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A large health screening program in Taiwan with members who have periodic checks provides an opportunity to
track individuals who are healthy at baseline for the emergence of the metabolic syndrome (MS) and its compo-
nent disorders. The syndrome comprised abdominal obesity assessed by waist circumference, high fasting serum
glucose (FSQ), high triglyceride (TG), low high density lipoprotein-cholesterol (HDL-C) and high blood pres-
sure. A cohort of 9,785 adults (4,707 men and 5,078 women), aged 19 to 84 years, who were free from the MS at
baseline were followed for 4 years from 1998 to 2002. Using Asian criteria for abdominal obesity and reducing
the threshold for FSG from >110 mg/dL to >100 mg/dL, the incidence of MS during the 4-year follow up in the
MJ Health Screening Center Study in Taiwan was 12.7% (17.5% for men and 8.3% for women). The incidence
of the MS in men exceeded that for women up until 50-59 years and then this gender was reversed in the older
age groups pointing to pre-menopausal protection in women. The most evident manifestations of the incident of
metabolic abnormalities were high FSG, high blood pressure and high TG, particularly in post-menopausal
women. Baseline body mass index and age were the most significant predictors of MS for both men and women,
with cigarette smoking significantly predictive in men. Incident information should inform preventive and inter-
vention strategies in Taiwanese, both Chinese and Indigenous, more effectively than MS and its component dis-

order prevalences.
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INTRODUCTION

The metabolic syndrome (MS) is characterized by a con-
stellation of pre-diabetes and cardiovascular metabolic
risk factors that have become a global health burden." *
The concept of the MS is that somehow these variables
are connected by a common underlying pathophysiology
or causality. They collectively constitute a remediable
syndrome which might present an opportunity to prevent
the growing burden of diabetes and its complications. The
use of ‘syndrome’ terminology, however, usually belies
incomplete understanding of an emerging poorly defined
medical problem. This is even more the case when
marked cross-cultural differences in occurrence of the
syndrome in question are in evidence.

By comparison with more westernized societies, transi-
tional economies are experiencing a surge in the preva-
lence of the so-called metabolic syndrome and have pros-
pects that its diabetic sequelaec may overwhelm their
health care systems. From a low base, against overall im-
provements in the vital statistics of neonatal and child-
hood mortality and of life expectancy,’ Taiwan is experi-
encing this phenomenon. The major Taiwanese birth-
weight and schoolchildren study points to the importance
of maternal nutrition during pregnancy as key considera-

tions in the evolution of cardiovascular risk and diabetes.*
Some studies reported the prevalence of the MS in the
Taiwan area.”’ However, limited information is available
about the incidence of the MS in Taiwanese adults.

Chung had reported that the prevalence of the MS was
9.5% (10.6% in men and 8.1% in women) in a large
health check-up population in Taiwan and was signifi-
cantly affected by age and gender.” We have undertaken a
prospective assessment of the incidence of metabolic dis-
orders and of the MS in the same cohort of 9,785 adults,
aged 19 to 84 years, who were free from the MS at base-
line.

MATERIALS AND METHODS

Study Population

The MJ Health Screening Center is a membership-oriented
private institute with four health check-up clinics
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(in Taipei, Taoyuan, Taichung, and Kaohsiung) around
Taiwan island, which provides periodic health examina-
tion for its members. It has averaged about eighty thou-
sand member health examinations every year since 1996.
Each member completes a self-administered questionnaire,
has anthropometric and blood pressure measurements,
and laboratory investigations. The questionnaire includes
sociodemographic characteristics, behaviors such as
physical activity, food and beverage (especially alcohol)
consumption, cigarette smoking, as well as a personal and
family health history. The Institutional Review (Ethics)
Committee at the MJ Health Screening Center approved
the protocol for this research on human subjects.

During the period 1998-2002, 14,852 members at-
tended at least twice at the MJ Health Screening Center
for health assessment at their own volition. We excluded
individuals who were younger than 19 years (n=214),
were older than 84 years (n=6), who had the MS at base-
line (n=4,095), or who had missing values for any one of
the 5 components of the MS, as well as those who had
missing values for any variable used in the analyses
(n=752). Finally, a total of 9,785 subjects (4,707 men and
5,078 women), aged 19 to 84 years, who were free of the
MS were eligible for the study.

Anthropometric measurements and blood pressure
measures

Using an auto-anthropometer, Nakamura KN-5000A
(Nakamura, Tokyo, Japan) body weight and height were
measured. Body weight was measured to the nearest 0.1
kg with subjects barefoot and wearing light indoor cloth-
ing. Body height was recorded to the nearest 0.1 cm.
Body mass index (BMI) was calculated as weight in kilo-
grams divided by the square of height in meters. Waist
circumference (WC) was measured at the narrowest ab-
dominal circumference using a tape measure. The resting
blood pressure was measured twice on the right arm using
a computerized auto-mercury-sphygmomanometer (CH-
5000, Citizen, Tokyo, Japan) with the participant seated
and after 5 minutes of rest. The mean of the two meas-
urements was used in the analysis. Hypertension was de-
fined as systolic blood pressure (SBP) > 140 mmHg
and/or diastolic blood pressure (DBP) > 90 mmHg or
where there was current use of anti-hypertensive medica-
tion.®

Biochemical parameters

Participants were advised to fast for at least 12 hours be-
fore examination. Fasting serum glucose (FSG), triglyc-
eride (TG), and high density lipoprotein-cholesterol
(HDL-C) were measured enzymatically on the Hitachi
7150 autoanalyzer (Hitachi, Tokyo, Japan).” Diabetes
mellitus (DM) was defined as FSG level > 126mg/dL (7.0
mmol/L) or use of anti-diabetic medications."

Major lifestyle variables

Additional covariate information included age, education
(primary school or under, junior high school, senior high
school, junior college or university and above), smoking
status (0, <10 or >10 cigarettes/day), alcohol consumption
(0, <30 or >30g ethanol/day), and occupational physical

exertion (sedentary, moderate or vigorous), recorded by
self-administered questionnaire.

Metabolic syndrome

The definition of the MS was in accordance with the
modified United States National Cholesterol Education
Program/Adult Treatment Panel III (ATP-III) definition.'
An incident event was identified if participants developed
3 or more of the following: high FSG '' (FSG level >100
mg/dL [5.6 mmol/L] or use of anti-diabetic medications),
high blood pressure (SBP >130 mmHg, DBP >85 mmHg
or with current use of anti-hypertensive medication), ab-
dominal obesity (WC >80 cm for women and >90 cm for
men,” '* adopting the Asian WC cut-off point), high TG
(TG level 2150 mg/dL [1.70 mmol/L] or with current use
of lipid-lowering medication), low HDL-C (HDL-C level
<40 mg/dL [1.29 mmol/L] in women, <50 mg/dL [1.03
mmol/L] in men or with current use of lipid-lowering
medication).

Statistical Analysis

Differences in baseline sociodemographic, clinical and
biochemical characteristics between whose with or with-
out the MS were tested for statistical significance with
Student’s t tests, Wilcoxon rank sum tests, or chi-sqaure
tests stratified by gender.

The follow-up time was calculated from the date of the
baseline examination to the date of the MS identification
or end of the year 2002 examination, or until censored. To
take account of the possible effect modifications, we
stratified data according to gender and age groups. The
distribution for development of the metabolic abnormali-
ties and the MS after a four-year follow-up was stratified
by gender and age groups. The four-year incidence rates
of the MS and the components of the MS were also stud-
ied.

BMI has been used for assessing the amount of body
fat, but is a compound measurement in its own right with
assumptions about how it relates to degree of body fatness,
like the degree of sedentariness at the time of measure-
ment and the kind of muscle-building activity regularly
undertaken by an individual. It is different to WC which,
although an index of body fatness, is particularly related
to central (intra-abdominal) fat distribution. We classified
BMI into underweight (BMI <18 kg/m?), optimal BMI
(18-22.9 kg/m®), overweight (23-24.9 kg/m”) and obese
(BMI >25 kg/m®) according to the 2000 World Health
Organization Asian Pacific Guideline.”® The distribution
of the MS for different BMIs and WCs was examined.

Finally, we calculated the MS incidence in relation to a
number of sociodemographic characteristics and lifestyle
variables using Cox proportional hazards models to esti-
mate the hazard ratios (HRs) and 95% confidence inter-
vals (CIs) of incident MS by gender. All analyses were
performed with the use of SAS software (SAS Institute,
Cary, NC). Reported probability values are 2-sided. P
values <0.05 were considered to be statistically signifi-
cant.

RESULTS
The baseline characteristics of the 9,785 eligible subjects
who were free of the MS are shown in Table 1. During
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Table 1. Baseline characteristics of the participants in the MJ Health Screening Center Study in Taiwan

Men Women
Metabolic Syndrome * Metabolic Syndrome *
Characteristics No Yes p values ® No Yes p values
N=3,883 N=824 N=4,657 N=421

Age (yrs) 41.1+11.7  44.9+11.8 o 39.3+£10.4 50.9+11.0 Rk
Education (%)

Primary school and under 76.3 23.7 Hak 76.8 232 oAk

Junior high school 79.3 20.7 88.5 11.5

Senior high school 82.4 17.6 94.8 52

Junior college 85.0 15.0 95.3 4.7

University and above 83.1 16.9 96.2 3.8
Smoking status (%)

Nonsmoker 84.0 16.0 Ak 91.4 8.6 ok

<10 cigarettes /day 84.1 15.9 97.1 2.9

>10 cigarettes /day 78.6 21.4 97.4 2.6
Alcohol consumption (%)

Never 83.7 16.3 * 91.7 83 0.39

<30g/day 81.3 18.7 91.1 8.9

>30g/day 78.5 21.5 96.4 3.6
Occupational Physical Exertion (%)

Light (sedentary) 81.9 18.1 0.49 92.6 7.4 ok

Middle (moderate) 82.9 17.1 90.4 9.6

Heavy (vigorous) 83.6 16.4 88.4 11.6
BMI ' (kg/m?) 22.6+2.5 24.842.5 oA 21.24£2.6 24.442.9 ko
WCT (cm) 78.8+7.1 84.9+6.6 AR 69.5£6.3 77.2£7.3 HkEE
SBP ' (mmHg) 115+14.5 121+16.7 HokxE 109+14.9 124420.3 HrEE
DBP ' (mmHg) 72.6£9.7 76.2+10.1 HoEEE 69.4+9.7 75.0£11.0 HrxE
TG (mg/dL) 105+50.3 144+64.2 HoEEE 82.2435.5 118+44.8 HrxE
HDL-C T (mg/dL) 46.6+11.3  41.2+11.3 HoEAE 55.6£13.0  48.5+12.0 Hrxk
FSG T (mg/dL) 95.8+11.5 100+19.2 o 92.3£9.4 97.7£10.8 Hrxk
Diabetes (%) 1.4 3.8 oA 0.6 2.6 ok
Hypertension (%) 9.5 17.7 Hkk 5.5 25.6 Hokkx

¥ BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, Diastolic blood pressure; TG, triglycerides;
HDL-C, high-density-lipoprotein cholesterol; FSG, fasting serum glucose. The conversion factors are as follow: triglycerides,
mg/dL=0.01129 mmol/L; high-density-lipoprotein cholesterol, mg/dL=0.02586 mmol/L; fasting glucose, mg/dL=0.05551 mmol/L

1 Metabolic Syndrome, by modified NCEP definition, adopting Asian WC cuff-off point.

§ *p<0.05 **p<0.01, *** p<0.001, **** p <0.0001.
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Figure 1. Age-gender specific 4-year incidence rates of the metabolic syndrome in the MJ Health Screening Center Study in
Taiwan

the 4 years of follow-up, 1,245 incident cases (824 men  the MS were significantly different from those without
and 421 women) of the MS were identified. Those with the metabolic syndrome in age, education level and
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Figure 2. 4-year incidence of the metabolic abnormalities and metabolic syndrome in the MJ Health Screening Center Study in
Taiwan, by gender (Glu = high FSG; HT = high blood pressure; Ob = abdominal obesity; TG = high TG; HDL = low HDL-C)

smoking status for both men and women. Men who had
the MS were 3 years older, and women who had it, 11
years older. Compared with subjects without the MS,
those who had the MS were older and were more likely to
be male, to have less years of education, to have greater
WC and BMI, higher SBP, DBP, TG, HDL-C, FSG, and
lower HDL-C, and likely to have diabetes and hyperten-
sion. Men who had the MS had slightly but significantly
higher alcohol consumption (p=0.01) and were likely to
be smokers (p<0.0001), but not in women. Relatively
more women had occupations which were sedentary than
did men without having the MS (p=0.003).

We have then traced those without the MS over the 4
years from 1998 to 2002 and found the incidence rate for
the MS to be 64.2 (95%CI: 60.0-68.4) and 29.6 (95%CI:
26.8-32.4) per 1000 person-years for men and women,
respectively. The incidence rates of the MS were 31.6,
54.3, 72.4, 86.3, 92.6 and 99.1 per 1000 person-years in
the 19-29, 30-39, 40-49, 50-59, 60-69 and 70-84 age
groups in men, respectively, and were 6.3, 10.0, 31.0,
69.7, 122.2 and 156.1 per 1000 person-years in women.
Up until the age of 50-59 years, women had lower inci-
dence rates for the MS than men, but this phenomenon
disappeared and reversed rapidly with increasing age
(Figure 1). The overall incidences of metabolic abnor-
malities were, in descending order, high FSG (15.5%),
high TG (11.0%), high blood pressure (10.0%), low
HDL-C (6.4%), abdominal obesity (6.2%), and for the
metabolic syndrome itself 12.7% (Figure 2). The inci-
dences rate of high TG, high blood pressure, low HDL-C
and abdominal obesity were similar every year, but it was
gradually increasing for high FSG and reducing for the
MS year by year. In general, Figure 3 shows the age-
specific incidences of metabolic abnormalities and the
MS for both genders and the trends with time from 1998
to 2002, when participants also get 4 years older. The

most striking incidence in metabolic abnormality, for men
and women, is in high FSG followed by high TG and high
blood pressure which appears to exceed the age effect
shown in figures 3, especially for men. This is also evi-
dent for the integrated assessment provided by the MS
itself (Figure 1). Nevertheless, the incidences of high FSG,
high blood pressure, abdominal obesity, high TG, low
HDL-C and MS sharply increased with advancing age in
women, and modestly in men (Figure 3). Until the age of
50-59 years, women had lower incidences of abdominal
obesity, high TG and high FSG than men did. The age-
specific incidence of high blood pressure and high FSG
were highest amongst metabolic abnormalities for both
genders.

Figure 4 shows the incidence of number of metabolic
abnormalities during the 4-year follow up in the MJ
Health Screening Center Study in Taiwan among men and
women. The incidences of zero metabolic abnormalities
were 63.1%, 56.0%, 51.3%, 48.7%, 52.7% and 49.5% in
the 19-29, 30-39, 40-49, 50-59, 60-69 and 70-84 age
groups for men, respectively, and were 82.9%, 79.3%,
67.6%, 53.5%, 42.2% and 38.2% for women. The inci-
dences of four metabolic abnormalities were only 0.53%,
0.05%, 0.16% and 0.26% in 19-29, 30-39, 40-49 and 60-
69 age groups for men, respectively, and were only 0.08%
in 40-49 age group for women, respectively. Almost none
developed the full five metabolic abnormalities during the
4-year follow up.

We also ascertained the frequency of contributors to
the MS (Figure 5). The subjects who were free of the MS
at baseline had the possibility of zero, one or two meta-
bolic abnormalities themselves. The cluster of abdominal
obesity and another two metabolic abnormalities was the
most common pattern for men (34.1%) and women
(41.3%). More than 17% of participants developed a syn-
drome with a high FSG, high TG and low HDL-C (18.4%
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Figure 3. Age related 4-year incidence of the metabolic abnormalities and metabolic syndrome in men and in women in the MJ

Health Screening Center Study in Taiwan

for men and 14.7% for women), and approximately 11%
of participants developed a syndrome with abdominal
obesity and three other metabolic abnormalities (10.8%
for men and 14.0% for women), and a syndrome with
high TG, low HDL-C and high blood pressure (11.8% for
men and 9.9% for women), respectively. Barely 0.7% of
participants developed a syndrome of five of metabolic
abnormalities (0.9% for men and 0.2% for women).

Waist circumference, one of the components of the MS,
is used to represent abdominal obesity, so the MS itself
incorporates the obese concept. However, WC and BMI
have quite different conceptual derivations: BMI mini-
mizes the numerical contribution by body fat to weight in

the numerator through the division of weight by height
squared (which in sedentary subjects has little to do with
body fat) in the denominator. We therefore took account
of the relationships between WC and BMI (r=0.78 in men
and r=0.74 in women, p<0.0001, data not shown). Figure
6 shows the incidence of the MS in eight categories of
different combinations of BMI: below 18, 18-22.9, 23-
24.9 or at and above 25 kg/m’ and presence of absence of
defined abdominal obesity in men and in women. The
incidences of the MS with abdominal obesity were 10%,
31.8% and 48.1% in the so-called optimal BMI range (18-
22.9 kg/m?), overweight (23-24.9 kg/m?) and obese (BMI
>25 kg/m?) groups in men, and were 18.1%, 20.3% and
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36.4% in women, respectively. No men or women who
were underweight (BMI <18 kg/m?) with abdominal
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Figure 4. The cumulative incidence of number of metabolic abnormalities in each age strata during the 4-year follow up in the MJ

Health Screening Center Study in Taiwan, by gender
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Figure 5. The proportion of the metabolic syndrome during the 4-year follow up in the MJ Health Screening Center Study in Tai-
wan, by gender (Glu = high FSG; HT = high blood pressure; Ob = abdominal obesity; TG = high TG; HDL = low HDL-C)

obesity had evidence of the MS. However, the incidences
of the MS without abdominal obesity were 2.4%, 8.3%,
19.1% and 31.3% in underweight, so-called optimal BMI,
overweight and obese groups of men, and were 0.2%,
3.9%, 13.3% and 25.4% in the same groups of women.

ables by sex and age group (Table 2). In Model I, a uni-
variable Cox proportion hazards regression model, sig-
nificant positive relations were found between the MS
and age, smoking status, alcohol consumption, and BMI
in men, and were found between the MS and age, occupa-
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24.9 or below 25 kg/m” and abdominal obesity in men and in women in the MJ Health Screening Center Study in Taiwan.

tional physical exertion, and BMI in women, respectively.
For smoking status, alcohol consumption, and occupa-
tional physical exertion, the positive associations were
attenuated simultaneously after adjustment for major
lifestyle factors (Model II). To determine the influence of
BMI category on the association of major lifestyle factors
and the MS, we additionally adjusted for BMI category in
the Model III. There was no significant attenuation of the
positive associations of the MS and age (HR=1.02,
95%CI: 1.01-1.02 for men; HR=1.06, 95%CI: 1.05-1.07
for women). The risk was raised by 34% (HR=1.34,
95%CI: 1.14-1.57) for participants smoking 10 or more

cigarettes per day compared with nonsmoker, but this was
not seen in women. The multivariable HRs across under-
weight, optimal BMI, overweight and obese groups were
0.30 (95%CI: 0.09-0.95), 1.0, 2.45 (95%CI: 2.03-2.96),
and 5.00 (95%CI: 4.18-5.98) in men (p for trend <
0.0001), and were 0.09 (95%CI: 0.01-0.67), 1.0, 2.34
(95%CI: 1.81-3.02), and 5.48 (95%CIL: 4.32-6.95) in
women (p for trend < 0.0001), respectively. They were
not statistically significant between the metabolic syn-
drome and education level, alcohol consumption, and
occupational physical exertion in this BMI-adjusted mul-
tivariable Model.
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Table 2. Hazard Ratios (95% Cls) for the metabolic syndromeT during the 4-year follow up in the MJ Health Screening Center Study in Taiwan, by age and gender

Men women
N= 4707 N=5078
Model I* Model I1° Model 111" Model I} Model II¥ Model 111"

Age (yrs)
Education
Primary school and under
Junior high school
Senior high school
Junior college
University and above
p for trend
Smoking status
Nonsmoker
<10 cigarettes /day
>10 cigarettes /day
p for trend
Alcohol consumption
Never
<30g/day
>30g/day
p for trend
Occupational Physical Exertion
Light
Middle
Heavy
p for trend
BMI category(kg/m?)
BMI<18 kg/m’
18 kg/m*<BMI<23 kg/m’
23 kg/m* < BMI<25 kg/m’
BMI =25 kg/m’
p for trend

1.02 (1.01, 1.03)

1.47 (1.17, 1.84)
1.25 (0.95, 1.66)
1
0.82 (0.67, 1.00)
0.90 (0.75, 1.09)

<0.0001

1

1.02 (0.84, 1.25)

1.42 (1.22, 1.66)
<0.0001

1
1.19 (1.02, 1.38)

1.45 (116, 1.81)
0.0003

1

0.97(0.82, 1.14)

0.93 (0.77, 1.13)
0.50

0.27 (0.08, 0.86)
1

2.55 (2.11, 3.07)
5.04 (4.21, 6.01)
<0.0001

1.02 (1.01, 1.02)

1.13 (0.88, 1.47)
1.17 (0.88, 1.56)
1
0.93 (0.75, 1.13)
0.99 (0.81, 1.20)

0.21

1

1.02 (0.83, 1.25)

1.35 (1.15, 1.59)
0.0005

1
1.09 (0.93, 1.27)

1.24 (0.98, 1.57)
0.07

1

0.97 (0.82, 1.15)

0.79 (0.64, 0.98)
0.06

1.02 (1.01, 1.02)

1.14 (0.88, 1.47)
1.18 (0.89, 1.57)
1
0.94 (0.77, 1.15)
0.96 (0.79, 1.17)

0.14

1

1.02 (0.84, 1.25)

1.34 (1.14, 1.57)
0.0005

1
0.96 (0.82, 1.13)

1.02 (0.80, 1.29)
0.89

1

1.00 (0.84, 1.19)

0.84 (0.68, 1.04)
0.19

0.30 (0.09, 0.95)
1

2.45 (2.03, 2.96)
5.00 (4.18, 5.98)
<0.0001

1.08 (1.07, 1.09)

4.85 (3.74, 6.27)
2.21(1.53, 3.19)
1
0.85 (0.60, 1.19)
0.69 (0.47, 1.00)

<0.0001

1

0.34 (0.15, 0.77)

0.29 (0.07, 1.18)
0.003

1
1.14 (0.84, 1.54)

0.42 (0.10, 1.71)
0.96

1

1.36 (1.10, 1.67)

1.60 (1.13,2.28)
0.0003

0.06 (0.01, 0.49)
1

3.67 (2.87, 4.70)
8.78 (7.00, 11.02)
<0.0001

1.06 (1.05, 1.07)

1.68 (1.22,2.31)
1.20 (0.82, 1.77)
1
0.98 (0.69, 1.38)
0.75 (0.51, 1.09)

<0.0001

1

0.51 (0.22, 1.15)

0.45 (0.11, 1.86)
0.04

1
1.13 (0.83, 1.53)

0.48 (0.11, 1.96)
0.93

1

1.06 (0.85, 1.31)

0.85 (0.59, 1.23)
0.76

1.06 (1.05, 1.07)

1.30 (0.95, 1.77)
1.05 (0.72, 1.53)
1
1.17 (0.82, 1.65)
0.85 (0.58, 1.24)

0.06

1

0.53 (0.23, 1.20)

0.59 (0.14, 2.39)
0.12

1
0.97 (0.72, 1.32)

0.50 (0.12, 2.02)
0.56

1

1.04 (0.84, 1.30)

0.81 (0.56, 1.17)
0.55

0.09 (0.01, 0.67)
1

2.34 (1.81, 3.02)
5.48 (4.32, 6.95)
<0.0001

t Metabolic Syndrome, by modified NCEP definition, adopting Asian WC cuff-off point.
1 Model I: univariable Cox proportion hazards regression model.

§ Model II: adjusted for age, education, smoking status, alcohol consumption, occupational physical exertion.
9 Model III: adjusted for Model II and BMI category.
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Table 3. Prevalence or incidence of the metabolic syndrome and metabolic abnormalities in different population by different definition
MJ MJ TwSHHH Kinmen NHANES III DESIR
Men Women Men Women Men Women Men Women Men Women Men Women

Population Taiwan Taiwan Taiwan Taiwan [N France
Year 2000-2001 1998-2002 2002 1991-1995 1988-1994 1994-1996
Study cross-sectional study cohort study cross-sectional study cross-sectional study cross-sectional study cohort study
Subjects (N) 11,731 12,598 4,707 5,078 2,815 3,121 3,604 4,716 4,265 4,549 2,109 2,184
Age (yrs) >20 19-84 20-79 30-92 >20 30-64
High blood pressure (%)

>130/85 mmHg 354 243 12.9 7.4 36.6 23.9 61.0 43.7 38.2 29.3 243 16.9
Low HDL-C (%)

<50/40 mg/dl (Men/Women) 26.1 26.1 7.3 5.6 2255 25.1 20.9 37.6 35.2 393 13.4 14.6
High FSG (%)

>110 mg/dl 12.5 8.4 6.1 3.3 11.5 9.8 23.2 19.6 15.6 10.0 7.9 3.6

>100 mg/dl 19.4 11.9 20.0 17.5
High TG (%)

>150 mg/dl 30.2 14.1 15.0 7.3 35.2 20.7 13.7 10.4 35.1 24.7 14.0 11.1
Abdominal obesity (%)

>102/88 cm (Men/Women) 1.8 4.1 0.7 1.0 3.7 28.5 29.8 46.3 4.4 7.4

>90/80 cm (Men/Women) 16.5 13.0 8.1 4.4 29.5 30.8 25.7 51.2
Metabolic syndrome (%)

ATP 111 20017 (%) 10.6 8.1 9.2 49 11.2 18.6 24.0 234 10.5 8.0

9.5 7.0 15.4 23.7
DOH 2004* (%) 15.5 10.5 12.5 6.0 18.3 13.6 23.7 17.7
12.9 9.2 15.7 21.1
DOH 2006%(%) 17.5 8.2 20.4 15.3
12.7

Reference 5 7 6 14 15

T ATP III 2001 required meeting at least three of the risk factors: (1) FSG level >110 mg/dl; (2) SBP >130 mmHg or DBP >85 mmHg; (3) WC >88 cm for women and >102 c¢cm for men (4)TG level >150 mg/dl;
(5) HDL-C level <40 mg/dl for women and <50 mg/dl for men.
1 DOH 2004 required meeting at least three of the risk factors: (1) FSG level >110 mg/dl; (2) SBP >130 mmHg or DBP >85 mmHg; (3) WC >80 cm for women and >90 cm for men (4)TG level 2150 mg/dl; (5)
HDL-C level <40 mg/dl for women and <50 mg/dl for men.
§ DOH 2006 required meeting at least three of the risk factors: (1) FSG level >100 mg/dl; (2) SBP >130 mmHg or DBP >85 mmHg; (3) WC >80 cm for women and >90 cm for men (4)TG level >150 mg/dl; (5)
HDL-C level <40 mg/dl for women and <50 mg/dl for men.
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DISCUSSION

Using Asian criteria for abdominal obesity ® and reducing
the threshold for FSG from >110 mg/dL to >100 mg/dL,"'
the overall incidence of metabolic syndrome during the 4-
year follow up in the MJ Health Screening Center Study
in Taiwan was 12.7% (17.5% for men and 8.2% for
women). Using the same definition of the MS, the preva-
lence in the Taiwanese Survey on Prevalence of Hyper-
glycemia, Hyperlipidemia and Hypertension (TwSHHH) ’
in 2002 was higher in men than in women aged 20-79
years (20.4% vs. 15.3%). Regardless of the MS definition,
similar phenomena were found in that the incidence of the
MS increased with advancing age and in both genders as
did prevalence. Younger women had lower incidence
rates of the MS than younger men, but developed higher
rates than men after the age of 50-59 years in our study.
Similarly, the prevalences of the MS in Kinmen,® the MJ
Health Screening Center Study (2000-2001),” the
TwSHHH survey (2002),” the NHANES III survey (1988-
1994)'* and the DESIR cohort study (1994-1996)" in
France increased with age. Only in Kinmen, where the
gender cross-over phenomenon occurred in the 40-49
years age group and in the MJ Health Screening Center
Study and TwSHHH survey where this occurred in the
50-59 years age group, as it did in our study of incidence,
have these gender-age divergences been documented.
This phenomenon is presumably the result of the devel-
opment of estrogen hormone deficiency in post-
menopausal women around the age of 50 years. The inci-
dence of metabolic abnormalities sharply increases in
post-menopausal women, but modestly in men at the
same age.'® '” Apparently, estrogen hormone protective
effects operate in premenopausal women allowing a lower
incidence of the MS than men. Since we now know that
some of the features of the MS can be prevented or allevi-
ated with soy or its traditional products in women'®
which provide a source of phyto-estrogens, these findings
on peri-menopausal MS incidence in Taiwan, with a rela-
tively high consumption of soy (tofu) are of particular
interest.

The frequency of metabolic abnormalities varies
among ethnicities and countries. In the present study, high
FSG was the most incident of metabolic abnormalities in
both genders .In comparison with other studies, this may
be partly a feature of a downward revision in threshold
for FSG from >110 mg/dL to >100 mg/dL."" This would
mean an increase in incidence from 6.1% to 19.4% in
men and from 3.3% to 11.9% in women (Table 3). This
result would have meant a smaller increase in the inci-
dence of the MS from 12.5% to 17.5% in men and from
6.0% to 8.2% in women. The TWSHHH survey analysis
used different criteria for FSG which resulted in higher
prevalences of high FSG rising from 11.5% to 20.0% in
men and from 9.8% to 17.5% in women, and slightly
higher prevalences of the MS, increasing from 18.3% to
20.4% in men and from 13.6% to 15.3% in women aged
20-79 years.” Although the reduced threshold for FSG,
one of the components of the MS, results in a higher
prevalence or incidence of high FSG, the prevalence or
incidence of the MS only increases by 2-5 percentage
points on this basis (Table 3), as compared to the real
biological change which remains substantial.

Notably, incidences of high blood pressure (7.4% in
women and 12.9% in men) and high TG (7.3% in women
and 15.0% in men) were common found among the 4,707
men and 5,078 women aged 19 to 84 years during the 4
years follow up. By contrast, 2,109 men and 2,184
women from the DESIR cohort study in central-western
France, aged 30 to 64 years, had high blood pressure inci-
dence of 24.3% and high TG of 14.0% in men, and high
blood pressure of 16.9% and low HDL-C of 14.6% in
women three years later.'”” In men, high blood pressure
and high TG were common in the present MJ Health
Screening Center Study’ and the TWSHHH survey,” while
high blood pressure and low HDL-C were common in the
NHANES III survey,'* and high blood pressure and ab-
dominal obesity were common in Kinmen.® In women,
low HDL-C and high blood pressure were common in MJ
Health Screening Center Study,” while abdominal obesity
and low HDL-C were common in the TWSHHH survey’
and the NHANES III survey,'* and abdominal obesity and
high blood pressure were common in Kinmen.® Thus, it
appears that high blood pressure and high TG are respon-
sible for the high frequency of the MS in men in many
populations irrespective of a reduced threshold for FSG.
Thus, optimal control of blood pressure and lipids are and
would be emphasized in the prevention coronary heart
disease events when adopting a metabolic syndrome-
derived strategy.”

In the present analysis of incidence, BMI for men and
women, and cigarette smoking in men, emerge as of
likely major pathogenetic significance for incidence of the
MS, including its body fat distribution, blood pressure
and lipoprotein components, and for its presumed rele-
vance to the ultimate development of diabetes and cardio-
vascular disease. It has been of considerable interest how
abdominal fatness (measured as WC) and its simplicity in
assessment as a body circumference might make the MS
pathogenesis intelligible and clinical documentation
straightforward. WC is likely to continue to be a useful
public health and clinical nutrition tool, but the present
study draws attention to the intrinsic value of BMI in
body compositional and chronic metabolic disease ap-
praisal. This is because of the present finding that BMI
predicts the MS incidence, in part, independent of ab-
dominal obesity. The reasons for this are unclear, but
point to the broader relevance of body composition, in-
cluding assessment of lean mass in metabolic health. In
prevalence studies, abdominal obesity is the most fre-
quently observed component of the MS in women in Tai-
wan *7 and in the US," but the incidence of abdominal
obesity in our study is not high (4.5% in women and 8.1%
in men). When we examined the components of the MS,
we found that 36.5% of the cluster of abdominal obesity
and another two metabolic abnormalities was most com-
mon (34.1% for men and 41.3% for women). This may be
a result of using Asian criteria for abdominal obesity, and
of a somewhat high prevalence of obesity in Taiwan.’

BMI showed a dose-response association with in-
creased risk of the incident MS, and the hazard ratio for
BMI above 25 kg/m* versus BMI range 18-22.9 kg/m’
was 5.00 (95%CI: 4.18-5.98) in men and 5.48 (95%CI:
4.32-6.95) in women after adjustment for sociodemo-
graphic characteristics and lifestyle variables. Our study
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did find significantly high relationships between WC and
BMI, which corresponds with the findings in the 1993-
1996 Nutrition and Health Survey in Taiwan (NAHSIT).”!
Although 3-8% of normal weight adults without abdomen
obesity have the MS (8.3% in men and 3.9% in women),
normal weight adults with abdominal obesity have about
a 6-fold higher incidence of the MS in women, and but is
not seen in men. Overweight or obese adults with ab-
dominal obesity reach a 6- to 12-fold higher incidence
compared with normal weight adults without abdominal
obesity for women, and 5-6 fold higher for men. Simulta-
neously overweight or obese people with abdomen obe-
sity have additional risk for the MS, a phenomenon simi-
lar to that seen in the San Antonio Heart Study.”” People
with higher BMI or WC had been found to have an in-
creased risk of high blood pressure, high FSG and dyslip-
idemia, and a high probability of health benefit from WC
or BMI reduction with improved MS and reduction in
cardiovascular risk factors.”>*

Our results are not representative of the whole Taiwan
population, because our subjects received health assess-
ments at a private health screening center. They, therefore
represent a higher socioeconomic status and a more health
aware population. Hence, the incidence estimates in our
study population may be lower than that for Taiwan as a
whole. Nevertheless, we found that what most influenced
the MS was the BMI, and then, secondly, age. While BMI
below 18 kg/m” is appears the most protective factor
against the development of the MS, the other health risks
of chronic energy under nutrition (as defined by WHO)
and prevailing BMIs in healthy communities, mitigate
against this as an acceptable target. Instead, since a BMI
above 23 kg/m’is a risk factor for the MS in the Taiwan-
ese population studied, a BMI range of about 18-22.9
kg/m® may constitute a healthy range and be generally
achievable. The MS incidence was not significantly asso-
ciated in the screened healthy population with education
level, alcohol consumption or occupational physical exer-
tion. Men who developed the MS were up to 50% of
smokers, with smoking 10 or more cigarettes/day associ-
ated with a higher risk of the MS in men, but not in
women. It is possible that the homogeneity of our subjects
with higher educational background and better health
awareness reduced confounding by the sociodemographic
characteristics considered.

In conclusion, the incidence of the MS in a large Tai-
wanese Health Screening Population, not already affected,
progressively increased during 4 years of follow-up. The
incidence of the MS in the study population is signifi-
cantly dependent on age and BMI with smoking an added
factor of significance in men. It is represented by a rela-
tively high expression of abdominal obesity and, to a
lesser extent high FSG and high blood pressure. Extrapo-
lation from the study population to Taiwanese in general
would need to take account of the relatively higher socio-
economic status and likely better health awareness of the
screened individuals.

ACKNOWLEDGEMENTS
This study was supported by the Department of Health, Taiwan
(Grant DOH92-TD-1097). The authors were grateful that MJ

Health Screening Center provided its members’ data for the
research material used in this paper.

AUTHOR DISCLOSURES
Feng-Yu Yang, Mark L Wahlqgvist and Meei-Shyuan Lee, no
conflicts of interest.

REFERENCES

1. Anonymous. 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 III).
JAMA. 2001;285:2486-97.

2. Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK, Kum-
pusalo E, Tuomilehto J, Salonen JT. The metabolic syn-
drome and total and cardiovascular disease mortality in mid-
dle-aged men. JAMA. 2002;288:2709-16.

3. Department of Health. Health and Nation Health Insurance
Annual Statistics Information Service. 2008. (http://www.
doh.gov.tw/statistic/index.htm) (Accessed 9 June 2007)

4. Wei JN, Li HY, Sung FC, Lin CC, Chiang CC, Li CY,
Chuang LM. Birth weight correlates differently with cardio-
vascular risk factors in youth. Obesity. 2007;15:1609-16.

5. Chuang SY, Chen CH, Chou P. Prevalence of metabolic
syndrome in a large health check-up population in Taiwan. J
Chin Med Assoc. 2004;67:611-20.

6. Chuang S-Y, Chen C-H, Tsai S-T, Chou P. Clinical identifi-
cation of the metabolic syndrome in Kinmen. Acta Cardiol
Sin. 2002;18:16-23.

7. Hwang LC, Bai CH, Chen CJ. Prevalence of obesity and
metabolic syndrome in Taiwan. J Formos Med Assoc. 2006;
105:626-35.

8. Anonymous. The sixth report of the Joint National Commit-
tee on prevention, detection, evaluation, and treatment of
high blood pressure. Arch Intern Med. 1997;157:2413-46.

9. Richmond W. Preparation and properties of a cholesterol
oxidase from Nocardia sp. and its application to the enzy-
matic assay of total cholesterol in serum. Clin Chem. 1973;
19:1350-6.

10. Alberti KG, Zimmet PZ. Definition, diagnosis and classifica-
tion of diabetes mellitus and its complications. Part 1: diag-
nosis and classification of diabetes mellitus provisional re-
port of a WHO consultation. Diabet Med. 1998;15:539-53.

11.Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH,
Franklin BA, et al. Diagnosis and management of the meta-
bolic syndrome: an American Heart Association/National
Heart, Lung, and Blood Institute scientific statement. Curr
Opin Cardiol. 2006;21:1-6.

12.Pan W-H. Metabolic Syndrome-An Important but Complex
Disease Entity for Asians. Acta Cardiol Sin. 2002;18:24-6.

13.Kanazawa M, Yoshiike N, Osaka T, Numba Y, Zimmet P,
Inoue S. Criteria and classification of obesity in Japan and
Asia-Oceania. Asia Pac J Clin Nutr. 2002;11 Suppl 8:S732-
S7.

14.Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic
syndrome among US adults: findings from the third National
Health and Nutrition Examination Survey. JAMA. 2002;287:
356-9.

15.Balkau B, Vernay M, Mhamdi L, Novak M, Arondel D, Vol
S, Tichet J, Eschwege E. The incidence and persistence of
the NCEP (National Cholesterol Education Program) meta-
bolic syndrome. The French D.E.S.L.R. study. Diabetes Me-
tab. 2003;29:526-32.

16.Zamboni M, Armellini F, Milani MP, De Marchi M, To-
desco T, Robbi R, Bergamo-Andreis IA, Bosello O. Body fat
distribution in pre- and post-menopausal women: metabolic



350 BMI and metabolic syndrome in Taiwanese

and anthropometric variables and their inter-relationships. Int
J Obes Relat Metab Disord. 1992;16:495-504.

17.Torng PL, Su TC, Sung FC, Chien KL, Huang SC, Chow SN,
Lee YT. Effects of menopause and obesity on lipid profiles
in middle-aged Taiwanese women: the Chin-Shan Commu-

nity Cardiovascular Cohort Study. Atherosclerosis. 2000;153:

413-21.

18.Teede HJ, Giannopoulos D, Dalais FS, Hodgson J, McGrath
BP. Randomised, controlled, cross-over trial of soy protein
with isoflavones on blood pressure and arterial function in
hypertensive subjects. ] Am Coll Nutr. 2006;25:533-40.

19.Villegas R, Gao YT, Yang G, Li HL, Elasy TA, Zheng W,
Shu XO. Legume and soy food intake and the incidence of
type 2 diabetes in the Shanghai Women's Health Study. Am J
Clin Nutr. 2008;87:162-7.

20.Wong ND, Pio JR, Franklin SS, L'talien GJ, Kamath TV,
Williams GR. Preventing coronary events by optimal control
of blood pressure and lipids in patients with the metabolic
syndrome. Am J Cardiol. 2003;91:1421-6.

21.Pan WH, Flegal KM, Chang HY, Yeh WT, Yeh CJ, Lee WC.
Body mass index and obesity-related metabolic disorders in
Taiwanese and US whites and blacks: implications for defi-
nitions of overweight and obesity for Asians. Am J Clin Nutr.
2004;79:31-9.

22.Han TS, Williams K, Sattar N, Hunt KJ, Lean ME, Haffner
SM. Analysis of obesity and hyperinsulinemia in the devel-
opment of metabolic syndrome: San Antonio Heart Study.
Obes Res. 2002;10:923-31.

23.Lin WY, Lee LT, Chen CY, Lo H, Hsia HH, Liu IL, Lin RS,
Shau WY, Huang KC. Optimal cut-off values for obesity: us-
ing simple anthropometric indices to predict cardiovascular
risk factors in Taiwan. Int J Obes Relat Metab Disord.
2002;26:1232-8.

24.Han TS, Richmond P, Avenell A, Lean ME. Waist circum-
ference reduction and cardiovascular benefits during weight
loss in women. Int J Obes Relat Metab Disord. 1997;21:127-
34.



FY Yang, ML Wahlqvist, MS Lee 351

Original Article

Body mass index (BMI) as a major factor in the
Incidence of the metabolic syndrome and its constitu-
ents in unaffected Taiwanese from 1998 to 2002

23,4

Feng-Yu Yang MpH', Mark L Wahlqvist MD*>*, Meei-Shyuan Lee DrPH’

'Kaohsiung Armed Forces General Hospital, Kaohsiung, Taiwan

2School of Public Health, National Defense Medical Center, Taipei, Taiwan

*Center for Health Policy Research and Development, National Health Research Institutes, Miaoli, Taiwan
*Monash Asia Institute, Monash University, Melbourne, VIC, Australia

PR F 4 dci 1998-2002 5 A A R GEZ H e
S - Bk TR

ARG S Al s R R R TR R S i o e o
FADFF o P HEH R A E ABhREE 2L 9785 L AE iR o g
R ﬁd;;fﬁ,“wi 84 & » v 1998 1 2002 # F 3 T &= it ﬁ%ﬁﬁ—"zoé«’&f
JEWEFE A S 4 PRI (A 280 24 0 §HERFIZ00 )~ F RR
w #EC100 mg/dL) ~ B = FEH Wi ~ 3 R GF0 mLE ifﬁz’g’a% , )L 535 B
¥ RE 3mE ftﬁ & IJ*‘ HEFEEF L  c GEH 4 FLE O FTHRZ ABPEF
BEHHEA G 127%(7; s 17.5%8 4+ 125 83%) - § 1 L_SO 59 fkzow o N

JEEF A AR s R B A SR F 2 o @Tg&mwéw' | %
e NHENFANF IR L RBFEF B D ﬁapi

EW it o AT AP s NBbpiEEag 4 B dend %ﬁ%‘rﬂ;}ﬂ&}i E#
FTRERM A AT EY > RS BFEASEGEEDES M AR
ALAIEFEEZHEeSEEFSF > CHRIRBRERED ASEGEHEF L TR
z /})\;}ﬂﬁ%’go

MeEd P O R RPRGHE LS AHEF 2R



