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Abstract

Introduction The Metabolic Syndrome (MetS) describes the clustering of cardio-metabolic risk factors—including
abdominal obesity, insulin resistance, elevated blood pressure, high levels of triglycerides, and low levels of high-density
lipoproteins—that increase the risk for developing cardiovascular diseases and type 2 diabetes mellitus. However, a gen-
erally accepted definition of MetS in pediatric patients is still lacking.

Objectives The aim was to summarize current prevalence data of childhood MetS as well as to discuss the continuing
disagreement between different pediatric definitions and the clinical importance of such diagnosis.

Methodology A systematic literature search on the prevalence of pediatric MetS was conducted. Articles that were pub-
lished during the past 5 years (2014-2019), using at least one of four predetermined classifications (International Diabetes
Federation, Cook et al., Ford et al., and de Ferranti et al.), were included.

Results The search resulted in 1167 articles, of which 31 publications met all inclusion criteria.

Discussion The prevalence of MetS ranged between 0.3 and 26.4%, whereby the rising number of children and adolescents
with MetS partly depended on the definition used. The IDF definition generally provided the lowest prevalences (0.3-9.5%),
whereas the classification of de Ferranti et al. yielded the highest (4.0-26.4%). In order to develop a more valid definition,
further research on long-term consequences of childhood risk factors such as abdominal obesity, insulin resistance,
hypertension, and dyslipidemia is needed. There is also a temptation to suggest one valid, globally accepted definition of
metabolic syndrome for pediatric populations but we believe that it is more appropriate to suggest definitions of MetS that
are specific to males vs. females, as well as being specific to race/ethnicity or geographic region. Finally, while this notion of
definitions of MetS specific to certain subgroups is important, it still needs to be tested in future research.

Introduction

During the past decades, the world population has under-
gone significant changes in health and eating behavior and
lifestyle [1-3]. These changes are seen in the increasing
consumption of high-calorie food and sugary beverages as
well as more sedentary behavior and severe lack of physical
exercise [2, 4, 5]. As a consequence, the global prevalence
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of overweight and obesity has continuously been growing
and has now reached epidemic proportions [6—10]. In par-
allel with this development, the prevalence of obesity-
associated health consequences like cardiovascular diseases
(CVDs) and diabetes mellitus type 2 (T2DM) has been
increasing as well [11-14]. The metabolic syndrome (MetS)
is frequently used to describe the pathophysiological con-
nection between these trends. MetS is described as a com-
bination of cardio-metabolic risk factors that are known to
predispose an individual to CVD and T2DM. These com-
ponents include central obesity, characterized by high-waist
circumference (WC), dysglycemia/insulin resistance (IR),
hypertension, high levels of triglycerides (TG), and low
levels of high-density lipoproteins (HDL) [15]. The patho-
genesis of MetS is complex and up until now, many aspects
are still not fully understood [12, 15-18]. It is believed that
central obesity and/or IR initiate many different pathogenic
pathways that increase metabolic risk and end up in the full
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expression of the syndrome [15, 19]. Regarding the growing
number of childhood MetS, cardio-metabolic abnormalities
and MetS are expected to become more prevalent in youth
as well [2, 20-22]. The early onset of risk factor clustering
is alarming, considering that MetS components may track
into adulthood and significantly increase the risk for future
T2DM and CVD [23].

However, identifying those who are affected is rather
difficult because clear recommendations about how to
diagnose MetS in the young age group are still lacking [23].
Since study groups usually developed their own unique set
of diagnostic criteria, we are now faced with a high number
of different pediatric MetS classifications, each of which
promotes its own limit values and measurement techniques
[12]. In a literature review published in 2007, Ford et al.
identified as many as 46 different definitions being used for
assessing MetS in children and adolescents [24]. Most of
them are based on the MetS classifications for adults [12]
with one of the most prominent templates coming from the
National Cholesterol Education Program Adult Treatment
Panel III (NCEP-ATPIII) [25]. It is important to recognize
that adult definitions of MetS cannot be applied to children,
as classification of MetS in children requires the usage of
age- and sex-specific percentiles and pediatric thresholds.
Taking these aspects into account, Cook et al. [6], Ford
et al. [26], and de Ferranti et al. [27] modified the NCEP
criteria by replacing the adult cutoffs with age- and sex-
specific percentiles and pediatric thresholds (Table 1) [22].

In 2007, the International Diabetes Federation (IDF) pro-
posed a new set of diagnostic criteria with the aim to offer
“a simple easy-to-apply definition” for clinical practice
(Table 1) [28].

The IDF definition differs from the others in several
aspects: first, it requires the presence of abdominal obesity
as a mandatory condition. Accordingly, only individuals
with large WC plus two or more risk factors are diagnosed
with MetS [28]. Second, in spite of WC, the remaining four
risk factors are determined by using cutoff points that
normally apply to adults [28]. In contrast, the other defini-
tions choose lower limit values or use age-, sex-, and high-
specific percentiles for determining elevated blood pressure
(BP) and dyslipidemia [6, 26, 27]. Third, the IDF suggests
that only children above 10 years of age should be exam-
ined for MetS, whereas in younger individuals, WC mea-
surement alone should be used for screening [28].

Due to the high number of classifications, comparison
across prevalence data obtained from different epidemio-
logical studies in children is difficult [29]. Furthermore, the
diagnostic accuracy and predictive value of childhood MetS
for future health consequences have not yet been validated
[12].

The aim of this literature review is to provide an over-
view of the current prevalence numbers of pediatric MetS
worldwide as well as to discuss the discrepancies between
the different definitions and the rationales for this continu-
ing disagreement. Furthermore, the clinical importance of

Table 1 Different definitions of

pediatric metabolic syndrome, Abdominal obesity Hypertension Dyslipidemia Fasting glucose
proposed by the IDF [25], Cook g 55 10-15 years of age  Systolic BP2 TG >100 mg/dl
etal [6.]’ Ford et al. [26], and de Central obesity WC 290th percentile 130 mmHg >150 me/dl or

Ferranti et al. [27]. 12 of 4 2 &

Cook et al. [6]
3 out of 5%

Ford et al. [26]
3 out of 5%

de Ferranti
et al. [27] 3 out
of 5°

>15 years of age WC
>94 cm (3)® WC 2
80cm (9)°

WC 290th percentile®

WC 290th percentile®

WC 2 75th percentile

or
diastolic BP >
85 mmHg

or
specific treatment

290th percentile!

290th percentile!

>90th percentile

or
specific treatment

HDL <40 mg/dl (3)
<50 mg/dl (Q)

TG 2 110 mg/dI®
HDL < 40 mg/d1*
TG 2 110 mg/dI®
HDL < 40 mg/dIf

TG 2 100 mg/dl
HDL < 50 mg/dl

diagnosis of type 2
diabetes mellitus

>110 mg/dl

2110 mg/dl
additional analysis
with 2100 mg/dl

>110 mg/dl

“Number of criteria that must be fulfilled for diagnosing MetS.

°For Europid males/females; ethnic-specific percentiles are recommended for other population groups [25].

“Age- and sex-specific, recommended by NHANES IIT (National Health and Nutrition Examination Survey).

dAge-, sex-, and height-specific, recommended by NHBPEP (National High Blood Pressure Education

Program).

°Age-specific, recommended by NCEP (National Cholesterol Education Program).

NIl ages/sexes, recommended by NCEP.
€Sex-specific, recommended by NHANES.
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pediatric MetS will also be discussed in order to identify
recommendations for its practical application. The follow-
ing sections analyze the results of several epidemiological
studies from the past 5 years that are based on four widely
used definitions for pediatric MetS: the definition of the
IDF, Cook et al. [6], Ford et al. [26], and de Ferranti et al.
[27].

Search methodology

Primary literature, comprising published journal articles and
research papers as well as guidelines, was obtained via Web
of Science and PubMed search engines. The chosen articles
were sorted according to topic and relevance. In order to
find additional literature, reference lists as well as related
articles were searched.

The systematic search of the current literature covering
the prevalence of pediatric MetS took place in July 2018.
The MeSH term “metabolic syndrome”, declared as “major
topic”, was combined with MeSH subheadings like:
“Definition”, “Epidemiology”, and “Prevalence”. In order
to expand the range of results, an additional search query
was created by replacing the term “metabolic syndrome”
with “insulin resistance”. The search was then specified via
defining the exclusion criteria and adding appropriate filters:
date of publication within the last 5 years; only articles
written in English; articles that covered human research;
articles of which the full text was available; and articles that
dealt with children (birth—18 years).

Since many different pediatric definitions are used in
scientific literature, a goal of this work was to identify the
most frequently used ones. Finally, four MetS classifica-
tions (IDF, Cook et al., Ford et al., and de Ferranti et al.)
were selected and discussed.

Those articles that obtained prevalence data exclusively
from adults or from specifically predefined cohorts (e.g.,
prevalence of MetS in clinical populations or participants
with an underlying illness) were excluded.

Results

The search query “Metabolic Syndrome” AND “epide-
miology” offered 397 results, while “Insulin Resistance”
AND “epidemiology” resulted in 416 articles. Metabolic
Syndrome AND “prevalence” reached 296 hits, “Insulin
Resistance” AND “prevalence” reached 58. In total, the
Web of Science and PubMed search resulted in 1167
articles.

After eliminating the duplicates, reviews or articles in
non-Enlish language, 117 papers were downloaded. As the
publications differed significantly in terms of their study

SPRINGER NATURE

1167 results

Articles excluded:
- Duplicates
- Reviews

- Studies investigating MetS in adults
- Articles dealing only marginally with
MetS

117 articles were
downloaded for more -
detailed assessment Aticles excluded: .

- Publications, which examined

specifically pre-defined cohorts (e.g.
exclusively overweight/ obese, people
that are hospitalized/ treated),

- Articles that did not use one of the four
selected definitions

- Studies that used different
measurement techniques (e.g. BMI
instead of WC)

31 articles met all
inclusion criteria

Fig. 1 Search methodology flow chart. The panels on the left show
the number of publications and the panels on the right show the
applied exclusion criteria.

cohorts and MetS criteria, focus was primarily laid on
randomized trials, which were based on the four chosen
definitions (IDF, Cook et al., Ford et al., and de Ferranti
et al., respectively). In the course of a second evaluation,
two cross-sectional studies, in which the recruitment was
not randomized, were subsequently not included. However,
as they contained relevant information, they are discussed in
the latter part of this literature review. Finally, the search
resulted in 31 publications, which reflect the prevalence
data of the MetS among children and adolescents in dif-
ferent countries worldwide and which were published dur-
ing the past 5 years (Fig. 1).

Among these, 24 studies used the definition of the IDF,
15 that of Cook et al., eight that of de Ferranti et al., and six
studies used the Ford et al. classification. Several publica-
tions (n = 12) applied more than one definition to the very
same cohort in order to compare the differences between the
prevalence rates. These results are discussed separately in
the section “Comparative Studies.” Furthermore, two
longitudinal studies that examined the stability of the MetS
status over a follow-up period were analyzed separately in
the discussion section.

Update of the current literature

The prevalence of MetS among children and
adolescents—findings of current scientific review

Table 2 provides an overview of 31 epidemiological studies
that met the inclusion criteria. The chosen publications
included both large population-based studies as well as
smaller surveys, which were conducted in schools or in
certain country regions. Sample sizes reached from
371 students in a South African cohort [30] to a maximum
of 37,504 adolescents participating in a nationwide study in
Brazil [31].

Among the 31 included papers, the prevalence of
pediatric MetS ranged from 0.3 to 26.4% (see Fig. 2). The
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Fig. 2 Prevalence of metabolic syndrome based on the definitions
from the IDF, Cook et al. [6], Ford et al. [26] and de Ferranti et al.
[27]. Minimum: 0.3% in Colombia [32], maximum: 26.4% in Iran
[33], mean value of the whole dataset: 5.2%, median value of the
whole dataset: 3.8%.

China  1.1-7.6%
Korea 1.0-2.1%

279
Europe 0.4 C2008 Malaysia 2.6%

Canada 2.1% Slovak Rep. 2:8%
USA '3.1-54% Spain 3.8%

Saudi Arabia 2.0%
8.4%
Algeria 0.5 - 1.3% 2

Iran

Colombia 0.3 - 0.9%
Venezuela 1.5%
Brazil 2.1-2.6%

Chile 9.5% Australia 2.7%

South Africa 1.9%

Fig. 3 Prevalence of metabolic syndrome in children and adoles-
cents according to the IDF classification. The prevalence is shown as
a percentage range and is depicted for selected countries.

lowest prevalence (0.3%) was found in a population-based
survey of Colombian school children by using the definition
of the IDF [32] (see Figs. 2 and 3). The highest prevalence
(26.4%) was found among Iranian children and adolescents
by using the definition of de Ferranti et al. (see Figs. 2 and
4) [33]. Prevalence was high in the Middle East (13 and 6%
in Iran [33-35] and almost 5% in Saudi Arabia [36]
according to the Cook definition), in the United States
(5.4% by IDF [37] and 10.1% [20] by the Ford et al.
classification), and in South American countries (9.5% in
Chile by IDF and 6.2% in Colombia by the Cook definition
[32, 38] (see Figs. 3 and 4).

The median calculation of the whole dataset of pre-
valence numbers yielded 3.8%. Regarding each definition
separately, the median values were 2.1% for the IDF, 3.8%
for Cook et al., 5.7% for Ford et al., and 11.2% for de
Ferranti et al. (see Fig. 2). The mean value of the whole
dataset was higher, 5.23%, which is due to the high pre-
valence levels yielded by de Ferranti’s definition. 21 out of
24-IDF-based results lay within the range between 0.3%
[32] and 5.4% [37]. In the remaining three studies, the IDF-
based prevalence was considerably higher: 7.6% in China
[39], 8.4% in Iran [33], and 9.5% in Chile [38] (Figs. 2 and
3). The modified NCEP criteria, on the other hand, gen-
erally resulted in higher prevalence rates, which varied from
1.4 [40] to 26.4% [33] (Figs. 2 and 4).

China 2.5 - 3:8%:
Korea 5.7%"
Europe 1.4 3.5% g5y qj Arabia 4.9%
Spain’ 5.7%2 17.5%¢
Iran 6.1 - 13.3%*
Algeria 0.6 - 2.6%¢ 26.4%¢
2.0 - 4.0%¢

USA 10.1%"

Venezuela 2.2%*
Colombia 3.8 - 6.2%*
4.1-7.8%"
8.7 - 11.4%¢<
Brazil 1.9%*
5.0 - 12.8%¢
South Africa 3.1-6.0%*

Fig. 4 Prevalence of metabolic syndrome in children and adoles-
cents according to the definitions proposed by Cook et al. [6], Ford
et al. [26], and de Ferranti et al. [27]. The prevalence is shown as a
percentage range and is depicted for selected countries.

Although the absolute prevalence of MetS is somewhat
low, it is still high considering the young age of the parti-
cipants and concerning in terms of the potential lifelong
burden of disease [11, 20]. Besides, the number of children
presenting with at least one risk factor is considerably
higher. For example, Miller et al. [20] identified two third
(73.2%) of the study population of the “National Health and
Nutrition Examination Survey” (NHANES) as having one
or more metabolic abnormality, whereas Dias Pitangueira
et al. [41] even identified 85.7%. The prevalence rates might
seem even more alarming when extrapolated to the total
population. According to Song et al. [42], prevalence of
3.4% would mean that more than 11 million Chinese chil-
dren are affected with MetS and prevalence of 10.1%, found
by Miller et al. [20], would mean that 3.3 million US
adolescents fulfill the diagnostic criteria. In the majority of
included studies central obesity (assessed via WC mea-
surement) and/or dyslipidemia (low HDL and/or high TG)
were the most frequent risk  factors  seen
[20, 31, 33, 34, 39, 43-50], whereas high fasting glucose
was the least frequent [30, 31, 35, 36, 41-43, 49, 51]. The
prevalence of abdominal obesity varies between nations and
across ethnic groups: high among European [48], North
American [20, 46], and South African [30, 45] study groups
in contrast to Asian study populations [52, 53]. Miller et al.
reported that in the US study population different ethnicities
showed different prevalence of Mets: Hispanic adolescents
(14.6%) > non-Hispanic ~ whites  (9.8%) > non-Hispanic
blacks (5.2%) [20]. These findings are similar to those that
were reported previously in US-American NHANES
population [6, 19, 27, 37, 53, 54].

There appears to be a direct correlation between BMI and
the prevalence of MetS, as MetS is higher among over-
weight and obese children [31, 32, 34, 35, 37, 39,
41, 43, 47-49, 52]. The prevalence of MetS ranges from
10% [49] up to 57.4% [37] among obese children and
adolescents and the prevalence increases with BMI
[32, 35, 39, 49, 55, 56].

Some authors report an association between aging and
MetS. While this relationship is well established in adults
[35, 40, 44, 50, 57-59], it is not so clear in children. Lee
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and colleagues, for example, observed that the prevalence of
MetS was lower in 10-18-year-old children (1.0%) as
compared to 19-25-year-olds (2.4%) [60] but other
researchers did not observe this association [18, 43, 48, 51],
or even reported an inverse correlation [32, 33, 61].
Ramirez-Vélez et al. [32] suggested that the inverse corre-
lation in the younger group could be due to higher pre-
valence of overweight in this group while Asghari et al.
proposed that it could be attributed to pubertal development
[33]. Overall, overweight and obesity—rather than age—
appear to have greater impact on the development of
pediatric MetS [32].

With regard to sex differences, some studies reported that
Mets is higher in boys as compared to girls
[20, 30, 34, 35, 42-45, 47, 49] but others did not report
similar findings [32, 40, 42, 48, 50, 52, 60].

Comparative studies and discrepancies between the
definitions

When evaluating the results from different population-based
studies, it is striking that the proportion of children being
affected by the MetS varies considerably. This dispersion
can be attributed to the properties of the study cohorts such
as age-range, sex distribution, ethnicity and prevalence of
obesity as well as dietary habits, physical inactivity and
environment and socio-economic status [35, 46, 62].

However, when comparing the results from Miller et al.
[20]. and Rodriguez et al. [37], it appears that these influ-
encing factors are insufficient in rationalizing such great
discordance between prevalence numbers, since both
research groups used data from the same nationwide health
survey program of the US population (NHANES
2001-2010 and 2005-2012). The most striking difference
was that Miller et al. [20] applied the IDF definition,
whereas Rodriguez et al. [37] chose the definition of Ford
et al. The Ford et al. classification resulted in prevalence
nearly twice as high as the IDF classification (10.1% vs.
5.4%). Considering these two definitions differ in their
cutoff values and diagnostic requirements (e.g., the IDF
determine abdominal obesity as a mandatory diagnostic
criterion), it is plausible that they also differ in prevalence
outcome. On the other hand, differences between the Miller
et al. [20] and Rodriguez et al. [37] data could have arisen
due to the different years from NHANES that they included.
It is also possible that the prevalence has increased over
time in the U.S., which would also cause a higher pre-
valence rate in the Rodriguez et al. paper [20].

Several research groups compared different classifica-
tions in order to explore their degree of discordance (see
Table 3). In applying more than one definition to the same
study population, these studies could determine an incon-
sistency in the prevalence outcome: the definition of de
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Ferranti et al. always reached the highest prevalence while
the IDF criteria presented by far the lowest number of
children being diagnosed with MetS. Cook et al. and Ford
et al. obtained rather similar results (6.2% vs. 7.8% [32],
4.9% vs. 4.9% [36], 3.8% vs. 4.1% [51]) that lay in between
de Ferranti’s and the IDF definition.

The results that differed the most came from an Saudi
Arabian survey, where the number of children being diag-
nosed by de Ferranti’s classification as having MetS was
eight times higher than by the IDF definition (17.5% vs.
2%). The Ford and Cook classifications yielded nearly 5%
[36]. Similar findings were reported by an Iranian study,
where, according to the criteria of de Ferranti et al., 26.4%
of the study cohort were diagnosed with MetS. The defi-
nition of Cook et al. resulted in 13%, whereas the IDF
classification identified 8.4% as being affected [33]. In
summary, the results from comparative studies demonstrate
that the lack of a standardized, globally accepted definition
impedes comparison between prevalence rates of different
study populations or communities [52].

Another reason for the discrepancies could be attributed
to the different weighting of the components of MetS.
Although most definitions agree in using the same five
components, they differ in terms of the cutoff values. By
setting either strict or generous thresholds, individual
components of MetS are weighted differently. Strict cutoff
values are more likely to be exceeded and increase the
number of diagnoses. De Ferranti et al. set the most strin-
gent limits on WC (>75th percentile), HDL (<50 mg/dl),
and TG (2100 mg/dl) [27, 51]. Therefore, the probability of
surpassing these strict thresholds is high. This explains why
the definition of de Ferranti et al. results in higher pre-
valence values than other classifications.

On the other hand, generously set cutoff values are less
likely to be surpassed. This means that among the MetS-
positive group, only few individuals show this component
as being abnormal. Furthermore, higher values (or lower, as
in the case of HDL) result in reduced number of people
meeting the criteria. For instance, IDF uses adult cutoff
points for defining increased BP (systolic BP > 130 mmHg,
diastolic BP > 85 mmHg) instead of age-, sex-, and height-
specific percentiles [28, 51]. These cutoff values seem too
high for children and adolescents and thus might be
responsible for the low prevalence by IDF criteria [32].
Findings from Kim and So [52], Agudelo et al. [51], and
Reyes et al. [43] confirmed that the prevalence of elevated
BP was considerably lower according to IDF criteria than
using definitions by Ford et al. or Cook et al. (demonstrated
in Table 3). This means that, compared with the remaining
components, BP contributes less to the overall number of
MetS diagnoses [40].

Similar considerations apply to the definitions of Cook
et al. and de Ferranti et al., who chose higher limits for
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Table 3 Different weighting of components of the metabolic syndrome.

Prevalence of elevated BP

Diagnostic criterion: elevated BP

Definition

Author (year)

2.4%

Systolic BP 2 130 mmHg or diastolic BP > 85 mmHg

IDF

Kim et al. (2016) [52]

20.4%
2.2%

>90th percentile; specific for age, sex, and high

Ford
IDF

Systolic BP > 130 mmHg or diastolic BP > 85 mmHg

Agudelo et al. (2014) [79]

10.3%
0.7%

>90th percentile; specific for age, sex, and high

Cook
IDF

Systolic BP > 130 mmHg or diastolic BP > 85 mmHg

Villalobos et al. (2014) [77]

>90th percentile; specific for age, sex, and high 8.7%

Cook

Prevalence of high FBG

Diagnostic criterion: high fasting blood glucose (FBG)

Definition

Author year

0.6%

FBG > 110 mg/dl
FBG > 100 mg/dl

Cook de Ferranti

IDF, Ford

Agudelo et al. (2014) [79]

2.8%

elevated blood sugar (2110 mg/dl). This way, fewer indi-
viduals fulfill the criterion of high fasting glucose. Conse-
quently, blood glucose contributes less to the diagnosis of
pediatric MetS than the other components [40].

Strictly defined risk factors determine characteristics of a
MetS-positive cohort. Among the four classifications, IDF
and Ford et al. use the strictest limit value for fasting blood
glucose (>100 mg/dl). Thus, individuals that are at risk of
developing T2DM are more likely to be identified by these
two criteria than by others (Cook et al. >110mg/dl).
However, Cook et al. and Ford et al. classifications use age-,
sex-, and high-specific percentiles for defining elevated BP
and thus are assumed to better identify children who are at
high risk of developing CVD compared to the IDF classi-
fication [51].

Rationales for the difficulties in developing a
uniform MetS definition: current challenges and
perspectives

The reasons for the continuing disagreement among criteria
and definitions are numerous. Since knowledge about the
pathogenic mechanisms of MetS in children and adoles-
cents is insufficient, the development of one reliable defi-
nition is problematic [22]. The paucity of long-term studies
makes it difficult to quantify the extent to which childhood
risk factors actually cause health consequences in adulthood
[63, 64]. Therefore, it is challenging to set reliable pediatric
threshold values above which the health risk is verifiably
increased [64]. Tracking at-risk children into adulthood—
with morbidity and/or mortality as end-points—would help
determining appropriate cutoff points for young age groups
[18, 22, 63, 64].

As the period between childhood and adult age is char-
acterized by huge physiological changes and transition,
evaluation of the cardio-metabolic state during this period is
extremely difficult and insecure [23]. In the course of
growth and puberty, the organism undergoes several mod-
ifications in physiological processes that also affect cardio-
metabolic parameters [52, 65]. Several factors influence
growth during puberty: genetic, nutritional, endocrine, and
ethnic [66]. In addition, the onset of puberty is also believed
to be associated with a greater risk of development of
obesity and CVD in adulthood [67]. Some studies have
assessed pubertal growth and cardio-metabolic risk,
including measurements of risk factors for CVD and type 2
diabetes [67]. These authors reported an independent
association between pubertal timing and adult-MetS-related
derangements in more than 5000 subjects (males and
females).

Furthermore, the natural rise in insulin levels during
puberty is a critical confounding factor and IR has been
shown to play a key role in the metabolic changes in obese
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children [68]. Data from 334 obese 5-19 years old children
show that cardio-metabolic risk is associated with increased
postprandial IR and dyslipidemia in prepubertal and
increased fasting IR in postpubertal obese children [68].
Therefore, cardio-metabolic risk assessment in adolescents
requires cutoff points that also reflect pubertal development
[69].

Variations in anthropometric and metabolic character-
istics between ethnic groups may also hamper development
of a uniform definition of MetS [20, 70, 71]. Ethnic-specific
cutoff points and percentiles are required to define
abdominal obesity, dyslipidemia, elevated BP, and impaired
glucose metabolism [28, 43, 45]. Since such percentiles are
not available for every population, some studies use pre-
existing reference values of other population groups instead.
This may overestimate or underestimate the actual pre-
valence of MetS and impedes comparability between dif-
ferent cross-sectional/epidemiological studies [30, 43].
Taken together, cardio-metabolic risk assessment in chil-
dren and adolescents requires age- and sex-specific per-
centiles that also consider pubertal development and
ethnicity [12, 14, 23, 54, 69, 70, 72].

An additional challenge for a MetS definition is the
dichotomous manner of analyzing its components [62].
Each diagnostic criterion is described as either being normal
or abnormal as being beneath or above the cutoff values.
The definitions do not take into account to what extent an
individual risk factor contributes to the overall risk profile
[23]. Regarding the whole syndrome, an individual can only
be diagnosed as either having MetS or not, whereas the
severity of the MetS cannot be evaluated [73]. Therefore,
researchers claim that dichotomizing each diagnostic com-
ponent results in loss of important information. Instead,
other research has suggested that measurements should be
treated as continuous variables [22, 29], meaning that each
risk factor should be involved in the overall risk estimation,
regardless of whether it surpasses the threshold or not [18].
For this reason, the continuous MetS has been developed. It
is calculated by summarizing the z-scores of each MetS
component. A high score equates to a poor metabolic profile
with higher risk for CVD and T2DM [62]. In this way, the
overall cardio-metabolic risk could be evaluated with
respect to small/gradual changes of each risk factor and thus
better reflect the pathophysiological processes [44]. Overall,
more research is needed on whether variables should be
treated as continuous or not.

The relevance of pediatric MetS in clinical practice
Given the continuing disagreement and lack of knowledge
regarding pediatric MetS, it is difficult to provide recom-

mendations about its clinical application [74]. Results from
longitudinal studies are also not that conclusive. In two
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Iranian studies childhood MetS was found to be a poor
prognostic factor for adult MetS [33, 34] and in the “Car-
diovascular Risk of Young Finns Study,” the accuracy in
predicting adult health outcomes was hardly better than
prediction by pure chance [75]. These findings agreed with
the “Princeton Lipid Research Cohort Study,” in which the
within-person accordance between childhood- and adult-
MetS severity (evaluated by calculation of a MetS severity
z-score) was found to be moderate [76]. This instability in
MetS status could be explained by changes in weight status
as well as by pubertal development during the follow-up
period [33, 34, 77]. Individuals, who were obese in child-
hood, but were of normal weight in adulthood, were shown
to have a similar risk for being MetS-positive as those who
never have been obese [34]. This indicates that weight
status per se is a predictor of adult health risk [78]. Indeed,
longitudinal studies revealed that childhood MetS could
predict adult MetS, T2DM, or CVD, however the predictive
value of MetS was not superior to that of BMI per se
[34, 78]. These findings foster the discussion whether its
clinical application provides any benefit, especially since
body weight assessment requires less effort [78].

Despite these multiple doubts, researchers recognize
childhood obesity with premature accumulation of cardio-
metabolic risk factors as being one major challenge of
public health [23, 51, 71, 77]. Indeed, the persistence or
worsening of childhood cardio-metabolic risk factors and
MetS into adulthood is assumed to substantially increase the
risk for future diseases [76, 79]. Therefore, screening
measures seem indispensable for identifying those children
that are at high risk—especially when considering that
initial cardio-metabolic changes do not cause any symptoms
[22, 50, 69].

Albeit the utility of MetS in pediatric patients is ques-
tionable, its concept of risk factor clustering could serve as a
rough guide for risk assessment in the clinical setting [74].
However, instead of sticking to certain MetS classifications,
pediatricians should rather focus on established cardio-
metabolic risk factors [12, 34, 74, 78]. Since weight status
correlates closely with cardio-metabolic abnormalities, WC
measurement and BMI calculation are considered helpful
screening tools for detecting children with high risk of MetS
[39, 47]. Besides this, the individual medical history,
familial predisposition, eating habits and lifestyle behavior
should also be part of the cardio-metabolic risk evaluation
[22, 61, 63]. Considering that MetS already occurs in youth
and often in combination with obesity, it is important to
start countermeasures as early as possible [51]. Imple-
menting prevention programs against overweight and
weight gain in a school environment would reach a large
number of children and might realize a decrease in child-
hood obesity [36]. Such programs should promote knowl-
edge and awareness of a healthy lifestyle with special focus
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on adapting a healthy diet and boosting physical activity
[38]. Treatment strategies should also be targeted at
managing obesity as well as treating the individual cluster
of cardio-metabolic risk factors [22, 74].

Limitations

Several limitations have to be mentioned when discussing
the results of this literature review. First, not every cohort of
the included studies was representative for the overall
country population. In some cases, the participant recruit-
ment was conducted in specific country regions [43, 44, 48]
or among special ethnic [64] or socio-economic groups
[38]. In two studies, the participants were not randomly
selected [51, 58]. Second, some studies used data that were
collected several years ago [20, 33, 42] and thus might not
exactly reflect the current epidemiological situation. Third,
due to the exclusion criteria (e.g., studies with particular
selection criteria, studies that used different definitions, etc.)
prevalence data of several other countries could not be
taken into account.

Additional limitations include the broad range of ages
included in some studies, which combined children and
adolescents (who may be physiologically quite different) as
well as the lack of sex-specific estimates in some studies.

Conclusions and perspectives for future
scientific research

Current epidemiological studies revealed that the pre-
valence numbers of childhood MetS are high in the US, in
the Middle East and in South American countries, with the
highest proportion of MetS diagnoses occurring among
overweight and obese individuals. The high number of
different pediatric MetS definitions creates variations in the
prevalence data from different epidemiological surveys and
impedes comparison between them. Moreover, the actual
reliability of the pediatric MetS diagnosis to predict future
health consequences is rather poor. This could partly be
explained by puberty-associated changes in hormonal status
and body weight.

As MetS is on the rise in children and adolescents, and
given the disagreement on the diagnosis of MetS in children
and youth, cardio-metabolic risk evaluation should rather be
based on established risk factors such as nutritional status,
hypertension, dyslipidemia, IR, clinical status, and familial
predisposition. Future research should take into considera-
tion several aspects:

First, in order to validate the causality between childhood
risk factors and adult health consequences, longitudinal
studies are required. This will lead to clarification of the

underlying pathophysiological mechanisms and facilitate
determination of appropriate limit values/ranges [18, 64].
Similarly, the influence of pubertal development on cardio-
metabolic parameters needs further investigation [69].

Second, age-, sex-, and ethnicity-specific percentiles for
growth, weight, and WC should become available for every
population group in each country [71]. This is important as
variations in anthropometric and metabolic characteristics
between ethnic groups are seen [20, 70, 71]. Specifically,
ethnic-specific cutoff points and percentiles are required to
define abdominal obesity, dyslipidemia, elevated BP, and
impaired glucose metabolism [28, 43, 45]. Using preexist-
ing reference values of other population groups (e.g.,
Caucasian values for Asian populations) may overestimate
or underestimate the actual prevalence of MetS [30, 43].

Last, while there is temptation to suggest one valid,
globally accepted definition of MetS for pediatric popu-
lations [64], we believe that it is more appropriate to
suggest definitions of MetS that are specific to males vs.
females, as well as being specific to race/ethnicity or
geographic region. Establishment of a global definition of
MetS may be too simplistic and will, as this article shows,
lead to misinterpretation or underrepresentation of this
important cardiovascular risk factor in children and young
adolescents.
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