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Abstract

The aim of this study is to assess the prevalence of obesity and metabolic syndrome (MetS) in the
aboriginal population based in southeastern Taiwan. One thousand two hundred and twenty-six subjects
older than 20 years of age (658 male; 568 female) were recruited between May 2007 and April 2008. A
simple questionnaire was carried out to take their back ground information and medical history. Biochemistry
study including cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglyceride (TG), blood pressure (BP), and fasting plasma glucose were tested on each participant.
Their weight, height, and waist circumference were also taken. Overweight and obesity were defined as a
body mass index (BMI) Z 24 and = 27kg/m?, respectively. Abdominal obesity was defined as waist circum-
ference = 90cm for men and = 80cm for women, respectively. The diagnosis of MetS was based on the
Adult Treatment Panels of The Third Report of the National Cholesterol Education Program (NCEP ATPIII)
modified for Asians. The prevalence of overweight and obesity were 25.8% and 39.8% for men, and 21.7%
and 41.5% for women, respectively. The prevalence of abdominal obesity was 49.7% for men and 77.3% for
women (P<0.001). The overall prevalence of MetS was 58.7%, with a higher prevalence (68.5%) in women
than men (50.3%) (p<0.001). A crossover point of the prevalence between men and women in the group
aged 40-49 was noticed. About two-thirds of the aborigines older than 20 years of age in southeastern
Taiwan were either overweight or obese, and more than half of the population had MetS. In comparison
to other ethnic groups, young women had a higher prevalence of abdominal obesity, which could lead to
a higher prevalence of MetS before menopause and could constitute an emerging public health problem.
(J Intern Med Taiwan 2011; 22: 48-56)
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Introduction

Metabolic syndrome (MetS) refers to a
clustering of metabolic derangements, including
abdominal obesity, atherogenic dyslipidemia, raised
blood pressure, insulin resistance with or without
glucose intolerance, a proinflammatory state, and
a prothrombotic state"”. Many reports have shown
that these conditions are potential risk factors in
developing cardiovascular disease as well as type
2 diabetes™. Of all the factors, obesity has been
shown to be the most important index. An excess of
adipose tissue can be a source of proinflammatory
cytokines which may be linked to a greater risk for
further insulin resistance as well as atherogenesis’.
According to the World Health Organization
(WHO), coronary heart disease, cerebrovascular
disease and diabetes are the leading causes of death
among high-income countries’. In Taiwan, heart
diseases were the second leading cause of death in
2007, followed by cerebrovascular disease (CVA),
diabetes mellitus and hypertension’, which are all
closely related to MetS. Such figures may suggest
that the metabolic syndrome as well as obesity has
become an important issue in public health. With no
exceptions, the prevalence of MetS appears to have
increased in parallel to the prevalence of obesity in
Taiwan in the past 20 years, according to the 2007
Taiwan National Nutrition and Health Survey®.

There are basically three different ethnic
populations in Taiwan: Minnan, Hakka and the
aborigines. The ancestors of the aborigines were the
main ethnic groups living in Taiwan, long before the
other two groups migrating to ancient Taiwan. They
probably originated in Southeast Asia, populating
in Taiwan around 11,000-26,000 years ago and later
migrated to the western and central Polynesia, might
be as far as New Zealand'’. It has been proven that
genetically they are related to the Austronesians

but not Minnan and Hakka'"'

2 In particular, they

have their unique cultures, languages, and social
organizations which are completely different from
the other two ethnic groups. Such differences
provide a good opportunity to explore whether
genetic predisposition has its role in the prevalence
of MetS.

Previous studies have shown that the life
expectancy of the aborigines is 10 years less than
that of the average of the whole Taiwan population
and their standardized mortality ratio of heart
disease and strokes is significantly higher". Little is
known about the anthropometric status and very few
surveys have been done to estimate the prevalence
of MetS in relation to these anthropometric status.
The aim of our study is to assess the prevalence of

obesity and MetS in this particular ethnic group.

Materials and Methods

A hospital based cross-sectional survey
was conducted on the aboriginal population
at the Mackay Memorial Hospital, Taitung
Branch. Between May 2007 and April 2008,
each consecutive patient of aboriginal origin and
older than 20 years old attending the Endocrine
Outpatient Department and the each in-patient
admitted to the same department that fulfilled the
same recruiting criteria were recruited. Totally one
thousand three hundred and seventy six subjects
were recruited, but only 1226 subjects (658 male;
568 female) aged from 20 and above were included
in this survey. We excluded those who were those
of incomplete documentation of their medical
records, those who were pregnant, and had severe
concomitant medical diseases such as cancer, liver
cirrhosis, or pulmonary tuberculosis.

An interview with a simple questionnaire
which included age, gender, medications and a
detailed medical history was carried out on these
1226 subjects. Besides the questionnaire interview,

blood pressure (BP), their height, weight, and waist
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circumference (WC) were also measured. BP was
measured from the right arm after the participant
had rested for 20 minutes in a sitting position. WC
was measured at the midline between the lowest
costal margin and the superior posterior iliac crest in
a horizontal plane. Height and WC were recorded to
the nearest 0.1 cm, and body weight to the nearest
0.1 kg. Standard body mass index (BMI) was
calculated and the cutoffs were defined according
the Department of Health in Taiwan: optimal BMI
was defined as 18.5 = BMI < 24 kg/m’, overweight
as 24 = BMI < 27 kg/m’, and obesity was defined
as BMI = 27 kg/m’. Abdominal obesity was
defined as waist circumference = 90 c¢cm in men,
and = 80 cm in women'’. Blood samples were
drawn from each participant after 12 hours of
overnight fasting to measure their total cholesterol
(T-CHOL), HDL-C, TG, and fasting plasma glucose
(FPG).

The diagnosis of MetS was based on the
presence of three or more of the following
components: (1) waist circumference = 90 cm for
men and = 80 cm for women; (2) TG = 150 mg/
dL or taking drugs for elevated triglycerides; (3)
HDL-C<40 mg/dL for men and < 50 for women,;
(4) systolic BP = 130 mmHg or diastolic BP = 85
mmHg or current use of anti-hypertensive drugs;
(5) FPG = 110 mg/dL or use of anti-hyperglycemic
drugs. Such criteria were based on the definition
suggested by the Adult Treatment Panel III (ATP
IIT) of the National Cholesterol Education Program
modified for Asians *'*,

The statistics were carried out by Student's
t-test, Chi-Square test and Fisher's exact test, using
Stata version 8.0 (Stata Corporation, Texas, USA).

This study was reviewed and approved by
the Institutional Review Board (Ethic Approval
Committee) of Taipei MacKay Memorial Hospital,
and a signed informed consent was obtained from

each participant.

Results

A total of one thousand two hundred and
twenty-six subjects were surveyed in this study
(male/female: 658/568). Their anthropometric
characteristics as well as their biochemistry study
results were summarized in Table 1. The results
showed that 23.9% of participants were overweight,
40.6% were obese, and only 4.9% were under-
weight. The prevalence of being overweight was
25.8% in men and 21.7% in women (p=0.087). The
prevalence of obesity was 39.8% in men and 41.5%
in women (p=0.538), respectively.

The overall prevalence of metabolic syndrome
in this study was 58.7% (Table 2). In terms of the
five components, the overall prevalence was 69.8%
in low HDL-C, 68% in large WC, 64.9% in high
BP, 56,5% in hyperglycemia, and 25.0% in hyper-
triglyceridemia (Table 2).

The impact of obesity on the prevalence of
MetS in each gender group was further investigated
based on the values of BMI (Figure 1), it showed
that in both genders, the higher the BMI was, the
higher the prevalence of MetS might be.

In comparisons of the prevalence of MetS

in men and women, it showed that the prevalence

OMen B Women

206/236
213/262

80 1 89/123

84/173

Prevalence rate of MetS

1 4272027

18.5= BMI<24 24= BMI=27 BMI= 27

*No. of subjects with MetS / Total No. of subjects in each categories.

Fig.1 Prevalence of metabolic syndrome (MetS)
according to body mass index (BMI) among
aboriginal men and women (p<0.05 for all
trends).
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Table 1. Basic characteristics stratified by gender

Men Women Total
(n=658) (n=568) (n=1226)

Age (y/o)* 55.01 = 16.28 58.46 = 15.81 56.61 £ 16.15
Age Stratum (No.)

20-29 (y/o) 44 29 73

30-39 (y/o) 81 59 140

40-49 (y/o) 137 66 203

50-59 (y/o) 117 113 230

60-69 (y/o) 128 138 266

= 70 (y/o) 151 163 314
Height (cm)* 164.80 + 7.13 153.65 = 7.01 159.63 = 9.00
Weight (kg)* 70.95 + 14.38 61.95 + 13.54 66.78 £ 14.70
BMI (kg/m?)* 26.06 * 4.66 26.24 + 5.49 26.14 % 5.06
Overweight (%) 25.8 21.7 23.9
Obesity (%) 39.8 41.5 40.6
WC (cm)* 91.05 £ 12.12 89.52 + 12.49 90.34 £ 12.31
SBP (mmHg)* 132.92 £ 1.26 134.93 £ 21.99 133.85 = 21.61
DBP (mmHg)* 75.21 £ 12.68 7435 £ 12.14 74.81 £ 1243
FPG (mg/dL)* 123.49 £ 43.55 122.56 = 37.85 123.06 £ 41.00
HDL-C (mg/dL)* 33.69 £ 16.68 36.72 = 16.58 35.07 = 16.70
TG (mg/dL)* 136.71 = 155.66 117.87 £ 90.10 127.95 = 129.67
Comorbidity (%)

Hypertension 21.6 30.5 25.6

DM 11.6 14.6 13.0

* Mean+SD, BMI: body mass index, WC: waist circumference, SBP: systolic blood pressure, DBP: diastolic blood pressure,
FPG: fasting plasma glucose, HDL-C: high-density lipoprotein cholesterol, TG: triglyceride.

Table 2. The Prevalence of metabolic syndrome and its component abnormalities

Men Women Total P
Decreased HDL-C (%) 58.7 70.4 69.8 <0.001
Large WC (%) 49.7 77.3 68.0 <0.001
High BP (%) 61.4 68.8 64.9 0.007
High FPG (%) 55.8 57.4 56.5 0.568
High TG (%) 26.0 19.5 25.0 0.007
ATPIII-Asia items (%)
Tree or more 50.3 68.5 58.7 <0.001
Two 24.0 16.4 20.5
One 17.9 12.0 15.2
None 7.8 32 5.6

HDL-C: high-density lipoprotein cholesterol, WC: waist circumference, BP: blood pressure, FPG: fasting plasma glucose,
TG: triglyceride.
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in women was significantly higher than in men
(men vs. women: 50.3% vs. 68.5%, p<0.001).
In a detailed look into the prevalence in the five
components of MetS between men and women,
it showed that women had a higher prevalence in
having low HDL-C (p<0.001), having large WC
(p<0.001), and having high BP (p=0.007). But,
the prevalence in having hyper-triglyceridemia
was lower than that in men (p=0.007). In terms of
the prevalence of having high FPG, there was no
difference between men and women (p=0.58).

In the aspects of overweight and obesity, it
showed that the prevalence increased with age,
which reached a peak in the age group of 40-49 and
decreased thereafter in both genders (Figure2A).
The prevalence of abdominal obesity was 49.7% for

men and 77.3% for women; and had the tendency
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Fig.2 Age and gender-specific prevalence of
overweight and obesity(A), abdominal obesity
(B)and MetS(C).

to increase with age and reach their peak in the
group aged 50-59 in both genders (Figure2B). In
comparison of the increment in the prevalence
of MetS in different age group, it seemed that
the prevalence increased more rapidly in women
when they became older and reached the peak in
their sixties, while the prevalence of MetS in men
reached the peak in their fifties and decreased
thereafter (p=0.014). We further noticed that there
was a crossover between the age of 40-49, when the
curves showing the prevalence of MetS in men and
women in different age groups were superimposed
(Figure 2C).

In finding out the relationship between
abdominal obesity, BMI and the prevalence of
MetS, we further divided our subjects into 2
groups—with and without abdominal obesity, and
the prevalence of MetS was compared based on
the BMI value (Figure 3). It showed that the higher
the BMI was, the higher the prevalence of MetS
was regardless of having abdominal obesity or not.
However, when the prevalence was compared based
on the existence of abdominal obesity, it showed
that subjects with abdominal obesity had significant
higher prevalence of MetS even the BMI was the
same (p<0.001).

O no abdominal obesity * W abdominal obesity **

100
90 - 408/468
80 84/114 136/178
70 1
60 1

50 4
40 11/30

Prevalence rate of MetS

30 1 27115
20 4 422617

18.5= BMI<14 24 = BMI<27 BMI= 27

* P=0.013 The different prevalence rate of MetS in comparison with 3 groups of BMI
among no abdominal obesity subjects ** p<0.001 among abdominal obesity subjects
*No. of subjects with MetS / Total No. of subjects in each categories.

Fig.3 Prevalence of MetS categorized by BMI and
abdominal obesity.
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Discussion

In the last two decades, health professionals
have noticed that overweight and obesity are closely
related to the development of MetS; at the same time,
they have also noticed that many Asian races are
more susceptible in developing abdominal obesity
even with normal BMI. Genetic predispositions
as well as adopting western lifestyles have been
considered to contribute to such phenomenon'. In a
recently published national survey on the prevalence
of obesity and MetS in Taiwan, it showed that the
prevalence on obesity has significantly increased in
men compared with the survey done in the 1993-1996
Taiwan National Nutrition and Health Survey’ (19.2%
vs 10.5%), while the prevalence was relatively stable
in women (13.4% vs 13.2%). However, the overall
prevalence of obesity has significantly increased from
4.0% to 16.4%. There was no data available on the
prevalence of MetS for comparisons in the 1993-1996
Taiwan National Nutrition and Health Survey’.

Differed from the Taiwan national survey,
our study aimed on collecting the epidemiological
information related to the MetS from the aborig-
inals living in Southeastern Taiwan. It is generally
considered that the lifestyles in Southeastern Taiwan
were less adapted to the modern metropolitan
lifestyles such as seen in metropolitans, and the
average social-economical state may be lower .

In our study, the prevalence of overweight
and obesity were 25.8 and 39.8% in men, and
21.7 and 41.5% in women. These figures were
higher than that in the 1993-1996 Taiwan National
Nutrition and Health Survey’, which were 22.9
and 10.5% in men and 12.3 and 13.2% in women,
respectively. In comparison with the more recent
2001 Taiwan national survey '°, the author stratified
the participants by gender and ethnicity. Among
the non-aboriginal group, this study showed the
prevalence rates of overweight and obesity were
27.3 and 15.4% in men and 19.1 and 10.2% in

women. Among the aboriginal group, the preva-
lence rates of overweight and obesity were 44.2
and 28.8% in men and 24.4 and 31.1% in women.
Both in this study and ours, the aborigines were still
much higher prevalent for overweight and obesity.
In our opinion, such discrepancy could not only be
partly explained that our study was a hospital based
cross- sectional study rather than a population based
national survey, but also different ethnicity, different
lifestyles, and different social-economical states
may all have contributions to such phenomenon.

Obesity is an important factor in deve-
loping MetS and many chronic diseases, such
as cardiovascular disease, type 2 diabetes,
hypertension, certain types of cancer, and mental
problems'’. Our study showed that the prevalence
of MetS was higher in those who had abdominal
obesity than those who did not (Figure. 3), which
was similar to the result in another 2 studies'™'.
Furthermore, our analysis showed that in those
who did not have abdominal obesity, the risk
in developing MetS increases with higher BMI
values. This result was similar to another published
study in Taiwan®”*'. On the other hand, there
were individuals who had abdominal obesity but
with normal BMI, in this group, they also showed
higher prevalence of MetS than those who had
normal BMI but without abdominal obesity, and
such tendency was also reported in Yeh's study'’.
The pathogenesis of MetS through which obesity
interplay with insulin resistance remains to be fully
established but many studies had focused on the
role of body fat distribution. These metabolically
obese, normal weight (MONW) individuals may
have high visceral adiposity, high TG and low
insulin sensitivity, leading increase prevalence of
metabolic syndrome and its associated disorders™,
Therefore, they concluded that for those with
normal BMI but centrally obese individuals, MetS
screening may be necessary.

In comparison of a hospital based cross-
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sectional survey in a metropolitan city located in
the midland of Taiwan, where 99% of habitants
were Han- Chinese™, the prevalence of MetS of
men and women was 30% and 22.9%, respectively,
which was still lower than that in our study
focusing on the Southeastern aboriginal population
(men vs women: 50.3% vs 68.5%). In another
population-based cross-sectional survey published
in 2007**, which focus on the Han-Chinese
population living in a metropolitan city (Taichung)
in Taiwan, the overall prevalence of MetS was
37.66% for men and 29.21% for women, and was
surprisingly higher than that in the hospital based
cross sectional survey in Han population™ and
the 2001 Nation wide survey in Taiwan®’. Such
phenomenon may suggest that for Han-Chinese,
adopting metropolitan western lifestyles may be
a risk factor in developing MetS. In comparison
to our aboriginal population who were supposed
to be less adapted to western lifestyle, but with
significant higher prevalence of MetS. Based on
the fact that it has been reported that different
ethnicity may have different prevalence rate in
MetS", and particularly Asian Americans (such
as ethnicities of Chinese, Filipinos, Japanese, and
Indians) were more susceptible to developing MetS
than Non-Hispanic White Americans. Also Maori,
indigenous New Zealanders, were genetically
related to our aboriginal population, whose
prevalence of metabolic syndrome were twice as
likely as others in New Zealand”. We speculated
that genetic predisposition may have played some
important roles.

In our study, women had a significantly
higher prevalence of MetS than men (68.5% vs.
50.3%, p<0.001), which is similar to that reported

27
, whereas the

in Turkish and Indian populations™®
prevalence of MetS in a non-aboriginal Taiwanese
population and a Korean population the prevalence
of MetS was higher in men®***. However in the

newest survey in Taiwan ***7’, it showed that after

the age of 50, the prevalence of MetS would be
higher in women. Such phenomenon explained that
women around the age of 50 are more likely to have
estrogen deficiency, which can lead to prominent
weight gain and may go on to develop MetS™.
In our study, we found that the gender crossover
occurred at a younger age group, in the age
group of 40-49. In addition, women in our study
already showed a high prevalence of abdominal
obesity (over half of the female participants) at the
beginning of their twenties. It seems that aboriginal
women are more likely to experience weight gain at
a younger age, and may lead to higher prevalence
of MetS before menopause in comparison to other
ethnic groups. Whether genetic predisposition
is in play of such phenomenon needs further
investigations.

The prevalence of decreased HDL-C, high BP,
and abdominal obesity in women was higher than
men in this study. The prevalence of high TG was
much lower than that of other MetS components,
and was also lower than other population based
studies done in Taiwan™"® This study subjects were
enrolled from out-patient clinics and hospitalization
at the Mackay Memorial Hospital, Taitung Branch.
Acute stress and selection bias could skew the data
leading to limit the results applied to the general
aboriginal population in southeastern Taiwan. So
further population-based studies may have to be
carried out to clarify what factors could be related

to this phenomenon.

Conclusions

Almost two-thirds of adult aborigines in
southeastern Taiwan were either overweight or
obese, and more than half of them had MetS. Young
women were more likely to have abdominal obesity
than other ethnic groups in Taiwan. Since obesity
has an important impact on developing MetS, this
could have contributed to the higher prevalence

of MetS seen in middle-aged people in our study
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population. More effort should be put into this
ethnic group to prevent a further increase in obesity

and MetS, as well as other MetS related diseases.
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