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Abstract

Metabolic syndrome (MetS) is becoming prevalent in the pediatric population. The existing pediatric MetS definitions
(e.g., the International Diabetes Federation (IDF) definition and the modified National Cholesterol Education Program
(NCEP) definition) involve complex cut-offs, precluding fast risk assessment in clinical practice.

We proposed a simplified definition for assessing MetS risk in youths aged 6-17 years, and compared its performance
with two existing widely used pediatric definitions (the IDF definition, and the NCEP definition) in 10 pediatric popula-
tions from 9 countries globally (n=19,426) using the receiver operating characteristic (ROC) curve analyses. In general,
the total MetS prevalence of 6.2% based on the simplified definition was roughly halfway between that of 4.2%

and 7.7% estimated from the IDF and NCEP definitions, respectively. The ROC curve analyses showed a good agree-
ment between the simplified definition and two existing definitions: the total area under the curve (95% confidence
interval) of the proposed simplified definition for identifying MetS risk achieved 0.91 (0.89-0.92) and 0.79 (0.78-0.81)
when using the IDF or NCEP definition as the gold standard, respectively.

The proposed simplified definition may be useful for pediatricians to quickly identify MetS risk and cardiometabolic
risk factors (CMRFs) clustering in clinical practice, and allow direct comparison of pediatric MetS prevalence across dif-
ferent populations, facilitating consistent pediatric MetS risk monitoring and the development of evidence-based
pediatric MetS prevention strategies globally.

Key messages

« There is no consensus on definition for assessing pediatric metabolic syndrome (MetS). The existing pediatric MetS
also involve age-, sex- or height- specific percentile cut-offs for some components (e.g., central obesity and elevated

Xin'nan Zong, Roya Kelishadi, Hae Soon Kim, Peter Schwandt, Tandi E.
Matsha, Jose G. Mill, Carmelo Antonio Caserta, Carla Campos Muniz Medeiros
and Anastasios Kollias contributed equally to this work.

*Correspondence:

Min Zhao

zhaomin1986zm@126.com

Bo Xi

xib02007@126.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-024-03406-y&domain=pdf
http://orcid.org/0000-0003-0491-5585

Zong et al. BMC Medlicine (2024) 22:190 Page 2 of 8

blood pressure), hindering quick assessment of MetS risk and cardiometabolic risk factors (CMRFs) clustering in clinical
practice.

- The proposed simplified definition of MetS for children and adolescents aged 6-17 years was developed based
on two widely used IDF and NCEP definitions with inclusion of simple static cut-offs emerged from the recent litera-
ture, and with involvement of two risk assessment levels (monitoring and action levels) to assess severity of MetS risk.

- The proposed simplified definition showed a good performance in identifying youths with MetS risk when com-
pared with the IDF and NCEP definitions in a diverse sample of 10 pediatric populations globally. Moreover, the simpli-
fied definition involves static cut-offs instead of complex cut-offs for each component, supporting quick assessment
and easy application in clinical practice.

- The proposed simplified definition may be useful for pediatricians to quickly identify MetS risk and CMRFs clustering
in clinical practice, and allow direct comparison of pediatric MetS prevalence across different populations, facilitating
consistent pediatric MetS risk monitoring and the development of evidence-based pediatric MetS prevention strate-
gies globally.
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Adolescent

Background

Metabolic syndrome (MetS) is defined as a cluster of car-
diometabolic risk factors (CMRFs), including central obe-
sity, high blood pressure (BP), dyslipidaemia, and high
fasting glucose [1]. Compelling evidence suggests that
early onset of MetS has become more common and child-
hood MetS can track into adulthood, thereby increasing
the risk of future cardiovascular disease. In 2020, about
3% of children aged 6-12 years, and 5% of adolescents
aged 13-18 years had MetS globally [2]. Notably, sev-
eral definitions have been used to define pediatric MetS
but no consensus on the MetS definition has been estab-
lished. The existing widely used pediatric MetS defini-
tions such as the International Diabetes Federation (IDF)
definition and the modified National Cholesterol Educa-
tion Program (NCEP) definition involve different defini-
tions and heterogenous cut-offs for MetS components
[3, 4], impeding pediatricians to quickly assess MetS risk
and CMREFs clustering in clinical practice. For example,
age- and sex- specific waist circumference (WC) per-
centile cut-offs are used for defining central obesity in
both IDF and NCEP definitions. Likewise, age-, sex- and
height- specific systolic/diastolic blood pressure (SBP/
DBP) percentile cut-offs are used to define elevated BP in
NCEP definition. Thus, development of an easy-to-apply
and standardized definition to facilitate the clinical diag-
nosis of pediatric MetS is imperative.

Emerging evidence has showed the potential of using
simplified static cut-offs for defining central obesity and
elevated BP in children and adolescents. For instance,
several systematic reviews showed that waist-to-height
ratio (WHtR) is a useful alternative for WC to predict
pediatric MetS and identify youths with CMRFs clus-
tering [5, 6]. Indeed, WHtR has already been proposed

for assessing central obesity as a component of pediat-
ric MetS definition [7-9]. Furthermore, a recent pooled
analysis of 34,224 children and adolescent aged
6—-18 years from multiple countries reported that sim-
plified WHtR cut-offs (i.e., 0.50 for European and US
youths, and 0.46 for Asian, South American and Afri-
can youths) were robust for identifying central obesity
in children and adolescents [10]. In addition, the simpli-
fied static cut-offs of SBP/DBP (i.e., 120/80 mm Hg for
children aged 6—12 years and 130/80 mm Hg for adoles-
cents aged 13-17 years) have also been widely validated
and recommended to define elevated BP in the pediatric
population [11-14]. By incorporating these simple static
cut-offs, we proposed a new simplified definition of pedi-
atric MetS and validated its performance in 10 pediatric
populations from 9 countries worldwide.

Main text

The proposed simplified definition of pediatric MetS

The proposed simplified definition of MetS for children
and adolescents aged 6-17 years was developed based
on two widely used definitions of pediatric MetS (the
IDF definition [11] and the NCEP definition) [15], with
static cut-offs for defining all five components. The sim-
plified definition defines MetS as the presence of three
or more of the five components (i.e., central obesity, high
BP, high triglycerides (TG), low high-density lipoprotein
cholesterol (HDL-C), and high fasting blood glucose
(FBG)) without specifying central obesity as an essen-
tial component. Of note, for either the IDF or NCEP
definition, central obesity was defined as WC > interna-
tional age- and sex- specific 90th percentile values [16].
For the NCEP definition, high BP was defined as SBP/
DBP > international age-, sex- and height- specific 90th
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percentile values [17]. In the proposed simplified defi-
nition, we replaced age-, sex-, or height-specific per-
centile cut-offs of WC or SBP/BDP in the IDF or NCEP
definition by simplified static cut-offs emerged from
recent literature, and updated cut-offs for defining dys-
lipidemia and high fasting glucose. That is, central obe-
sity was defined as WHtR >0.50 for youths from Europe
and the USA and>0.46 for those from Asia, Africa,
and South America [10]; high BP was defined as SBP/
DBP >130/80 mm Hg for adolescents aged 13—17 years
[13] and >120/80 mm Hg for children aged 6-12 years
[12, 14]; high TG was defined as TG>130 mg/dl at age
10-17 years or>100 mg/dl at age 6-9 years [18], or low
HDL-C as HDL-C <40 mg/dl [11, 15]; and high FBG was
defined as FBG>100 mg/dl [11, 19]. A comparison of
cut-offs of five individual components for the simplified
definition and the IDF and NCEP definitions is shown in
Table 1.

Validation of the performance of the proposed simplified
MetS definition in 10 pediatric populations

It should be noted that the IDF definition was recom-
mended for youths aged 10—17 years and the NCEP was
for those aged 12-19 years, but the proposed simplified
definition is recommended for youths aged 6-17 years.
In the following validation study, we just focused on the
validation in adolescents aged 12-17 years for direct
comparison with the IDF and NCEP definitions.
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We firstly searched relevant studies on pediatric MetS
or metabolic risk factors in PubMed database and we
then invited the corresponding author of each study to
participate in this work. Finally, individual data on meta-
bolic risk factors globally, including 15 pediatric popula-
tions aged 6—18 years from Africa, Asia, Europe, North
America and South Africa [10] were available for mak-
ing the contribution. Overall, 19,426 adolescents (boys:
50.8%) aged 12—17 years, with complete data on sex, age,
height, weight, WC, SBP, DBP, TG, HDL-C, and FBG,
contributed to this present study. The characteristics
of 10 pediatric populations from 9 countries (i.e., Bra-
zil, China, Germany, Greece, Iran, Italy, Korea, South
Africa, and the USA) have been described elsewhere
[10]. In brief, the 10 study populations included six pop-
ulation-based cross-sectional surveys including eight-
een public high schools in Northeastern Brazil (Brazil_a,
2012-2013), a community project (Estacdo Conheci-
mento) in Vitéria, Brazil (Brazil_b, 2014—-2016), a com-
munity-based Praeventions-Erziehungs-Programm (PEP)
Family Heart Study in Germany (2000-2007), a survey in
five schools in the Karlovassi province of Greece (2008—
2010), a survey of eight primary schools in Calabria, Italy
(2007-2008), and a school-based survey in South Africa
(2007-2008), as well as four nationally representative
surveys including the China Health and Nutrition Sur-
vey (CHNS, 2009), the Childhood and Adolescence Sur-
veillance and Prevention of Adult Non-communicable

Table 1 Cut-offs of metabolic syndrome components based on three definitions in children and adolescents

MetS definition Level Central obesity High BP Dyslipidaemia High fasting glucose
IDF [117° WC=90th percentile SBP/DBP=130/85 mmHg TG=150 mg/dl, FBG =100 mg/dl
values [16] or HDL-C<40 mg/
dl (<50 mg/dl for girls
aged =16 years)
NCEP [15]° WC=90th percentile SBP/DBP = 90th percentile  TG>=110 mg/d|, FBG =110 mg/dl
values [16] values [17] or HDL-C <40 mg/dl

Simplified definition® Monitoring level

Action level

WHtR > 0.50 for youths
from Europe and the USA
or>0.46 for youths

from Asia, Africa

and South America [10]

WHtR>0.55 in youths

from Europe and USA

or>=0.50in those

from in Asia, Africa and
South America [20, 21]

SBP/DBP = 130/80 mm Hg
atage 13-17 years [13],
or>120/80 mm Hg at age
6-12 years [12, 14]

SBP/DBP > 135/85 mm
Hg for adolescents
aged 13-17 years
or=125/85 mm Hg
for children aged
6-12 years

TG>=130 mg/dl at age

10-17 years or= 100 mg/
dl at age 6-9 years [18], or
HDL-C<40 mg/dI[11, 15]

TG=150 mg/dl at age
10-17 years [11]

or=110 mg/dl at age
6-9 years [15], or

HDL-C <35 mg/dl [22, 23]

FBG>100 mg/dI 11, 19]

FBG>110mg/dl [15]

Abbreviations DBP diastolic blood pressure, FBG fasting blood glucose, HDL-C high-density lipoprotein cholesterol, IDF International Diabetes Federation, NCEP

National Cholesterol Education Program, SBP systolic blood pressure, TG triglycerides, WC waist circumference, WHtR waist-to-height ratio

2The IDF definition is recommended for youths aged 10-17 years

b The NCEP definition is recommended for youths aged 12-19 years

“The simplified definition is recommended for youths aged 6-17 years
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Diseases in Iran (2011-2012), the Korean National
Health and Nutrition Examination Surveys (2001-2013),
and the US National Health and Nutrition Examination
Surveys (NHANES, 2001-2018). WHtR was calculated
as WC (cm)/height (cm). Each study received ethical
approval from respective institutional review boards, and
informed consent from the study participants and their
parents/guardians.

We compared the prevalence of MetS across 10 pedi-
atric populations by three definitions: the IDF defini-
tion, the NCEP definition and the simplified definition
using the Chi-square test. The performance (accuracy) of
the simplified definition in identifying MetS (yes vs no)
using either IDF or NCEP definition as the gold stand-
ard was assessed by the receiver operating characteristic
(ROC) curve analyses, with the calculation of area under
the curve (AUC), sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV).
Generally, an AUC value <0.7 is considered poor, 0.7-0.8
as acceptable and>0.8 as good [24]. Basic data analy-
ses were undertaken using SAS 9.4 (SAS Institute, Cary,
NC). The ROC curve analyses were performed using
reportROC 3.6 package running under R 4.2.2. Two-
tailed P<0.05 were considered statistical significance. As
the IDF definition specified central obesity as an essential
component, we also conducted additionally a sensitivity
analysis to test if specifying central obesity as an essen-
tial component would alter the estimation of MetS preva-
lence by the simplified definition.

In general, the total MetS prevalence (6.2%) across 10
populations estimated by the simplified definition was
roughly halfway between the prevalence estimated by the

B IDF definition
| A NCEP definition
@ Simplified definition
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IDF (4.2%) and NCEP (7.7%) definitions (Fig. 1 and Addi-
tional file 1: Table S1&S2).

The ROC curve analyses showed that the total AUC
(95% CI) of the simplified definition for identifying MetS
in the 10 study populations achieved 0.91 (0.89-0.92) and
0.79 (0.78-0.81) when using the IDF or NCEF definition
as the gold standard, respectively (Table 2).

Sensitivity analyses showed that the total MetS preva-
lence of 6.2% based on the simplified definition without
central obesity as an essential component was slightly
higher than that of 5.6% with central obesity as an essen-
tial component (Additional file 1: Table S3). This sug-
gested that not specifying central obesity as an essential
component in pediatric MetS definition may be better in
terms of avoiding potential missed diagnosis of youths
with MetS risk.

Discussion

To our knowledge, we proposed the first simplified and
easy-to-apply definition for assessing MetS in pediatric
population. The simplified definition also demonstrated
good performance in identifying youths with MetS risk
when compared with two widely used pediatric MetS
definitions (i.e., the IDF definition, the NCEP definition)
in 10 diverse pediatric populations globally.

Due to discrepant cut-offs are used for defining MetS
components, the prevalence estimations of MetS var-
ied greatly between the IDF and NCEP definitions. The
variability of MetS prevalence across the populations
may be mainly influenced by the nutritional status of the
populations, with the prevalence of overweight&obesity
ranging from 10.1% in China to 39.8% in Greece across
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Fig. 1 Comparison of metabolic syndrome prevalence based on the simplified definition, IDF definition and NCEP definition in 10 pediatric

populations
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Table 2 Performance of the simplified definition for identifying
metabolic syndrome risk using IDF definition or NCEP definition
as gold standard

Country AUC (95% CI) Sensitivity Specificity PPV NPV

Performance of simplified definition using IDF definition as gold standard

Brazil_a 0.878(0.772—  0.765 0.991 0.765 0991
0.983)

Brazil_b 0.999 (0.996-  1.000 0.997 0.833 1.000
1.000)

China 0.987 (0.978-  1.000 0973 0.545 1.000
0.995)

Germany  0782(0.727- 0576 0987 0583 0987
0.836)

Greece 0.906 (0.836- 0.853 0.959 0.674 0985
0.976)

Iran 0910(0.884- 0873 0.947 0.403 0.995
0.936)

Italy 0.899 (0.778- 0.818 0.981 0562 0994
1.000)

Korea 0.944 (0.924- 0914 0974 0.612 099
0.965)

South Africa 0.915(0.852- 0.857 0973 0536 0.995
0.978)

USA 0.900 (0.870- 0.816 0.985 0.756  0.989
0.930)

Total 0.905 (0.891-  0.838 0972 0561 0.993
0.919)

Performance of simplified definition using NCEP definition as gold standard

Brazil_a 0783 (0695~ 0567 1.000 1.000 0.969
0.872)

Brazil_b 0.747 (0.571-  0.500 0.995 0.667 0.990
0.924)

China 0.894 (0.791- 0812 0.976 0591 0992
0.998)

Germany 0674 (0.634- 0361 0.988 0.631 0.965
0.715)

Greece 0.737 (0.661- 0.518 0.957 0.674 0920
0.814)

Iran 0.822 (0.797- 0672 0972 0.696 0.968
0.846)

Italy 0.740 (0.650- 0484 0.997 0938 0955
0.831)

Korea 0.821(0.796-  0.655 0.987 0815 0971
0.845)

South Africa 0.737 (0.677- 0494 0.980 0.679 0958
0.797)

USA 0.786 (0.755-  0.585 0.988 0810 0963
0.817)

Total 0.791 (0.778-  0.600 0.983 0.747 0967
0.805)

Abbreviations AUC area under the curve, IDF International Diabetes Federation, C/
confidence interval, NCEP National Cholesterol Education Program, NPV negative
predictive value, PPV positive predictive value, USA United States of America

the 10 populations according to BMI categories using
Cole’s cut-off points [25] (Table S1). Additionally, other
factors such as demographic characteristics, geographic
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location, and socioeconomic status may also influence
the variability of MetS prevalence across the popula-
tions. The IDF definition tends to estimate lower preva-
lence of MetS than that of the NCEP definition. However,
the MetS prevalence estimated by the simplified defini-
tion was within the prevalence estimations defined by
IDF and NCEP definitions, which seemed to support the
validity of the simplified definition. Moreover, the simpli-
fied definition also has several advantages over the exist-
ing MetS definitions. The utilization of simple and static
cut-offs in lieu of complex age- and sex-specific cut-offs
for defining each MetS component could facilitate easy
application in clinical practice. The ROC curve analyses
showed that the simplified definition was highly consist-
ent with both IDF and NCEP definitions for estimating
MetS prevalence with AUC ranging from 0.79 to 0.91.
Whether using the IDF or NCEP definition as the gold
standard, the simplified definition showed high specific-
ity and NPV, which means its high ability in identifying
non-MetS children. However, the sensitivity and PPV
seemed a little lower, which suggests that potential MetS
children can be identified by the simplified definition but
they may require further diagnosis. It is encouraging that
replacing complex cut-offs (i.e., age- and sex- specific
WC percentile values for defining central obesity, and
additional height- specific BP percentile values for defin-
ing high BP) with simple static cut-offs did not appear to
sacrifice the performance or accuracy in identifying pedi-
atric MetS risk.

The existing widely used pediatric MetS definitions
are intended for use among children aged 10 years
or older. For instance, the IDF and NCEP definitions
were designed for use in youths aged 10-17 years and
12-19 years, respectively. It is well-documented that met-
abolic abnormalities such as insulin resistance and dys-
lipidaemia are already prevalent in prepubertal children
aged 10 years and under [26, 27]. A recent prospective
cohort study showed that childhood CMRFs were posi-
tively associated with adulthood cardiovascular events
[28]. Another longitudinal study showed that control-
ling obesity and related CMRFs during the prepubertal
stage appeared to be critical in preventing pubertal MetS
effectively [27]. Additionally, a recent systematic review
suggested the importance of initiating the prevention of
atherosclerosis in early life [29]. Considering the increas-
ing prevalence of MetS and CMREFs clustering in prepu-
bertal children and its far-reaching health implications
[2, 30], early diagnosis of the MetS among prepubertal
children is also warranted [31]. The proposed simpli-
fied definition addresses this gap by enabling MetS risk
assessment for both prepubertal and pubertal children
from ages 6 to 17 years. However, the performance of
the simplified definition can not be validated for children
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aged 6-11 years in current study because of unavailabil-
ity of gold standard in this specific age group. In addition,
our proposed simplified definition used static cut-offs for
defining central obesity and elevated BP, which is very
convenient and easy-to-apply for rapid screening in clini-
cal practice compared with two widely used existing defi-
nitions (e.g., IDF or NCEP definition).

Apart from developing simplified ‘monitoring level
definition for MetS risk monitoring at conservative
population level, we also proposed a ‘action level” defi-
nition with more stringent cut-offs to guide pediatric
clinical practice to identify severely affected youths who
require an immediate intervention. The ‘action level’
definition also includes meeting at least 3 of the same 5
components, but the cut-offs for defining the 5 compo-
nents are set more stringently. In our pooled popula-
tion, the total MetS prevalence estimates at ‘monitoring
level’ and ‘action level’ were 6.2% and 1.2% in adolescents
aged 12-17 years, respectively. The development of both
monitoring and action level definitions may be better to
guide clinical practice for identifying severity of MetS
risk [32]. The monitoring level definition identifies at-risk
youths who requires close monitoring and observation
whereas the action level identifies severely at-risk youths
who require a timely intervention to ameliorate the risk
profile. It is potentially useful for applications of sim-
plified pediatric MetS definition in clinical practice for
early detection of MetS, risk stratification, and targeted
interventions.

A recent review commented that developing a consist-
ent global definition of pediatric MetS currently faced
several challenges, including the variations in child
anthropometric and metabolic characteristics by race/
ethnicity or geographic regions or pubertal stages, and
a single definition can not differentiate the severity of
MetS risk [3]. In the process of developing the simplified
definition, we attempted to overcome these challenges by
incorporating specific WHtR cut-offs for different racial/
ethnic groups and geographic areas), and different cut-
offs of BP or TG for younger children and older adoles-
cents accounting for pubertal stages. Furthermore, we
developed two level definitions (monitoring and action
levels) to assess severity of MetS, as recommended by the
American Heart Association [33].

Limitations

First, although we conducted a large-scale validation
for the simplified definition in a diverse mixed sample
of adolescents aged 12-17 years from 9 countries, fur-
ther validation in more geographically representative
and multi-racial/ethnic samples is warranted to ensure
its applicability across diverse populations. Second, we
defined central obesity using international WC 90th
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percentile values rather than individual population-spe-
cific 90th WC references (in consideration of the varia-
tion of WC across countries/races). We did this just for
the direct comparison between countries using a uni-
fied international WC reference. However, the validation
should be conducted based on population-specific WC
references in future when individual population-specific
WC references are available. Third, we just assessed
the application of pediatric MetS in adolescents aged
12-17 years, as the IDF or NCEP definition was only rec-
ommended to be applied in adolescents aged >10 years
or>12 years, and there is no “gold standard” for chil-
dren aged<10 years which we can use for the valida-
tion. Future research also should assess the performance
of simplified definition in children aged 6-11 years, and
subclinical vascular damage may be the optimal outcome
to assess the impact of MetS in younger children. Fourth,
our study was cross-sectionally designed and causality
inference should not be made. Further rigorous epide-
miological studies including prospective follow-up study
and even clinical implementation are warranted to assess
the utility and long-term prognostic value of MetS risk
estimated by the proposed simplified definition in pre-
dicting future cardiovascular outcomes later in life. Fifth,
the practicality of assessing multiple components in rou-
tine pediatric care settings is still insufficient, as the cur-
rent definition of pediatric MetS requests at least three
of five components according to the IDF or NCEP defini-
tion. Future studies should consider this challenge.

Conclusions

The proposed simplified definition with two risk assess-
ment levels may be useful for pediatricians to quickly
identify severity of MetS risk and CMRFs clustering in
clinical practice. A simple and consistent definition that
involves static cut-offs for assessing MetS risk in pedi-
atric population may allow robust comparison of MetS
prevalence and consistent risk monitoring across dif-
ferent pediatric populations globally. Additionally, our
study also highlight that future research should address
methodological limitations, explore long-term prognos-
tic value of MetS risk estimated using the proposed defi-
nition, and assess whether this proposed definition can
optimize clinical implementation strategies.

Abbreviations

AUC Area under the curve

BMI Body mass index

a Confidence interval

CMRFs Cardiometabolic risk factors

DBP Diastolic blood pressure

FBG Fasting blood glucose

HDL-C High-density lipoprotein cholesterol
IDF International Diabetes Federation
MetS Metabolic syndrome
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NCEP National Cholesterol Education Program
NHANES  National Health and Nutrition Examination Survey
NPV Negative predictive value

OR Odds ratio

PPV Positive predictive value

ROC Receiver operator characteristic

SBP Systolic blood pressure

TG Triglycerides

USA United States of America

WC Waist circumference

WHtR Waist-to-height ratio

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512916-024-03406-y.

Additional file 1: Table S1. Prevalence of the MetS and its components
based on the simplified definition in 10 pediatric populations. Table S2.
Comparison of MetS prevalence between the simplified definition and the
IDF or NCEP definition in 10 pediatric populations. Table $3. Comparison
of MetS prevalence between the simplified definition with or without
central obesity as an essential component in 10 pediatric populations.

Acknowledgements
Not applicable.

Authors’ contributions

BX, XZ and MZ1 (MZ1 corresponding to Min Zhao) designed the study. BX
and MZ1 were the principal investigators. XZ did the data analysis and drafted
the first version of the manuscript. RK, HSK, PS, TEM, JGM, CAC, CCMM, and AK
collated data and critically revised the manuscript. BX, XZ, MZ1, MZ2, PHW, LP,
and AL-B critically revised the manuscript. All authors read and approved the
final manuscript.

Funding
This work was supported by the National Natural Science Foundation of China
(81673195, 82173538).

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

All participating surveys were granted ethical clearance by their respective
institutional review boards, and informed consent was obtained from both
the study participants and their parents or guardians.

Consent for publication
Not applicable.

Competing interests

Bo Xi is the member of the BMC Medicine editorial board. None of the authors,
including Bo Xi, had a role in the peer review or handling of this manuscript.
The other authors declare that they have no competing interests.

Author details

'Department of Growth and Development, Capital Institute of Pediatrics,
Beijing, China. 2Depar‘[men‘[ of Epidemiology, School of Public Health,

Qilu Hospital, Cheeloo College of Medicine, Shandong University, Jinan,
China. >Child Growth and Development Research Center, Research Institute
for Primordial Prevention of Non Communicable Disease, Isfahan University
of Medical Sciences, Isfahan, Iran. “Department of Pediatrics, Ewha Womans
University College of Medicine, Seoul, Korea. > Atherosclerosis Prevention
Institute, Munich-Nuremberg, Munich, Germany. 6Department of Biomedical
Sciences, Faculty of Health & Wellness Sciences, Cape Peninsula University
of Technology, Cape Town, South Africa. ’Department of Physiological

Page 7 of 8

Sciences, Center of Health Sciences, Federal University of Espirito Santo,
Vitdria, Brazil. 8Associazione Calabrese Di Epatologia - Medicina Solidale - A.CE.
ETS, Reggio Calabria, Italy. “Department of Public Health, State University

of Paraiba, Campina Grande, Brazil. "°Hypertension Center STRIDE-7, School
of Medicine, Third Department of Medicine, National and Kapodistrian
University of Athens, Sotiria Hospital, Athens, Greece. ' Population Health
Research Institute, St George’s, University of London, London, UK. '?Depart-
ment of Maternal and Child Health, Sapienza University of Rome, Rome,

Italy. "*Pediatric Endocrinology Research Group, Girona Biomedical Research
Institute (IDIBGI), Salt, Spain. "“Department of Pediatrics, Hospital Dr. Josep
Trueta, Girona, Spain. '*Department of Medical Sciences, University of Girona,
Girona, Spain. '®Department of Nutrition and Food Hygiene, School of Public
Health, Shandong University, Jinan, China. '/Institute for Physical Activity

and Nutrition, School of Exercise and Nutrition Sciences, Deakin University,
Geelong, Australia.

Received: 18 December 2023 Accepted: 25 April 2024
Published online: 07 May 2024

References

1. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet.
2005;365(9648):1415-28. https://doi.org/10.1016/S0140-6736(5)66378-7.

2. Noubiap JJ, Nansseu JR, Lontchi-Yimagou E, Nkeck JR, Nyaga UF, Ngouo
AT, et al. Global, regional, and country estimates of metabolic syndrome
burden in children and adolescents in 2020: a systematic review and
modelling analysis. Lancet Child Adolesc Health. 2022;6(3):158-70.
https://doi.org/10.1016/52352-4642(21)00374-6.

3. Reisinger C, Nkeh-Chungag BN, Fredriksen PM, Goswami N. The preva-
lence of pediatric metabolic syndrome-a critical look on the discrepan-
cies between definitions and its clinical importance. Int J Obes (Lond).
2021;45(1):12-24. https://doi.org/10.1038/541366-020-00713-1.

4. Kelishadi R. Metabolic syndrome burden in children and adolescents.
Lancet Child Adolesc Health. 2022;6(3):138-9. https://doi.org/10.1016/
S2352-4642(21)00401-6.

5. LoK,Wong M, Khalechelvam P, Tam W. Waist-to-height ratio, body mass
index and waist circumference for screening paediatric cardio-metabolic
risk factors: a meta-analysis. Obes Rev. 2016;17(12):1258-75. https://doi.
org/10.1111/0br.12456.

6. JiangY, Dou Y, Chen H, Zhang Y, Chen X, Wang Y, et al. Performance of
waist-to-height ratio as a screening tool for identifying cardiometabolic
risk in children: a meta-analysis. Diabetol Metab Syndr. 2021;13(1):66.
https://doi.org/10.1186/513098-021-00688-7.

7. MaC, LuQ WangR,Yin F. Using height-corrected definition of metabolic
syndrome in children and adolescents. J Pediatr Endocrinol Metab.
2019;32(5):429-38. https://doi.org/10.1515/jpem-2018-0414.

8. Fazeli M, Mohammad-Zadeh M, Darroudi S, Meshkat Z, Moslem A, Ghazi-
zadeh H, et al. New anthropometric indices in the definition of metabolic
syndrome in pediatrics. Diabetes Metab Syndr. 2019;13(3):1779-84.
https://doi.org/10.1016/j.dsx.2019.03.032.

9. Agirbasli M, Tanrikulu AM, Berenson GS. Metabolic Syndrome: Bridging
the Gap from Childhood to Adulthood. Cardiovasc Ther. 2016;34(1):30-6.
https://doi.org/10.1111/1755-5922.12165.

10. Zong X, Kelishadi R, Hong YM, Schwandt P, Matsha TE, Mill JG, et al.
Establishing international optimal cut-offs of waist-to-height ratio for pre-
dicting cardiometabolic risk in children and adolescents aged 6-18 years.
BMC Med. 2023;21(1):442. https://doi.org/10.1186/512916-023-03169-y.

11. Zimmet P, Alberti G, Kaufman F, Tajima N, Silink M, Arslanian S, et al.

The metabolic syndrome in children and adolescents. Lancet.
2007;369(9579):2059-61. https://doi.org/10.1016/50140-6736(07)
60958-1.

12. XiB,ZhangT, Li S, Harville E, Bazzano L, He J, et al. Can pediatric
hypertension criteria be simplified? A prediction analysis of subclinical
cardiovascular outcomes from the Bogalusa Heart Study. Hypertension.
2017,69(4):691-6. https://doi.org/10.1161/HYPERTENSIONAHA.116.08782.

13. Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, Daniels SR,
et al. Subcommittee on screening and management of high blood pres-
sure in children. Clinical Practice Guideline for Screening and Manage-
ment of High Blood Pressure in Children and Adolescents. Pediatrics.
2017;140(3):e20171904. https://doi.org/10.1542/peds.2017-1904.


https://doi.org/10.1186/s12916-024-03406-y
https://doi.org/10.1186/s12916-024-03406-y
https://doi.org/10.1016/S0140-6736(5)66378-7
https://doi.org/10.1016/S2352-4642(21)00374-6
https://doi.org/10.1038/s41366-020-00713-1
https://doi.org/10.1016/S2352-4642(21)00401-6
https://doi.org/10.1016/S2352-4642(21)00401-6
https://doi.org/10.1111/obr.12456
https://doi.org/10.1111/obr.12456
https://doi.org/10.1186/s13098-021-00688-7
https://doi.org/10.1515/jpem-2018-0414
https://doi.org/10.1016/j.dsx.2019.03.032
https://doi.org/10.1111/1755-5922.12165
https://doi.org/10.1186/s12916-023-03169-y
https://doi.org/10.1016/S0140-6736(07)60958-1
https://doi.org/10.1016/S0140-6736(07)60958-1
https://doi.org/10.1161/HYPERTENSIONAHA.116.08782
https://doi.org/10.1542/peds.2017-1904

Zong et al. BMC Medlicine

20.

21.

22.

23.

24.

25.

26.

27.

(2024) 22:190

. de Simone G, Mancusi C, Hanssen H, Genovesi S, Lurbe E, Parati G, et al.

Hypertension in children and adolescents: A consensus document

from ESC Council on Hypertension, European Association of Preventive
Cardiology, European Association of Cardiovascular Imaging, Association
of Cardiovascular Nursing & Allied Professions, ESC Council for Cardiology
Practice and Association for European Paediatric and Congenital Cardiol-
ogy. Eur Heart J. 2022;43(35):3290-301. https://doi.org/10.1093/eurheartj/
ehac328.

. Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH. Prevalence of a

metabolic syndrome phenotype in adolescents: findings from the third
National Health and Nutrition Examination Survey, 1988-1994. Arch
Pediatr Adolesc Med. 2003;157(8):821-7. https://doi.org/10.1001/archp
edi.157.8.821.

. XiB, Zong X, Kelishadi R, Litwin M, Hong YM, Poh BK, et al. Interna-

tional Waist Circumference Percentile Cutoffs for Central Obesity in
Children and Adolescents Aged 6 to 18 Years. J Clin Endocrinol Metab.
2020;105(4):21569-83. https://doi.org/10.1210/clinem/dgz195.

. XiB, Zong X, Kelishadi R, Hong YM, Khadilkar A, Steffen LM, et al.

Establishing International Blood Pressure References Among Nono-
verweight Children and Adolescents Aged 6 to 17 Years. Circulation.
2016;133(4):398-408. https://doi.org/10.1161/CIRCULATIONAHA.115.
017936.

. Expert Panel on Integrated Guidelines for Cardiovascular Health and

Risk Reduction in Children and Adolescents; National Heart, Lung, and
Blood Institute. Expert panel on integrated guidelines for cardiovascular
health and risk reduction in children and adolescents: summary report.
Pediatrics. 2011; 128 Suppl 5(Suppl 5):5213-56. https://doi.org/10.1542/
peds.2009-2107C.

Genuth S, Alberti KG, Bennett P, Buse J, Defronzo R, Kahn R, et al. Expert
Committee on the Diagnosis and Classification of Diabetes Mellitus.
Follow-up report on the diagnosis of diabetes mellitus. Diabetes Care.
2003;26(11):3160-7. https://doi.org/10.2337/diacare.26.11.3160.
Mufoz-Hernando J, Escribano J, Ferré N, Closa-Monasterolo R, Grote V,
Koletzko B, et al. Usefulness of the waist-to-height ratio for predicting
cardiometabolic risk in children and its suggested boundary values. Clin
Nutr. 2022;41(2):508-16. https://doi.org/10.1016/j.clnu.2021.12.008.
Browning LM, Hsieh SD, Ashwell M. A systematic review of waist-to-
height ratio as a screening tool for the prediction of cardiovascular
disease and diabetes: 0.5 could be a suitable global boundary value. Nutr
Res Rev. 2010;23(2):247-69. https://doi.org/10.1017/50954422410000144.
Hayman LL, Meininger JC, Daniels SR, McCrindle BW, Helden L, Ross

J, et al. American Heart Association Committee on Atherosclerosis,
Hypertension, and Obesity in Youth of the Council on Cardiovascular
Disease in the Young; American Heart Association Council on Cardiovas-
cular Nursing; American Heart Association Council on Epidemiology and
Prevention; American Heart Association Council on Nutrition, Physical
Activity, and Metabolism. Primary prevention of cardiovascular disease in
nursing practice: focus on children and youth: a scientific statement from
the American Heart Association Committee on Atherosclerosis, Hyper-
tension, and Obesity in Youth of the Council on Cardiovascular Disease in
the Young, Council on Cardiovascular Nursing, Council on Epidemiology
and Prevention, and Council on Nutrition, Physical Activity, and Metabo-
lism. Circulation. 2007;116(3):344-57. https://doi.org/10.1161/CIRCULATIO
NAHA.107.184595.

Zeitler P, Arslanian S, Fu J, Pinhas-Hamiel O, Reinehr T, Tandon N, et al.
ISPAD Clinical Practice Consensus Guidelines 2018: Type 2 diabetes mel-
litus in youth. Pediatr Diabetes. 2018;19(Suppl 27):28-46. https://doi.org/
10.1111/pedi.12719.

Mandrekar JN. Receiver operating characteristic curve in diagnostic test
assessment. J Thorac Oncol. 2010;5(9):1315-6. https://doi.org/10.1097/
JTO.0b013e3181ec173d.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard defini-
tion for child overweight and obesity worldwide: international survey.
BMJ. 2000;320(7244):1240-3. https://doi.org/10.1136/bmj.320.7244.1240.
Tobisch B, Blatniczky L, Barkai L. Cardiometabolic risk factors and insulin
resistance in obese children and adolescents: relation to puberty. Pediatr
Obes. 2015;10(1):37-44. https://doi.org/10.1111/j.2047-6310.2013.
00202.x.

de Lamas C, Kalén A, Anguita-Ruiz A, Pérez-Ferreirés A, Picans-Leis

R, Flores K, et al. Progression of metabolic syndrome and associated
cardiometabolic risk factors from prepuberty to puberty in children: The

28.

29.

30.

31

32.

33.

Page 8 of 8

PUBMEP study. Front Endocrinol (Lausanne). 2022;13:1082684. https://
doi.org/10.3389/fendo.2022.1082684.

Jacobs DR Jr, Woo JG, Sinaiko AR, Daniels SR, Ikonen J, Juonala M, et al.
Childhood Cardiovascular Risk Factors and Adult Cardiovascular Events. N
Engl J Med. 2022;386(20):1877-88. https://doi.org/10.1056/NEJM0oa2109
191.

Raitakari O, Pahkala K, Magnussen CG. Prevention of atherosclerosis from
childhood. Nat Rev Cardiol. 2022;19(8):543-54. https://doi.org/10.1038/
s41569-021-00647-9.

Bitew ZW, Alemu A, Ayele EG, Tenaw Z, Alebel A, Worku T. Metabolic
syndrome among children and adolescents in low and middle income
countries: a systematic review and meta-analysis. Diabetol Metab Syndr.
2020;12:93. https://doi.org/10.1186/513098-020-00601-8.

Chiarelli F, Mohn A. Early diagnosis of metabolic syndrome in children.
Lancet Child Adolesc Health. 2017;1(2):86-8. https://doi.org/10.1016/
52352-4642(17)30043-3.

Ahrens W, Moreno LA, Marild S, Molnér D, Siani A, De Henauw S, et al.
IDEFICS consortium. Metabolic syndrome in young children: defini-
tions and results of the IDEFICS study. Int J Obes (Lond). 2014;38(Suppl
2):54-14. https://doi.org/10.1038/ij0.2014.130.

Steinberger JT, Daniels SR, Eckel RH, Hayman L, Lustig RH, McCrindle B,
et al. American Heart Association Atherosclerosis, Hypertension, and
Obesity in the Young Committee of the Council on Cardiovascular
Disease in the Young; Council on Cardiovascular Nursing; and Council on
Nutrition, Physical Activity, and Metabolism. Progress and challenges in
metabolic syndrome in children and adolescents: a scientific statement
from the American Heart Association Atherosclerosis, Hypertension,

and Obesity in the Young Committee of the Council on Cardiovascular
Disease in the Young; Council on Cardiovascular Nursing; and Council on
Nutrition, Physical Activity, and Metabolism. Circulation. 2009;119(4):628—
47. https://doi.org/10.1161/CIRCULATIONAHA.108.191394.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1093/eurheartj/ehac328
https://doi.org/10.1093/eurheartj/ehac328
https://doi.org/10.1001/archpedi.157.8.821
https://doi.org/10.1001/archpedi.157.8.821
https://doi.org/10.1210/clinem/dgz195
https://doi.org/10.1161/CIRCULATIONAHA.115.017936
https://doi.org/10.1161/CIRCULATIONAHA.115.017936
https://doi.org/10.1542/peds.2009-2107C
https://doi.org/10.1542/peds.2009-2107C
https://doi.org/10.2337/diacare.26.11.3160
https://doi.org/10.1016/j.clnu.2021.12.008
https://doi.org/10.1017/S0954422410000144
https://doi.org/10.1161/CIRCULATIONAHA.107.184595
https://doi.org/10.1161/CIRCULATIONAHA.107.184595
https://doi.org/10.1111/pedi.12719
https://doi.org/10.1111/pedi.12719
https://doi.org/10.1097/JTO.0b013e3181ec173d
https://doi.org/10.1097/JTO.0b013e3181ec173d
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1111/j.2047-6310.2013.00202.x
https://doi.org/10.1111/j.2047-6310.2013.00202.x
https://doi.org/10.3389/fendo.2022.1082684
https://doi.org/10.3389/fendo.2022.1082684
https://doi.org/10.1056/NEJMoa2109191
https://doi.org/10.1056/NEJMoa2109191
https://doi.org/10.1038/s41569-021-00647-9
https://doi.org/10.1038/s41569-021-00647-9
https://doi.org/10.1186/s13098-020-00601-8
https://doi.org/10.1016/S2352-4642(17)30043-3
https://doi.org/10.1016/S2352-4642(17)30043-3
https://doi.org/10.1038/ijo.2014.130
https://doi.org/10.1161/CIRCULATIONAHA.108.191394

	A proposed simplified definition of metabolic syndrome in children and adolescents: a global perspective
	Abstract 
	Key messages 
	Background
	Main text
	The proposed simplified definition of pediatric MetS
	Validation of the performance of the proposed simplified MetS definition in 10 pediatric populations

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


