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ABSTRACT
Metabolic syndrome (MetS) is a worldwide epidemic, It is known for its complex etiology. MetS is a
syndrome and its definition includes a cluster of etiologically related factors that have a direct effect to increase
the risk of coronary heart disease (CHD), other atherosclerotic cardiovascular diseases (CVD), and type II diabetes
mellitus (DM Type-II). Core manifestations of the syndrome are abdominal obesity and/or insulin resistance (IR).
Recently, many additional factors besides those traditionally used to define MetS have been identified to be
associated with MetS. Currently, Several different definitions of MetS exist at present, which cause a significant
confusion as to whether they identify the same individuals or not. There are substantial confusions related to the
prevalence trend, relation with age, sex, obesity, hypertension. In this review, we critically compared the existing
definitions and discussed the trends related to prevalence, relation with age, sex, obesity and hypertension. We
conclude that there is still a need to develop uniform criteria to define MetS, and further work to understand
association of MetS with obesity to better identify patients at risk and there is a need of early marker to diagnose
and treat MetS before the complications develop fully.
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INTRODUCTION
Metabolic syndrome (MetS) is a worldwide epidemic, It is known for its complex etiology. It produced a
huge socioeconomic burden on the society. MetS is a syndrome and its definition includes a cluster of etiologically
related metabolic abnormalities that have a direct effect to increase the risk of coronary heart disease (CHD), other
atherosclerotic cardiovascular diseases (CVD), and type II diabetes mellitus (DM Type-II) and cerebrovascular
disease[1]. Core manifestations of the syndrome are abdominal obesity and/or insulin resistance (IR). Obesity is
rampant worldwide. The increasing trend in obesity is due to two important factors, availability of plentiful
inexpensive food supplies and sedentary and stressful jobs.
Other main components of MetS include Atherogenic dyslipidemia (hypertriglyceridemia and elevated
apolipoprotein B (apoB), low HDL cholesterol(dyslipidemia) and increased LDL), elevated glucose associated with
insulin resistance, elevated blood pressure (BP), prothrombotic state and proinflammatory state.
HISTORY OF METABOLIC SYNDROME
The risk factors linked to DM were known as early on as the 1920s, but its only 1950s that term
“metabolic syndrome” came to use. [2]. It became common in the 1970s. In 1947, Jean Vague a French physician
noticed that people with upper body obesity seemed to have an increased risk for conditions like atherosclerosis,
diabetes, gout and kidney stones[3]. In 1977 Herman Haller in his studied risk factors associated with
atherosclerosis. He used the term “metabolic syndrome” for his observation of the link between obesity, diabetes
mellitus, high blood lipids, a high uric acid level and fatty liver disease with atherosclerosis development. According
to Gerald Phillips’s hypothesis the underlying factor for all is one and that could be linked to the combined
presence of these risk factors. If that one factor is identified by research it will help to prevent cardiovascular
disease. In his view that common factor could involve the sex hormones.As continuation of above hypothesis, in
1988, Gerald Reaven based on his research said that insulin resistance could be that one underlying factor
producing this constellation of abnormalities, he named it “syndrome X” which he later renamed metabolic
syndrome (MetS)[5].
DIFFERENT DEFINITIONS OF METS : Since then, many expert groups and international organizations, came up with
different definitions of metabolic syndrome.
It is the WHO who made the first attempt in 1998 to propose that MetS can be defined by putting all
these parameters together which include insulin resistance (IR) in the form of hyperglycemia or frank diabetes
mellitus type 2(DMT2), as the very important components of the metabolic syndrome, along with the any two of
the following parameters(Reffer Table -3): 1.Raised BP, 2.Hypertriglyceridemia and/or low HDL-cholesterol,
3.Obesity (as measured by waist/hip ratio or body mass index (BMI), 4.Microalbuminuria[5]
EGIR came with some modification shortly after that and excluded microalbuminuria from the syndrome,
while it added hyperinsulinemia newly[6]. Other changes done were replacement of BMI with waist circumference
as the main indicator to assess obesity, and introduced new cut-offs for the other components of the
syndrome(Reffer Table -3).
NCEP: ATPIII came up with a new set of criteria in 2001. It included following parameters 1. Waist
circumference, 2.Blood lipids, 3.BP, 4.Fasting glucose[7]
The difference between NCEP:ATPIII definition and WHO, EGIR definitions is absence of IR (Reffer Table 3).. The International Diabetes Federation (IDF) published a new criteria in 2005 to define the metabolic syndrome
with further more clearity[8].
The IDF added abdominal obesity to the list of diagnostic parameters of MetS and gave a special emphasis
on waist circumference measurement as a simple screening tool of obesity that was also included by AHA/NHLBI [9]
(Reffer Table -3).
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Apart from waist circumference remaining all other components of MetS remain the same in the
AHA/NHLBI and IDF definitions. But the IDF recommended a lower cut-off points for waist circumference in
Europeans (94 cm for men, 80 cm for women), while the AHA/NHLBI recommended higher cut-off points of 102cm
in men and 88cm in women(Table -1).
Table - 1 : American Heart Association/National Heart, Lung, and Blood Institute (AHA/NHLBI) criteria (2004) [9].
Any three of the following:
• Waist circumference 102 cm or greater in men, 88 cm or greater in women.
• Triglycerides 150 mg/dl or greater.
• HDL-cholesterol < 40 mg/dl in men and < 50 mg/ dl in women.
• BP 130/85 mmHg or greater.
• Fasting glucose 100 mg/dl or greater.
IDF and NCEP:ATP III are currently widely used definitions. They stress mostly upon waist circumference, a
measure of central obesity, making them obesity-centric. Where as WHO, AACE[10] and the EGIR definitions focus
mainly on insulin resistance, making them glucocentric (Reffer Table -3).
When compared to white Europeans of the same BMI, Asians have 3 to 5 percent higher total body
fat[11].Because of this Asians develop risk of DMT2, at much lower levels of obesity compared to Europeans. These
findings lead to lowering of the cut points for overweight and obesity for Asians[12].
To address these issues of total body fat differences the IDF, has proposed a new set of criteria with
ethnic/racial specific cut-offs[13].
Finally all these practical difficulties in MetS definitions lead to the formulation of consensus definition,
which says, there should not be any component that is obligatory for MetS instead of this each components should
be considered important for risk prediction, is currently popularly accepted(Table -2).
Table -2 : Consensus definition (incorporating IDF and AHA/NHLBI definitions)[13]
Any three of the following:
• Elevated waist circumference (according to population and country-specific definitions).
• Triglycerides 150 mg/dl or greater.
• HDL-cholesterol < 40 mg/dl in men and < 50 mg/ dl in women.
• BP 130/85 mmHg or greater.
• Fasting glucose 100 mg/dl or greater.
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Table – 3 : Different definitions of MetS
C/F

WHO (1998)

EGIR(1999)

ATPIII(2001)

AACE(2003)

IDF(2005)

Insulin
resistance

IGT, IFG, T2DM, or
lowered insulin
Sensitivitya
plus any 2 of the
following

Plasma
insulin
>75th
percentile
plus any 2 of the
following

None, but any 3 of
the following
5 features

IGT or IFG
plus any of
thefollowing based
on the clinical
judgment

None

Body
weight

Men: waist-to-hip
ratio >0.90;
women: waist-to-hip
ratio >0.85 and/or
BMI > 30 kg/m2

WC ≥94 cm in men
or ≥80 cm in
women

WC ≥102cm in men
or ≥88 cm in women

BMI ≥ 25 kg/m2

IncreasedWC
(population
specific)
plus any 2 of the
following

Lipids

TGs ≥150mg/dL
and/or HDL-C
<35 mg/dL in men or
<39 mg/dL in women

TGs ≥150mg/dL
and/or HDL-C
<39 mg/dL in men
or women

TGs ≥150mg/dL
HDL-C <40mg/dL in
men or <50mg/ dL
in women

TGs ≥150mg/ dL
and
HDL-C
<40mg/dL in men
or <50mg/dL in
women

Blood
pressure

≥140/90mmHg

≥140/90mmHg or
on hypertension Rx

≥130/85mmHg

≥130/85mmHg

TGs ≥150mg/dL
or on TGs Rx.
HDL-C <40mg/dL
in
men
or
<50mg/dL
in
women or on
HDL-C Rx
≥130mmHg
systolic or ≥85
mmHgdiastolic or
on hypertension
Rx

Glucose

IGT, IFG, or T2DM

IGT or IFG (but not
diabetes)

>110mg/dL
(includes
diabetes)

IGT or IFG (but not
diabetes)

Other

Microalbuminuria:
Urinary excretion rate
of
>20mg/min
or
albumin:creatinin
ratio of >30mg/g.

≥100mg/dL
(includes
diabetes)b

Other features of
insulin resistancec

Epidemiology of MetS according to the various definitions used : Approximately 20 – 25% of the world’s total
adult population has the cluster of risk factors that is metabolic syndrome. Cornier MA et al in 2008 showed
prevalence of metabolic syndrome (MetS) depends on many factors like the MetS criteria used in different
definitions, the composition (sex, age), the ethnicity and race of the population studied. Though the prevalence
varies depending on the diagnostic criteria used, according to Hollman G (2008), Hillier TA et al (2006) and Do
Carmo I et al (2008) MetS is more and on further rise in all Western countries, as well as Asian and European
countries probably due to its direct relation with rising obesity in the world. Its prevalance extends froma range of
9.8% in male urban population of north India to 42% in female urban population of Iran [14].
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There are three NHANES cohorts (1988-1994, 1999-2002 and 2003-2006). There is a 5% increase in the MetS
patients using the NCEP ATP III revised criteria, during the last 15 years, But there is no such change when WHO
criteria is used though this criteria is more restrictive.
Prevalance of MetS is more when IDF definition
is used. It may be because of lower cut-off point for waist circumference[15].
According to a West African study the prevalence of MetS in mexico was 69.14%, 63.58%, 43.83%, , and
using the IDF, the WHO and the NCEP-ATP III critaria, respectively.
A Nigerian report showed the prevalence rate of MetS over 80% among DM patients [16]. The rising MetS in
African populations is largelythe result of “adoption of western lifestyle which is nothing but reduced physical
activity, replacement of the fruit rich typical African diet with the more energy laden foods” [16].
According to one study prevalence of MetS affected 60% of the Atlantic European Mainland, 68% of
Central Europe, 50% of Northwest Europe and 52% of the Mediterranean regions [17]. Turkey has a prevalence of
33.9% for MetS, it is higher in women (39.6%) and lower in men (28%)[18]. Saudi Arabia has a prevalence of 16.1%
according to the IDF. In Tunisia, MetS incidence was 45.5% according to the IDF criteria[18].

A study done on Iranians of all 30 provinces of Iran in the age range of 25-64yrs showed a prevalence of
37.4%, based on the IDF definition. Same population showed a prevalence of 41.6% based on the
ATPIII/AHA/NHLBI definitions. The prevalence of MetS has increased over the past decades in Iranian population as
other ethnics[19].
Relation With age and sex : There are two aspects as far as the relation of MetS with age is concerned.
1.
2.

Prevalence of MetS with age
Prevalance of different components of MetS with age

According to Cornier MA et al (2008), Alkerwi A et al (2011), Hildrum B (2007) Prevalence of MetS
increases with age, according to NHANES 2003-2006 cohort, the prevalence of MetS was found to increase with
age: approximately 20% of males and 16% of females under 40 years of age, 41% of males and 37% of females
between 40-59 years, and 52% of males and 54% of females 60 years and over. There is similar trend of rise in
prevalence of MetS with advancing age is observed in other populations as well [20,21,22]. The possible reasons for
increasing MetS prevalence with age can be age-related rise of BP, blood glucose and abdominal obesity.
It is observed that rise in the prevalence of MetS continues till sixth decade of life, but after sixth decade
the prevalence is variable by different studies. According to some studies, metabolic syndrome prevalence drops
off after the sixth or seventh decade of age in both sexes [23,24], and in some studies only in men[25,26,27].

Reason for this might be a bias in taking part, those individuals who developed obesity-related
complications have already died or decline to take part in a study [28]. Possible reason for this variability of
prevalence could be different complications which are directly related to obesity or independent of obesity leading
to higher mortality rate[29,30]. 2.Definition used for metabolic syndrome may also be a reason [31].
Even with the use of same definition, observations are different in different countries
focusses on the importance of country wise estimation of MetS prevalance.

[32,33,34]

. This

As per some studies prevalance is higher in men than in women [35,36,37], But as per NHANES III (1988–
1994) data prevalence of MetS in women is higher than that of men in individuals older than 50 years ].

July – August

2020

RJPBCS

11(4)

Page No. 124

ISSN: 0975-8585
The variation in prevalence of metabolic syndrome in men and women may be due to 1. Differences in
body fat distribution, men have more visceral and hepatic fat, and women have more total body fat [38]. 2.Higher
prevalence of smoking, tobacco chewing and alcohol use in men may be another factor for higher incidence of
MetS in males, these both substances are linked with the development of metabolic syndrome [39]. 3.Menopause
with its cardiometabolic effects may have the explaination to the decreased sex difference seen in metabolic
syndrome prevalence with older age [30,38].
Coming to the prevalance of components of MetS with age. Different studies have shown different
phenotypes of MetS among different age groups.
According to Gharipour M et all[40] Low HDL-cholesterol was the most common component, followed by
raised triglycerides, central obesity (ABO), increased blood pressure (HTN), and fasting hyperglycemia in
descending order of prevalence.
The combination of MetS components which was found to be most prevalent was raised triglycerides, low
HDL-cholesterol and abdominal obesity (50.7%) in all age groups and especially in younger group (63.2%).In old age
group subjects, the most prevalent combination of components of MetS was low HDL-cholesterol ,raised
triglycerides and hypertension (43.9%).
Relation of MetS with BMI: The prevalence of MetS is directly proportional to BMI, MetS increase dramatically as
BMI increases.Overweight males and females were found to be more than 6 and 5.5 times respectively, likely to
meet the criteria for MetS compared to underweight and normal weight individuals according to NHANES 20032006[15].
Increase in MetS reflects the transition from a traditional to a Western-like lifestyle.
The dramatic rise of obesity and MetS in developing countries is a result of a number of factors. LikeOn
one side shift to low fertility, low mortality, higher life expectancy, transition from infectious diseases to a high
prevalence of lifestyle related diseases are there on the other hand economically more resourcefulness leading to
shifts in dietary and physical activity patterns. These all factors produce significant effects on body composition
and its metabolism which ultimately results in abdominal obesity with higher BMI, and an increase in different
body lipids and Type II diabetes mellitus[41].
Surprisingly, some researchers (Ruderman NB et al (1981,1998), Zavaroni I et al (1989), Dvorak RV et al
(1999), St-Onge MP et al (2004)) found that even some lean individuals developed features of MetS raising the
questions on the present explanation of pathogenesis of MetS [42].
They called them metabolically obese normal-weight (MONW) individuals. They despite having their
weight and BMI in normal range, showed metabolic abnormalities typical of obese individuals.
These metabolic abnormalities include increased levels of central adiposity, insulin resistance, raised TG’s,
low levels of HDL-cholesterol, impaired fasting glucose, and hypertension. This clustering of risk factors has been
called the metabolic syndrome (MetS) [43].
On the other hand some researchers(Ferrannini E et al (1997), Bonora E et al (1998), Brochu M et al
(2001), Karelis AD et al) came across the individuals whom they called metabolically healthy obese (MHO)
individuals. They despite having a higher BMI exceeding 30 kg/m2, are insulin sensitive and lack most of the typical
metabolic abnormalities of obese individuals.
Elevated’ blood pressure and MetS: Prevalence of raised blood pressure was remarkably high in comparison to
the other MetS components. Ina study The MetS component ‘elevated blood pressure’ showed the most
pronounced increase with age[44]. A cut off value of <130/85 mmHg BP is used in R ATP-III and IDF definitions. It
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seems strict for the aged subjects where age related natural rise of BP is not taken into consideration [45]. Early
screening to diagnose hypertension is important because approximately 50% of the deaths from stroke or CVD
result from hypertension [46]. The optimal BP threshold value in elderly for intervention is still debatable, especially
in the old[47,48]. The hypertension treatment guideline of JNC 8(James PA et al 2014) advised to aim for a BP
<140/90 mmHg in non-diabetic adults (<60 years), and a BP values <150/90 mmHg were advised for ≥60 years old,
elderly patients.
When we apply the age-adjusted threshold value of BP, it results in a reduction of subjects fulfilling the BP
criteria. This leaves behind a possibility of missing those patients who had a BP of 130– 140 systolic and 85–90
diastolic, Whether they face severe long-term implications needs to be investigated.
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