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Abstract
The global increase of overweight and obesity in children and adults is one of the most prominent public health threats, often 
accompanied by insulin resistance, hypertension, and dyslipidemia. The simultaneous occurrence of these health problems 
is referred to as metabolic syndrome. Various criteria have been proposed to define this syndrome, but no general consensus 
on the specific markers and the respective cut-offs has been achieved yet. As a consequence, it is difficult to assess regional 
variations and temporal trends and to obtain a comprehensive picture of the global burden of this major health threat. This 
limitation is most striking in childhood and adolescence, when metabolic parameters change with developmental stage. Obe-
sity and related metabolic disorders develop early in life and then track into adulthood, i.e., the metabolic syndrome seems 
to originate in the early life course. Thus, it would be important to monitor the trajectories of cardio-metabolic parameters 
from early on. We will summarize selected key studies to provide a narrative overview of the global epidemiology of the 
metabolic syndrome while considering the limitations that hinder us to provide a comprehensive full picture of the problem. 
A particular focus will be given to the situation in children and adolescents and the risk factors impacting on their cardio-
metabolic health. This summary will be complemented by key findings of a pan-European children cohort and first results 
of a large German adult cohort.
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Introduction

Starting in high income countries and driven by unfavora-
ble health behaviors like physical inactivity and unhealthy 
diets the increasing prevalence of metabolic disorders has 
reached pandemic dimensions [43]. The global increase of 
overweight and obesity in children and adults is probably 
the most obvious health threat which is often accompanied 
by insulin resistance, hypertension, and dyslipidemia. All 
of these disorders increase the risk for cardiovascular dis-
eases and thus contribute substantially to the global burden 

of non-communicable diseases. Since these cardiovascu-
lar risk factors often cluster in one individual, their joint 
occurrence is characteristic of an overriding syndrome and 
has thus been called metabolic syndrome (MetS) [4]. How-
ever, numerous diverse criteria regarding the markers to be 
measured and their cut-offs are currently in use to define the 
MetS, which makes it difficult to assess regional variations 
and temporal trends and to obtain a picture of the global 
burden of this major health threat [36]. Since obesity and 
related metabolic disorders develop early in life and then 
track into adulthood, it would be important to monitor their 
occurrence from early on. This calls for an adequate defini-
tion of MetS in children that considers the changes in body 
size and body composition during growth and developmen-
tal transitions during puberty. Such a definition that con-
siders the growth-dependent age- and sex-specific changes 
of cardio-metabolic markers has been proposed by Ahrens 
et al. [1] for pre-pubertal children, but corresponding refer-
ence values are still missing for adolescents [13]. For this 
reason, many authors were left with adult criteria to describe 
the population-burden of MetS in children and adolescents, 
rendering their results questionable.
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With this paper, we will summarize the results of selected 
key studies to provide a narrative overview of the global 
epidemiology of the MetS while considering the limitations 
that hinder us to provide a comprehensive full picture of the 
problem. A particular focus will be given to the situation 
in children and adolescents and the risk factors impacting 
on their cardio-metabolic health as it seems that the MetS 
originates in the early life course. This summary will be 
complemented by key findings of a pan-European children 
cohort and first results of a large German adult cohort.

Metabolic disorders during childhood

Worldwide prevalence of the metabolic syndrome 
in children and adolescents

Without claiming completeness, this section will briefly 
summarize some studies on the prevalence of the MetS in 
childhood and adolescence. As outlined in the introduction, 
such a summary is hampered by the fact that (1) in most 
pediatric studies, adult criteria or their adaptations were used 
to define the MetS. This makes it difficult to quantify the 
proportion of children with MetS and to assess its clinical 
impact [44]. Further challenges are (2) that diverse defini-
tions were in use as already problematized in a review by 
Ford and Li [19] where 40 different definitions of the MetS 
were identified in 27 publications; and (3) that most studies 
only consider children and adolescents above the age of ten, 
a fact that may be due to ethical concerns of drawing blood 
from very young children who are healthy. For a detailed 
comparison of the various criteria used to define the MetS 
in children and adolescents we refer to [44]. However, data 
which are comparable are urgently needed to learn more 
about the worldwide situation and the temporal trends of the 
prevalence of MetS in children and adolescents.

It is well known that the prevalence of childhood obe-
sity and overweight has increased worldwide. According 
to a pooled analysis of 2416 population-based studies with 
measurements of height and weight including 31.5 million 
children and adolescents aged 5–19 years [32], the rising 
trends in the prevalence of overweight and obesity measured 
by children's and adolescents' body mass index (BMI) are 
leveling off in many high-income countries, albeit at a high 
plateau, while the prevalence has continued to increase in 
parts of Asia (for further details see also [33]). The exces-
sive gain of body fat during childhood significantly increases 
the risk of adult obesity and is a major driver of the MetS 
since it impacts the development of cardio-metabolic com-
plications such as hypertension, dyslipidemia, and impaired 
glucose metabolism [21].

Reisinger et al. [40] conducted a systemic review on the 
prevalence of pediatric MetS where 31 studies (published 

between 2014 and 2019) were included that used at least one 
of the following four classifications: International Diabetes 
Federation [17], Cook et al. [15], de Ferranti et al. [16], 
and Ford et al. [20] where the IDF definition gives the low-
est prevalence values. Only, eight studies involved children 
below the age of ten. Thus, it is not surprising that a huge 
variation in prevalence values was observed with the low-
est prevalence of 0.3% (IDF) in Colombian school children 
and the highest prevalence of 26.4% (de Ferranti et al.) in 
Iranian children and adolescents. A study on 2,149 children 
and adolescents aged 6–17 years in Saudi Arabia [5] may 
illustrate the huge differences in MetS prevalence according 
to the various criteria. Here, MetS prevalence was estimated 
as 2.0% according to IDF, 4.9% according to Cook et al. and 
Ford et al., and 17.5% according to de Ferranti et al. Having 
a look at some specific examples, it becomes obvious that 
there was some heterogeneity across the studies included 
not only with respect to the MetS criteria used but also with 
respect to sample sizes and age groups.

For instance, in a nationwide survey of 37,504 Brazil-
ian adolescents aged 12–17 years, the prevalence of MetS 
was 2.6% (IDF) [26]. A Chinese survey including adults 
and adolescents reported a prevalence of 3.8% (Cook et al.) 
based on 11,174 adolescents aged 10–17 years [47] which 
is comparable to the MetS prevalence of 3% reported in 
a survey in Beijing, conducted in 2017, with 1766 ado-
lescents aged 10–15 years [48]. Based on data from the 
2010–2012 Korea National Health and Nutrition Examina-
tion Survey-V, a MetS prevalence of 5.7% (Ford et al.) or 
2.1% (IDF), respectively, was reported for 2330 children 
aged 10–18 years [25]. In a sample of 4641 Iranian chil-
dren and adolescents aged 10–18 years, a MetS prevalence 
of 3.6% (IDF) was observed for boys and of 5.9% for girls 
[6]. The MetS prevalence among US adolescents [41] was 
estimated as 5.4% based on a sample of 1623 adolescents 
aged 12–19 years from the National Health and Nutrition 
Examination Survey 2005–2012.

In a more recent systematic review by Noubiap et al. 
[37], 169 studies including 550,405 children and adoles-
cents from 44 countries were pooled, with the majority of 
data points from adolescents. An adapted version of the cri-
teria according to Ford et al. was used to assess the MetS 
prevalence where the overall MetS prevalence in 2020 was 
estimated as 2.8% (4.8%) among children (adolescents). 
The studies were further summarized into various catego-
ries. Looking for instance at income, the MetS for children 
(adolescents in brackets) was estimated as 2.2% (5.5%) in 
high-income countries, 3.1% (3.9%) in upper-middle-income 
countries, 2.6% (4.5%) in lower-middle-income countries, 
and 3.5% (7.0%) in low-income countries. Thus, in general, 
the MetS prevalence was higher among adolescents com-
pared to children, although there have been some exceptions 
on the regional level. Looking at the regional level (for a 
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description on country level, see Noubiap et al. 2022), the 
MetS prevalence for children (adolescents in brackets) in 
Central and Eastern Europe was estimated at 2.3% (4.4%); 
Northwestern Europe 1.4% (3.7%); Southwestern Europe 
2.0% (5.2%); Central Asia, Middle East, and North Africa 
3.4% (5.7%); East and Southeast Asia 2.2% (3.7%); South 
Asia 2.5% (3.9%); high-income Asia Pacific 2.0% (5.2%); 
high-income English speaking countries 2.5% (6.7%); Latin 
America and the Caribbean 5.6% (5.4%); Oceania 3.0% 
(5.7%); and Sub-Saharan Africa 3.0% (6.2%).

In the following, we will consider a pan-European cohort 
study in more detail in particular with respect to the develop-
ment of MetS during the transitional phase from childhood 
to adolescence and to potential risk factors.

The IDEFICS/I.Family cohort

The IDEFICS/I.Family cohort was set up as a pan-European 
multi-center population-based study to identify risk factors 
for diet- and lifestyle-related diseases, with a focus on child-
hood overweight and metabolic disorders. About 2,000 chil-
dren were recruited at baseline in kindergartens and schools 
in each of the eight participating European countries (Bel-
gium, Cyprus, Estonia, Germany, Hungary, Italy, Spain, 
Sweden). This resulted in 16,229 children aged 2–9.9 years 
who took part in the baseline survey (W0) that was con-
ducted in 2007/2008. The extensive examination program 
of W0 was repeated in 2009/2010 (W1). In this 1st follow-
up, 13,596 children aged 2–12 years participated. For the 
2nd follow-up (2013/2014; W2), siblings were also invited 
to participate. Thus, in total 9617 children aged 5–17 years 
were examined. The 3rd follow-up was conducted during 
the corona pandemic (2021/2022; W3) as online survey 
where 5322 children, adolescents, and young adults aged 
11–26 years filled in the questionnaires. For further details 
on the IDEFICS/I.Family cohort, refer to [3]. In 2012, 
Poland joined this cohort as a ninth cohort center.

Examination protocol

All participants passed an exhaustive, highly standardized 
examination protocol. Questionnaires were filled by par-
ents or by adolescents themselves to learn about the socio-
demographic background of the families, the medical history 
of the children and their lifestyle factors. Dietary behavior 
was assessed via a children´s eating habits questionnaire 
comprising a food frequency module and 24-h recalls. In 
addition, school meals were weighed before and after food 
intake. Physical activity was measured in a subgroup via 
accelerometry whereas physical fitness was assessed via 
a whole test battery. Anthropometric measurements such 
as height, weight, skinfold thickness, hip, waist, and neck 
circumferences were taken using the same measurement 

instruments in all centers. In addition, biological samples 
were collected and stored at −80 °C (blood serum/plasma) 
and −20 °C (urine and saliva), respectively.

All examination modules and survey instruments are 
described in detail in [7]. The study was approved by the 
local ethics committees, and informed consent was obtained 
from the children (oral consent) and their parents (writ-
ten consent) for each examination module separately. The 
IDEFICS/I.Family cohort study is registered in the ISRCTN 
clinical trial registry (https://​www.​isrctn.​com/​ISRCT​N6231​
0987).

Metabolic syndrome

A broad spectrum of associations between obesity and 
potential risk or protective factors, respectively, has been 
investigated cross-sectionally and longitudinally (see below). 
However, the assessment of clinical parameters in children is 
hampered by the lack of appropriate, risk-based cut-off val-
ues that define elevated levels in relation to health outcomes. 
In this situation it is common practice to use a statistical 
definition of elevated levels in relation to the distribution 
of the respective clinical parameters, such that upper and 
lower percentiles define the cut-offs beyond which param-
eter values are considered as being outside the “normal” 
range. Given the lack of appropriate data for such definitions 
in children, the IDEFICS/I.Family study offered a unique 
opportunity to calculate age- and sex-specific (and also 
height-specific in the case of blood pressure) reference val-
ues for numerous medical parameters based on the huge pop-
ulation-based dataset of 18,745 children [1]. In particular, 
a new definition of the MetS was derived tailored to young 
children aged 2–11 years [2] that has been suggested for 
worldwide use in a comment published in the Lancet Child 
& Adolescent Health [13]. By not using adult criteria this 
suggestion overcomes several of the limitations of former 
definitions of the MetS in children. Applying adult criteria 
to children would ignore growth- and sex-related changes 
in body composition and physiology, of which the obesity 
rebound is a well-known example. As the four components 
of the MetS, (1) waist circumference to assess obesity, (2) 
systolic (SBP) and diastolic blood pressure (DBP) to assess 
hypertension, (3) triglycerides or high-density lipoprotein 
cholesterol (HDL-C) to assess dyslipidemia and (4) HOMA-
insulin resistance or fasting blood glucose to assess insulin 
sensitivity are recommended. As cut-offs the 90th (P90) or 
95th percentiles (P95) are proposed where a child should be 
monitored if the 90th percentiles of at least three of the com-
ponents are exceeded and actions should be taken if the 95th 
percentiles of at least three of the components are exceeded 
(see Table 1).

According to these criteria, 1.5% of normal weight or 
thin children of the IDEFICS cohort, 14.1% of overweight 

https://www.isrctn.com/ISRCTN62310987
https://www.isrctn.com/ISRCTN62310987
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children, 31.5% of obese children and 5.5% of all children 
needed to be at least monitored with only minor differences 
in prevalence between boys and girls (children’s weight sta-
tus classified according to [14]).

Since it is well known that childhood obesity tracks into 
adulthood the dynamics of metabolic status during the 
growth period of children was of major interest. In a first 
step, the spontaneous remission rate of overweight and obe-
sity (defined by age-specific BMI cut-offs) between the base-
line survey W0 and the first follow-up examination W1 was 
investigated in 13,596 children, 1.9 to 2 years after the base-
line examination. As it can be clearly seen in Fig. 1, children 
aged 2–3 years have a 50% remission rate which declines to 
24.3% in 3- to 4-year-old children and further down to 10.1% 
in children aged 7–8 years. These results indicate that the 
variability of weight status decreases dramatically already 
in the early years of life until the child reaches school age.

As a major finding of a further prospective analysis of 
weight status and rate of BMI change in these children, we 
showed a positive association of current BMI and later MetS 
score. Moreover, the rate of BMI change was strongly and 
positively associated with the MetS score and this associa-
tion was strongest for the rate of BMI change during early 
childhood. The data indicate that the time window between 
9 months to 6 years of age is the most sensitive period dur-
ing which a rapid increase in BMI subsequently is followed 
by an elevated metabolic risk in children [8].

In a next step, Börnhorst et al. [9] investigated the meta-
bolic status of our IDEFICS children during their transition 
into adolescence. The analysis included 6768 children aged 
4–15 years in whom waist circumference, blood pressure, 
blood glucose, and lipids were measured at least two times 
during the first three examination waves of the IDEFICS/I.
Family cohort. Children with blood measurements taken in 
non-fasting status and children, who used any medications 
at time of measurements, were excluded from the analy-
sis. Since multiple combinations and change patterns could 
occur over time for the four components of the MetS (each 
with three levels: normal, ≥ P90, ≥ P95), the so-called latent 
transition analysis was applied to identify latent groups of 
children with similar metabolic profiles and to estimate the 
transition probabilities over time (Fig. 2).

The best model fit according to the Bayesian Information 
criterion (BIC) was achieved for five groups as defined in 
Fig. 3, where no group was characterized by elevated fasting 
glucose as the dominant trait. Children who were classified 
as metabolically healthy at W0 stayed metabolically healthy 
at W1 with a probability of 86.6%. The vast majority of chil-
dren who were assigned to the group “Abdominal obesity” 
stayed in this group (79.3%) while 18.5% even switched to 
the group “Several MetS comp.” The most striking result 
was observed for children being assigned to the “Several 
MetS comp” group: these children stayed in this group at 
W1 with a probability 99.8%. Looking at these children 

Table 1   Definition of pediatric metabolic syndrome

HOMA, homeostasis model assessment

Excess adiposity
WAIST + 

Blood pressure
BP + 

Blood lipids
LIPIDS + 

Blood glucose/insulin
GLU + 

Waist circumference ≥ P90/P95 SBP or DBP ≥ P90/P95 Triglycerides ≥ P90/P95
or HDL-C ≤ P10/P5

HOMA-insulin resistance ≥ P90/P95 or fasting 
glucose ≥ P90/P95

Fig. 1   Remission rates of 
overweight/obesity for children 
of the IDEFICS cohort between 
baseline and first follow-up (red 
line: weighted average remis-
sion rate over all age groups; 
blue line: age-specific remission 
rate)
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further, the probability of staying in this group at W2 was 
estimated as 88.3%. With a probability of 7.3% and 3.5%, 
respectively, children belonging to this group at W1 moved 
to the “abdominal obesity” and the “dyslipidemia” groups 
at W2. Children moved from the “several MetS comp” group 
to the metabolically healthy group at W2 with a probability 
of less than 1% which is a critical finding: recovery seems 
to be unlikely.

Major risk factors

According to Börnhorst et al. [10] and based on the patterns 
derived above, multivariate mixed-effects models were used 
to assess the age-dependent associations of modifiable and 
non-modifiable risk factors as well as C-reactive protein 
(CRP), with the log-transformed probabilities of developing 
abdominal obesity, hypertension, dyslipidemia, or several 
metabolic disturbances relative to the probability of staying 
metabolically healthy, with the latter serving as the refer-
ence group.

Having at least one media device in the child’s bedroom 
and not being member in a sports club increased the risk 
of having several elevated components of the MetS where 
the latter also increased the risk for dyslipidemia alone. A 
protective effect on abdominal obesity could be observed 
for children with better well-being. Surprisingly, no asso-
ciations were found for breastfeeding duration, fruit and 
vegetable, or processed food consumption with any of the 
metabolic outcomes during the transition between childhood 
and adolescence.

Besides these modifiable risk factors, it was also observed 
that a high maternal body mass index and a family history 
of hypertension, both, were positively associated with the 
risk of abdominal obesity, dyslipidemia, hypertension, and 
elevated levels of several components of the MetS. A low or 
medium parental educational level of parents assessed by the 
International Standard Classification of Education (ISCED; 
[45]) as well as entering puberty at an early age were posi-
tively associated with the risk of abdominal obesity and of 
having several elevated components of the MetS.

In addition, higher CRP z-scores were positively asso-
ciated with the risk of abdominal obesity, dyslipidemia, 
hypertension and of showing several elevated components 
of the MetS.

In a recent publication, Nagrani et al. [29] investigated 
the potential influence of environmental factors on the risk 
of prediabetes and MetS based on data from the IDEFICS/I.
Family cohort. In this first analysis, Nagrani et al. focused 
on exposure to black carbon (BC) where the amount of BC 
particles in the children´s urine was used as measure of 
BC exposure as precise as possible. In a subgroup of 5,453 
children, the annual exposure to ambient air pollutants at 
the place of residence was assessed using land use regres-
sion models and calculated the residential distance to major 
roads. Here, a positive association (1) between living not 
more than 250 m away from a major road and urinary black 
carbon levels compared to children living more than 250 m 
away from a major road and (2) between the concentration 
of log-transformed black carbon nano-particles in urine and 
MetS was observed.

Fig. 2   Temporal sequence 
of the first three examination 
waves of the IDEFICS/I.Family 
cohort

Fig. 3   Five latent groups identi-
fied by latent transition analysis 
where percentages represent 
the estimated probabilities of 
a child having elevated values 
(≥ P90)
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The epidemiology of the metabolic 
syndrome in adults

According to the WHO definition, MetS in adults is 
defined by abdominal obesity, hypertension, hyperlipi-
demia, and insulin resistance (for details see [23]). How-
ever, the various definitions of the MetS in adults differ 
with regard to the measured parameters and the specifica-
tion of the cut-offs for each of its components. Depending 
on the definition used the prevalence estimates of MetS 
can vary substantially [36]. The prevalence of the MetS 
reported below is most often based on the International 
Diabetes Federation (IDF) criteria, but other definitions 
are also quite common as, e.g., the National Cholesterol 
Education Programme’s Adult Treatment Panel III crite-
ria (NCEP ATP III) and according modifications of IDF 
and NCEP ATP III to account for Asian populations in 
particular for BMI and waist circumference as well as the 
American Heart Association/National Heart, Lung and 
Blood Institute (AHA/NLHBI) criteria.

The global prevalence of metabolic syndrome 
and its components

Based on an analysis of 1698 population-based data 
sources with more than 19.2 million persons being at 
least 18 years old [30], it becomes obvious that the prev-
alence of obesity has significantly increased worldwide 
over the last decades. Age-standardized mean body mass 
index (BMI) increased globally from 21.7 kg/m2 in 1975 
to 24.2 kg/m2 in 2014 in men, and from 22.1 kg/m2 to 
24.4 kg/m2 in women.

With regard to hypertension, the NCD Risk Factor 
Collaboration [35] analyzed data on measured blood 
pressure and data on blood pressure treatment from 104 
million persons aged 30–79 years collected in 1201 pop-
ulation-representative studies carried out from 1990 to 
2019. Hypertension was defined as having systolic blood 
pressure 140 mm Hg or greater, diastolic blood pressure 
90 mm Hg or greater, or taking medication for hyperten-
sion. Although the number of people with hypertension 
doubled from 1990 to 2019, the age-standardized preva-
lence remained nearly unchanged (1990: 32% in women 
and men; 2019: 32% in women and 34% in men). This is 
mainly due to a decrease in high-income countries and an 
increase in some low- and middle-income countries.

The NCD Risk Factor Collaboration [34] also investi-
gated worldwide trends in mean total, non-HDL and HDL 
cholesterol levels for 200 countries. For this purpose, data 
from 1,127 population-based studies collected in 102.6 
million individuals aged 18 years and older were used. 

There were nearly no changes in global age-standardized 
mean non-HDL cholesterol from 1980 to 2018 where 
a substantial decrease in non-HDL cholesterol in high-
income western regions and central and eastern Europe 
was compensated by an increase in east and southeast 
Asia, parts of sub-Saharan Africa and Melanesia. Global 
age-standardized mean HDL cholesterol remained stable 
for women whereas a slight decrease could be observed for 
men. The authors concluded that there has been a “major 
global repositioning of lipid-related risk,” where non-opti-
mal cholesterol patterns, in particular for non-HDL choles-
terol, shifted from high-income countries in northwestern 
Europe, north America, and Australasia to middle-income 
countries in east and southeast Asia, as well as to some 
countries in Oceania and central Latin America.

Based on pooled data on diabetes via measured bio-
markers from 751 population-based studies with in total 
4,372,000 adults, the NCD Risk Factor Collaboration [31] 
estimated worldwide trends in diabetes prevalence from 
1980 to 2014. Diabetes was defined as fasting plasma glu-
cose of at least 7.0 mmol/l, self-reported diabetes diagnosis, 
or use of insulin or oral hypoglycemic drugs. Age-stand-
ardized prevalence of diabetes increased globally: from 
4.3% in 1980 to 9.0% in 2014 in men, and from 5.0 to 7.9% 
in women over the same time period. This resulted in an 
increase of adults with diabetes worldwide from 108 to 422 
million. According to the estimates of the NCD Risk Factor 
Collaboration 28.5% of this increase was due to the rise in 
prevalence, 39.7% due to population growth and aging, and 
31.8% due to the interaction of these factors. The temporal 
trend in the prevalence of type 2 diabetes was also confirmed 
by the recent Global Burden of Disease Study 2019 [42].

According to [43], the “incidence of MetS often paral-
lels the incidence of obesity and incidence of type 2 diabe-
tes.” Thus, it is not surprising that also the prevalence of the 
MetS is on the rise. For instance, according to the National 
Health and Nutrition Examination Survey (NHANES), the 
prevalence of MetS among US adults aged 18 years or older 
increased from 25.3 to 34.2% from 1988–1994 to 2007–2012 
[28], where the MetS was defined according to the Joint 
Interim Statement (JIS) agreed upon by several medical 
associations as, e.g., IDF [4]. A recent update [27] including 
8,183 non-pregnant NHANES participants aged 20 years or 
older reported a further increase: the prevalence of the MetS 
increased from 37.6% in 2011–2012 to 41.8% in 2017–2018.

A systematic review on the prevalence of the MetS 
among adults in the Asia–Pacific region [39] showed a 
huge between-country variation with a prevalence of 11.9% 
(NCEP ATP III) observed in a national survey of the Philip-
pines in 2003 to 49.0% (modified NCEP ATP III) (34.8% 
according to IDF) in urban Pakistan (Karachi) in 2004 and 
37.1% (IDF) in Malaysia in 2008. In most countries, the 
reported prevalence was higher in women than in men. For 
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three countries time trends were reported, all showing an 
increasing prevalence among men and women: Accord-
ing to the Korean National Health and Nutrition Examina-
tion Survey (KNHANES) the prevalence in South Korea 
increased from 24.9% in 1998 to 31.3% (modified NCEP 
ATP III) in 2007. The prevalence of the MetS in Taiwan 
increased from 13.6% in a national survey during 1993–1996 
to 25.5% (modified NCEP ATP III) in the 2005–2008 survey. 
In China, the prevalence increased from 13.7% in 2000/01 
to 21.3% (NCEP ATP III) in 2009.

Hiramatsu et al. [22] recently reported time trends of the 
prevalence in Japanese men (69,643) and women (92,092) 
aged 40–75 years using a 6-year follow-up from 2012 to 
2018 of the population covered by the Shizuoka Kokuho 
Database. Between 2012 and 2017 the prevalence according 
to the Joint Interim Statement (JIS) criteria increased from 
29.2 to 35.9% in men and from 33.1 to 42.5% in women.

In a recent African review [12], 345 studies from 29 Afri-
can countries were included with in total 156,464 partici-
pants recruited between 1985 and 2021. The largest num-
ber of studies was contributed by Nigeria (66), followed by 
South Africa (49), Ethiopia (36), Ghana (34), Egypt (31), 
Tunisia (29), Morocco (18), and Cameroon (13). Again vari-
ous definitions of the MetS were used to calculate the preva-
lence. The authors calculated a pooled prevalence of 32.4%. 
Based on 151 studies that reported sex-specific prevalence, 
the pooled prevalence of MetS was significantly higher in 
African women (36.9%) than in men (26.7%). Comparing 
geographic regions, there were no major differences with a 
pooled prevalence of 33.6% in South Africa (55 studies), 
33.1% in West Africa (112 studies), 32.8% in North Africa 
(94 studies), 30.3% in East Africa (61 studies) and 30.1% in 
Central Africa (23 studies). However, major differences in 
prevalence estimates were observed among individual coun-
tries with Algeria having the highest prevalence (43.9%) and 
Sudan the lowest (1.5%).

Recently, a global meta-analysis including 28 million 
individuals analyzed the geographic distribution of MetS 
and its components [36]. The meta-analysis summarizes 
1129 data records from 663 articles published until 2021 to 
provide a global overview and to compare the prevalence of 
MetS and its components by geographic region and socio-
economic levels while applying 11 different definitions and 
cut-offs. When the authors compared the global prevalence 
by definition of MetS they observed a huge variation rang-
ing from 12.5% according to ATP III (BMI ≥ 25 kg/m2) to 
28.2% according to IDF and 31.4% according to JIS. The 
prevalence increased with age and study year, was higher in 
urban than rural areas and was generally higher in women 
as compared to men. The prevalence appeared to increase 
by income level of a country and was significantly higher in 
the Eastern Mediterranean Region (34.6%; IDF definition) 
and Americas (33.4%; IDF definition) as compared to other 

regions of the world. The prevalence was lowest in Africa 
(23.1%; IDF definition). According to the IDF definition the 
prevalence for the WHO region Europe was estimated at 
31.5%.

The NAKO Health Study

To better understand the development of the MetS and its 
sub-clinical stages in adults, large population-based cohorts 
are indispensable, in particular, if these are multi-purpose 
cohorts that consider a wide range of potential exposures 
and outcomes and thus deliver valuable data on incidence 
and multiple determinants of diseases. In Europe, there are 
four major cohorts currently running: (1) The UK Biobank 
with 500,000 participants aged 40–69 years, (2) Constances 
in France with 219,000 participants aged 18–69 years, (3) 
Lifelines in The Netherlands with 15,000 participants aged 
0–18 years, 140,000 aged 18–65 years, and 12,000 with 
65 + years of age, (4) the NAKO Health Study in Germany 
with 205,000 participants aged 20–69 years. These cohorts 
will offer new knowledge allowing early detection and tar-
geted prevention on a population level.

In the following, we will present some recent results 
based on data from the first 100,000 participants of the 
NAKO Health Study [38], which is the largest population-
based prospective study in Germany so far. It aims at identi-
fying the determinants and risk factors of chronic diseases in 
relation to lifestyle, environmental, genetic, and socio-demo-
graphic factors and at investigating the impact of geographic 
and socio-economic differences on the health status of the 
German adult population. The baseline examination took 
place from 2014 to 2019, the first follow-up examination 
will run until spring 2024 and a subsequent second follow-
up examination is planned for 2024 to 2029. The exhaustive 
examination program covers an in-person interview on the 
medical history and medications; self-completion question-
naires on health-related behaviors and socio-demographic 
and psychosocial factors; neuro-cognitive tests on attention, 
concentration, and memory; measurements of body height/
weight, waist/hip circumference, body composition, abdomi-
nal fat, sugar metabolism, grip strength, physical fitness, 
physical activity (via accelerometer), blood pressure, heart 
rate, and cardiovascular parameters such as 3D-echocardi-
ography, resting electrocardiogram (ECG), long-term ECG, 
sleep characteristic; analysis of exhaled air and assessment 
of lung function; assessment of dental health; collection of 
blood, saliva, nasal mucosa, urine, and stool. In addition, 
participants are asked for informed consent to link their pri-
mary data with secondary data sources like cancer registries 
and health insurances. More than 90% of the NAKO partici-
pants gave their consent for such a record linkage at baseline.
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The percentage of overweight (obesity in brackets) 
among the first 100,000 NAKO participants was 46.2% 
(23.5%) in men compared to 29.7% (21.2%) in women [18]. 
There was a huge difference among age groups. For men, 
the prevalence of overweight (obesity in brackets) ranged 
from 30.3% (9.8%) in the age group 20–29 years to 49.0% 
(30.2%) or 51.7% (27.9%) in the 60–69 years old or men 
being at least 70 years, respectively. For women, the preva-
lence of overweight (obesity) ranged from 18.5% (9.2%) in 
the age group 20–29 years to 38.6% (29.3%) in those being 
at least 70 years. Comparing the distribution, women had a 
higher subcutaneous adipose tissue layer thickness compared 
to men whereas the average visceral adipose tissue layer 
thickness was higher in men across all groups with a clear 
positive age trend in both sexes.

According to [24], the percentage of a self-reported medi-
cal diagnosis of a metabolic disease in NAKO participants 
heavily varied between men and women and across age 
groups with, e.g., 55% of women reporting a first diagnosis 
of thyroid disease already below the age of 40 years. Table 2 
shows a high prevalence of metabolic diseases in NAKO 
participants with unadjusted frequencies reaching 40.5% 
in men and 50.1% in women having at least one of them. 
The most frequent disease among men was hyperlipidemia 
(28.6%) while thyroid disease was most the most frequent 
disease among women (34.3%).

Discussion and conclusions

Pooling studies have proven valuable when assessing the 
global distributions of MetS and their temporal trends as 
well in investigating the components and determinants 
of MetS. Of course, pooling studies also have limitations 
because different studies entail different variables and vary 
with regard to the depth of information which makes it dif-
ficult to investigate subgroups, for example. It is expected 
that the increasing acceptance of the FAIR (findable, acces-
sible, interoperable, re-usable) guiding principles for data 
sharing [46] will enable future pooling studies to generate 
more comprehensive results.

The pooling studies described above show a dramatic 
global increase in obesity and metabolic syndrome over 
the last decades, reaching a prevalence of 28.2% when the 
IDF definition was applied, with substantial variation across 
countries. The prevalence was positively associated with 
the income level of a country and was higher in the East-
ern Mediterranean Region and the Americas as compared 
to other regions of the world. The prevalence was lowest in 
Africa. In most countries the prevalence of MetS is higher in 
women compared to men and higher in urban as compared to 
rural areas. Regarding the components of the MetS the global 
picture is complex. The number of people with hypertension 
doubled from 1990 to 2019 but the age-standardized preva-
lence remained nearly unchanged. This is mainly due to a 
decrease in high-income countries and an increase in some 
low- and middle-income countries. Overall the age-standard-
ized mean of non-HDL cholesterol levels did not change from 
1980 to 2018 but this apparently masked a global geographic 
shift of the prevalence of non-optimal cholesterol patterns 
from high-income western regions to middle-income coun-
tries in east and southeast Asia, as well as to some countries 
in Oceania and central Latin America. The age-standardized 
prevalence of diabetes doubled between 1980 and 2014 
reaching values of 9.0% in men and 7.9% in women globally.

Cohort studies like the NAKO Health Study or the 
IDEFICS/I.Family study are indispensable resources to 
monitor time trends and to capture major changes in health 
outcomes and determinants over the life-course. However, 
the results of the NAKO Health Study for diabetes and dys-
lipidemia are yet based on self-reports of study participants 
while the more valid biomarker-based data are still wait-
ing to be published. Despite these limitations, the NAKO 
Health Study again showed a worrying high prevalence of 
metabolic disorders in the population.

According to the above analyses, about 40% of children 
in the considered age range showed metabolic disorders 
without major sex differences, where their prevalence 
increased with age, particularly in puberty. Dyslipidemia 
seems to be the most reversible component of the MetS 
in youth. However, dyslipidemia or hypertension rarely 
occurred in isolation but were more likely to manifest as a 
comorbid condition of abdominal obesity which seemed to 

Table 2   Frequencies of one 
or more self-reported medical 
diagnoses of metabolic diseases 
by sex (adapted from [24])

*Direct age standardization based on Federal Statistical Office of Germany 2011

Men (n = 47,266) Women (n = 54,540)

n % (crude) % (stand.*) n % (crude) % (stand.*)

Diabetes mellitus 3,838 8.1 5.6 3,163 5.8 4.9
Hyperlipidemia 13,519 28.6 21.4 13,350 24.5 19.4
Gout 3,711 7.9 5.6 1,290 2.4 1.9
Thyroid disease 4,779 10.1 8.3 18.706 34.3 29.2
At least one of these diseases 19,157 40.5 31.5 27,298 50.1 27.5
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be the starting point of further metabolic disturbances. As 
a most alarming result, we observed that nearly no child 
having several elevated components of the MetS returned to 
a metabolically healthy status during 6 years of follow-up. 
This is a clear indication of the need for early and —based 
on our results [11]— also for multi-level interventions 
where high-risk groups, i.e., those with low socio-eco-
nomic status or maternal obesity may benefit most from 
well-targeted public health and education policies.

We should note that our use of a statistical definition 
of elevated clinical parameters where cut-offs are defined 
by percentile values is not ideal for two reasons: (1) such 
cut-offs depend on the distribution of the parameters of 
interest in the population from which they are derived and 
may thus differ between populations and (2) distributions 
shift over time with an increasingly obese global popula-
tion and this may result in an inflation of reference values, 
if cut-offs are updated based on actual distributions. It is 
thus desirable to eventually replace such relative reference 
values by stringent absolute cut-offs that are clinically rel-
evant, i.e., that are based on associated risks of developing 
well-defined disease outcomes.
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