood. Moreover, the cut-off values for each 
component of MetS are frequently derived from refer-
ence values that are not specific for the patient’s nation-
ality/ethnicity [61]. Therefore, it is difficult to establish a 
real prevalence of this condition and to precisely define 
its clinical implication in youths with OW/OB [59–62, 
64] Literature data provided a wide range of prevalence 
of Mets in pediatric age (from 24.1 to 56.3%) with 3 
times higher frequency in males than in females [65, 66]. 
Therefore, without an international diagnostic criterium 
the definition of MetS is poorly applicable in the clinical 
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setting [60, 62] and its implications for clinical practice 
are questionable [66].

The lack of consensus regarding the definition of pedi-
atric MetS is partially related to improvement in our 
knowledge on the mechanisms underlying the stabil-
ity of metabolic biomarkers during growth and pubertal 
development. Differently from adults, in whom gender, 
ethnicity and body composition are the main factors 
influencing the pathophysiological basis and main fea-
tures of MetS, growth and puberty represent additional 
key factors that need to be taken into consideration.

First, the abnormalities behind MetS develop progres-
sively, following age-related changes linked to OB, so that 
MetS cannot be diagnosed before the age of 6 years [67]. 
Second, CMRFs may deteriorate during mid-puberty 
and improve at late puberty, owing to the physiological 
changes in IR [68]. Such developmental changes affect 
the long-term reproducibility of the diagnosis of MetS, 
thus reducing its predictivity in childhood [69]. Indeed, a 
large proportion of individuals affected by Mets in child-
hood no longer meet criteria for Mets during both short- 
and long-term follow-up [70].

As suggested by the AAP it would be more conve-
nient from a clinical point of view to focus on each of the 
CMRFs, many of which cluster together and are associ-
ated with OB, rather than trying to define MetS [71]. 
Indeed, a recent large prospective study on 38,589 partic-
ipants from the International Childhood Cardiovascular 
Cohort (i3C) Consortium, demonstrated strong associa-
tion between traditional risk factors (BMI, cholesterol, 
TG, systolic BP, and youth smoking) from childhood to 
adulthood, individually and in combination, with the 
development of incident adult CV events beginning as 
early as 40 years of age [9]. It should be underlined that 
for any CMRF the risk lies on a continuum. On this basis, 
several risk scores, such as the Continuous Metabolic 
Syndrome Score, have been developed to assess CMR 
in adolescents. Most of them included a measure of adi-
posity, and use an internal cohort as reference to create 
Z-scores. The lack of a standard set of CMRFs represents 
a strong limitation in its implementation in the clinical 
setting [72].

Panel recommendation Diagnosis of MetS should be 
abandoned and treatment of CMRFs should focus on 
established risk factors. In addition, the detection of 
CMRFs in children should be reassessed at the end of 
puberty to confirm the persistence of risk and undergo 
intensive treatment approaches.

Furthermore, it is necessary to increase awareness on 
other comorbidities associated to OB and not included in 
the definition of MetS, such as FLD, polycystic ovary syn-
drome (PCOS), or obstructive sleep apnea (OSA), which 

might expose youths with OW/OB to an increased risk 
for CV disease.

Fatty liver
The build-up of excess fat in the liver is a common trait 
of childhood OB. Indeed, this condition, formerly termed 
NAFLD, has become the leading pediatric chronic liver 
disease with an estimated general prevalence around 
7.4% and up to 52.5% in children with OB [73]. Although 
partly elucidated, the pathophysiology involves the inter-
play of genetics (variants in Patatin-like phospholipase 
containing domain 3 (PNPLA3), Transmembrane 6 super-
family member 2 (TM6SF2), and Glucokinase Regulator 
(GCKR) genes) and environment (diet, gut microbiota, 
hormones, and chemicals) [74, 75]. IR acts as corner-
stone in its dangerous relationship with visceral adipos-
ity and metabolic dysregulation, as highlighted by the 
thoughtful terminology transition from the “metabolic 
(dysfunction)-associated fatty liver disease” [75] to the 
latest “metabolic dysfunction-associated steatotic liver 
disease” (MASLD), as proposed by a multi-society Delphi 
consensus statement [76]. According to this statement, 
MASLD is diagnosed in children with liver steatosis plus 
one of the five metabolic abnormalities among youths 
with OW/OB or WC > 95th percentile, prediabetes, high 
BP, high plasma TG or low HDL-C. Estimates of IR such 
as HOMA-IR come to be clinically valuable in patients 
with suspected MASLD who does not still meet any of 
the 5 diagnostic criteria [76]. Noteworthy, nearly one-
fourth of children with MASLD might rapidly progress 
to steatohepatitis [73, 77] and the disease course in child-
hood has been found to be more severe than in adults 
[76, 77]. Despite the shortage of large longitudinal stud-
ies, a long-term cardiometabolic burden with increased 
morbidity and mortality in young adulthood has been 
observed for pediatric MASLD [74].

Considering the progressive but often asymptomatic 
MASLD course [74, 77], screening programs are funda-
mental. The North American Society of Pediatric Gas-
troenterology, Hepatology and Nutrition guidelines 
recommend serum alanine transaminase measurement 
as first line screening in children with OB, indicating the 
values > 22 IU/L for girls and > 26 IU/L for boys as cut-
offs to define high values [14]. Additional risk factors to 
be taken into account include family history, Hispanic 
ethnicity, IR, prediabetes and T2D, central adiposity, 
dyslipidaemia, PCOS, OSA, hypothyroidism, and pan-
hypopituitarism [10, 14]. MASLD screening should be 
performed between ages 9–11 years, but it can be done 
earlier in younger patients with OB [14]. Recent stud-
ies from the Italian Society for Pediatric Endocrinology 
and Diabetology study group on childhood obesity dem-
onstrate that high levels of uric acid and/or reduced glo-
merular filtration rate are robustly suggestive of MASLD 
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[78]. Therefore, these markers of disease may represent 
a useful tool for deciding to anticipate the screening of 
MASLD by using abdominal ultrasound.

Despite low diagnostic accuracy, abdominal ultra-
sound represents the most widely used imaging method 
since its feasibility and non-invasiveness [14]. It has been 
largely recommended as second line screening [14]. Mag-
netic resonance spectroscopy and controlled attenuation 
parameters using vibration-controlled transient elastog-
raphy are able to provide semi-quantitative information 
on fat liver content, being also informative of fibrosis 
[79]. Its use is limited because of cost, lack of availability, 
and of validated cut-offs to determine steatotic liver.

Although liver biopsy currently remains the diagnostic 
gold standard for fatty liver, being able to detect necro-
inflammation and fibrosis, its use is limited by ethical 
issues and invasiveness [14, 80]. Several non-invasive 
scores have emerged in this context [14, 80, 81]. Both 
fatty liver index (FLI) and Hepamet Fibrosis Score (HFS) 
represent non-invasive scores for diagnosing fatty liver 
and staging fibrosis, respectively [81]. These scores have 
been created by using combination of different laboratory 
tests with demographic features and validated mainly in 
adult populations [81]. Studies on adult patients demon-
strated the efficiency and accuracy of FLI in identifying 
fatty liver, showing also a significant association with car-
diometabolic risk factors [80, 81].

HFS represents one of the most recent and promising 
non-invasive fibrosis scores [82]. In adult patients with 
fatty liver, it showed a better performance in diagnosing 
and staging liver fibrosis compared to Fibrosis-4 (FIB-4) 
and NAFLD Fibrosis Score (NFS) as the most widely used 
non-invasive tools for screening of advanced fibrosis in 
these patients [82].

However, there is a lack of validation for these scores in 
the pediatric population that currently prevent their use 
as diagnostic tools [83, 84].

Lifestyle interventions (e.g. dietary changes with avoid-
ance of sugar-sweetened beverages, moderate to high-
intensity PA, and limiting screen time activities to < 2 h 
per day) are still the mainstay of the treatment [14, 77]. 
Dietary supplements (i.e. vitamin E, omega-3 fatty acids 
etc.), pro/prebiotics, and insulin sensitizer have produced 
contrasting results [77, 85]. No licensed drugs are avail-
able yet, but with a variety of upcoming and promising 
agents to reduce steatosis (i.e. Glucagon-like peptide-1 
receptor agonists and sodium-glucose cotransporter-2 
inhibitors), steatohepatitis (i.e. obeticholic acid), and 
fibrosis, clear recommendations for MASLD trials are 
urgently needed [10]. Bariatric surgery is considered in 
selected cases based on judgment of the multidisciplinary 
team [77, 85].

Panel recommendation Children or adolescents with 
OW/OB should be considered at risk for MASLD start-
ing from the age of 6 years in the presence of elevated 
serum alanine transaminase and other CMRFs and should 
undergo abdominal ultrasound. The presence of hepatic 
steatosis should be monitored every 12 months to evalu-
ate the evolution towards fibrosis.

Polycystic ovary syndrome
Polycystic ovary syndrome (PCOS) is a condition char-
acterized by amenorrhea, oligomenorrhea, or abnormal 
uterine bleeding, in addition to clinical (acne, hirsutism) 
and/or biochemical (high testosterone and androstene-
dione concentrations) evidence of hyperandrogenemia. 
The overall prevalence of PCOS in adolescents varies 
from 6 to 18%, depending upon the diagnostic criteria 
used. PCOS is frequently associated with IR, family his-
tory of hyperandrogenemia and/or abnormal glucose 
metabolism underlying possible oligogenic or polygenic 
inheritance [86, 87].

Whether PCOS represents a risk factor for CV dis-
ease remains unclear in adolescence, where studies are 
scanty. A systematic review of 23 studies [88], of which 
at least one third on young adults, concluded that women 
with PCOS had an increased risk of T2D, HTN, dys-
lipidemia, cerebrovascular disease, but not coronary 
disease events, whereas a more recent retrospective 
study in 174.660 young women with PCOS reported an 
increased incidence of myocardial infarction, angina, 
and revascularization: of note, weight gain, and prior 
T2D were identified as modifiable risk factors, as they 
predicted progression into CV disease [89]. NAFLD has 
also been found to be more prevalent and severe and to 
have an earlier onset in women with PCOS [90]. Patho-
physiology of OB, NAFLD and PCOS overlaps in several 
aspects. Hyperinsulinemia, low grade inflammation, and 
dysregulated adipokines typical of PCOS and NAFLD 
are exacerbated by OB [89, 90]. MetS in PCOS has been 
more recently shown to be significantly associated with 
the lipid accumulation product calculated from the WC 
and TG levels in normal-weight and OW women with 
PCOS but not in the obese women [91]. This might be 
in line with the observation that PCOS is mostly driven 
by ectopic fat, known to be associated with reduced insu-
lin sensitivity with lipids playing a well-known role in the 
development of subsequent MetS [85, 91].

Awaiting for effective personalized approaches, and 
further understanding from ongoing research, a detailed 
and well guided medical history is essential to address the 
diagnosis, follow-up, and management of PCOS. A medi-
cal history of PCOS in the mother, intrauterine growth 
retardation, premature adrenarche, IR, dyslipidemia, and 
mostly increased WC in the adolescent girl, should be 
considered as risk factors of CMR associated with PCOS. 
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Regular monitoring of glucose, insulin, and lipids as well 
as screening for NAFLD should be suggested [92].

The mainstay for treatment remains the implemen-
tation of educational, and multidisciplinary interven-
tions aiming at lifestyle changes [92, 93]. Several dietary 
strategies may be considered to reduce energy intake by 
approximately 30% compared to estimated individual 
needs, allowing for weight loss [93]. Moreover, recent 
guidelines recommend 60  min of moderate to vigor-
ous physical activity three times a week [92]. Lifestyle 
changes and weight loss exert beneficial effects mitigat-
ing hormonal and metabolic alterations (especially IR 
and hyperandrogenemia), and any liver alterations [92].

In addition to lifestyle changes, pharmacotherapy is 
required to mitigate clinical and biochemical hyperan-
drogenism, and menstrual irregularities [92–95]. The 
gold standard treatment for hyperandrogenism is yet rep-
resented by combined oral contraceptive pills, containing 
a natural estrogen associated with dienogest, drospire-
none or a neutral progestin based upon individual char-
acteristics and/or risk factors [92, 94, 95]. Alternatively, 
low dose ethinyl estradiol could be prescribed. Moderate-
to-severe hirsutism requires treatment with combined 
oral contraceptive pills or an antiandrogen (e.g. spirono-
lactone, flutamide, finasteride) for at least 6–9 months 
[92] Despite being off-label, metformin could be consid-
ered in association with the combined oral contraceptive 
pill, when desired goals have not been achieved [92].

Panel recommendation Female adolescents with OB 
and PCOS may represent a population with a high preva-
lence of CMRFs. Lifestyle changes should be a fundamen-
tal part of treatment aimed to improve metabolic and CV 
risk, in association with the management of classical signs 
and symptoms of PCOS.

Obstructive sleep apnea
Obstructive sleep apnea (OSA) is characterized by a com-
plete or partial upper airway obstruction during sleep 
that causes sleep disruption, intermittent hypoxemia, and 
increased inflammation. The prevalence of OSA is higher 
in children and adolescents with OB (13-59%) compared 
to otherwise healthy children (1–4%) [96]. In addition, 
youths with OB display a higher risk for more severe 
OSA compared to non-affected peers (OR 7.6,95% C.I. 
6.1–9.1) [97].

Several studies have reported an independent associa-
tion between OSA and the risk of CM derangement in 
adults. However, evidence in pediatric age is poor [98, 
99]. OSA and OB exert similar pathophysiologic effects 
on CMR via increased inflammation, oxidative stress, 
IR, and sympathetic activity. Therefore, a bidirectional 
nature has been hypothesized in the OSA-OB associa-
tion. In fact, not only OB heightens the risk for OSA, but 

also sleep apnea induces weight gain and CMR. Studies 
investigating the association between OSA and altered 
glucose metabolism gave contrasting results. Despite 
a cross-sectional study showed that youths with day-
time sleepiness presented higher OGTT 2-hour plasma 
glucose and HbA1c, high OSA risk was not associated 
with elevated plasma glucose or HbA1c [98]. A cut-off 
of apnea-hypopnea index (AHI) > 4.9 events/hour has 
been reported to predict moderate to severe IR in chil-
dren with OB independent of general and abdominal adi-
posity [100]. Similarly, not all studies have consistently 
demonstrated a relationship between OSA, pediatric OB, 
and CMRFs, as represented by HTN [99, 101] or cardiac 
remodeling [102] while very few studies addressed the 
association with arrhythmia or pulmonary HTN [103]. 
Children with OSA tend to have higher systolic and/or 
diastolic BP compared with normal weight individuals, 
but similar prevalence of HTN [104]. However, unlike 
with obesity-related HTN, an alteration in the circadian 
rhythm of BP profile and an increase in BP variability 
is associated with OSA [105]. A cross sectional study 
reported that OSAS was associated with 4 times greater 
odds of LVH, even after adjusting for age, sex, race, and 
BMI Z-score. The odds of LVH increased in adolescents 
with severe OSA (AHI > 10 events/h) [106]. The presence 
of OSA during childhood has been associated with an 
increased risk of HTN during adulthood [103].

The suspicion of OSA is based on clinical examination 
and the presence of symptoms such as snoring, daytime 
sleepiness, headache, attention deficit and hyperactiv-
ity. Additional tests for OSA screening in children and 
adolescents include validated questionnaires such as the 
Pediatric Sleep Questionnaire [103]. A score ≥ 0.33 indi-
cates the presence of OSA. However, only overnight poly-
somnography ensures the differential diagnosis between 
OSA and primary snoring in pediatric patients [103].

Polysomnography is the gold standard for OSA diag-
nosis in children, an AHI > 1 is diagnostic of OSA. A 
5 > AHI < 10 indicates moderate OSA and an AHI > 10 
suggests severe OSA. The use of nocturnal pulse oxim-
etry, tonsillar ultrasound, and daytime nap polysomnog-
raphy have a low negative and positive predictive value 
for OSA diagnosis [103].

First-line OSA treatment is adeno-tonsillectomy (AT). 
Youths with AHI > 5/h should undergo an AT. Neverthe-
less, patients with OB display higher rates of residual 
OSA after AT and might need non-invasive ventilation 
treatment, such as continuous positive airway pressure 
or bilevel positive airway pressure [107]. The main limit 
of non-invasive ventilation is children’s adherence, which 
ranges from 11 to 78%. Higher adherence to continuous 
positive airway pressure therapy is reported in children 
with more severe OSA [108]. Moreover, multidisci-
plinary weight loss intervention should be performed as 
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it reduces OSA severity [109] According to current rec-
ommendations, bariatric surgery may be considered 
in adolescents with severe OB and OSA (AHI > 5) [18, 
110]. A careful preoperative assessment and intra-and 
postoperative management are required in children and 
adolescents with severe OSA who are exposed to high 
anesthesia risk. Re-evaluation of OSA should be per-
formed with Pediatric Sleep Questionnaire and eventu-
ally overnight polysomnography in case of suspected 
residual OSA every six months. Considering the high 
prevalence of sleep disorders in pediatric OB, Panel rec-
ommendation. Screening of OSA should be performed 
in youths with snoring, disturbed sleep, daytime sleepi-
ness, headache, attention deficit and hyperactivity using 
the Pediatric Sleep Questionnaire. Diagnosis should be 
confirmed by polysomnography.

Physical inactivity
The World Health Organization recommends that all 
children and adolescents be engaged daily for at least 
one hour in moderate-to-vigorous PA; additionally, time 
spent in sedentary behaviors, should be limited to less 
than 2 hours a day [111]. Formerly, less than 50% of chil-
dren and adolescents in Europe comply with these rec-
ommendations [112]. Compared to non-obese peers, 
youths with OB tend to have even lower level of PA. 
Activity times of children with OB were generally shorter 
than 30’ daily and less than 2  h weekly, accumulating a 
high amount of sedentary time during their waking hours 
(ranging from 65 to 90%) [113].

Low level of physical PA and excessive time spent in 
sedentary behaviours, associated to poor diet, contribute 
to the development and maintenance of OB [114]. Youths 
with OB experienced difficulties to begin and maintain 
PA programs, since they showed impaired motor skills 
due to excessive body weight, acquiring negative feelings 
related to the PA practice and creating a vicious circle in 
which sedentary habits became predominant [115, 116]. 
On the contrary, adolescents with OB displaying a more 
active lifestyle had better health-related quality of life 
compared to their inactive peers [117].

Inactivity negatively impact on cardiorespiratory or 
muscular fitness, leading to unfavourable measures of 
adiposity, lipids, metabolic parameters, and CV risk [118, 
119].

Low levels of PA and excessive sedentary time repre-
sent distinct risk behaviours contributing to increased 
adiposity and CMR. Indeed, the worst effect on health, 
adiposity and fitness was associated to a combination of 
low PA/high sedentary time compared to high PA/low 
sedentary behaviours [120]. Prospective studies were able 
to demonstrate an association of moderate-vigorous PA, 
but not sedentary behaviour, with clustered CMR score 
[121], while more studies are needed to demonstrate that 

low PA in children is associated with subclinical and clin-
ical CV disease in adults.

Considering the negative physical effects of excessive 
body weight on motor skills and motor control it may be 
useful to assess perceived difficulties in physical tasks and 
health related physical fitness prior to engage children 
into a regular PA program. Exercise interventions should 
be tailored to the physical and psychological limitations 
related to OB to improve physical self-esteem, PA plea-
sure, and long-time PA adherence [115, 122]. Improve-
ment of several cardiometabolic and vascular parameter 
can be obtained as earlier as 12 weeks [123]. Aerobic 
or combined exercise (aerobic and resistance) seem the 
most effective modalities to reduce body fat, control OB 
and related cardiometabolic complications [124].

Panel recommendation This Panel supports the role of 
aerobic or combined aerobic and resistance exercise in the 
treatment of CMRFs associated to OB. Exercise should 
be scheduled into three weekly sessions and should pro-
gressively reach the goal of 60 min each. Sedentary time 
should be gradually replaced by a similar amount of PA 
activity to meet at least 60  min/day [18, 111]. Walking, 
remote PA and exergaming might be considered as sup-
plemental tools for fighting inactivity [122].

Heart
Abnormal cardiac structure and function are described 
in youths with OW/OB. LVH is the most frequently 
reported phenotype, ranging between 36.3 and 46.6% in 
Italian young people with OW/OB [34, 125]. LVH reflects 
cardiac adaptation to increased pressure overload. In 
addition, OB is characterized by high circulating vol-
ume, due to plasma expansion and increased hematocrit, 
contributing to both volume and pressure overload. This 
hemodynamic overload can result in atrial dilatation and 
left ventricular (LV) diastolic dysfunction.

Echocardiographic examination is currently adopted 
in clinical practice as a useful and less expensive method 
to examine LV geometry and function in youths. Echo-
cardiographic evaluation should be performed with stan-
dardized methodology based on international guidelines. 
Due to the lack of longitudinal studies, the best criterion 
to define LVH in children is still debated. LV mass (LVM) 
depends strongly on body size, namely height [126]. 
However, the relationship between LVM and body size 
is not geometrically linear, and allometric exponents are 
necessary to use linear (height) or quadratic (body sur-
face area) measures of body size to normalize LVM.

Several methods have been proposed to align LVM to 
linear growth, however, the universally recommended 
method is LVM index (LVMi) calculated as LVM (g)/
height (m)2.7 [126]. Since LVM depends on age and 
sex, LVH should be defined by the 95th percentile of 
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LVMi expressed as g/h2.7 according to the age quan-
tiles by Khoury et al. [127]. Recently, Chinali et al. pro-
posed an alternative method by which LVM is indexed 
for (height2.16+0.09) proposing a single cut-off of 45  g/
m2.16 defined as the upper limit of normality for LVM 
index [128]. Either criterion was recently recommended 
by the Panel of experts of the ESC [13]. On the contrary, 
the AAP proposed a conservative cut-off of LVMi ≥ 51 g/
h2.7, the same that was proposed in adults, while others 
experts in USA found that a cut-point of LVMI ≥ 38.6 g/
m2.7 had the best balance between sensitivity and speci-
ficity to detect blood pressure values over the 90th per-
centile [129]. In a European population, Di Bonito et al. 
demonstrated that using 95th percentile of LVMi [127] is 
more accurate than the adult cut-point proposed by the 
AAP to identify LVH in youths with OW/OB and HTN 
[130].

Panel recommendation In agreement with the ESC 
consensus document, the definition of LVH in youths 
with OW/OB should be based using pediatric reference 
data of LVM index [127, 128] and not on adult cut-point. 
It also suggests that youths with OW/OB should undergo 
standard echocardiographic examination in the presence 
of the following comorbidities: confirmed HTN, chronic 
renal failure, dyslipidemia, T2D, and MASLD. The identi-
fication of LVH represent an important step for the strati-
fication of CV risk.

Strategies to reduce the progression of cardiac dam-
age, particularly LVH or LV dysfunction, include lifestyle 
changes such as reducing sugar, salt, and lipid intake and 
increasing PA, all actions that may reduce hemodynamic 
overload.

Vessels
Recent studies indicate that early atherosclerotic 
changes can be found already in childhood [131]. The 
link between OB and atherosclerosis is complex. Prob-
ably low-grade inflammation and oxidative stress impair 
endothelial production of nitric oxide and stimulate 
proliferation of endothelial cells, thus leading to thick-
ening of the vessel wall [132, 133]. Indeed, there is evi-
dence that children with OB may firstly exhibit signs of 
endothelial dysfunction, such as impaired flow-mediated 
dilation [132] and increased carotid–radial pulse wave 
velocity [133], and successively morphological changes, 
represented by increased values of carotid intima-media 
thickness (cIMT), even in the absence of comorbidities 
[131].

As changes in arterial function precede the develop-
ment of atherosclerotic lesions, an increased arterial 
stiffness may be an early marker of increased CV risk. 
Nowadays, carotid–radial pulse wave velocity is consid-
ered the gold standard to evaluating arterial stiffness. 

Although the measurement of flow-mediated dilation 
represents an important pathophysiological element 
linked to altered vascular reactivity, its use is less com-
mon in clinical practice, while the ultrasound mea-
surement of the cIMT is more feasible. cIMT has been 
identified as an independent predictor of CV events 
in adults. Indeed, the results of a recent meta-analysis 
showed that a decrease in the progression of cIMT of 
only 10 mm per year results in a reduction of the relative 
CV risk by 0.91 in adults [134]. Although the predictive 
value of cIMT in youths has not been confirmed in lon-
gitudinal studies on CV outcomes, cIMT is a frequently 
used non-invasive measure of preclinical atherosclerosis 
in pediatric research. Regarding the translation into clini-
cal practice, several issues limit the assessment of cIMT, 
such as intra-individual variability in ultrasound tech-
niques that undermines reproducibility and reliability 
[135]. Moreover, ethnic-specific differences, variations 
associated to height and BMI [136] and the absence of 
universally accepted cut-offs in children and adolescents 
indicate that cIMT as well as measurement of carotid–
radial pulse wave velocity and flow-mediated dilation 
cannot be used yet in clinical practice [137].

Early functional and/or structural preclinical signs of 
atherosclerosis of the vessels may improve after imple-
mentation of several treatment strategies involving 
weight loss in adults [138]. Mediterranean diet has been 
shown to be effective in normalizing cIMT in children 
with OB, when associated with moderate-vigorous PA 
[139]. Exercise training improved vascular endothelial 
function and arterial stiffness in youths with OW/OB 
[140]. The reversibility of non-invasive ultrasound mark-
ers of endothelial dysfunction is extremely relevant in the 
context of prevention.

Panel recommendation Despite the promising research 
on non-invasive tests of vessel function or morphology 
as markers of subclinical atherosclerosis, their diagnostic 
use is not supported in youths with OW/OB in the clini-
cal practice.

Kidney
As reported in adults, both microalbuminuria and low 
estimated glomerular filtration rate (eGFR) are consid-
ered robust markers of chronic kidney disease (KD) and 
CV disease. In the last years, KD emerged as an obesity-
related comorbidity also in childhood [141, 142]. Indeed, 
a large prospective study demonstrated that adoles-
cents with OW had a hazard ratio (HR) of 3.00 (95% CI, 
2.50–3.60) and those with OB had a HR of 6.89 (95% CI, 
5.52–8.59) for all-cause treated of kidney failure during 
a 25-year follow-up period [143]. This finding was con-
firmed by a recent systematic review that found an asso-
ciation between either OW or OB with non-diabetic 
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kidney failure [HR: 2.17 (95% CI,1.71–2.74)] [HR: 3.41; 
95% CI, 2.42–4.79)], respectively [144].

Obesity-related KD in children is a heterogeneous con-
dition including four categories of microalbuminuria or 
proteinuria and seven categories of GFR [145] (Table 2). 
Hyperfiltration is a condition generally accepted 
(eGFR > 125–135 mL/min/1.73 m2), but not codified 
[145]. Therefore, a wide prevalence of KD in youths with 
OW/OB has been reported [141–143], that might be 
attributed to the heterogeneous definition of some phe-
notypes of kidney impairment (such as hyperfiltration) 
or to the methods used for eGFR measurement [146]. In 
addition, a complex interplay between inflammatory and 
metabolic (e.g., IR pathways [144, 147, 148] leads to early 
kidney morphological changes (e.g., glomerular enlarge-
ments) with a potential progressive course from normal 
function to chronic KD [141, 147].

The first approach for KD screening is based on the 
measurements of microalbuminuria and serum cre-
atinine (SCr). While the method for the evaluation of 
microalbuminuria is well established, more controversial 
is the assessment of renal filtration [145, 146]. The gold 
standard for GFR evaluation is represented by Cystatin-
C measurement, that is not influenced by diet, physical 
activity, or muscle mass. However, the assessment of SCr 
represents the less expensive and widely adopted method 
to evaluate glomerular function in clinical practice [146]. 
The enzymatic method should be preferred to the Jaffè’s 
colorimetric method. To evaluate eGFR, several creat-
inine-based equations that use correction factors such 
as height or age have been proposed [see Additional file 

1] [146]. However, an international consensus about the 
best formula is still lacking in youths. Recently, two stud-
ies demonstrated that eGFR Full Age Spectrum (eGFR-
FAS) based on age- or height is more effective than other 
equations in youths with OW/OB to identify individuals 
with abnormal CMR associated with mild reduced eGFR 
[149, 150].

Since OB represents a modifiable risk factor for KD, 
weight loss strategies (including dietary changes, salt 
intake reduction and increased PA) are the first-line 
treatment [141, 142, 147]. A strict control of BP is neces-
sary to maintain BP levels < 90th percentile. On the other 
hand, the evidence of a pharmacological approach in 
children with OB and KD is still limited and controversial 
[141, 147, 148]. In addition to the commonly used reno-
protective drugs (e.g., angiotensin-converting enzyme 
inhibitors), glucagon-like peptide 1 receptor agonists in 
adolescents with OB and KD are promising to protect 
kidneys through their metabolic and anti-inflammatory 
effects, but data are still contrasting [141, 147, 148]. Met-
abolic bariatric surgery has been also found to positively 
impact on KD in adolescents with severe OB, but its use 
is limited and long-term effects are still lacking [147, 
148].

Panel recommendation Considering the detrimental 
role of OB on kidney function and its prognostic rel-
evance, microalbuminuria and SCr should be assessed 
in all children with OW/OB from the age of 6 years at 
the first evaluation. A careful monitoring of renal func-
tion should be considered semi-annually in the presence 
of microalbuminuria or abnormal values of SCr or every 
three to six months in the presence of other comorbidities 
such as HTN, prediabetes/T2D, or PCOS.

Conclusions
The growing evidence base suggests OB to be a major 
contributor to CVD via direct and indirect mechanisms. 
Consequently, there is a pressing need for effective strate-
gies to monitor obesity-related comorbidities in children 
and adolescents, aiming to reduce the burden of CV mor-
bidity and premature mortality within this demographic.

This-position paper, drawing upon concepts and per-
spectives outlined in a comprehensive document by the 
“Childhood Obesity study group” of the Italian Society 
for Pediatric Endocrinology and Diabetology, focuses on 
multidimensional and integrated interventions aimed at 
mitigating or reducing the impact of CV and metabolic 
disorders in pediatric patients with OB. Four are the 
main recommendations (for action): a). early detection 
of OB comorbidities, including HTN, dyslipidemia, pre-
diabetes or T2D, MASLD, polycystic ovary syndrome, 
obstructive sleep apnea, decline in kidney function and 
inactivity by a comprehensive assessment in youths 

Table 2 Nomenclature for kidney disease*
Kidney measure Cut-offs
Estimated Glomerular filtration rate (eGFR) ml/min/1.73 m2

Normal eGFR (G1) ≥ 90
Mild reduced eGFR (G2) < 90 ≥ 60
Moderately Reduced eGFR (G3a) < 60 ≥ 45
Moderately Reduced eGFR (G3b) < 45 ≥ 30
Severely reduced GFR (G4) < 30 ≥ 15
Kidney failure (G5) < 15
Albuminuria/Proteinuria
Normoalbuminuria/mildly increased (A1) AER < 30 mg/d; 

ACR < 30 mg/g 
(< 3 mg/mmol)

Moderately increased (moderate)(A2) AER 30–300 mg/day; 
ACR 30–300 mg/g 
(3–30 mg/mmol)

Severely increased (severe) (A3) AER > 300 mg/d; 
ACR > 300 mg/g 
(> 30 mg/mmol)

Nephrotic-range/syndrome AER > 2200 mg/d; 
ACR > 2200 mg/g 
(> 220 mg/mmol)

AER: albumin excretion rate. ACR: albumin-creatinine ratio;

*Ref #137
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Table 3 Clinical-based and biochemical screening for cardiometabolic risk factors or comorbidities associated to cardiometabolic risk 
in children and adolescents with obesity and the relative screening frequency according to age

≤ 5 years 6–10 years > 10 years Screening frequency
HTN Blood pres-

sure from age 
3 years

Blood pressure At every clinic visit

Dyslipidemia Fasting lipids 
from age 2 
years in pres-
ence of famil-
ial or medical 
conditions 
at risk of 
cardiovascular 
disease

Fasting lipids • After 3 years
(if negative)
• More frequently if rapid weight gain or development of other cardiometa-
bolic comorbidities
• Every 6–12 months (if abnormal)

Prediabetes,
T2D

- Fasting 
glucose and 
HbA1c;
OGTT and 
HbA1c in 
presence 
of pubertal 
onset plus 
additional 
risk factors*

OGTT and HbA1c 
in presence of addi-
tional risk factors*

• After 3 years (if negative)
• More frequently if rapid weight gain or development of other cardiometa-
bolic comorbidities
• Fasting glucose and HbA1c every 3 months (if prediabetes)

MASLD - Liver ultrasonography in presence of 
elevated serum ALT or other CMRFs

• ALT every 2 years (if negative)
• More frequently if rapid weight gain or
development of other cardiometabolic comorbidities
• 3–6 months (if abnormal) to confirm results and guide subsequent labora-
tory testing
• Ultrasonography every 12 months (steatosis)

PCOS - - Hormonal assess-
ment in presence of 
persistent irregular 
menstrual cycles 
and clinical and/or 
biochemical signs of 
hyperandrogenism**

Clinical-based screening at every clinic visit starting 2 years after menarche

OSA Pediatric Sleep Questionnaire in the presence of sug-
gestive symptoms (snoring, disturbed sleep, daytime 
sleepiness, headache, attention deficit, hyperactivity)
Diagnosis confirmed by polysomnography

Clinical-based screening at every clinic visit

Physical 
inactivity

Questionnaire on physical activity/ sedentary time At every clinic visit

Left ventricular 
hypertrophy

- Echocardiography in presence of 
confirmed HTN

6–12 months if persistent HTN despite treatment, or signs of target organ 
damage

Preclinical 
atherosclerosis

- Carotid–radial pulse wave velocity, 
flow-mediated dilation and cIMT 
measurements are not indicated in 
clinical practice

Not indicated

Kidney disease - Microalbuminuria and sCr • Annually (if negative)
• Semi-annually in presence of microalbuminuria or abnormal values of SCr
• Every 3–6 months in presence of other comorbidities (HTN, prediabetes/
T2D, or PCOS)

Abbreviations: ALT, alanine transaminase; CMRFs, cardiometabolic risk factors; HbA1c, glycosylated hemoglobin A1c; HTN, hypertension; MASLD, metabolic 
dysfunction-associated steatotic liver disease; OGTT, oral glucose tolerance test; OSA, obstructive sleep apnea; PCOS, polycystic ovary syndrome; sCr, serum 
creatinine; T2D, type 2 diabetes

*diabetes risk factors: type 2 diabetes in a first- or second-degree relative, high-risk racial/ethnic groups, maternal history of diabetes or gestational diabetes, signs 
or conditions associated with insulin resistance, such as hypertension, dyslipidemia, polycystic ovary syndrome, acanthosis nigricans, or small for gestational age 
birth weight

** total and free testosterone, 17-hydroxyprogesterone, androstenedione, free thyroxine, thyroid stimulating hormone, luteinising hormone, follicle stimulating 
hormone, and prolactin
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with OB; b). treatment of OB for promoting weight loss, 
which is associated with a reduction of all CVRFs; c). 
specific treatment of comorbidities, through lifestyle 
modifications or subsequent pharmacological treatment 
in conjunction with lifestyle for suitable individuals; d). 
monitoring comorbidities for mitigating future morbid-
ity and mortality. We summarized in Table 3 the clinical-
based or biochemical screening tools for cardiometabolic 
risk factors and comorbidities associated to cardiometa-
bolic risk in children and adolescents with OB and the 
relative screening frequency according to age.

Available evidence strongly suggests early intervention 
on OB comorbidities although longitudinal studies are 
necessary to quantify its efficacy on morbidity and mor-
tality and to suggest improvements in the strategy and 
procedures of the interventions themselves.

Abbreviations
AAP  American Academy of Pediatrics
AHI  apnea-hypopnea index
BMI  body mass index
BP  blood pressure
CMRFs  cardiometabolic risk factors
CV  cardiovascular
eGFR  estimated glomerular filtration rate
eGFRFAS  estimated glomerular filtration rate Full Age Spectrum
ESC  European Society of Cardiology
FLD  fatty liver disease
HbA1c  glycosylated hemoglobin A1c
HR  hazard ratio
HTN  hypertension
IR  insulin resistance
KD  chronic kidney disease
LDL-C  low density lipoprotein-cholesterol
LV  left ventricular
LVH  left ventricular hypertrophy
LVM  left ventricular mass
MASLD  metabolic dysfunction-associated steatotic liver disease
MetS  metabolic syndrome
NAFLD  non-alcoholic fatty liver disease
Non-HDL-C  non-high-density cholesterol
OB  obesity
OSA  obstructive sleep apnea
OW  overweight
PA  physical activity
PCOS  polycystic ovary syndrome
SCr  serum creatinine
TG  triglycerides
T2D  type 2 diabetes
WC  waist circumference
WHtR  waist-to-height ratio
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