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ABSTRACT

The World Health Organization (WHO), National Cholesterol Education Program
Adults Treatment Panel III (NCEP ATP III) and International Diabetes Federation
(IDF) have proposed different criteria to diagnose metabolic syndrome (MetS).
However, there is no single definition to accurately diagnose MetS.  The objective
of this study is to estimate the prevalence of MetS using WHO, NCEP ATP III and
IDF in the Malaysian community, and to determine the concordance between
these definitions for MetS.  109 men and women aged > 30 years participated in
the study, and the prevalence of MetS was determined according to the three
definitions. Weight, height, body mass index (BMI), waist-hip circumference, blood
pressure, blood lipid profile and plasma fasting glucose were measured.  In order
to determine the concordance between IDF and the other two definitions, the
kappa index (κ-test) was used. The prevalence of MetS (95% confidence interval)
was 22.9% (22.8-23.1) by IDF definition, 16.5% (16.3-16.9) by NCEP ATP III
definition and 6.4% (6.2-6.6) by modified WHO definition. The sensitivity and
specificity of IDF against NCEP ATP III were 88.9% and 90.1% respectively, IDF
against WHO definition were 85.7% and 81.4%.  The κ statistics for the agreement
of the IDF definition was 68.3 ± 0.1 with the NCEP ATP III, and 30.5 ± 0.1 with the
modified WHO definition.  The prevalence of the MetS among respondents using
the IDF definition was highest, followed by NCEP ATP III, and finally modified
WHO definition. There was a good concordance between the IDF and NCEP ATP
III definitions, and a low concordance between IDF and modified WHO definitions.

INTRODUCTION

Reaven (1988) introduced the concept of
syndrome X for the clustering of
cardiovascular risk factors like hyper-

tension, glucose intolerance, high serum
triglycerides and low high density
lipoprotein (HDL) cholesterol concen-
trations. Nowadays, several other metabolic
abnormalities have been associated with this
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syndrome including obesity, micro-
albuminuria, hyperuricemia, nephropathy,
low tissue plasminogen activator, abnor-
malities in fibrinolysis and coagulation
(Hansen, 1999). This condition was
previously called insulin resistance (IR)
syndrome (Undurti, 2002), and the term of
metabolic syndrome (MetS) was accepted in
1998. The World Health Organization
(WHO) in 1998 (Alberti & Zimmet, 1998), and
the United States National Cholesterol
Education Program’s Adult Treatment Panel
III (NCEP ATP III) in 2001 proposed  the
diagnostic criteria for MetS that established
the cut-off points for five risk factors:
abdominal girth, blood pressure, serum
cholesterol, plasma triglycerides, and fasting
blood glucose (NCEP, 2001).  However, the
WHO definition of MetS has been modified
for the use of epidemiological studies
(Laaksonen et al., 2002) as proposed, in part,
by The European Group for the Study of
Insulin Resistance, which excluded micro-
albumin from the definition of MetS (Balkau
& Charles, 1999).  Besides, the NCEP ATP III
criteria were updated in 2005 to correspond
with the new American Diabetes Association
(ADA) standard of a normal fasting glucose
level of less than 100mg/dL (Grundy et al.,
2005). In 2005, the International Diabetes
Federation (IDF) formulated a new, clinically
accessible worldwide definition of the MetS
in a global consensus statement built on
earlier definitions (Balkau & Charles, 1999;
NCEP, 2001).

The new IDF definition takes into
account the mounting evidence that
abdominal adiposity is common to each of
the components of the MetS.  Under this new
definition, an increased waist circumference
(well accepted proxy measurement for
abdominal adiposity) is a necessary
requirement for the diagnosis of the MetS.
Previous studies have shown that between
population groups, a variation in the levels

of obesity exists at which the risk of other
health condition begins to rise (Eckel,
Grundy & Zimmet, 2005). Therefore,
ethnicity and gender-specific waist
circumference cut-off value have been
incorporated into the new IDF definition
(Zimmet, Alberti & Shaw, 2005).

The prevalence of MetS varied
markedly between different studies. A report
from Glassock (2004) estimated that 55
million adults in the United States have MetS,
meaning that in the United States, one in
three overweight or obese persons have the
risk of getting MetS. Obesity is known as
excessive body fat measured as body mass
index (BMI) of more than 30 kg/m2 or waist
circumference of more than 102 cm in men
and 88 cm in women (Alberti & Zimmet,
1998). Due to the worldwide epidemic
character of overweight, the numbers of
individuals with MetS has been increasing
in recent years. The current evidence
conclusively shows that presence of MetS is
a ‘precursor’ to future coronary heart disease
(CHD) diagnosed by coronary angiography
(Hu et al., 2000; Kyung et al., 2006).  Since
MetS is a disorder of multiple metabolic
conditions, each of the five components
mentioned have been reported to increase
the risk of CHD.  Global risk assessment, a
clinical approach, recognised that multiple
risk factors occurring simultaneously can
discriminate risk better than individual risk
factors alone (Grundy et al., 1999), and the
global risk was reported to be 2.47 times
higher when the five risks coexisted
simultaneously (Solymoss et al., 2003).

However, only few studies have been
carried out on the prevalence of the MetS in
Malaysia based on the NCEP ATP III
definitions and its prevalence by the IDF and
the WHO criteria is unknown. Thus, the
objective of this study was to estimate sex-
specific prevalence of MetS according to the
IDF, NCEP ATP III and modified WHO
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definitions (which lacked the measurement
of serum insulin and urine albumin
excretion) in the Malaysian community.
Besides, the second objective is to determine
the mean value for each criterion of MetS
among 109 subjects by gender. In addition,
the third objective of the study is to determine
the concordance between the new IDF
definition for MetS with the NCEP ATP III
and modified WHO definitions.

MATERIALS AND METHODS

Subjects

Subjects were recruited randomly by an
individual researcher by interviewing and
accepting volunteers by word-of-mouth to
people in their practices, friends and family
members over a period of 6 months. A total
of 109 volunteers in Federal Territory and
Selangor participated in this study.
Acceptance of subjects was designed to
include the widest possible range of the
general population available.

Inclusion criteria were any individual,
male and female, 30 to 65 years old, residing
in Federal Territory and Selangor, not on
medication or under the care of a physician,
who volunteered and agreed to sign the
consent form to participate in the study.

The idea was to investigate the
prevalence of MetS in apparently healthy
individuals who do not show or complain
of any clinical symptoms of MetS. The
symptoms of MetS will show among people
who are 30 years old and above for both
males and females. In considering the
precision and accuracy of the study,
subjects’ exclusion were any volunteers
below 30 years old or above 65 years of age,
or who is currently under medication, under
treatment for psychotic disorder, or who had
been hospitalised within the last year
for hypertension, diabetes, hypertri-
glyceridemia, cancer,  or  heart disease.

METHODS

Subjects who participated in this study were
interviewed at home, and underwent a
health screening program in a health
screening centre. Before the subjects
underwent health screening, they were
required to fill out a simple structured
questionnaire which surveyed demographic
factors, socio-economic status, dietary,
current lifestyle, self-reported family medical
history on hypertension, hyperlipidemia,
diabetes and cardiovascular disease.

Height was measured in a standing
position without shoes, using a tape meter
while shoulders were in a normal state, and
body weight was measured while subjects
were minimally clothed without shoes, using
a digital scale and recorded to the nearest
100 g.  Body mass index (BMI, kg/m2) was
calculated from the formula of body weight
divided by squared height. Waist
circumference was measured at the
narrowest point between the lower borders
of the rib cage and iliac crest using an
outstretched tape meter, without any
pressure to body surface, and was recorded
to the nearest 0.1 cm.  Blood pressure was
measured using a digital blood pressure
monitor in seated position after a 15-minute
rest period.  Three measurements were made
on all subjects at 5-minute intervals. The
average of three measurements was used in
data analysis.  Blood samples were collected
from subjects in the morning after an
overnight fasting, and analysed for serum
triglyceride, high density lipoprotein
cholesterol, and plasma fasting glucose
levels.

The MetS was defined according to
each of the IDF and NCEP APT III and
modified WHO definitions as described in
Table 1. The modified version of WHO
definition used in this study differed from
the proposed WHO definition (WHO, 1999)
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in such a way that the measurements of
serum insulin and urine albumin excretion
were removed from the definitions.

Statistical analysis

Statistical analyses were carried out using
the SPSS 12.0 statistical software package
(SPSS Inc., Chicago, IL). All data are
presented as mean ± standard deviation
(SD). Significant differences in general
characteristics were searched using χ2 and
student’s t-test. Agreement between the
different MetS definitions was analysed
using the percentage of concordant cases
and the Kappa index, which was considered
excellent for values > 0.81, good for values
0.61-0.80, moderate for 0.41-0.60 and weak
for values < 0.40  according to Altman (1991).
Values of p< 0.05 were considered as
statistically significant.

RESULTS

A total of 109 subjects consisting of 44 males
and 65 females participated in this study
(Table 2). The majority of subjects in this
study were Chinese (77.1%), followed by
Indians (13.8%) and Malays (9.2%).  The
overall prevalence of the MetS (95%
confidence interval) according to the IDF,
NCEP ATP III, and modified WHO
definitions were 22.9% (22.8-23.1), 16.5%
(16.3-16.7), and 6.4% (6.17-6.6) respectively.

The prevalence of the MetS in males
and females were 40.9% and 10.8% by the
IDF definition, 29.6% and 7.7% by the NCEP
ATP III definition, 11.4 % and 3.1% by the
modified WHO definition respectively.  The
study showed that Malays had the highest
prevalence of MetS defined by IDF (50.0%),
and Indians had the highest prevalence of
MetS defined by NCEP ATP III and modified
WHO with 33.3% and 13.3% respectively.
Meanwhile, Chinese had the lowest

prevalence of MetS with 17.7%, 11.9% and
4.8% respectively.  Going by age groups,
subjects aged 60 years and above exhibited
the highest prevalence of MetS (50.0%) by
IDF definitions compared to other age
groups.  As for NCEP ATP III and modified
WHO definition, subjects aged between 50-
59 years had the highest prevalence of MetS
with a percentage of 31.4% and 11.4%
respectively. Thus, there was a steady
increase in the prevalence of MetS with
advancement in age.

The baseline characteristics of the
study subjects based on gender are shown
in Table 3. The mean age ± SD of the study
population was 43.3 ± 10.5 years (male, 46.2
± 9.7 years; female, 41.3 ± 10.6 years). The
mean for BMI, waist circumference, systolic
and diastolic blood pressure, fasting plasma
glucose, triglycerides and HDL cholesterol
were significantly higher in males then in
females (p < 0.01).

As shown in Table 4, according to both
the IDF and NCEP ATP III definitions, over
40.0% of the subjects had low HDL
cholesterol, whereas only 10.1% of the
subjects had low HDL cholesterol using the
modified WHO definition. High plasma
glucose was the least common component
according to these three definitions (13.8%,
13.8% and 11.9% respectively).  High blood
pressure defined by IDF, NCEP ATP III and
modified WHO showed the highest
prevalence of 43.1%, 43.1% and 33.0%
respectively.  Obesity was observed in 40.4%
of the participants by the IDF, and 14.7% by
NCEP ATP III, while 19.3% of the subjects
were obese using the modified WHO
definition.  It was found that 17.4% of the
subjects had a high level of triglycerides
according to the IDF, NCEP ATP III and
modified WHO definitions.

Table 5 shows the mean value for the
subjects diagnosed with MetS defined by
IDF, NCEP ATP III and modified WHO.  As
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Table 1. MetS defined by the IDF, NCEP ATP III and modified WHO definitions used  in
this study

IDF definition NCEP ATP III definition Modified WHO definition

Central obesity : defined as
waist circumference > 90 cm
for Asian men, and > 80 cm
for Asian women, with
ethnicity specific values for
other groups (Zimmet et al.,
2005)

Plus any two of the following
four factors

Raised triglycerides level: >
1.69 mmol/L (150 mg/dL), or
specific treatment for this
lipid abnormality

Reduced HDL cholesterol: <
1.03 mmol/L (40 mg/dL) in
men, and < 1.29 mmol/L (50
mg/dL) in women or on
treatment for lipid
abnormality

Raised blood pressure: <
130/85 mmHg or treatment
of previously diagnosed
hypertension

Raised fasting plasma
glucose: > 5.6 mmol/L
(100mg/dL) or previously
diagnosed type 2 diabetes

Three or more of the
following

Central obesity: defined as
waist circumference > 102 cm
for men and > 88 cm for
women

Raised triglycerides level: >
1.69 mmol/L (150 mg/dL)

Reduced HDL cholesterol: <
1.03 mmol/L (40 mg/dL) in
men, and < 1.29 mmol/L (50
mg/dL) in women.

Raised blood pressure: <
130/85 mmHg

Raised fasting plasma
glucose: > 5.6 mmol/L (100
mg/dL) or previously
diagnosed type 2 diabetes

Diabetes (fasting plasma
glucose > 6.1 mmol/L) or
previously diagnosed type 2
diabetes.

Plus any two of the following
four factors

Obesity: BMI > 30 kg/m2, or
Waist-hip ratio > 0.9 in men
and > 0.85 in women

Dyslipidemia: triglycerides
level > 1.69 mmol/L (150
mg/dL) or

HDL-choleseterol < 0.90
mmol/L (35 mg/dL) in men
and < 1.0 mmol/L (39 mg/
dL) in women

Raised blood pressure: >
140/90 mmHg or treatment
of previously diagnosed
hypertension

shown, subjects diagnosed with MetS
defined by modified WHO had the highest
mean of BMI (30.0 ±3.8), mean of waist
circumference (96.8 ±8.1), diastolic blood
pressure (91.8 ±7.7), fasting plasma glucose
(7.7 ±2.6) and mean triglycerides (3.1 ±2.1),

while the mean of HDL cholesterol was the
lowest according to this definition (0.9 ±0.1).
Results show that mean values for IDF and
NCEP ATP III for age, BMI, systolic blood
pressure, and HDL cholesterol were
approximately the same.
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Table 2. Prevalence of MetS according to the IDF, NCEP ATP III and modified WHO
definitions

n (%) Definitions of MetS

IDF (%) NCEP ATP III Modified WHO
(%) (%)

Total 109 (100.0) 25 (22.9) 18 (16.5) 7 (6.4)
Gender

Male 44 (40.4) 18 (40.9) 13 (29.6) 5 (11.4)
Female 65 (59.6) 7 (10.8) 5 (7.7) 2 (3.1)

Ethnic group
Malay 10 (9.2) 5 (50.0) 3 (30.0) 1 (10.0)
Chinese 84 (77.1) 15 (17.7) 10 (11.9) 4 (4.8)
Indian 15 (13.8) 5 (33.3) 5 (33.3) 2 (13.3)

Age groups (years)
20-29 11 (10.1) 0 (0.0) 0 (0.0) 0 (0.0)
30-39 30 (27.5) 4 (13.3) 3 (10.0) 1 (3.3)
40-49 31 (28.4) 8 (25.8) 3 (12.9) 2 (6.45)
50-59 35 (32.1) 12 (34.3) 11 (31.4) 4 (11.4)
> 60 2 (1.8) 1 (50.0) 0 (0.0) 0 (0.0)

Table 3. General characteristics of the subjects by gender

Male (n=44) Female (n=65) p-value a

Age Mean ± S.D. (years) 46.2 ± 9.7 41.3 ± 10.6 < 0.05

BMI Mean ± S.D.  (kg/m2) 25.5 ± 4.00 22.9 ± 4.1 < 0.05

Waist circumference Mean ± S.D. (cm) 90.6 ± 10.4 76.0 ± 10.2 < 0.01

Systolic blood pressure Mean ± S.D. (mmHg) 135.2 ± 18.0 122.1 ± 16.5 < 0.01

Diastolic blood pressure Mean ± S.D. (mmHg) 87.5 ± 9.8 77.3 ± 10.3 < 0.01

Fasting plasma glucose Mean ± S.D. (mmol/L) 5.7 ± 2.0 4.8 ± 1.2 < 0.01

Fasting triglycerides Mean ± S.D. (mmol/L) 1.8 ± 1.4 0.8 ± 0.4 < 0.01

Fasting HDL cholesterol Mean ± S.D. (mmol/L) 1.1 ± 0.2 1.4 ± 0.3 < 0.01

a t-test; BMI: body mass index;  HDL: high density lipoprotein

Table 6 shows the sensitivity and
specificity of MetS defined by IDF against
the NCEP ATP III and modified WHO
definitions. Our study shows that IDF
definition of MetS is successful in diagnosing
up to 88.9% of NCEP ATP III patients with
MetS;  however, 9.9% of the individuals
categorised as normal by NCEP ATP III were

diagnosed with MetS according to IDF
definitions (sensitivity = 88.9%, specificity
= 90.1%).   The kappa index between IDF
definition and NCEP ATP III was 68.3 ± 0.09
(p < 0.01).

The IDF definition of MetS failed to
diagnose 14.3% of modified WHO subjects
with MetS, and 18.6% of the subjects who
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Table 5. Comparison of the baseline characteristics according to IDF, NCEP ATP III  and
modified WHO among the MetS subjects

IDF (n=25) NCEP ATP III Modified
 (n=18) WHO (n=7)

Age (years) 48.2 ± 9.1 48.0 ± 9.1 45.1 ± 9.7
BMI (kg/m2) 28.0 ± 3.0 28.5 ± 3.0 30.0 ± 3.8
Waist circumference (cm) 94.7 ± 6.5 95.1 ± 6.6 96.8 ± 8.1
Systolic blood pressure (mmHg) 144.0 ± 15.2 143.5 ± 13.0 141.3 ± 12.5
Diastolic blood pressure (mmHg) 90.1 ± 7.9 91.6 ± 8.6 91.8 ± 7.7
Fasting plasma glucose (mmol/L) 6.3 ± 2.2 7.2 ± 2.9 7.71 ± 2.6
Triglycerides (mmol/L) 2.4 ± 1.8 2.5 ± 1.6 3.1 ± 2.1
HDL cholesterol(mmol/L) 1.0 ± 6.5 1.0 ± 0.1 0.9 ± 0.1

* Data are presented in mean (standard deviation); BMI, body mass index; HDL, high density cholesterol.

Table 6. Sensitivity, specificity and level of agreement for MetS defined by IDF against the
NCEP ATP III, and modified WHO definitions

Definition IDF definition

MetS Normal Sensitivity Specificity Kappa P value
index

NCEP ATP III
MetS (%) 16 (89) 2 (11) 88.9 90.1 68.3 ± 0.1 < 0.001
Normal (%) 9 (10) 82 (90)

Modified WHO
MetS (%) 6 (86) 1 (14) 85.7 81.4 30.5 ± 0.1 < 0.001
Normal (%) 19 (19) 83 (81)

Table 4. Prevalence of central risk factors of MetS in the subjects (n = 109)

MetS definitions IDF definition NCEP ATP III Modified WHO

n % (95% C.I.) n % (95% C.I.) n % (95% C.I.)

Central obesity 44 40.4 (40.2-40.5) 16 14.7 (14.5-14.9) 21 19.3 (19.1-19.5)
Glucose domain 15 13.8 (13.6-14.0) 15 13.8 (13.6-14.) 13 11.9 (11.7- 12.1)
Triglycerides domain 19 17.4 (17.3-17.6) 19 17.4 (17.3-17.6) 19 17.4 (17.3-17.6)
HDL cholesterol domain 44 40.4 (40.2-40.5) 44 40.4 (40.2-40.5) 11 10.1 (9.9-10.3)
Blood pressure domain 47 43.1 (43.0-43.3) 47 43.1(43.0-43.3) 36 33.0 (32.9-33.2)
MetS 25 22.9 (22.8-23.1) 18 16.5 (16.4-16.6) 7 6.4 (6.2-6.7)

* Details of the IDF, NECP ATP III and modified WHO criteria for defining MetS are described in Table 1.
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were categorised as normal under the
modified WHO definitions were found to
have MetS under the IDF definition
(sensitivity = 85.7%, specificity = 81.4%). The
kappa index between IDF definition and
modified WHO was 30.5 ± 0.10 (p < 0.01).

DISCUSSION

This is one of the first few studies in Malaysia
focusing on the prevalence of MetS and
comparing it using three different definitions
which were IDF, NCEP ATP III and modified
WHO.  The study shows that the prevalence
of MetS is 22.9% (40.9% of males; 10.8% of
females) in Malaysian adults using the IDF
definition.  In contrast, the prevalence of
MetS by using NCEP ATP III and the
modified WHO definitions was 16.5%
(29.6% of males; 7.7% of females) and 6.4%
(11.4% of males; 3.1% of females)
respectively.

This study showed that the prevalence
of MetS defined by IDF among Malaysian
adults was higher than the NCEP ATP III
defined MetS.  This finding is similar to the
findings of the study carried out in South
Australia, where the MetS was found in
22.8% of the subjects (men, 26.4%; women,
15.7%) using IDF definition, and 15.0% (men,
19.4%; women, 14.4%) with the NCEP APT
III definition (Adams et al., 2005).  In
addition, Ford (2005) reported that the
prevalence of MetS in the United States was
39.0% (39.9% of men; 38.1% of women) using
the IDF definition, and in contrast, 34.5%
(33.7% of men; 35.4% of women) according
to the NCEP ATP III.  Among the Korean
population, the prevalence of MetS was
19.5% (15.0% for men; 23.9% for women)
using the IDF definition, and 18.8% (17.8%;
for men  and 20.5% for women,) according
to the prevalence by NCEP ATP III definition
(Choi et al., 2007).

The main reason for the IDF definition
to exhibit a  higher prevalence is the
difference in defining central obesity in the
IDF criteria. In addition, the IDF definition
requires the presence of central obesity as a
prerequisite. To define central obesity for
Malaysians, the criteria for South Asians and
Chinese was used as in other studies (Lee et
al., 2004;  Sone et al., 2005;  Zimmet et al.,
2005); this is also consistent with the obesity
criteria recommended by the WHO Asia-
Pacific Region (Steering Committee, 2000).
According to this criteria, waist
circumference threshold for central obesity
is 90 cm or above for males and 80 cm or
above for females. Whilst, applying the
NCEP ATP III definition to the Asian
population, it underestimates the
prevalence of MetS and fails to diagnose
many individuals with MetS. The
underestimation is likely to be due to
definition of central obesity, which uses the
waist circumference of 102 cm or above for
males and 88 cm or above for females. The
prevalence of MetS using IDF and NCEP ATP
III definitions was higher compared to the
modified WHO defined MetS, which
appeared to be concur with a study reported
in Mexico (Guerrero-Romero & Rodriguez-
Moran, 2005).

In contrast to the findings of this study,
the Chinese in Hong Kong were found to
have the lowest prevalence of MetS as
defined by the IDF criteria, and these
individuals showed the highest prevalence
of the syndrome according to the WHO
criteria (Ko et al., 2006). This discrepancy
could be explained by the variation in overall
and central obesity in different populations.
Thus, the IDF definition has established
different criteria for central obesity according
to the ethnic group, especially in the Asian
population.

However, in this study the fact that the
Chinese exhibited a lower prevalence of MetS
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according to all three definitions may be due
to the higher numbers of Chinese subjects
involved. On the other hand, the higher
prevalence of MetS observed among the
Malay and Indian population may be again
due to the small number of subjects involved
from these ethnic groups. Nevertheless, it
should be stressed that this study is more
inclined towards investigating the
prevalence of MetS in the whole population
rather than individual ethnic groups.

The increasing prevalence of MetS
worldwide poses a public health challenge
that needs the scientific community to accept
a definition that would serve as an accessible
practical tool to improve the ability of
clinicians to adequately identify high-risk
individuals of CVD.  In addition, a standard
definition could also serve as an indicator
used by epidemiologists to follow the
evolution of MetS prevalence and its
relationship with the occurrence of obesity,
CVD, and type II diabetes in different ethnic
groups (Desroches & Lamarche, 2007).  The
IDF, NCEP ATP III and  WHO definitions of
MetS allow the inclusion of patients with
diabetes mellitus and share the common goal
of identifying individuals at increased risk
for developing CVD (Johnson & Weinstock,
2006).

Nonetheless, the three definitions have
merits and demerits.  The IDF definition is
favoured when  diagnosing MetS among
obese individuals. The IDF definition lays
greater emphasis on central obesity as the
core feature of the syndrome, making it an
essential requirement for diagnosis of MetS.
IDF definition has taken an important step
forward by including central obesity for
different ethnic populations as defined by
waist circumference measurements based on
epidemiologic data from various ethnic
groups. The major disadvantage using the
IDF definition is that a non-obese individual
could go undiagnosed with MetS, even

though other criteria of the syndrome may
be fulfilled.  On the other hand, NCEP ATP
III definition is a more convenient method
for the diagnosis of MetS, and it is commonly
used in epidemiology studies. This is
because the NCEP ATP III definition is
flexible in terms of the criteria used to
diagnose MetS.  An individual is diagnosed
with MetS under the NCEP ATP III definition
if three out of the five criteria of the syndrome
(obesity, high triglycerides level, low HDL
level, high blood pressure and high plasma
glucose) are fulfilled. As for the WHO
definition of MetS, it was primarily based
on the presence of one of several indices of
insulin resistance as assessed by clamp
studies, or by diagnosis of impaired glucose
tolerance, glucose intolerance, or type II
diabetes. The employment of WHO
definition can under-diagnose a non-
diabetic individual as healthy, although in
reality there is a possibility that the person
may  have MetS. A study carried out by
Grundy (2006) shows the relative risk of CVD
to be double in patients with MetS under the
WHO definition.  Thus, the WHO definition
of MetS is useful in identifying individuals
at increased risk for developing CVD,
especially in patients with diabetes mellitus.

In this study, the most common criteria
for the IDF, NCEP ATP III and modified
WHO was blood pressure, which can be
explained by the high mean value for blood
pressure in the Malaysian population.
Hypertension is also known as ‘the silent
killer’, and it is the most common chronic
condition in many countries including
Malaysia (Ibrahim & Yusoff, 2007).
Hypertension is responsible for an important
component of the burden of cardiovascular
disease as well as a significant cost in all
medical care services (Lim et al., 2000).
However, more than half of Malaysians were
unaware of their hypertensive status or had
never been told about it previously (Samad
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et al., 2002).   Obesity was the second common
component of the IDF and modified WHO
definition, and this may due to the high
prevalence of overweight and obesity in
Malaysia (Ismail et al., 2002).

This study showed that subjects with
MetS defined by modified WHO definition
had the highest means for BMI, central
obesity, diastolic blood pressure, fasting
plasma glucose level, serum triglyceride
level, and the lowest HDL levels compared
to IDF and NCEP ATPIII definitions. The
threshold for obesity, hypertension and
dyslipidemia are also higher in value as
compared to the other definitions of MetS;
thus, this may be one of the reasons that led
to the high mean values for the criteria of
MetS under the modified WHO definition.

 IDF defined MetS detected a higher
prevalence of obesity (40.4%) than the NCEP
ATP III and modified WHO definitions
(14.7% and 19.3% respectively).  This can be
explained by the lower waist circumference
threshold used in the IDF definition.  Studies
show that the rationale for using different
waist circumference values is that Asians
have a higher incidence of insulin resistance
and diabetes mellitus at a lower body mass
index and waist circumference than
Europeans (WHO Expert Consultation,
2004).  Thus, IDF proposed the use of several
ethnic-specific cut-off points for waist
circumference.

There is a good agreement between the
IDF and NCEP ATP III definition of MetS,
but a weak agreement between IDF and
modified WHO definition (Altman, 1991).
This study concurs with the results of the
study above and with other studies from
Mexico (Guerero-Romero & Rodriguez-
Moran, 2005), and Iran (Zabetian, Hadaegh
& Azizi, 2007).  IDF and NCEP ATP III
definitions use the same five components to
diagnose MetS, with four out of five of the
components being identical, giving a high

agreement between IDF and NCEP ATP III
definition.

There are several limitations to this
study.  The study population was relatively
small and predominantly females, which
limits the generalisability of the findings. The
numbers of Malay and Indian subjects were
relatively small, and this may explain the
reason why Malays and Indians exhibited
higher prevalence of MetS in this study
compared to the Chinese. Secondly, IDF
recommendation of measuring waist
circumference is at the midway between the
inferior margin of the ribs and the superior
border of the iliac crest. This is in contrast
with the NCEP ATP III recommendations of
measuring the waist circumference at the
iliac crest. However, in this study, waist
circumference was measured at the
narrowest point of the waist between the
lower borders of the rib cage and iliac crest.
Thus, it may not reflect the true features of
the definitions for MetS due to the
discrepancies.  Future studies that include a
more racially and socio-economically diverse
population are needed to further investigate
the prevalence of MetS in Malaysia, and the
relationship between MetS and cardio-
vascular diseases.

In conclusion, the prevalence of MetS
using the IDF criteria was the highest among
the three criteria in Malaysian adults.
Besides, IDF definition of MetS showed a
good concordance with the NCEP ATP III
definition.  In addition, IDF definition of
MetS established different criteria for central
obesity according to ethnic groups especially
in the Asian population, which makes  it
appropriate for estimation of the prevalence
of MetS  among Malaysians.
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