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Background: Although the prevalence of the metabolic syndrome (MetS) has been well-documented in
Western Caucasian populations, there are few studies in non-Caucasian populations. The objectives of the
present study were to estimate the prevalence of MetS and to find an optimal BMI cut-off value for defining
obesity in the Thai population.

Material and Method: A sample of 307 men and 295 healthy women aged between 20 and 90 years (average
age of 45 years) who came for a health check-up clinic in Khon Kaen, a northeast province of Thailand, were
studied. The present study was conducted between 2003 and 2004. The modified ATP 111 criteria were used to
estimate the age-and-sex specific prevalence of MetS, in which a BMI of > 27 kg/m? for men and 25 kg/m? for
women were used in place of waist circumference. In the Thai population, these BMI cut-offs were equivalent
to a percent body fat of 25% and 35% in men and women respectively.

Results: The overall prevalence of MetS was 15%, with no significant differences between men (15.3%) and
women (14.6%). In men, the prevalence increased from 9.5% among the 20-39 age group to 24.7% among the
50+ age groups. In women, the respective prevalence was 7% and 29.5%. When BMI was removed from the
classification of MetS, the overall prevalence of “MetS-without-BMI”* (still defined by the presence of at least
3 abnormalities) in both men and women was 7.8%. However, the prevalence of MetS-without-BMI increased
with higher BMI levels: among those with BMI < 25, the prevalence was 4.6% in men and 5.0% in women;
among those with BMI > 25, the prevalence was 13% in men and 16% in women.

Conclusion: The prevalence of MetS in this semi-rural Thai population was 15%, which is as common as in
Caucasian populations. In the Thai population, obesity was a major component of MetS.
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Metabolic syndrome (MetS) is a collection
of abnormalities or impairment related to central obe-
sity, glucose intolerance, hypertension, and dyslipid-
emia®®, Individuals with MetS have an increased
risk of cardiovascular disease, diabetes mellitus, and
mortality®®. The quantitative definition of MetS is a
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contentious issue due to lack of agreements among
experts®®1®), However, the Adult Treatment Panel 1l
(ATP I11) has proposed criteria for classification of
MetS®4, and these criteria are widely considered use-
ful for assessing the magnitude of MetS in the general
population. Furthermore, The International Diabetes
federation (IDF) has recently proposed new criteria for
MetS®,

Using the ATP Il criteria, the prevalence of
MetS is highly variable among populations around the
world, with Western Caucasian populations generally
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having higher prevalence than non-Western popula-
tions. For example, in the US, approximately 24% of
adult men and women had the syndrome®®®, whereas in
Koreans, this prevalence was 9.8% in men and 12.4%
in women®, in the Hong Kong Chinese population:
20% in men and 22% in women®® in the Singaporean
population: 13% in men and 11% in women. However,
for Asian Indians, the prevalence of MetS varied from
5% to 50%, depending on the assessment methodolo-
gies, age group, and socioeconomic status®°2%,

One of the major issues in the study of obe-
sity in Asian countries such as Thailand is the lack of
an accepted and validated BMI criterion for defining
obesity. Indeed, there is a concern that the ATP IlI
recommended cut-off value for waist circumference in
Caucasian populations is inappropriate in Asian popu-
lations, because Asians as a group have a more slen-
der body build than Caucasians®-2%), Moreover, it is
well-known that the BMI criteria for defining obesity
in Western Caucasian populations are not necessarily
applicable to Asian populations because, for a given
level of body mass index (BMI), Asians tend to have a
higher percent of body fat®. Indeed, WHO Expert
Consultation could not arrive at a specific cut-off value
for defining obesity in Asian populations, primarily
because of lack of empirical data, and they call for
further study®@. One approach to define obesity is by
examining the prevalence of MetS or its components
across BMI ranges, and then derived a cut-off BMI
level that is highly discriminatory between MetS and
non-MetS.

Therefore, the present study was designed
to estimate first the prevalence of MetS and second,
to relate the prevalence to various BMI categories
for developing new optimal BMI criteria for defining
obesity in Thai men and women.

Material and Method
Subjects and setting

The present study was conducted in Khon
Kaen, a northeast rural province of Thailand (about
445 km from Bangkok), with a population of 1.8 million.
The setting was a health check-up clinic at Srinagarind
Hospital, which is a teaching hospital of the University
of Khon Kaen. Although the clinic was set up to serve
the entire provincial population, the majority of clients
who visit the clinic lived around the capital city of the
province.

The present study was designed as a cross-
sectional investigation. The present study was formally
approved by the Ethics Committee of Khon Kaen
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University and written informed consent was obtained
from each individual. From 2003, all men and women
who came to the clinic for a health check-up were invited
to provide basic clinical information for the present
study. A total of 334 men and 350 women were included
in the present study. Subjects who were taking medi-
cations for hypertension, diabetes, or dyslipidemia
were excluded from the analysis. Ultimately, 307 men
and 295 women were used in this analysis.

Measurements

Anthropometric data

Body weight (including light indoor clothing)
was measured using an electronic balance (accuracy
0.1 kg) and standing height (without shoes) using a
stadiometer (nearest 0.1 cm). Body mass index (BMI)
was calculated the ratio of weight in kg divided by
height in m2.

Blood pressure

Systolic blood pressure was measured twice
in the left arm and recorded after a participant had
been seated and rested for 5 minutes. The average of
the two measurements was then used for all analyses.
Diastolic blood pressure was recorded at the fifth
Korotkoff sound.

Laboratory measurements

Serum samples were collected in the morning
after a participant had fasted for 12 hours prior to the
clinic visit. Blood samples were immediately centrifuged.
Measurements included fasting plasma glucose (FPG),
total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), and low-density lipo-
protein cholesterol (LDL-C). Fasting plasma glucose
levels were measured the glucose oxidase method.
Serum total cholesterol, TG and HDL-C were measured
by enzymatic methods using an automatic auto-
analyzer (Cobas Integra 800; Roche Diagnostics,
Mannheim, Germany).

Classification of MetS

The classification of MetS was based on the
modified Adult Treatment Panel 111 (ATP I11) Guide-
lines®™. According to the APT Il guideline, an indi-
vidual is classified as having the syndrome if 3 or more
of the following criteria were present: triglycerides
> 150 mg/dl, HDL cholesterol < 40 mg/dl in men or <50
mg/dl in women, systolic blood pressure > 130 mmHg
or diastolic blood pressure > 85 mmHg, fasting glucose
>110 mg/dl, and waist circumference > 102 cm in men
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or > 88 cm in women. However, because waist circum-
ference (WC) was not measured in all participants,
therefore the IDF criterion could not be used in the
present study. The authors decided to use the criterion
of BMI > 27 kg/m? for men and BMI > 25 kg/m? for
women in place of waist circumference criteria as speci-
fied in the ATP 1112, These BMI criteria correspond
to a percentage body fat of 25% in men and 35% in
women, which are considered obese by international
experts@-29,

Statistical analysis

Descriptive statistics (e.g. mean and standard
deviation) of each MetS components were calculated
for each sex. The difference in each component between
men and women was tested by unpaired t-test. The
association among components of MetS was assessed
by the Pearson’s product moment correlation coeffi-
cient. The prevalence of MetS was estimated as the
proportion of individuals with MetS within each age
and sex stratum. Ninety-five percent confidence inter-
val (95%Cl) of the prevalence was constructed based
on the assumption of binomial distribution. A p-value
of less than 0.05 was considered statistically signifi-
cant difference.

In a further analysis, a new MetS was defined
without the BMI component, and the prevalence of
the new MetS was estimated for each BMI category.
The categorization of BMI was based on a previous
paper®, in which normal weight individuals were sub-
divided into four BMI groups: less then 18.5, between
18.5and 20.9, between 21.0 and 24.9, 25.0 and 29.9 and
> 30 kg/m?. All analyses were performed with the SAS
system version 8.1 (SAS Institute, Cary: NC).

Results
Characteristics of study sample

Descriptive statistics on basic demographic
characteristics (Table 1) show that there was no sig-
nificant difference in age between men and women;
however, as commonly observed, men were signifi-
cantly taller and heavier than women. Nevertheless, BMI
in men was not significantly different between men
and women. Although fasting glucose, triglycerides,
systolic and diastolic blood pressure were significantly
higher in men, women had significantly higher HDL
cholesterol than men.

When analyzed simultaneously, most compo-
nents of the MetS were, in various magnitudes, corre-
lated with one another (Table 2). In either men or women,
while HDL cholesterol was negatively and significantly
correlated with BMI and triglycerides, systolic and
diastolic blood pressures were positively correlated
with BMI, triglycerides and fasting glucose. Although
fasting glucose was inversely related to HDL choles-
terol, there was no significant correlation between
fasting glucose and BMI in either gender.

Prevalence of various MetS components

When each component of the MetS was ana-
lyzed separately, the overall prevalence of BMI > 27
kg/m? (men) and > 25 kg/m? (women) was 21.8%, hyper-
triglyceridemia 32.7%, low HDL cholesterol 15.5%,
high blood pressure 36.7%, and high fasting glucose
8% (Table 3). However, the prevalence varied accord-
ing to gender, with men having a significantly higher
prevalence of hypertriglyceridemia and higher fasting
glucose, and women having a significantly higher
prevalence of obesity, and low HDL cholesterol than

Table 1. Descriptive statistics of components of the metabolic syndrome for men and women in the sample

Variables Men (n = 307) Women (n = 295) Difference and 95%
confidence interval
Age (yr) 45.2 (9.9) 45.3(9.9) -0.1(-1.7,1.5)
Weight (kg) 66.2 (9.9) 56.4 (9.7) 9.7 (8.2,11.3)
Height (cm) 166.0 (5.4) 154.9 (6.6) 11.1 (10.0, 12.0)
BMI (kg/m?) 24.0 (3.3) 235 (4.2) 0.5(-0.1,1.1)
Triglycerides (mg/dL) 173.1 (113.5) 116.2 (88.9) 56.9 (40.5, 73.3)*
HDL-cholesterol (mg/dL) 52.5(11.1) 57.5(13.3) -6.5 (-8.4, -4.5)*
Fasting glucose (mg/dL) 96.6 (28.6) 88.5 (14.8) 8.1(4.4,11.8)*
Systolic BP (mmHg) 121.7 (16.0) 117.9 (16.3) 3.8(1.2,15.3)*
Diastolic BP (mmHg) 80.1 (11.5) 77.9 (10.7) 2.2 (0.4,10.5)*

Values shown in men and women are mean and standard deviation (in brackets)

* Statistically significance at p < 0.05
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Table 2. Correlations between age and components of the metabolic syndrome

Age BMI TG HDL-C FPG Systolic BP Diastolic BP

Age . 0.05 -0.00 -0.13* 0.19* 0.24* 0.16*
BMI 0.13* 0.33* -0.30* 0.09 0.30* 0.32*
TG 0.36* 0.26* . -0.38* 0.29* 0.23* 0.16*
HDL-C -0.19* -0.23* -0.38* . -0.07 -0.08 -0.05
FPG 0.28* 0.06 0.40* -0.14* . 0.19* 0.12*
Systolic BP 0.32* 0.28* 0.35* -0.17* 0.11 . 0.85*
Diastolic BP 0.15* 0.32* 0.31* -0.16* 0.10 0.80*

Note: Correlation coefficients that are significantly different from 0 (at the p<0.05 level) is denoted by “*”
Normal figures: Men, Italic figures: women

Table 3. Prevalence of individual components of the metabolic syndrome stratified by sex and age

HDL < 40 (men) or
HDL < 50 (women)

BP >130/85

FPG >110

N  BMI > 27.0 (men) TG > 150
or > 25.0 (women)
Total 602 21.8(18.5-25.3) 32.7 (29.0-36.6)
Men 307 17.9(13.8-22.7) 45.3 (39.6-51.0)
Women 295 25.8(20.9-31.2) 19.7 (15.2-24.7)
Men
20-39 95 14.7 (8.3-23.5) 42.1 (32.0-52.7)
40-49 127 18.1(11.8-25.9) 47.2(38.3-56.3)
50-59 52 26.9(15.6-41.0) 51.9(37.6-66.0)
60+ 33 12.1(3.4-28.2) 36.4 (20.4-54.9)
Women
20-39 86 20.9(12.9-31.0) 7.0 (2.6-14.6)
40-49 126 20.6(13.9-28.7) 14.3(8.7-21.6)
50-59 53 49.1(35.1-63.2) 41.5(28.1-50.2)
60+ 30 20.0(7.7-38.6) 40.0 (22.6-59.4)

15.5 (12.7-18.6)
8.1 (5.3-11.8)
23.1 (18.4-28.3)

6.3 (2.4-13.2)
6.3 (2.8-12.0)
15.4 (6.9-28.1)
9.1 (1.9-24.3)

11.6 (5.7-20.3)

21.4 (14.6-29.6)
35.9 (23.1-50.2)
40.0 (22.6-59.4)

36.7 (32.9-40.7)
38.8 (33.3-44.5)
34.6 (29.2-40.3)

30.5 (21.5-40.8)
33.9 (25.7-42.8)
51.9 (37.6-66.0)
60.6 (42.1-77.1)

24.4 (15.8-34.9)
25.4 (18.1-33.9)
58.5 (44.1-71.9)
60.0 (40.6-77.43)

8.0 (5.9-10.4)
11.4 (8.1-15.5)
4.4 (2.4-7.4)

7.4 (3.0-14.6)
10.2 (5.6-16.9)
13.5 (5.6-25.7)
24.2 (11.1-42.3)

0.0

1.6 (0.2-5.6)
11.3 (4.3-23.0)
16.7 (5.6-34.7)

Values are percentage and 95%Cl

men. In each component, the prevalence generally
increased with advancing age for either gender. For
example, the prevalence of hypertension was 30% in
men and 24% in women aged between 20 and 39 years,
however among those aged 60+ years, the prevalence
increased to 60% in men and women.

Prevalence of MetS

Based on the ATP IlI criteria (i.e. at least 3
abnormalities), the prevalence of MetS was 15%, with
men having a higher prevalence (15.3%) than women
(14.6%). The prevalence increased from 9.5% (in men)
and 7% (women) among those aged 20-39 years to
24.7% (men) and 29.5% (women) among those aged 50
years or more (Table 4).

When the BMI component was excluded
from the classification of MetS, the overall prevalence
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of “MetS-without-BMI” (defined by the presence of
at least three abnormalities) was 7.8% (24/307) in men,
virtually identical to women: 7.8% (23/295). However,
the prevalence of MetS-without-BMI increased with
higher BMI levels. The break-point of this gradient of
increase was most pronounced when BMI was greater
than 25 kg/m? (Fig. 1). Among those of BMI > 25 kg/m?,
the prevalence of at least three MetS-without-BMI
components was 34.2% in men and 42.1% in women,
approximately 7-fold higher than that observed in those
with BMI <25 kg/m?,

Discussion

Thailand is a typical developing country with
rapid urbanization taking place in the entire nation.
However, the documentation of health consequences
in the population has been rather limited. To the au-
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Table 4. Prevalence of one or more abnormalities of the metabolic syndrome stratified by sex and age

N > 1abnormality > 2 abnormalities

> 3 abnormalities >4 abnormalities 5 abnormalities

Total 602 64.6 (60.7-68.4) 31.4(27.7-35.3)
Men 307 70.4(64.9-75.4) 33.2(28.0-38.8)
Women 295 58.6 (53.0-64.3) 29.5(24.3-35.0)
Men: Age
20-39 95 64.2(53.7-73.8) 26.3(17.8-36.3)
40-49 127 68.5(59.7-76.4)  30.7 (22.8-39.5)
50-59 52 78.8(65.3-88.9) 50.0 (35.8-64.2)
60+ 33 81.8(64.5-93.0) 36.4(20.4-54.9)
Women: age
20-39 86 45.3(34.6-56.4) 10.5(4.9-18.9)
40-49 126 50.0 (41.0-59.0) 22.2 (15.3-30.5)
50-59 53 86.8 (74.7-94.5) 64.2 (49.8-76.9)
60+ 30 83.3(65.2-94.3) 53.3(34.3-71.1)

15.0(12.2-18.0)  3.7(2.3-5.5) 0.0
153(11.5-19.8) 2.6 (1.1-5.1) 0.0
146 (10.7-19.1) 4.7 (2.6-7.8) 0.0

9.5 (4.4-19.2) 1.1 (0.03-5.7) 0.0
13.4 (8.0-20.6) 3.1(0.9-7.9) 0.0
26.9 (15.6-41.0) 3.8 (0.5-13.2) 0.0
21.2 (15.6-41.0) 3.0 (0.1-15.7) 0.0

7.0 (2.6-14.6) 1.2 (0.1-6.3) 0.0

8.7 (4.4-15.1) 2.4 (0.5-6.8) 0.0
34.0 (21.5-48.3)  11.3 (4.3-23.0) 0.0
26.7(12.3-45.9)  13.3(3.8-30.7) 0.0

Note: Figures in the first row were used BMI > 27 kg/m?for men and > 25 kg/m? for women

Values are percentage and 95%Cl

Table 5. Prevalence of one or more abnormalities of the metabolic syndrome (without the obesity component) stratified by

sex, age and BMI categories

> 2 abnormalities

> 3 abnormalities

Sex and BMI category N > 1 abnormality

Men
<185 51 45.1 (31.1-59.7)
18.5-20.9 71 60.6 (48.3-72.0)
21.0-24.9 73 65.8 (53.7-76.5)
25.0-29.9 101 85.1 (76.7-91.4)
>30.0 11 81.8 (42.2-97.7)
All groups 307 68.1 (62.5-73.3)

Women
<185 79 31.6 (21.6-43.1)
18.5-20.9 71 40.8 (29.3-53.2)
21.0-24.9 69 62.3 (49.8-73.7)
25.0-29.9 58 70.7 (57.3-81.9)
>30.0 18 72.2 (46.5-90.3)
All groups 295 51.2 (45.3-57.0)

9.8 (3.3-21.4)
16.9 (9.0-27.7)
23.3 (14.2-34.6)
44.6 (34.7-54.8)
455 (16.7-76.6)
27.4(22.4-32.7)

8.9 (3.6-17.4)
12.7 (6.0-22.7)
24.6 (15.0-36.5)
41.4 (28.6-55.1)
44.4 (21.5-69.2)
22.0 (17.4-27.2)

3.9 (0.5-13.4)
2.8 (0.3-9.8)
6.8 (2.3-15.3)
10.9 (5.6-18.6)
36.4 (10.9-69.2)
7.8 (5.1-11.4)

1.3 (0.03-6.8)
5.6 (1.6-13.8)
8.7 (3.3-18.0)

15.5 (7.3-27.4)

16.7 (3.6-57.0)
7.8 (5.0-11.5)

Values are percentage and 95%Cl

thors” knowledge, the present study was the first ever
attempt to estimate the prevalence of MetS in the Thai
population. By using the ATP 111 criteria, approximately
15% of men and women were classified as having
MetS. However, among those aged 50+ years, almost
a-quarter of men and a-third of women had the syn-
drome. With rapid urbanization taking place, it is expected
that the prevalence of MetS is going to increase in the
near future. The fact that a relatively high prevalence
of at least 2 risk factors even in younger age groups
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(e.g. <50 years old) is a cause for concern, because this
group will have a prolonged exposure to proathero-
sclerotic risk factors associated with MetS.

The authors’ estimate of MetS prevalence is
very comparable to that from the Korean population
(10% of men and 12% of women)®”, but is lower than
that in the Chinese Hong Kong population among
whom the prevalence was about 20%®®, or in the
Malay population in Singapore whose prevalence
was 25% in men and 24% in women®®, Differences in
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Fig. 1 Prevalence of various MetS components classified by BMI category for men (panel A) and women (panel B)

lifestyle factors and other ecologic factors could also
account for part of the inter-ethnic difference in MetS
prevalence. However, the difference is also likely due
to the difference in definition of MetS, particularly in
terms of the BMI cut-off. In the Korean study, the BMI
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> 25 kg/m? criterion was used for both sexes with a
resulting prevalence of 31% in men and 21% in women.
In the present study, based on the authors’ previous
work®@:39 the authors used a BMI > 27 kg/m? in men
and BMI > 25 kg/m? in women for defining obesity,
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which resulted in a prevalence of 18% in men and 26%
inwomen. Had the authors used the BMI > 25 criterion
for both sexes, the prevalence of obesity in men and
women would have been 36% and 26%, respectively
and the prevalence of MetS would have been 18.9% in
men and 14.6% in women.

Given the well-known association between
obesity and metabolic disorders, it is perhaps not
surprising to observe that the prevalence of hyper-
tension, hyperlipidemia, hyperglycemia, and hyper-
triglyceridemia increased with higher BMI. The present
data, however, further suggest that the increase was
not linear, such that the break-point of the relationship
was around the BMI of 25 kg/m?. This confirms that the
cut-off value for defining obesity in the Thai popula-
tion should be lowered as has been suggested by pre-
vious studies®-*3, The fact that only 5% of men and
women with BMI < 25 kg/m? had MetS-without-BMI
may suggest that BMI can be a useful replacement of
waist circumference for the classification of MetS.

Nevertheless, the present findings must be
interpreted within the context of a number of potential
strengths and weaknesses. A major strength of the
present study lies in its validity and sampling scheme.
The sample size was reasonably large to allow for esti-
mation of the prevalence of MetS. However, the study
participants were Thai, among whom body size, life-
styles, cultural backgrounds and environmental living
conditions are different from other populations. Since
most of the participants came from semi-rural areas of
Thailand, care should be taken when extrapolating
these results to other populations. The measurement
error of BMI could result in misclassification of obesity.
In addition, BMI was measured at a single time point,
which may not reflect a true long-term weight of a
subject. Other laboratory measurements were also
measured at a single time point. These two sources of
measurement errors, albeit inevitable, could have
affected the results, despite the fact that such a limita-
tion is present in any study of this type.

In conclusion, the prevalence of MetS in this
semi-rural Thai population, after allowing for sampling
variability, is 15%, which is as common as in Caucasian
populations. These data also confirmed that the BMI
cut-off for defining obesity for Asian populations,
particularly for the Thai population, should be lower
than those in Caucasian populations.
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