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Abstract

Increase in prevalence of obesity has become a worldwide major health problem
in adults, as well as among children and adolescents. Furthermore, total adipos-
ity and truncal subcutaneous fat accumulation during adolescence are positively
and independently associated with atherosclerosis at adult ages. Centrally accu-
mulation of body fat is associated with insulin resistance, whereas distribution
of body fat in a peripheral pattern is metabolically less important. Obesity is
associated with a large decrease in life expectancy. The effect of extreme obesity
on mortality is greater among younger than older adults. In this respect, obesity
is also associated with increased risk of several cancer types. However, up to
30% of obese patients are metabolically healthy with insulin sensitivity similar
to healthy normal weight individuals, lower visceral fat content, and lower
intima media thickness of the carotid artery than the majority of metabolically
“unhealthy” obese patients.

Abdominal obesity is the most frequently observed component of met-
abolic syndrome. The metabolic syndrome; clustering of abdominal obe-
sity, dyslipidemia, hyperglycemia and hypertension, is a major public
health challenge. The average prevalence of metabolic syndrome is 31%,
and is associated with a two-fold increase in the risk of coronary heart
disease, cerebrovascular disease, and a 1.5-fold increase in the risk of all-
cause mortality.
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1 Introduction

Increasing prevalence of obesity is a worldwide
health concern because excess weight gain causes
an increased risk for several diseases, most nota-
bly cardiovascular diseases, diabetes, and cancers
(Wang et al. 2011). The global food system drivers
interact with local environmental and genetic fac-
tors to create a wide variation in obesity preva-
lence between populations. Epidemiologically, in
low-income countries, obesity mostly affects mid-
dle-aged adults, whereas in high-income countries
it affects both sexes and all ages (Swinburn et al.
2011). On the other hand, increased obesity rates
lead to a large health and economic burden in all
countries (Rtveladze et al. 2014). According to
Keaver et al. overweight and obesity are proposed
to reach levels of 89% and 85% in males and
females, respectively by 2030. This will result in
an increase in the obesity-related prevalence of
coronary heart disease (CHD) by 97%, cancers by
61% and type 2 diabetes by 21%. Thereupon, the
direct healthcare costs will increase significantly.
A 5% reduction in population body mass index
(BMI) levels by 2030 is estimated to result in
€495 million decrease in the expenditures in obe-
sity-related direct healthcare over 20 years (Keaver
et al. 2013). Additionally, after adjustment for sig-
nificant maternal and sociodemographic charac-
teristics, healthcare costs of children with obesity
are 1.62 times higher than those of children with
healthy weight (Hayes et al. 2016). Cost-effective
strategies targeted at reducing the prevalence of
obesity during the early years of life can signifi-
cantly reduce both healthcare and non-healthcare
costs over the lifetime (Sonntag et al. 2016). In this
respect, the obesity related disease burden on
health care expenses should be evaluated with the
epidemiological data considering whether the
obese population is metabolically healthy or not.

2 Definition and Prevalence
of Obesity

Obesity is usually classified by BMLI. It is calcu-
lated as body weight in kilograms divided by the
height in meters squared (kg/m?). Other methods,

including waist circumference (WC) and central
and peripheral fat mass, have also been used, but
currently BMI is continued to be used for the
classification of obesity. However, BMI does not
give a precise idea about the body composition
which affects the health risks of excess weight
such as the proportion of body weight which con-
sists of fat or the distribution of fat. These dis-
crepancies will be discussed in later sections.
Nevertheless, BMI is now the internationally
accepted standard method used by researchers
and the others dealing with human health, in spite
of its alternatives. According to BMI; individuals
are allocated to five different categories as 18.5—
24.9 kg/m?* normal range, 25.0-29.9 kg/m?
overweight, 30.0-34.9 kg/m? class 1-obesity,
35.0-39.9 kg/m?: class 2-obesity, equal or greater
40 kg/m?: class 3-obesity. Morbid obesity is con-
sidered to be grade 3 obesity or grade 2 obesity
plus significant obesity-related co-morbidities
(Ashwell et al. 2014; Dixon et al. 2011). In the
past 33 years, 1769 studies from 104 different
centers indicated that the established health risks
and substantial increase in prevalence of obesity
has become a major worldwide health problem.
The proportion of adults with a BMI of 25 kg/m?
or greater increased between 1980 and 2013 from
28.8% (95% Uncertainty intervals (UI): 28.4—
29.3) to 36.9% (36.3-37.4) in men, and from
29.8% (29.3-30.2) to 38.0% (37.5-38.5) in
women (Ng et al. 2014). Moreover, population-
based studies in different countries showed that
obesity will continue to be a serious health-risk in
future. Between 1985 and 2011, the prevalence
of adult obesity in Canada increased from 6.1%
to 18.3%. Furthermore, since 1985, the preva-
lence of obesity in classes 1, 2 and 3 increased
from 5.1% to 13.1%, from 0.8% to 3.6%, and
from 0.3% to 1.6%, respectively. It has been pre-
dicted that, by 2019, the prevalence of obesity in
classes 1, 2 and 3 will increase to 14.8%, 4.4%
and 2.0%, respectively (Twells et al. 2014). By
2030, in the USA up to 86% of adults will be
overweight or obese (Ginter and Simko 2014). In
Australia, approximately 63% of adults were
overweight and obese in between the years 2011—
2012. The proportion of the Australian popula-
tion who are overweight and obese is expected to
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increase to approximately 66% in 2017 (Sassi
et al. 2009; Statistics 2012).

On the other hand the prevalence of over-
weight and obesity among children and adoles-
cents has also increased worldwide (Ebbeling
et al. 2002; Lissau et al. 2004). Thirty-nine arti-
cles and one national health report that were
undertaken to consideration; in 16 of the 23
countries with national representative data using
the International Obesity Task Force (IOTF) cut-
off, over-weight and obesity prevalence were
found to be higher than 20%, five countries
showed prevalence above 30%, and only in two
countries prevalence was lower than 10%. Data
from the National Health and Nutrition
Examination Survey 2009—10 (NHANES) indi-
cated a prevalence of overweight and obesity
among 4111 adolescents aged 12 through 19
years of 15.2% and 18.4%, respectively (Bibiloni
et al., 2013). IOTF versus BMI cut-offs are
widely used to assess the prevalence of child
overweight, obesity and thinness. IOTF defines
the revised international child cut-offs and they
are available corresponding to the following BMI
cut-offs at 18 years. 16 kg/m?*: thinness grade 3,
17 kg/m?: thinness grade 2, 18.5 kg/m?: thinness
grade 1, 23 kg/m?: overweight (unofficial Asian
cut-off), 25 kg/m?: overweight, 27 kg/m?: obesity
(unofficial Asian cut-off), 30 kg/m? obesity, 35
kg/m?: morbid obesity (Cole and Lobstein 2012).

The prevalence has increased substantially in
children and adolescents in developed countries;
23.8% (BMI; 22.9-24.7) of boys and 22.6%
(BMI; 21.7-23.6) of girls were overweight or
obese in 2013. The prevalence of overweight and
obesity has also increased in children and adoles-
cents in developing countries, from 8.1% (min;
7.7-max; 8.6) to 12.9% (min; 12.3—-max; 13.5)
for boys and from 8.4% (min; 8.1-max; 8.8) to
13.4% (min; 13.0-max; 13.9) for girls during the
same time period (Ng et al. 2014). In an another
European country, Spain, the prevalence of over-
weight and obesity in children was determined
by using Spanish reference tables (SPART),
IOTF reference values, and The World Health
Organization (WHO) growth standards. The
average prevalence of overweight in boys ranged
from 14.1% to 26.7%, and in girls from 13.8% to

25.7% (Pérez-Farinos et al. 2013). The WHO
Regional Office for Europe analyzed 168,832
children from 12 countries in the context of WHO
European Childhood Obesity Surveillance
Initiative (COSI). Indeed, COSI routinely mea-
sures overweight and obesity prevalence of
primary-school children aged 6-9 years.
According to COSI data, the prevalence of obe-
sity ranged from 6.0% to 26.6% among boys and
from 4.6% to 17.3% among girls. Consequently,
overweight among 6-9-year-old children is iden-
tified as a serious public health concern
(Wijnhoven et al. 2013). BMI is correlated with
visceral adipose tissue (VAT) in pediatric popula-
tions. Furthermore, BMI may also be converted
to BMI percentiles by using Centers for Disease
Control and Prevention (CDC) growth charts.
BMI percentile is a sensible and useful tool for
the prediction of VAT mass, fat mass and cardio-
vascular disease (CVD) risk in children and ado-
lescents (Harrington et al. 2013). In a series of
14,493 children, increasing waist-to-height ratio
(WHtR) was significantly associated with
increased cardiometabolic risk in overweight and
obese subjects. Obese subjects with WHIR higher
than 0.6 should undergo a further cardiometa-
bolic risk assessment (Khoury et al. 2013).
However, in 3-5 years old overweight/obese
children, WHtR is not found to be superior to
WC or BMI in estimating body fat percentage
(BF%) and cardiometabolic risk (Sijtsma et al.
2014). Regardless of weight and length at birth,
the correlation of higher BMI at preschool age
with the ratio of weight gain per cm gain in height
may be a better indicator of risk for overweight
and obesity (Nascimento et al. 2011). Actually,
overweight children often become overweight
adolescents and adults later. A child or adolescent
with a high BMI percentile may have a high risk
of being overweight or obese at 35 years of age,
and this risk increases with age (Guo et al. 2002).
Furthermore in men, total adiposity and truncal
subcutaneous fat accumulation during adoles-
cence, are positively and independently associ-
ated with atherosclerosis at age 36 (Ferreira et al.
2004). Indeed, accumulation of body fat centrally
is associated with insulin resistance (IR), whereas
distribution of body fat in a peripheral pattern is
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metabolically less important. Thus, increased
visceral or intra-abdominal fat are more insulin
resistant than those who have increased quanti-
ties of centrally located subcutaneous fat (Kahn
et al. 2001). Body fat content and the fat distribu-
tion or adiposity is considered as important indi-
cators of health risk. Body adiposity index (BAI)
based on the measurements of hip circumference
and height is suggested as a useful predictor of
obesity (Bergman et al. 2011). Melmer et al.
observed that BAI is significantly associated with
leptin and hip circumference in 1770 patients
from the Salzburg Atherosclerosis Prevention
Program in Subjects at High Individual Risk
(SAPHIR) study (Melmer et al. 2013). However,
a cross-sectional study was conducted in 29,214
men and 21,040 women Spanish Caucasian par-
ticipants revealed that, WHtR and WC are better
adiposity indexes than BAI and BMI (Bennasar-
Veny et al. 2013).

Moreover, the connection between BMI and
body fat in young people differs among ethnic
groups and childhood. CDC and IOTF thresholds
showed low sensitivity or low specificity for pre-
dicting excess percentage body fat in different
ethnic groups. Overweight may not represent an
equivalent level of adiposity and ethnic-specific
BMI cut-off points (Duncan et al. 2009). The
anthropometric results of COSI Round 2
(2009/2010) and changes in BMI showed that the
highest significant decrease in BMI-for-age
anthropometric-Z-scores was found in countries
with higher absolute BMI values and the highest
significant increase in countries with lower BMI
values. Changes in BMI and prevalence of obe-
sity over a 2-year period varied significantly
among European countries (Wijnhoven et al.
2014). As mentioned above the same anthropo-
metric obesity measures cannot be used across all
ethnic groups for the assessment of obesity com-
plications. Overall, it is claimed that the central
obesity measures, WC and waist-hip ratio
(WHpR) are better predictors of cardiovascular
risk. Inspite of that WHpR is reported to have a
stronger predictive ability than WC and BMI in
Caucasian women. However, BMI in Northern
European women is a better indicator of risk
using in the general CVD and Framingham risk

score models. Nonetheless, it has been suggested
that WC is the most predictive tool for cardiovas-
cular risk among Asian women (Goh et al. 2014).
In fact, Framingham data suggest that obesity
and physical inactivity exert adverse effect on
development of CHD through the major risk fac-
tors. Indeed, the increased risk associated with
metabolic syndrome (MS) is reflected by the
Framingham scores primarily through high-
density lipoprotein (HDL) cholesterol, blood
pressure, and diabetes mellitus. However, some
other risk factors for CHD such as triglycerides,
low-density lipoprotein (LDL) particles, lipopro-
tein (a), coagulation factors, and homocysteine
are not taken into account. Moreover, the impact
of these risk factors may vary in various geo-
graphic and ethnic groups (Grundy et al. 1998).
Obesity is associated with large decreases in
life expectancy approximately by 3.3—18.7 years
and also large increases in healthcare expendi-
tures (Leung et al. 2015). Above BMI 25, each 5
kg/m?* higher BMI is on average associated with
about 30% higher overall mortality, which is
mainly due to increased risk of cardiovascular
death as 40%. While BMI at 30-35 kg/m?
median survival is reduced by 2—4 years; at 40—45
kg/m?, it is reduced by 8-10 years (Prospective
Studies Collaboration et al. 2009). However, it is
claimed that WHtR is a better predictive risk
measure of mortality than BMI (Ashwell 2012;
Ashwell et al. 2012). Optimal values of WHtR
are calculated as 0.5 for males and 0.46 for
females. The years of life lost (YLL) for the dif-
ferent values of WHIR are positively correlated
with the life expectancy. In a 30-year-old male
non-smoker with a WHtR of 0.7, life expectancy
is 7.2 years less than a 30-year-old male with a
WHtR of 0.5. The corresponding figure is also
valid for a 30-year-old female with WHtR of 0.7
compared to female with WHtR of 0.46. Life
expectancy is 4.6 years shorter in patient with
higher WHtR. YLL increases dramatically from
categories in excess of WHtR 0.52 for both males
and females (Ashwell et al. 2014). A pooled data
from 11 prospective cohort studies with 650,386
adults aged 20-83 years showed that higher WC
was positively associated with higher mortality at
all levels of BMI from 20 to 50 kg/m?. In this



1 The Definition and Prevalence of Obesity and Metabolic Syndrome 5

study median follow-up was 9 years and 78,268
participants died. Life expectancy for highest
versus lowest WC was approximately 3 years
less for men (WC of >110 vs <90 cm) and
approximately 5 years less for women (WC of
>95 vs <70 cm) (Cerhan et al. 2014).

The effect of extreme obesity on mortality is
greater among younger than among older adults,
greater among men than women, and greater
among whites than blacks (Hensrud and Klein
2006). Excess weight related deaths increased by
31% and associated years of potential life loss
and quality adjusted life years lost by about 37%,
respectively, between 2002 and 2008 in Germany.
About 73% of total excess weight related costs
are attributable to obesity. The main drivers of
direct costs are endocrinological (44%) and car-
diovascular (38%) diseases (Lehnert et al. 2015).
Amongst 1799 patients with BMI more than or
equal to 30 kg/m?, those with either nonspecific
or protein-energy malnutrition have increased
mortality relative to well-nourished patients,
while the odds ratio of 90-day mortality is 1.67
(95% confidence interval (CI), 1.29-2.15; p <
0.0001) (Robinson et al. 2015). In a series of
154,308 intensive care unit patients, Pickkers
et al. asserted that hospital mortality risks quickly
increase in underweight critically ill patients with
BMI < 18.5 kg/m?, whereas obese patients with a
BMI of 30-39.9 kg/m? have the lowest risk of
death. Because of the well-known obesity-
associated decrease in overall life expectancy,
these results could not be explained (Pickkers
et al. 2013). Even though the incidence of hyper-
tension, dyslipidemia, type 2 diabetes mellitus,
CVD and mortality are directly proportional with
the BMI, obese individuals may have better out-
comes compared to lean counterparts. This con-
dition is termed as the obesity paradox (Goyal
et al. 2014). Obese and morbidly obese patients
more frequently develop intensive care unit-
acquired infections than patients in lower BMI
categories. However, no significant differences
were observed among the groups in intensive
care unit or hospital mortality rates (Sakr et al.
2008). Indeed multiple statistical reviews have
suggested improved outcomes for obese inten-
sive care unit patients. Many articles highlight

potential confounders related to metabolic prob-
lems that may cause misleading results. Thus,
BMI has been traditionally used to stratify risk in
obese populations (Kiraly et al. 2011). For
instance, obese patients may be at greater risk of
developing acute respiratory distress syndrome
(ARDS) than normal weight patients (Stapleton
and Suratt 2014). Obesity-related factors cause
11% of heart failure cases in men and 14% in
women by inducing haemodynamic and myocar-
dial changes due to an increased cardiac lipotox-
icity that lead to cardiac dysfunction (Ebong
et al. 2014). In 97 studies providing more than
2.88 million individuals and more than 270,000
deaths, relative to normal weight, both obesity
(all grades) and grades 2 and 3 obesity are associ-
ated with significantly higher all-cause mortality.
Grade 1 obesity overall is not associated with
higher mortality. Furthermore, overweight is
associated with significantly lower all-cause
mortality (Flegal et al. 2013). The relative risks
of all-cause mortality in overweight and obese
patients with type 2 diabetes were 0.81 and 0.72,
respectively, compared with the normal or non-
overweight patients out of 161,984 participants
from nine studies of 13 cohorts (Liu et al. 2015).

Epidemiological studies have shown that obe-
sity is also associated with increased risk of sev-
eral cancer types. Recently the protein kinase B/
phosphatidylinositol 3-kinase/mammalian target
of rapamycin (Akt/PI3K/mTOR) cascade has
become a focus of the obesity and cancer connec-
tion (Vucenik and Stains 2012). On the one hand
leptin is positively correlated with adipose stores.
On the other hand, it induces cancer progression
by activation of PI3K/Akt, mitogen-activated
protein kinases (MAPK), mTOR and signal
transducer and activator of transcription 3
(STAT3) pathways as a potential mediator of
obesity-related cancer (Chen 2011; Drew 2012).
It has been suggested that a close relationship
between the metabolic health status and obesity-
related cancer mortality. While the risk of cancer
mortality decreases depending on the obesity sta-
tus, it increases depending on the metabolic
health status. The mortality rate from cancer rises
with the progress of metabolic dysfunction (Oh
et al. 2014). Although BMI had no impact on
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recurrence-free survival in obese women in the
low—/intermediate-risk groups, severe obesity
(BMI > 35) negatively impacts recurrence-free
survival in women with high-risk endometrial
cancer (Canlorbe et al. 2015). Eighty-two stud-
ies, including 213,075 breast cancer survivors
with 23,182 deaths from breast cancer showed
that relative risks of mortality are 1.75 for pre-
menopausal and 1.34 for post-menopausal breast
cancer for obese women. For each 5 kg/m? incre-
ment of BMI before and after 1 year of cancer
diagnosis increases risks by 18% and 29% for
breast cancer mortality, respectively. In this case
obesity is associated with poorer breast cancer
survival regardless of BMI ascertainment period
(Chan et al. 2014). Similarly, a trend of increased
colorectal cancer risk was observed with longer
duration of obesity (Peeters et al. 2015), whereas,
no association was found between high BMI and
risk of prostate cancer incidence in a series of
904 cases (Grotta et al. 2015).

3 Mortality Risk
of Metabolically Healthy
Obese Individuals

Although obesity significantly increases the risk of
developing metabolic disorders, hypertension,
CHD, stroke, and several types of cancer, up to 30%
of obese patients are metabolically healthy with
insulin sensitivity similar to healthy normal weight
individuals, lower visceral fat content, and lower
intima media thickness of the carotid artery than the
majority of metabolically “unhealthy” obese
patients (Blither 2012). These individuals do not
display the “typical” metabolic obesity-associated
complications. Severity of IR as well as subclinical
inflammation, type 2 diabetes, dyslipidemia, hyper-
tension and cardiovascular disease differentiates the
metabolically non-healthy obese from metaboli-
cally healthy obese (MHO) (Bliiher and Schwarz
2014). MHO approximately consists of 10-25% of
the obese (Blither 2010). Systematic review of the
prevalence of MHO in database revealed that 30
different forms of metabolic health have been iden-
tified in 27 different publications based on four
common criteria; blood pressure, HDL cholesterol,

triglycerides and plasma glucose. BMI >30 kg/m?
is the main indicator used to define obesity in two
thirds of the studies. In these cases, estimated meta-
bolically healthy obesity prevalence is between
10% and 51% (Rey-Ldpez et al. 2014). In total of
881 obese subjects, a more detailed MHO was
defined by using six sets of criteria including differ-
ent combinations of WC, blood pressure, total HDL
cholesterol or LDL-cholesterol, triglycerides, fast-
ing glucose, homeostasis model, high-sensitivity
C-reactive protein (hs-CRP), and personal history
of cardiovascular, respiratory or metabolic diseases
(Marques-Vidal et al. 2012). Actually the MHO
phenotype frequently refers to obese individuals
with a favorable metabolic profile. In Whitehall II
study, 657 individuals out of 7122 participants were
obese and 42.5% of these were classified as
MHO. Over the median follow-up of 17.4 years,
828 incident cases of CVD or stroke and 798 inci-
dent cases of type 2 diabetes were diagnosed. MHO
subjects were at increased risk for CVD (Hazard
Ratio (HR): 1.97, 95% CI: 1.38-2.80) and type 2
diabetes (HR: 3.25, 95% CI: 2.32-4.54) when com-
pared with metabolically healthy normal weight
individuals. For type 2 diabetes, the MHO pheno-
type is associated with lower risk than the metaboli-
cally unhealthy obese, but CVD risk was high in
both obesity phenotypes (Hinnouho et al. 2015).
Additionally, MHO individuals have higher preva-
lence of subclinical coronary atherosclerosis than
metabolically-healthy — normal-weight  subjects
(Chang et al. 2014). There are no clear accepted cri-
teria on the definition of MHO, as well as the bio-
logical mechanisms to explain this phenotype.
Several prospective studies suggested that the MHO
individual has been associated with a similar risk of
developing type 2 diabetes, CVD and mortality
when compared to healthy normal weight subjects
(Plourde and Karelis 2014). Thus, Phillips et al.
showed that prevalence of metabolically healthy
individuals was 6.8-36.6% among the obese,
whereas prevalence of metabolically unhealthy
subjects was 21.8-87% among the non-obese sub-
jects (Phillips et al. 2013). Moreover, eight studies
with 61,386 participants were evaluated for all-
cause mortality and/or cardiovascular events. MHO
individuals had increased risk for events compared
with  metabolically  healthy  normal-weight
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individuals. Compared with metabolically healthy
normal-weight individuals, obese persons are at
increased risk for adverse long-term outcomes even
in the absence of metabolic abnormalities, suggest-
ing that there is no healthy pattern of increased
weight (Kramer et al. 2013). In a population-based
study among Mexican Americans and non-Hispanic
whites, type 2 diabetes mellitus and CVD were
evaluated in 2814 and 3700 participants aged 25-64
years, respectively. The risk of developing type 2
diabetes mellitus and CVD is increased in both met-
abolically unhealthy normal weight and MHO indi-
viduals (Aung et al. 2014). At any time of life all
metabolically unhealthy groups; whether normal
weight or overweight and obese had a similarly
elevated risk (Kramer et al. 2013). Several factors
may participate in these discrepancies. In contrast to
MHO subjects, elderly individuals with the meta-
bolically obese normal-weight phenotype exhibit
greater all-cause mortality during 10 years of fol-
low-up (Choi et al. 2013). Although the obese popu-
lation defines as being metabolically healthy or not
depending on the method used to ascertain meta-
bolic health, obese individuals carry an excess risk
of mortality irrespective of their metabolic status
(Hinnouho et al. 2013). Consequently, MHO par-
ticipants were not significantly different from
healthy lean individuals by any definition.
Nevertheless, they have an intermediate level of
risk between healthy lean and unhealthy obese
groups (Durward et al. 2012). Since the incidence
of obesity continues to rise, importance of MHO
phenotype is increasing (Roberson et al. 2014).
Furthermore, some evidences indicate that less than
15 years of follow-up data in population based
cohort may underestimate the overall mortality risk
associated with the metabolic disorders (Sundstrém
et al. 2006).

4 Prevalence of Metabolic
Syndrome

In epidemiological studies, MS occurrence varies
between 20% and 45% of population. Abdominal
obesity is the most frequently observed compo-
nent of MS. The incidence of MS is expected to
increase to approximately 53% at 2035 (Gierach

et al. 2014). Abdominal obesity, nuclear peroxi-
some proliferator-activated (PPAR) modulation,
IR with or without glucose intolerance, athero-
genic dyslipidemia, elevated blood pressure and
proinflammatory states are included in the princi-
pal components of MS (Tenenbaum et al. 2004).
Adipocyte size of both subcutaneous and omental
fat are increased with higher body fat mass.
Hyperplasia takes place primarily in the subcuta-
neous fat tissue, whereas fat cell hypertrophy
occurs both in the omental and subcutaneous
compartments. Eventually, fat accumulation is
progressively increases in the subcutaneous tissue
than in the visceral fat compartment (Drolet et al.
2008). It has been suggested that WC and BMI
are the most accurate surrogate markers of vis-
ceral adiposity in young adults, and are good indi-
cators of IR and powerful predictors of the
presence of hepatic steatosis (Borruel et al. 2014).
However, overweight individuals with similar
BMI values have markedly different levels of
VAT (Cartier et al. 2008). Actually high amount of
VAT has significantly higher concentrations of
soluble tumor necrosis factor-alpha (TNF-alpha)
receptor 2 compared with obese men with low
VAT and with lean controls (Cartier et al. 2010).
Although both subcutaneous abdominal adipose
tissue and VAT are correlated with metabolic risk
factors, VAT remains more strongly associated
with an adverse metabolic risk profile (Fox et al.
2007). Indeed, increased VAT is strongly associ-
ated with incident hypertension, but not total or
subcutaneous adiposity (Chandra et al. 2014). The
rate of visceral fat accumulation is different
according to the individuals’ gender and ethnic
background. Furthermore, the connection
between visceral adiposity and obesity-related
cardiometabolic problems has been shown to be
independent of age, overall obesity or the amount
of subcutaneous fat (Hamdy et al. 2006). Because
of the significant contribution of visceral fat accu-
mulation to the development of metabolic disor-
ders, VAT is determined through different imaging
techniques (Iannucci et al. 2007). Thus, comput-
erized tomography or magnetic resonance imag-
ing recognizes ethnic differences in susceptibility
to visceral adiposity and related metabolic abnor-
malities. Actually clinical diagnosis of visceral



A.Engin

obesity alone, IR, or of the MS is not sufficient to
assess global risk of CVD (Alberti et al. 2005;
Després et al. 2008). Analysis of visceral adipos-
ity by body composition analyzer and single-scan
computerized tomography revealed that 130 cm?
of VAT in both sexes and/or 27 kg of fat mass in
women are useful cutoff values. In this respect
visceral adiposity in men and body fat mass in
women seem to be of greater relevance in cardio-
metabolic risk (Onat et al. 2010). Even so, inde-
pendent data analysis of 24,670 individuals from
ten autonomous communities aged 35-74 years
displayed that the average prevalence of MS was
31% (in women 29% and in men 32%). In this
study, while the high blood glucose and triglycer-
ides were more frequent in men with MS, abdom-
inal obesity and low HDL cholesterol was
predominant in women. Eventually the increase
in coronary risk was larger in women than in men
(Ferndndez-Bergés et al. 2012). Abdominally
obese and obese, each have a progressive increase
in the odds ratio for hypertension when compared
with individuals who had a normal BMI or no
abdominal obesity based on the US NHANES
2007-2010 (Ostchega et al. 2012).

In 1998, WHO firstly reported an accepted
definition of the MS. Within the scope of this
guideline, in addition to diabetes or IR any two
of the following criteria; obesity, lipid abnor-
malities, microalbuminuria and hypertension
should be covered (Alberti and Zimmet 1998).
Subsequently, visceral adiposity, hypertriglyc-
eridemia, HDL-cholesterol, hypertension and
more than 110 mg/dL of fasting blood plasma
glucose level were accepted as criteria for the
MS by the National Cholesterol Education
Program-Adult Treatment Panel III (NCEP-
ATPIIT) (Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in
Adults 2001). Later, The European Group for
the Study of Insulin Resistance (EGIR) pro-
posed an alternative definition for only non-
diabetic subjects with hyperinsulinaemia in
2002. Although this definition refers to the
same syndrome, in addition to IR there may be
two or more of the other components; hypergly-
cemia, hypertension, dyslipidaemia or central
obesity (Balkau et al. 2002).

In April 2005, International Diabetes
Federation (IDF) proposed a new definition of
the metabolic syndrome (Ford 2005). This latest
concept represents a modification of the WHO
and NCEP-ATP III, however the main focus is
central adiposity. IDF lists the various ethnic
group—specific thresholds for WC to define cen-
tral adiposity. Essentially, to have the MS, an
individual should have two or more of the follow-
ing four criteria in addition to central adiposity;
elevated concentrations of triglycerides, reduced
concentrations of HDL-cholesterol, elevated
blood pressure, and dysglycemia (Ford 2005).
According to the American Heart Association/
National Heart, Lung, and Blood Institute (AHA/
NHLBI) criteria (Grundy et al. 2005), MS is
diagnosed when three or more of the following
risk factors are present: abdominal obesity
(>102 cm in men, and >88 cm in women), hyper-
tension >130/>85 mmHg or specific medication,
level of triglycerides >150 mg/dL (1.7 mmol/L)
or specific medication, low HDL cholesterol: in
men <40 mg/dL (1.03 mmol/L), and in women
<50 mg/dL (1.29 mmol/L) or specific medica-
tion, and fasting plasma glucose >100 mg/dL
(5.6 mmol/L) or history of diabetes mellitus or
taking antidiabetic medications.

According to the 2005 IDF criteria of MS,
subsequently revised in 2009, abdominal obesity
is identified as the WC >94 cm in men, and
>80 cm in women. MS is responsible for the
development of IR which decreases the levels of
the HDL-cholesterol fraction, increases the lev-
els of triglycerides, and leads to the development
of arterial hypertension. Abdominal obesity plus
any two of the same risk factors as in NHLBI/
AHA criteria: hypertension >130/>85 mmHg or
antihypertensive therapy, level of triglycerides
>150 mg/dL (1.7 mmol/L) or specific medica-
tion, low HDL cholesterol: in men <40 mg/dL
(1.03 mmol/L), and in women <50 mg/dL (1.29
mmol/L) or specific medication, and fasting
plasma glucose >100 mg/dL (5.6 mmol/L) or
history of diabetes mellitus or taking antidiabetic
medications. Diabetes was defined as fasting
blood glucose levels of >7 mmol/L and/or treat-
ment with antidiabetic medications (Gierach
et al. 2014). Based on the results from 16 cohorts
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relative risk and incident diabetes were 5.17
(95% CI 3.99-6.69) for the 1999 WHO definition
(ten cohorts); 4.45 (2.41-8.22) for the 1999
EGIR definition (four cohorts); 3.53 (2.84-4.39)
for the 2001 NCEP definition (13 cohorts); 5.12
(3.26-8.05) for the 2005 AHA/NHLBI definition
(five cohorts); and 4.42 (3.30-5.92) for the 2005
IDF definition (nine cohorts) (Ford et al. 2008).

Although not all overweight or obese individ-
uals are metabolically disturbed, the majority are
insulin-resistant. Metabolically benign obesity in
humans is not accompanied by IR and athero-
sclerosis (Stefan et al. 2008). Indeed IR signifi-
cantly increases the risk of developing diabetes
mellitus type 2 (Kahn et al. 2001). Abdominal
adiposity and IR appear to be central to the
MS. In the presence of IR, non-esterified free
fatty acids mobilization is accelerated from
stored adipose tissue triglycerides. Consequently
glucose, triglyceride and very low-density lipo-
protein productions are increased (Cornier et al.
2008).

As mentioned above despite of the continuous
increase in obesity incidence and paralleled ris-
ing rates of MS prevalence, no ideal diagnostic
criteria are defined for MS, yet (Tenenbaum and
Fisman 2011). Homeostasis Model Assessment
(HOMA)-IR scores are higher in MS patients
than in subjects without the MS (Vonbank et al.
2013). A relationship between the severity of
dysglycemia and long-term mortality is also
associated with the highest prevalence of the MS
(Bergman et al. 2015).

There is no agreement between the criteria for
diagnosis of MS. In 644 consecutive patients with
verified carotid disease anthropometric parame-
ters blood pressure, fasting plasma glucose and
lipoproteins were measured in order to investigate
agreement between AHA/NHLBI and IDF defini-
tions of MS in patients with symptomatic carotid
disease and to compare the frequency of cardio-
vascular risk factor in patients with MS diagnosed
by these two sets of criteria. Thus the MS preva-
lence in patients with symptomatic carotid dis-
ease was high regardless of criteria used for its
diagnosis (Maksimovic et al. 2012). According to
the MS definition of the AHA/NHLBI 2009 Joint
Scientific Statement, approximately one-third of

the adult U.S. population has MS in 36% of
women and 34% of men (Heiss et al. 2014). MS
was diagnosed according to IDF and AHA/
NHLBI criteria at a rate of 67.9% and 64.9%,
respectively. 119 patients out of 644 were catego-
rized differently by the two definitions. The over-
all agreement of IDF and AHA/NHLBI criteria is
81.5%. Actually IDF and AHA/NHLBI vary in
two important aspects. First, in the IDF criteria
cut-off values for WC are lower than in modified
NCEP criteria (NHLBI/AHA), and the second
and crucial, abdominal obesity is required as a
prerequisite for diagnosis of MS (Maksimovic
et al. 2012). Currently, several different defini-
tions of MS exist, causing substantial confusion
as to whether they identify the same individuals
or represent a surrogate of risk factors. Therefore,
diagnosis, prevention and treatment should better
focus on established risk factors rather than the
diagnosis of MS (Kassi et al. 2011).

The prevalence of MS in 614 obese children
(307 male, 307 female; mean age: 11.3 + 2.5
years) was found to be 39% and 33% according
to the modified WHO and the IDF consensus cri-
teria, respectively (Sangun et al. 2011). In a total
of 133 patients, 67 males (50.4%) and 66 females
(49.6%) with a mean age of 12.17 + 3.27 years,
the overall prevalence of MS was 19.6%, arterial
hypertension and hypertriglyceridemia are the
most prevalent metabolic changes. It was recom-
mended that early intervention to control child-
hood obesity is essential to prevent cardiovascular
morbidity and mortality in this series of patients
(Guijarro de Armas et al. 2012).

Among the respondents 20 years and older,
3790 women and 4057 men from Turkey, age-
adjusted overweight prevalence was 48.4% for
women and 46.1% for men (Ergin et al. 2012).
The overall prevalence of MS in Turkey was
34.6% (male, 31.2%; female, 37.3%) and 28.8%
(male, 23.1%; female, 33.5%) according to IDF
criteria and ATP III, respectively. The highest
prevalence of MS was detected in 60-69 years of
obese people (43.2%) in south district. The prev-
alence of MS criteria are as follows: type 2 diabe-
tes mellitus, 15%; hypertension, 41.4%; obesity,
44.1%; abdominal obesity, 56.8%; low HDL-
cholesterol, 34.1%; hypertriglyceridemia, 35.9%;
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and high LDL-cholesterol, 27.4% (Giindogan
et al. 2009).

In PubMed database and the Cochrane Library
originated eight prospective cohort studies, seven
cross-sectional studies, and a case-control study,
WHO and NCEP are the most popular definitions
to describe MS experienced by the elderly. The
prevalence of MS varied from 11% to 43%
(median 21%) according to the WHO, and 23%
to 55% (median 31%) according to NCEP. Obesity
and hypertension are the most prevalent individ-
ual components of MS. Cardiovascular morbidity
is the most serious risk factor in elderly popula-
tion (Denys et al. 2009).

The Third Report (ATP III) of the NCEP
Expert Panel highlighted the importance of iden-
tifying and treating patients with the MS and its
complications. The US NCEP’s Adult Treatment
Panel III requires at least three of five character-
istics for MS: (1) abdominal obesity given as WC
greater than 102 cm in men and greater than
88 cm in women; (2) hypertriglyceridemia with
triglyceride concentration (150 mg/dL or 1.7
mmol/L); (3) abnormal cholesterol profile with
HDL cholesterol less than 40 mg/dL or 1 mmol/L.
in men and less than 50 mg/dL or 1.3 mmol/L in
women; (4) blood pressure: 130/85 mm Hg or
more; (5) impaired glucose tolerance, i.e. ele-
vated fasting plasma glucose 100 mg/dL or 5.5
mmol/L or more (National Cholesterol Education
Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III)
2002). A cross-sectional analysis of 4153 Greek
adults older than 18 years displayed the age-
standardized prevalence of the MS was 23.6%.
61% of those had three components of the MS,
29% had four and only 10% had all five compo-
nents. Abdominal obesity and arterial hyperten-
sion were the most common abnormalities in
both sexes with 82% and 78%, respectively
(Athyros et al. 2005).

In a multi-stage complex cross-sectional sur-
vey designed according to WHO guidelines by
using the revised 2005 IDF definition of MS,
Davila et al. showed that 64% of 3000 partici-
pants from Colombian region had abdominal
obesity. Among those, 41% had MS (Davila et al.

2013). The prevalence of MS is 35.73% among
all adults in Morocco. MS in women is 2.16 times
more frequent than in men. Abdominal obesity is
the most common abnormality with 49.15 per
centile (El Brini et al. 2014).

The diagnosis of MS by WHO criteria could
be made on the basis of IR plus at least two addi-
tional risk factors including obesity, hyperten-
sion, high triglyceride level, reduced HDL
cholesterol level, or micro-albuminuria (Alberti
and Zimmet 1998). The IDF dropped the WHO
requirement for IR but made abdominal obesity
necessary as one of five factors as described
above required in the diagnosis (Alberti et al.
2005). Actually WC and insulin resistance esti-
mated by HOMA-IR increases with age.
Prevalence of IDF-MS and the Japanese Society
of Internal Medicine (JSIM)-MS also increase
with age at least until the age of 80, whereas the
incidence of MS according to AHA/NHLBI does
not show any apparent age changes. Abdominal
obesity and IR are mentioned within the sets of
criteria by all three institutions. However, signifi-
cantly elevated linear association between WC
and HOMA-IR overlaps only with IDF’s and
JSIM’s MS definitions (Sakurai et al. 2010).

34,821 subjects from 12 cohorts from ten
European countries and one cohort from USA in
the Metabolic syndrome and Arteries REsearch
(MARE) Consortium were investigated in
accordance with the ATP III criteria (MS was
defined as an alteration three or more of the fol-
lowing five components: elevated glucose, fast-
ing glucose >110 mg/dL; low HDL cholesterol,
<40 mg/dL for men or <50 mg/dL for women;
high triglycerides, >150 mg/dL; elevated blood
pressure, >130/>85 mmHg; abdominal obesity,
WC >102 cm for men or >88 cm for women).
MS has a 24.3% prevalence (8468 subjects:
23.9% in men vs. 24.6% in women, p < 0.001)
with an age-associated increase in its prevalence
in all the cohorts. The analysis of the distribu-
tion of MS suggested that MS is not a unique
entity rather a constellation of cluster of MS
components (Scuteri et al. 2015). Prevalence of
MS is found to be different according to selected
definition and components. In 2051 participants,
prevalence of MS was significantly greater
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when using AHA and IDF compared to the
NCEP-ATP III definition (Mancia et al. 2010).
Similarly, the prevalence of MS in 867 adults
aged 25 years and older from an urban popula-
tion of Karachi, Pakistan, according to the IDF
definition and modified ATP III criteria was
34.8% and 49%, respectively (Hydrie et al.
2009). In 3914 adults aged 35-74 years in
Jiangsu province, China, age-standardized prev-
alence of MS was 30.5% according to the modi-
fied NCEP-ATP III. In these patients, high blood
pressure was the most prevalent component of
MS (45.2%), followed by elevated triglycerides
(40.1%) and low HDL cholesterol (40.1%).
Multivariate  ordinal regression  analysis
revealed that women had significantly higher
risk of MS than men (Zuo et al. 2009).

As appears from the above data, the MS “clus-
tering of abdominal obesity, dyslipidaemia,
hyperglycaemia and hypertension” is a major
public health challenge worldwide (Eckel et al.
2005). The prevalence of MS increases even
more dramatically as BMI increases. More than 6
and 5.5 times more frequently MS occurs in over-
weight males and females, respectively, com-
pared to under-weight and normal-weight
individuals (Ervin 2009). In a total of 21 studies
including 372,411 participants with MS, 18,556
deaths from any cause occurred during a mean
follow-up of 11.5 years (Wu et al. 2010). Indeed,
evaluation of 87 studies including 951,083
patients according to the third NCEP definition
showed that MS was associated with a two-fold
increase in the risk of coronary heart disease,
cerebrovascular disease, all cardiovascular lethal
and nonlethal CVD, and a 1.5-fold increase in the
risk of all-cause mortality (Cicero and Derosa
2014). Over 12-year follow-up of 2051 individu-
als, 179 cardiovascular events and 233 deaths
were determined for any cause. Risks of fatal and
nonfatal cardiovascular events, diabetes mellitus,
hypertension and left ventricular hypertrophy
were similar for the three definitions of
MS. However, the AHA and IDF definitions are
more sensitive than that of ATP III in identifying
MS condition (Mancia et al. 2010). Nonalcoholic
fatty liver disease (NAFLD) and MS frequently
coexist and 90% of NAFLD patients have more

than one manifestation of the MS. Actually, CVD
is the leading cause of death in patients with
NAFLD and the MS (Almeda-Valdes et al. 2014).

5 Conclusion

Obesity is associated with large decreases in life
expectancy and, also large increases in healthcare
expenditures, but the mechanism of obesity-
paradox is still needed to be clarified. Although
metabolically benign obesity in humans is not
associated with IR and atherosclerosis, weight
loss is an appropriate treatment outcome in MHO
individuals. Thus, from a clinical perspective,
MHO is located in the intermediate-risk group.
Additionally, there is no agreement between the
criteria for diagnosis of MS. Different definitions
of MS cause serious confusion as to whether the
same individuals are identified. In this context,
further epidemiological analysis and investiga-
tions are necessary to enlighten the pathological
progress of obesity.
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