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Epidemiology

Clinical ldentification of the Metabolic
Syndrome in Kinmen

Shao-Yuan Chuang,’ Chen-Huan Chen,”™ Shih-Tzer Tsai’ and Pesus Chou’

Background: Metabolic syndrome is important to the global burden of cardiovascular disease. This study
estimated the prevalence of metabolic syndrome in Kinmen, according to the clinical criteria from the Third
Report of the National Cholesterol Education Program (ATP III).

Methods: A database of 8,320 men and women aged 30-92 years who participated in a community-based,
cross-sectional survey was analyzed. According to ATP 11, the diagnosis of the metabolic syndrome was made
when Three or more of the following risk determinants were present: abdominal obesity (waist circumference:
men 102; women > 88 cm), high triglycerides (150 mg/dL), low high-density lipoprotein cholesterol (men, < 40
mg/dL; women < 50 mg/dL), high blood pressure ( 130/ 85 mm Hg), and high fasting glucose ( 110 mg/dL).
Results: The prevalence of metabolic syndrome was significantly higher in women (878/4,716, 18.62%) than in
men (405/3,604, 11.24%, p = 0.001). The prevalence of the components of metabolic syndrome for men and
women were: abdominal obesity, 3.72% and 28.52%, respectively (p = 0.001); high triglycerides, 13.37% and
10.45% (p = 0.001); low high-density lipoprotein cholesterol, 20.98% and 37.66% (p = 0.001); high blood
pressure, 61.07% and 43.74% (p = 0.001); and high fasting glucose, 23.25% and 19.64%, (p = 0.001). When
abdominal obesity was redefined according to the cut-offs of waist circumferences > 90 cm for men or > 80 ¢cm for
women, the prevalence of metabolic syndrome remained significantly higher in women than in men (23.77% vs
17.73%; p <0.0001).

Conclusion: The significant gender difference in the prevalence of metabolic syndrome in Kinmen is related to
the higher prevalence of abdominal obesity and low high-density lipoprotein cholesterol in women than in men.
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INTRODUCTION

The clustering of cardiovascular risk factors, such as
hypertension, glucose intolerance, high triglycerides and
low high-density lipoprotein cholesterol concentrations,
greatly enhances the future cardiovascular risk." > Reaven
et al’ and others* * proposed that insulin resistance and the
compensatory hyperinsulinemia may be the common
underlying pathophysiology for the syndrome of a
constellation of metabolic lipid and nonlipid risk factors.
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Insulin resistance o Metabolic syndrome ¢ Population-based study

The various names (such as syndrome X,” insulin
resistance syndrome,5 metabolic syndrome X, insulin
resistance metabolic syndrome,’ the deadly quartet,® and
the metabolic syndromeg), and the constant addition of
new components'®'* to the syndrome imply the
complexity of the syndrome as well as the difficulty for the
definition. Since the increasing importance of the
syndrome to the global burden of cardiovascular disease
has been recognized,'*'® a World Health Organization
expert committee has recently proposed that the syndrome
be referred to as ‘The Metabolic Syndrome’ and the
metabolic syndrome should be diagnosed in patients who
have glucose intolerance and/or insulin resistance together
with two other components of the syndrome.'’ An
operative definition of the metabolic syndrome should
facilitate the investigation of its role in the development of
cardiovascular disease and the relationship between insulin
resistance and the other components of the syndrome.
More recently, the Third Report of the National
Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
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Adults (ATP III) has recognized the metabolic syndrome
for targeting low-density lipoprotein cholesterol reduction,
and secondarily, risk-reduction therapy for other risk factors.'®
A simplified approach to the clinical identification of the
metabolic syndrome has been proposed, without the need
for tests of insulin sensitivity or glucose tolerance.'®
Therefore, the aim of the present study was to estimate the
prevalence of metabolic syndrome in Kinmen, based on
the ATP Il definition.

MATERIALS AND METHODS

Study population

Kinmen County of Taiwan has a population of around
45,000 residing on one principal island (Quemoy) and
several nearby islets, all very close to the southern
mainland of China.'® During the period 1991-1995, all
residents over 30 years of age in five major townships
(Kin-Hu," Kin-Chen,* Kin-Sa, Kin-Nin, and Lieh-Yu) in
Kinmen were surveyed during summer and winter
vacations by the Yang-Ming Crusade, a volunteer
organization of the medical students from the National
Yang-Ming University.?’ The overall response rate was
62.5%, in a target population of 20,185 based on household
registrations. Because fasting serum insulin levels were
not available during the pilot survey for Kin-Hu,'? the data
from the remaining four townships were used for the
current investigation.

Demographic and clinical parameters including body
height, body weight, body mass index (weight/height?),
waist-to-hip ratio,?! systolic and diastolic blood pressures
(average of three seated readings, separated by at least 5
minutes, after at least 10 minutes’ rest) were documented via
door-to-door interviews with a structured questionnaire.

Overnight fasting serum and plasma samples were
drawn for glucose, insulin, lipid and other biochemical
measurements. Fasting plasma glucose was determined by
the hexokinase-glucose-6-phosphate dehydrogenase
method with glucose (HK) reagent kit (Gilford, Oberlin,
OH). Fasting serum insulin was measured by radio-
immunoassay (Incstar Co., Stillwater, OK, USA). The
detection limit was 2.05 U/mL. The intra- and inter-assay
coefficients of variation were 7.4% and 9.1%, respec-
tively.

Subjects with incomplete data were excluded from the
current investigation. The final sample for this analysis
consisted of 3,604 men and 4,716 women, with a mean age
of 49.77 years (range: 30 to 92 years). This represented
52.72% (8,320/15,782) of all the respondents of the
surveys.

The definition of metabolic syndrome was according to
the ATP III recommendations'® with some modification.
The clinical components of the metabolic syndrome
included abdominal obesity, triglycerides, high-density

lipoprotein cholesterol, blood pressure, and fasting
glucose.'® According to ATP 11 criteria, the diagnosis of
the metabolic syndrome was made when three or more of
the following risk determinants were present: abdominal
obesity (waist circumference: men, 102 cm; women, > 88
cm), high triglycerides (150 mg/dL), low high-density
lipoprotein cholesterol (men, < 40 mg/dL; women < 50
mg/dL), high blood pressure (130/ 8 mmHg), and high
fasting glucose (110 mg/dL). In this study, subjects who
were regularly taking antihypertensive medications were
counted as having high blood pressure, even if their blood
pressure levels were < 130/85 mmHg (14 men and 24
women fulfilled this criteria). Similarly, subjects who were
under regular treatment for diabetes mellitus were counted
as having high fasting glucose, even if their fasting
glucose levels were < 110 mg/dL (11 men and 15 women
fulfilled this criterion). Because the ATP III criteria for
abdominal obesity may not be appropriate for Chinese, we
recalculated the prevalence of abdominal obesity and
metabolic syndrome according to the cut-offs of waist cir-
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cumferences > 90 cm for men and > 80 ¢m for women.’

Statistics

Data were analyzed with the Statistical Analysis System.
The comparison of prevalence between men and women
was done using the chi-square test. The association
between age levels and the prevalence of metabolic
syndrome was analyzed using the Cochran-Armitage test.
Statistical significance was set at p < 0.05.

RESULTS

Prevalence of metabolic syndrome risk factors

The overall prevalence of the 5 risk factors defined by the
ATP III in decreasing order were high blood pressure
(51.26%), low high-density lipoprotein cholesterol
(30.43%), high fasting glucose (21.21%), abdominal
obesity (17.78%), and high triglycerides (11.88%),
respectively. The prevalence of abdominal obesity defined

Table 1. Prevalence of the risk factors for the metabolic syndrome in
Kinmen

Risk factors Men Women
n % n %
Abdominal obesity 134 372 1,345 28.52%*
Abdominal obesity” 928 2575 2,417 51.25%
High triglycerides 495 13.73 493 10.45%*
Low high-density 756 20.98 1,776 37.66**
lipoprotein cholesterol
High blood pressure 2,201 61.07 2,063 43.74%+
High fasting glucose 838 2325 926 19.64**

*p < 0.05; **p < 0.01; 'Abdominal obesity defined by Asian criteria:
waist circumference > 90 cm in men and > 80 cm in women.
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by Asian criteria was 40.21%. The prevalences of the
individual risk factors in men and women are shown in
Table 1. There was a significant gender difference in the
distribution of the clinical risk components of the
metabolic syndrome. Men had higher prevalences of high
blood pressure and high fasting glucose than women did.
In contrast, women had much higher prevalence of
abdominal obesity (defined by either ATP III or Asian
criteria), high triglycerides, and low high-density
lipoprotein cholesterol than men did (Table 1).

Risk factor clustering and metabolic syndrome
prevalence

Table 2 shows the cumulative prevalence of the five
components for metabolic syndrome in men and women. Of
men, 25.03% of the population had no risk factors and only
0.14% had all five risk factors. Similarly in women, 28.05%
of the population had no risk factors and 1.82% had all five
risk factors. The prevalence of metabolic syndrome, defined
as the presence of three of the risk factors, were 11.24% in
men, and 18.62% in women. The prevalence of the
metabolic syndrome among women was significantly higher
than that among men (p < 0.001). The prevalence of
metabolic syndrome for the whole population was 15.42%,

Table 2. Clustering of the risk factors (defined by ATP III criteria) of
metabolic syndrome in Kinmen

Number of risk factors Men Women

n % n %
Zero 902 25.03 1,323 28.05
One 1,477 40.98 1,472 31.21
Two 820 22.75 1,043 22.12
Three 318 8.82 553 11.73
Four 82 228 239 5.07
Five 5 0.14 86 1.82**
< Three 3,199 88.76 3,838 81.38
> Three 405 11.24 878 18.62**
Total 3,604 100 4,716 100

*p < 0.05; **p <0.01.

When the Asian criteria for the abdominal obesity were
adopted, the prevalence of the metabolic syndrome was
21.16% (Table 3) and remained significantly higher in
women than in men (23.77% vs 17.73%; p < 0.0001).

Age effect on prevalence of risk factors and
metabolic syndrome

The prevalence of the risk factors and metabolic
syndrome in each age group are summarized in Table 3.
For the whole sample, the prevalence of each risk factor
increased with age (all p < 0.001 for a linear trend).
Nonetheless, there was a significant gender difference in
the age effect on the prevalence of risk factors (Figure 1).
The prevalence of abdominal obesity increased sharply
with age in women (p < 0.001 for a linear trend) but only
modestly in men (p < 0.001 for a linear trend, and p <
0.0001 for interaction) (Figure 1A). The prevalence of
high triglycerides did not change significantly with age in
men (p = 0.067 for a linear trend) but increased
significantly with age in women (p < 0.001 for linear
trend and p < 0.0001 for interaction) (Figure 1B).
Similarly, the prevalence of low high-density lipoprotein
cholesterol did not change significantly with age in men
(p = 0.382 for a linear trend) but increased significantly
with age in women (p < 0.001 for a linear trend and p <
0.0001 for interaction) (Figure 1C). The prevalence of
high blood pressure increased significantly with age in
men and women (both p < 0.001 for a linear trend) but the
slope was steeper in women (p < 0.0001 for interaction)
(Figure 1D). Similarly, the prevalence of high fasting
glucose increased significantly with age in men and
women (both p < 0.001 for linear trend) but the slope was
steeper in women (p < 0.0003 for interaction) (Figure
1E). In addition, the two slopes crossed over around the
age of 60 years.

Although the prevalence of metabolic syndrome
increased with age in men and women, the prevalence in
women was much higher than that in men, after the age of
50 years (p <0.0001 for interaction) (Figure 1F).

When abdominal obesity was redefined according to
the cut-offs of waist circumference > 90 cm in men or > 80
cm in women, the changes of the prevalence of abdominal

Table 3. Prevalence of metabolic syndrome and its components stratified by age groups

Variable 30-40N (%) 40-50N (%) S0-60N (%) 60-7T0N (%) 70+ N (%) Total

Abdaminal obesity 180 (07.58)  285(14.28)  370(19.25)  391(29.73) 253 (35.63) 1479 (17.78)**
Abdominal obesity' 588(24.76) 779 (39.03)  855(44.48)  695(52.85) 428 (60.28) 3345 (40.21)**
High triglycerides 187 (07.87)  225(1127)  222(1155)  225(17.11)  129(18.37) 988 (11.88)**
Low high-density lipoprotein cholesterol 670(28.21)  580(29.06) 544 (28.30) 473 (35.97)  265(37.32) 2532 (30.44)**
High blood pressure 749 (31.54)  938(46.99) 1146 (59.63) 890 (67.68) 541 (76.20) 4264 (51.26)**
High fasting glucose 247 (10.40)  351(17.59) 493 (25.65) 428 (32.55)  245(3451) 1764 (21.21)**
Metabolic syndrome 134 (5.64)  234(1172)  333(17.33)  366(27.83)  216(30.42) 1283 (15.42)**
Metabolic syndrome* 218(9.18)  350(17.54) 459 (23.08) 454 (34.52)  279(39.30) 1760 (21.16)**

'Abdominal obesity defined by Asian criteria: waist circurnference > 90 ¢m in men and > 80 cm in women.
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Figure 1. A) Prevalence of abdominal obesity (ATP [l criteria, waist circumference: men > 102 cm; women > 88 cm} by age and sex. 8)
Prevalence of high trightcerides by age and sex. C) Prevalence of high-density lipoprotein cholesterol by age and sex. D) Prevalence of high
blood pressure by age and sex. E) Prevalence of high fasting glucose by age and sex. F) Prevalence of metabolic syndrome by age and sex. In-
dication: significant trend for men (a), Indication: significant trend for women (b); and Indication: significant interaction between men and

women for the trends (c).
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Figure 2. A) Prevalence of abdominal obesity (Asian criteria: waist circumference > 90 cm for men and > 80 cm for women) by age and sex.
B) Prevalence of metabolic syndrome (Asian criteria for abdominal obesity) by age and sex. Indication: significant trend for men (a); Indica-
tion: significant trend for women (b); and Indication: significant interaction between men and women for the trends (c).

obesity (Figure 2A) and metabolic syndrome (Figure 2B)
by age were similar to those defined by ATP 1II criteria.

DISCUSSION

This is the first report of the prevalence of metabolic
syndrome in Chinese based on published criteria from the
ATP IIl. We found that the prevalence of metabolic
syndrome increased with age in both men and women. In
addition, women had a higher prevalence of metabolic
syndrome than men did. Even when cut-off values for
defining abdominal obesity for Asian population were
used ,a similar gender difference in the prevalence of
metabolic syndrome still existed. This gender difference
was probably due to the higher prevalence of abdominal
obesity and low high-density lipoprotein cholesterol in
women than in men.

The prevalence of the metabolic syndrome has been
hard to define or compare because of the lack of accepted
criteria for the definition of the syndrome.'®?*"*5 The
European Group for the study of Insulin Resistance
database of approximately 1,500 normal Caucasians from
21 clinical centers all over Europe participating in the
hyperinsulinemic, euglycemic clamp studies reported a
prevalence of 15.6%, according to the World Health Orga-
nization definition of the metabolic syndrome.? In the
rural and urban Palestinian West Bank community, the
age-adjusted prevalence of the metabolic syndrome as
defined by the World Health Organization was 17%. We
are unaware of any report of the prevalence of the
metabolic syndrome based on the ATP III criteria. The

Acta Cardiol Sin 2002,18:16-23

prevalence of metabolic syndrome in Kinmen was 15.2%,
which is close to the estimates in other populations using
the World Health Organization criteria. However, the com-
parability of the World Health Organization and ATP III
criteria remains to be investigated.

Insulin resistance related metabolic syndrome is an
emerging new risk factor in the Asian populations, but its
real impact on prevalence of coronary heart disease
remains unclear.?” In Taiwan, several population,-ased
studies have established the relationship between
hyperinsulinemia and the conventional atherosclerotic risk
factors,”®>® implying a role for insulin resistance in the
development of cardiovascular disease in this region. Spe-
cifically, a strong association between hyperinsulinemia
and obesity has consistently been recognized in adults®™® !
and children.” The present study further demonstrated that
the real burden of metabolic syndrome might depend
critically on the definition of abdominal obesity. When the
Asian criteria for abdominal obesity were adopted, the
prevalence of the metabolic syndrome increased dramati-
cally from 15.42% to 21.16% for the population of
Kinmen.

The definition of metabolic syndrome based purely on
clinical risk factors without referring to direct indices of
insulin resistance may be supported by the high prevalence
of insulin resistance in subjects with the clinical risk
factors.’®> Bonora et al reported that the prevalence of
insulin resistance was 65.9% in subjects with impaired
glucose tolerance, 83.9% in subjects with type II diabetes,
53.5% in hypercholesterolemia subjects, 84.2% in
hypertriglyceridemia subjects, 88.1% in subjects with low
high-density lipoprotein cholesterol, 62.8% in hyperuricemia
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subjects, and 58.0% in hypertension subjects.”” The
prevalence of insulin resistance in subjects with the
combination of glucose intolerance (impaired glucose
tolerance or type 1l diabetes), dyslipidemia (hypercholes-
terolemia and/or hypertriglyceridemia and/or low
high-density lipoprotein cholesterol), hyperuricemia, and
hypertension was 95.2%. In isolated hypercholesterolemia,
hypertension, or hyperuricemia, prevalence rates of insulin
resistance were not higher than that in nonobese, normal
subjects. An appreciable number of subjects (9.6% of the
population) were insulin resistant but free of impaired glucose
tolerance, type Il diabetes, dyslipidemia, hyperuricemia,
and hypertension. These results from a population-based
study documented that the vast majority of subjects with
multiple metabolic disorders were insulin resistant.

Previous studies have shown that women display
enhanced insulin sensitivity compared to men even after
adjustment for percent body fat.***” The gender difference
in insulin resistance is consistent with the established
observation that mortality rate from coronary heart disease
is much higher among men than women (except in diabetes
mellitus) and may suggest that hyperinsulinemia/insulin
resistance may partly underlie such a difference.®* *" In
insulin resistance-related metabolic syndrome, gen-
der-specific differences have been reported.’® Gender
differences in the relationships between hyperinsulinemia
and other potential components of metabolic syndrome
have also been observed in Chinese in Taiwan.** "> [n
the present study, women had a higher prevalence of
metabolic syndrome than men in Kinmen. The result
appears to be contradictory to the relationship between
metabolic syndrome and the risk of coronary artery
disease.'® One reason for the unexpectedly high prevalence
of the metabolic syndrome in women in Kinmen may be
that the ATP 1II criteria are inappropriate for Chinese
peopie.*’ On the other hand, the observed disadvantageous
risk factor profile in women may be a true warning sign
that should alert our public health policy makers to the
need for preventive interventions in Kinmen. Further
studies of long-term follow-up or the analysis of mortality
patterns between men and women may be useful in
clarifying this important issue.

REFERENCES

1. Boden WE. High-density lipoprotein cholesterol as an
independent risk factor in cardiovascular disease: assessing the
data from Framingham to the veterans’ affairs high-density
lipoprotein intervention trial. Am J Cardiol 2000;86:19-22.

2. Kannel WB. Risk stratification in hypertension: new insights from
the Framingham Study. Am J Hypertens 2000;13:35-10S.

3. Reaven GM. Role of insulin resistance in human disease. Diabetes
1988;37:1595-607.

4. Defronzo RA, Ferrannini E. Insulin resistance. A multifaceted

21

12

17.

18.

20.

21.

syndrome responsible for NIDDM, obesity, hypertension,
dyslipidemia, and atherosclerotic cardiovascular disease. Diabetes
Care 1991:14:173-94.

Haffner SM, Valdez RA, Hazuda HP, et al. Prospective analyses
of the insulin resistance syndrome (syndrome X). Diabetes
1992;41:715-22.

Koutis AD, Lionis CD, Isacsson A, et al. Characteristics of the
‘Metabolic Syndrome X’ in a cardiovascular low risk population
in Crete. Eur Heart J 1992;13:865-71.

Alford FP. Syndrome X (insulin resistance metabolic syndrome):
a deadly quartet or an awesome foursome? Med J Aust 1996;
164:4-5.

Kaplan NM. The deadly quartet and the insulin resistance
syndrome: an historical overview. Hypertens Res 1996;19(Suppl
1):59-S11.

Hulthe J, Bokemark L, Wikstrand J, et al. The metabolic
syndrome, LDL particle size, and atherosclerosis: the Athero-
sclerosis and Insulin Resistance (AIR) study. Arterioscler Thromb
Vasc Biol 2000;20:2140-7.

. Reaven GM. Role of insulin resistance in human disease

(syndrome X): an expanded definition. Annu Rev Med
1993:44:121-31.

. Leyva F, Godsland IF, Ghatei M, et al. Hyperleptinemia as a

component of a metabolic syndrome of cardiovascular risk.
Arterioscler Thromb Vasc Biol 1998;18:928-33.

Kim Y], Kim CH, Choi CS, et al. Microalbuminuria is associated
with the insulin resistance syndrome independent of hypertension
and type 2 diabetes in the Korean population. Digbetes Res Clin
Pract 2001;52:145-52.

. Festa A, D’ Agostino R, Jr, Howard G, et al. Chronic subclinical

inflammation as part of the insulin resistance syndrome: the
Insulin Resistance Atherosclerosis Study (IRAS). Circulation
2000;102:42-7.

. Howard G, O’Leary DH, Zaccaro D, et al. Insulin sensitivity and

atherosclerosis. Circulation 1996;93:1809-17.

. Isomaa B, Almgren P, Tuomi T, et al. Cardiavascular morbidity

and mortality associated with the metabolic syndrome. Diabet
Care 2001;24:683-9.

. Trevisan M, Liu J, Bahsas FB, et al. Syndrome X and mortality: a

population-based study. Risk Factor and Life Expectancy
Research Group. Am J Epidemiol 1998,148:958-66.

Alberti KG, Zimmet PZ: Definition, diagnosis and classification
of diabetes mellitus and its complications. Part 1: diagnosis and
classification of diabetes mellitus provisional report of a WHO
consultation. Diabet Med 1998;15:539-53.

Executive Summary of the Third Report of the National
Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults (Adult Treatment Panel [11): JAMA 2001;285:2486-97.

. Chen CH, Lin HC, Kuo HS, et al. Epidemiology of hypertension

in Kin-Hu, Kinmen. Am J Hypertens 1995;8:395-403.

Chen CH, Chuang JH, Kuo HS, et al: A population-based
epidemiological study on cardiovascular risk factors in Kin-Chen,
Kinmen. Int J Cardiol 1995; 48:75-88.

Trenkwalder P, Dobrindt R, Plaschke M, et al. Usefulness of
simultaneous ambulatory electrocardiographic and blood pressure
monitoring in detecting myocardial ischemia in patients >70 years
of age with systemic hypertension. Am J Cardiol 1993,72:927-31.

Acta Cardiol Sin 2002;18:16-23



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Shao-Yuan Chuang et al

Inoue S, Zimmet P. The Asia-Pacific perspective: redefining
obesity and its treatment. 2000.

Mohan V, Shanthirani S, Deepa R, et al. Intra-urban differences in
the prevalence of the metabolic syndrome in southern India — the
Chennai Urban Population Study (CUPS No. 4). Diabet Med
2001;18:280-7. .

Carrol! S, Cooke CB, Butterly RJ. Metabolic clustering, physical
activity and fitness in nonsmoking, middle-aged men. Med Sci
Sports Exerc 2000;32:2079-86.

Rowley KG, Iser DM, Best JD, et al. Albuminuria in Australian
Aboriginal people: prevalence and associations with components
of the metabolic syndrome. Diabetologia 2000;43:1397-403.
Beck-Nielsen H. General characteristics of the insulin resistance
syndrome: prevalence and heritability. European Group for the
study of Insulin Resistance (EGIR). Drugs 1999;58(Suppl
1):7-10.

Woo KS, Chook P, Young RP, et al. New risk factors for coronary
heart disease in Asia. fnt J Cardiol 1997;62(Supp! 1): §39-842.
Sun JH, See LC, Hsu WC, et al. Hyperinsulinemia and insulin
resistance related metabolic syndrome. Chang Gung Med J
2001;24:11-18.

Chien KL, Lee YT, Sung FC, et al. Hyperinsulinemia and related
atherosclerotic risk factors in the population at cardiovascular
risk: a community-based study. Clin Chem 1999;45:838-86.
Chen CH, Tsai ST, Chou P. Correlation of fasting serum
C-peptide and insulin with markers of metabolic syndrome-X in a
homogeneous Chinese population with normal glucose tolerance.
Int J Cardiol 1999;68:179-86.

Chien KL, Hsu HC, Su TC, et al. Components of insulin resistance
syndrome in a community-based population assessed by
log-linear models. J Formos Med Assoc 2001;100:587-91.

Chu NF, Wang DJ, Shieh SM, et al. Plasma leptin concentrations

Acta Cardiol Sin 2002;18:16-23

22

33.

34.

3s.

36.

37.

38.

39.

40.

41.

and obesity in relation to insulin resistance syndrome
components among school children in Taiwan — The Taipei
Children Heart Study. Jnt J Obes Relat Metab Disord 2000;24:
1265-71.

Bonora E, Kiechl S, Willeit J, et al. Prevalence of insulin
resistance in metabolic disorders: the Bruneck Study. Diabetes
1998;47:1643-9.

Donahue RP, Bean JA, Donahue RA, et al. Insulin response in a
triethnic population: effects of sex, ethnic origin, and body fat.
Miami Community Health Study. Diabet Care 1997;20:1670-6.
Modan M, Or J, Karasik A, et al. Hyperinsulinemia, sex, and risk
of atherosclerotic cardiovascular disease. Circulation 1991;84:
1165-75.

Modan M, Halkin H, Almog S, et al. Hyperinsulinemia: a link
between hypertension, obesity and glucose intolerance. J Clin
Invest 1985;75:809-17.

Donahue RP, Orchard TJ, Becker DJ, et al. Sex differences in the
coronary heart disease risk profile: a possible role for insulin: the
Beaver County Study. Am J Epidemiol 1987;125:650-7.

Corry DB. Sex-related differences in the insulin resistance
syndrome. Curr Hypertens Rep 2001;3:124-8.

Sheu WH, Lee WJ, Chen YT. High plasma leptin concentrations
in hypertensive men but not in hypertensive women. J Hypertens
1999;17:1289-95.

Chen CH, Lin KC, Tsai ST, et al. Different association of
hypertension and insulin-related metabolic syndrome between
men and women in 8437 nondiabetic Chinese. Am J Hypertens
2000;13:846-53.

Xu ZR, Molyneaux L, Wang YZ, et al. Clustering of
cardiovascular risk factors with diabetes in Chinese patients: the
effects of sex and hyperinsulinaemia. Diabetes Obes Metab
2001;3:157-62.



Original Article

PAMG R B UGG < T Xt e R e Ik
ZHtr %

AR BEE KR AR
HAbH SR EERER CRAR
Bt BEIIEHARRER

TR ABERERME2HRANLMERFTEENAESEE -
FIRRRBE=XRBERERAEITE (ATP 1) FETENRBEETE
BB ZEIRER » RIESTEMTHEAHBEFEREIBITE -

7k - BT 8320 (LA ERTAY 30-92 REZHMEEEEHENR
RER - IRE ATP 11 A ENRBHBEFERFCEREE  HERK
FAEIHERAR IENIERRT  EEERHEFERE PR
AERE (FEE - BME>102 25 Z1E>88 N5 ) - R =B H e (2150
ZE/AE)  REWIME (2130/>85 ZHFH) - RENSEEEEA
MeE R (Hitd0 B2R/085 ) <50 ER/40F) MW EEIME
(2110 Z2R/ANE) -

MR 2N ETERBERITER (878/4,716;18.62% ) HHE &N H
T (405/3,604;11.24% » p<0.001) - ZEMAAHEFERFZEBE
FHRBLETERSE © FERMERE 3.72% H 28.52% (p<0.001) -
REM=FEEMES 13.37% 1 10.45% (p<0.001) - RIEMNSEERE
FiEEEEES 20.98% Hil 37.66% (p<0.001) - (RESAIMES 61.07% &
43.74%( p<0.001 ) DL R R & I 2 I I BE 55 23.25% Hi1 19.64%( p<0.001) -
EHEACHE RSB EEE 90 N5 E it 80 N4k B R EEMR
RERYBAT R MR E SR B (23.77% vs 17.73%, p<0.001 ) «

M EMHERHEERERBFNVBITRERENENZR > AR X
HEESWPELNERARENSEEREOBERRTE -

WG : R RIEHT - B REEREY | REHSE -

RS - BREERERAN > 112 BAbri s B 201 5% - SIS REEET CBAR
BREHH0FI0A3H AENE :91F287H
23

Acta Cardiol Sin 2002:18:16-23



Comment

Acta Cardiol Sin 2002;18:24-26

Metabolic Syndrome — An Important but
Complex Disease Entity for Asians

Wen-Harn Pan
Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan

The significance of metabolic syndrome has gradually be-
come unraveled in recent years. In the past, hypercholes-
terolemia and cholesterol metabolism were the focus of
atherosclerotic disease studies, while findings from Tai-
wan and other Asian countries often indicated that
hypertriglyceridemia coupled with low high-density lipo-
protein cholesterol (HDL-C) was associated with coronary
heart diseases to a greater extent than hypercholesterol-
emia.'! However, the independent role of hyper-
triglyceridemia was not recognized as important until the
1990s, when evidence was obtained from studies on
non-insulin-dependent diabetes mellitus (NIDDM) patients
and post-menopausal women.? The post-prandial triglyceride
{TG) level has been deemed more important than that of
the fasting state.” This recent recognition may be due to a
rapid increase in obesity prevalence around the world and
the success in curbing hypercholesterolemia in western
countries, which have diverted our research focus. We now
know that the association between hypertriglyceridemia
and cardiovascular (CV) diseases in Chinese and other
Asian populations is an integral part of the multiple meta-
bolic syndrome.

The metabolic syndrome is a condition characterized

Table 1. Cnteria used in defining the metabolic syndrome proposed by WHO
Component

Description of Criteria

Dyslipidemia Elevated plasma triglyceride (= 1.7 mmol/L)
and/or low HDL-cholesterol concentrations (< 0.9
mmol/L for men; < 1.0 mmol/L for women)

Obesity BMI = 30kg/m’® and/or high waist-to-hip ratio (>
0.9 for men; > 0.85 for women)

Hypertension Antihypertensive treatment or high blood pressure

(> 160/90 mmHg)

Microalbuminuria Ovemight urinary albumin excretion rate > 20
ug/min

Table 2. Criteria used in defining the metabolic syndrome in NCEP-ATP 1l

Risk Factor Diagnostic Criteria

Abdominal obesity Waist circumference > 102 cm for men; > 88
cm for women

> 150 mg/dL

< 40 mg/dL for men; < 50 mg/dL for women
> 130/85 mmHg

> 110 mg/dL.

Triglyceride
HDL-cholesterol
Blood pressure
Fasting glucose

by a constellation of obesity-related and CV disorders. It
was first termed “X syndrome” by Kylin in the 1920s, de-
scribed as a phenomenon of the clustering of obesity, hy-
pertension and gout.* The concept of syndrome X was
reintroduced by Reaven in the late 1980s for the clustering
of CV risk factors, including hypertension, insulin resis-
tance/hyperinsulinemia/glucose intolerance, elevated
very-low-density lipoprotein TG, and low HDL-C concen-
trations.” Many of his initial clinical studies were carried
out in Taiwan,®’ where the impact of metabolic syndrome
is particularly strong, as it is in many other East- and
South-Asian and non-Caucasian populations. As early as
the 1980s, comparative studies between South Asians and
Caucasians living in the UK began being published. These
studies indicated that the prevalence of coronary artery
disease in patients of South-Asian origin cannot be ex-
plained on the basis of elevated serum cholesterol or
fibrinogen, smoking or hypertension.® Low plasma
HDL-C, high plasma TG and insulin levels, and a high
prevalence of NIDDM have been consistently found
among South Asians living overseas. African Americans
and Hispanics also seem to be more insulin resistant than
non-Hispanic whites.’

It is timely to study the significance of metabolic syn-
drome in Taiwan. The work by Chuang et al in the accom-
panying article used a modified National Cholesterol
Education Program — Adult Treatment Panel (NCEP-ATP)
11T definition, which should draw our attention to the com-
plexity and meaning of metabolic syndrome across ethnic
groups. A unifying definition of the syndrome was first
proposed in “Diagnosis and classification of diabetes
mellitus provisional report of a WHO consultation” in
1998."° According to this definition, a person with type II
DM or impaired glucose tolerance has the metabolic syn-
drome if at least two of the component criteria are satis-
fied. The components involved include dyslipidemia
(elevated plasma TG or low HDL-C), obesity (large body
mass index [BMI] or waist-to-hip ratio), hypertension and
microalbuminuria. Even with normal glucose tolerance, a
person with insulin resistance is also considered to have
the metabolic syndrome if at least two of the criteria are
satisfied.

On the other hand, the criteria suggested by the
NCEP-ATP III guidelines primarily used readily available
CV risk factors — fasting plasma TG, HDL-C, glucose and
blood pressure (BP) — whose cut-off points were lowered
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to a high normal range."" In addition, waist circumference
was used to define obesity, focusing on abdominal adipos-
ity. A person is diagnosed as having the metabolic syn-
drome if three or more of the criteria are satisfied.

The definition used in the World Health Organization
(WHO) diabetes report centers on diabetes and insulin re-
sistance, but the NCEP-ATP 11l guidelines give equal
weights to abdominal adiposity, hypertension, hyper-
glycemia, hypertriglyceridemia and low HDL-C. While
both of these definitions are useful in identifying patients
with metabolic disorders who need clinical attention, the
prevalence rate estimates based on these two definitions
will not be comparable. Even for a given definition, it is
also likely that the prevalence and the combination pat-
terns of the metabolic components vary across popula-
tions and across gender groups, and thus will not be
comparable.

When we used data from the Nutrition and Health Sur-
vey in Taiwan (NAHSIT)'? and the US National Health
and Nutrition Examination Survey III (NHANES III) (Fig-
ure) to estimate the prevalence rate of the metabolic syn-
drome following the NCEP-ATP Il guidelines, the
clustering of high BP, TG and HDL-C with or without
large waist circumference was most common for Taiwan-
ese men, while the US non-Hispanic white population
showed a more evenly distributed pattern. Most Taiwanese
women had a clustering of high HDL-C, BP and waist cir-
cumference, while most white women had a syndrome of
high HDL-C, TG, and waist circumference. Abdominal
obesity seems more prevalent for women than for men
across populations. The meaning of these different combi-
nation patterns should be carefully delineated.

Women
5 4 4 3 3 3 3 3 3
TG Other TG TG TG HDL BP  Other
HDL + HDL HDL pp Bp Glu +
BP Gl BP Ob Ob Ob Ob G
Proportion Ob
0.4
0.3
0.2 Whites
0.1
0
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0.4
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0.
2 Taiwan
0.1

0

The difference between the WHO and NCEP defini-
tions of the metabolic syndrome have fueled the contro-
versy as to its underlying cause. Several hypotheses
regarding the etiology of the multiple metabolic syndrome
have been postulated in the literature.” The insulin resis-
tance/hyperinsulinemia hypothesis was the basis of the
definition adopted in the WHO DM report, which attrib-
utes the cooccurrence of disorders to primary insulin resis-
tance. Another hypothesis is that central adiposity is the
underlying cause of multiple metabolic and hemodynamic
disturbances; however, only part of them is mediated by
insulin-related metabolism. In addition, the lipotoxicity
hypothesis states that the metabolic syndrome and type 2
diabetes can be caused by the accumulation of TGs and
long-chain fatty-acyl-CoA in the liver, muscle and islet."
Given the complexity and uncertainty in the underlying
cause of the metabolic syndrome, the NCEP-ATP 111 defi-
nition {ies in the middle, applying only the concept of clus-
tering without favoring any component facet.

The complexity broadens when defining the metabolic
syndrome across ethnic groups. The cut-off points for ab-
dominal obesity (waist circumference 102 cm for men; 88
cm for women) used in the NCEP-ATP Il guidelines were
designed for Caucasians. Editors and reviewers have sug-
gested that the Kinmen study should apply cut-off points
that are suitable for Taiwanese. Waist circumferences of >
90 cm for males and > 80 cm for females were adopted
since these are the cut-off points suggested by the Interna-
tional Obesity Task Force, a non-profit organization that
works closely with WHO and uses Japanese data. The
same cut-off points were also recently selected to define
abdominal obesity in Taiwan, since data from the Nutrition

Men
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Figure Patterns of multiple metabolic syndrome in Taiwanese and in US non-Hispanic whites (TG = high triglyceride; HDL = low
HDL-cholesterol; BP = high blood pressure; Ob = large waist circumference).
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and Health Survey in Taiwan (1993-1996) showed that the
mean waist circumferences for men and women whose
BMI is in the range of 27 are approximately 90 cm and 80
cm, respectively. The BMI value of 27 has been adopted as
the cut-off point for general obesity in Taiwanese.

The impact of metabolic syndrome is likely to be
substantial in Taiwan, given the low mean BMI (observed
in various Taiwanese surveys) but high incidence rate of
DM." Our recent study has demonstrated that the risk of
increasing BMI for hypertension, diabetes and hyper-
triglyceridemia is greater for Taiwanese than for non-
Hispanic American whites.'® This suggests that future
research should address the significance of the metabolic
syndrome in CV incidence, including stroke, coronary
artery diseases and peripheral artery diseases.

A large body of evidence has accumulated, showing
that the multiple metabolic syndrome may play an impor-
tant role in the etiology of CV diseases. However, the evi-
dence pertains primarily to each individual component
disorder separately. In order to study the impact of meta-
bolic syndrome per se, a natural history of the syndrome
should be clearly delineated. Longitudinal studies are
needed to document the sequences of component meta-
bolic disorders.'> Overall, the multiple metabolic syn-
drome has caught the attention of health professionals
around the world. The major challenge ahead is to under-
stand its pathogenesis and to identify effective measures to
prevent the clustered events of obesity and multiple meta-
bolic disorders.
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