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Impact of Metabolic Syndrome Components 
on the Incidence of Cardiovascular Disease 
in a General Urban Japanese Population: 

The Suita Study

Yoshihiro KOKUBO1), Tomonori OKAMURA1), Yasunao YOSHIMASA2), 

Yoshihiro MIYAMOTO2), Katsuyuki KAWANISHI3), Yasushi KOTANI3), 

Akira OKAYAMA1),4), and Hitonobu TOMOIKE1)

Abdominal obesity is a prerequisite for some definitions of metabolic syndrome (MetS). We investigated the

impact of MetS defined by two different criteria, which either did or did not require abdominal obesity as a

prerequisite, on cardiovascular disease (CVD) incidence in an urban Japanese cohort study. We studied

5,332 Japanese (aged 30–79 years, without CVD at baseline), who completed a baseline survey (September

1989 to March 1994) and were followed up through December 2005. MetS was defined by the NCEP-ATPIII

(modified by Asian obesity criteria) and the Japanese criteria. After 61,846 person-years of follow-up, we

documented 317 CVD incidences. The MetS frequencies of the Japanese and of the modified NCEP-ATPIII

criteria were 17.7% and 25.1% for men and 5.0% and 14.3% for women, respectively. The multivariate hazard

ratios (HRs; 95% confidence intervals [CI]) of CVD incidence for MetS by the modified NCEP-ATPIII criteria

were 1.75 (1.27–2.41) in men and 1.90 (1.31–2.77) in women, and those for MetS by the Japanese criteria

were 1.34 (0.96–1.87) in men and 2.20 (1.31–3.68) in women. The multivariate HRs of CVD incidence for MetS

for the Japanese and for the modified NCEP-ATPIII criteria were 2.92 (1.54–5.55) and 1.94 (0.98–3.82) in men

under 60 years old, respectively. The CVD incidence risks increased according to the number of MetS com-

ponents. The risks were similar among participants with the same number of MetS components, regardless

of abdominal obesity. In conclusion, the number of MetS components (modified NCEP-ATPIII criteria) may

be more strongly associated with CVD incidence than the abdominal obesity essential criteria (the Japanese

criteria) in a general urban Japanese population. (Hypertens Res 2008; 31: 2027–2035)
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Introduction

Metabolic syndrome (MetS) is a clustering of impaired glu-
cose metabolism, abdominal fat accumulation, dyslipidemia,

and elevated blood pressure (1). Previous papers have shown
an association between MetS and cardiovascular disease
(CVD) (2), but most studies conducted thus far have been
based on Western populations. There have been several well-
designed prospective studies of Asian populations, and those
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studies had various limitations, including the use of body
mass index (BMI) (3, 4), non-fasting triglyceride and glucose
levels (3, 4), mortality (4, 5), or small sample size (4–7). In
order to properly define MetS, it is essential to use data on
waist circumference and on the levels of both fasting glucose
and fasting triglycerides.

MetS has been defined in several ways by several groups,
including the World Health Organization (8), the European
Group for the Study of Insulin Resistance (9), the American
Association of Clinical Endocrinologists, and the National
Cholesterol Education Program Adult Treatment Panel III
(NCEP-ATPIII) (10). However, these definitions are aimed
mainly at Western countries. The International Diabetes
Foundation (IDF) (11) and the American Heart Association
(12) have recently introduced alternative definitions that can
be applied worldwide (10). Stroke incidence is relatively
higher in Japan than in Western countries (13). It is uncertain
whether these criteria can be applied well to Japanese popula-
tions. A MetS definition needs to be tailored to the epidemio-
logical background of the area in question.

The Japanese Committee on the Criteria for MetS has
recently proposed a definition of Japanese MetS (14, 15).
Under both the IDF and the Japanese definitions, the presence
of abdominal obesity is necessary for a diagnosis of MetS.
However, no prospective study has examined the association
between MetS based on the Japanese criteria and CVD, par-
ticularly in urban areas, where most Japanese live. Therefore,
we undertook this study to examine the impact of MetS under
the Japanese and modified NCEP-ATPIII criteria on CVD
incidence in a general urban Japanese population.

Methods

Study Population

The Suita study (16, 17), an epidemiological survey of cere-
brovascular disease and CVD, was based on a random sam-
pling of 12,200 residents of Suita, a city of approximately
350,000 people in northern Osaka, Japan. As a baseline, in
1989, participants between the ages of 30 and 79 were arbi-
trarily selected from the municipality population registry and
stratified into groups by sex and age in 10-year increments.
Of these, 6,406 men and women participated in regular health
checkups between September 1989 and March 1994. Since
then, these participants have participated in regular health
checkups at the National Cardiovascular Center every 2 years
and answered health questionnaires every year.

Some cohort members in the study population were
excluded from these analyses because they met one or more
of the following criteria: past or present CVD illness at base-
line (n=208), failure to fast for at least 10 h before venipunc-
ture or missing data (n=170), or failure to follow up after
their baseline examination (n=696). After these exclusions,
5,332 individuals remained for analysis.

Baseline Survey

We performed routine blood tests that measured fasting
serum total cholesterol, high-density lipoprotein (HDL) cho-
lesterol, triglycerides, and glucose levels. Physicians or
nurses administered questionnaires covering the subjects’
personal habits and any present illnesses. The subjects were
classified as current smokers if they smoked at least one cig-
arette per day, as non-smokers if they had never smoked, and
as past smokers if they had stopped smoking. Blood pressure
was measured three times in a sitting position after at least 5
min of rest. Systolic and diastolic blood pressures (SBP and
DBP) were taken to be the average of the second and third
measurements that were recorded at least 1 min apart by well-
trained doctors. Waist circumference was measured in a
standing position at the umbilical level to the nearest 1 cm by
well-trained technicians. Informed consent was obtained
from all participants. This study was approved by the Institu-
tional Review Board of the National Cardiovascular Center.

Definitions of Metabolic Syndrome

MetS was defined using two criteria. First, in accordance with
NCEP-ATPIII (18) criteria, it was defined as the presence of
three or more of the following five components: 1) abdominal
obesity modified by the International Obesity Task Force cen-
tral obesity criteria for Asia (waist circumference ≥90 cm in
men and ≥80 cm in women) (19), 2) elevated blood pressure
(SBP/DBP ≥130/85 mmHg and/or current use of antihyper-
tensive medication), 3) hypertriglyceridemia (serum triglyc-
eride levels ≥1.7 mmol/L [150 mg/dL] and/or current use of
cholesterol-lowering medication), 4) low HDL cholesterol
(serum HDL levels of ≤1.0 mmol/L [40 mg/dL] in men and
of ≤1.3 mmol/L [50 mg/dL] in women), and 5) elevated
blood glucose levels (fasting blood glucose ≥6.1 mmol/L
[110 mg/dL] and/or current use of insulin or oral medication
for diabetes).

Second, we used the definition of MetS recommended by
the Japanese Committee on the Criteria for MetS (14, 15).
MetS was defined by abdominal obesity (waist circumference
≥85 cm in men and ≥90 cm in women) (20) and least two of
the following three components: 1) elevated blood pressure
(SBP/DBP ≥130/85 mmHg), 2) hyperlipidemia (serum tri-
glyceride levels ≥1.7 mmol/L [150 mg/dL] and/or HDL lev-
els <1.0 mmol/L [40 mg/dL]), and 3) elevated blood glucose
levels ≥6.1 mmol/L (110 mg/dL). Subjects taking medication
for hypertension, hyperlipidemia, or diabetes were included
as having that component.

Endpoint Determination

The endpoint of the follow-up period for each participant was
whichever one of the following occurred first: 1) the date of
the first myocardial infarction (MI) or stroke event, 2) the
date of death, 3) the date the participant moved out of Suita,
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or 4) December 31, 2005 (censored). As a first-step survey to
detect MI and stroke incidence, each participant’s health sta-
tus was checked during a clinical visit at the National Cardio-
vascular Center every 2 years. Furthermore, every year a
health questionnaire was given to each participant via mail or
telephone.

Confirmation of Strokes and Myocardial Infarc-
tions

In total, five hospitals in this area were capable of performing
computed tomographic scans and/or magnetic resonance
imaging, and all were major hospitals that admitted acute

stroke and MI patients. Medical records were reviewed by
registered hospital physicians or research physicians who
were blinded to the baseline information. Strokes and MI
events were registered if they occurred after the date on which
the baseline health examination was held and before January
1, 2006. Strokes were defined according to the National Sur-
vey of Stroke criteria (21). These criteria require the rapid
onset of a constellation of neurological deficits lasting at least
24 h or until death. For each stroke subtype (cerebral infarc-
tion [thrombotic or embolic infarction], intracerebral hemor-
rhage, and subarachnoid hemorrhage), a definite diagnosis
was established based on examination of computed tomo-
graphic scans, magnetic resonance images, or autopsy. Defi-

Table 1. Baseline Distributions of Cardiovascular Disease Risk Factors According to Metabolic Syndrome under the NCEP-
ATPIII Modified by Asian Obesity Definitions

Men (n=2,492) Women (n=2,840)

MetS(−) 
(n=2,043)

MetS(+) 
(n=449)

p*
MetS(−) 

(n=2,253)
MetS(+) 
(n=587)

p*

Age at baseline, years 55.4±13.3 58.1±11.5 <0.001 52.2±12.6 61.3±9.8 <0.001
Systolic blood pressure, mmHg 126±20 140±19 <0.001 120±20 141±20 <0.001
Diastolic blood pressure, mmHg 78±12 85±11 <0.001 73±11 83±12 <0.001
Total cholesterol, mg/dL 200±34 210±35 <0.001 210±38 227±38 <0.001
HDL cholesterol, mg/dL 51±13 40±10 <0.001 60±12 45±10 <0.001
Triglyceride, mg/dL# 121±73 241±156 <0.001 90±44 178±113 <0.001
Waist circumference, cm 81.0±7.3 89.7±7.0 <0.001 74.7±8.9 87.4±8.5 <0.001
Elevated blood pressure, % 41.8 85.8 <0.001 30.4 82.1 <0.001
Hypertriglyceridemia, % 21.6 82.9 <0.001 7.2 63.7 <0.001
Lower-HDL cholesterol, % 15.5 64.8 <0.001 18.7 80.1 <0.001
Hyperglycemia, % 8.9 43.9 <0.001 3.6 29.6 <0.001
Current smoker, % 50.5 47.6 0.278 11.9 11.8 0.958
Current drinker, % 75.5 72.6 0.207 34.6 25.4 <0.001

Elevated blood pressure: antihypertensive drug use or >130/85 mmHg; hypertriglyceridemia: antilipidemic drug use or triglyceride
>150 mg/dL; lower-HDL cholesterol: HDL cholesterol <40 mg/dL. MetS, metabolic syndrome; HDL, high-density lipoprotein.
*ANOVA or χ 2 tests were performed. #Log-transformed triglyceride was performed to statistical analysis.

Table 2. Age-Adjusted Hazard Ratios (Confidence Intervals) for Incidence of Cardiovascular Disease According to Abdominal
Obesity at Baseline Examination

Men Women

Case, n
Person-

year
HR (95% CI) p Case, n

Person-
year

HR (95% CI) p

Japanese criteria
<85 cm (men)/<90 cm (women) 111 17,112 1 96 29,960 1
≥85 cm (men)/≥90 cm (women) 77 11,247 0.97 (0.72–1.30) 0.844 33 3,890 1.64 (1.09–2.46) 0.019

Asian criteria
<90 cm (men)/<80 cm (women) 145 23,136 1 53 21,139 1
≥90 cm (men)/≥80 cm (women) 43 5,223 1.18 (0.84–1.67) 0.327 76 12,711 1.44 (1.00–2.07) 0.048

NCEP-ATPIII criteria
<102 cm (men)/<88 cm (women) 182 27,976 1 91 28,730 1
≥102 cm (men)/≥88 cm (women) 6 384 2.00 (0.88–4.54) 0.095 38 5,121 1.47 (1.00–2.17) 0.048

HR, hazard ratio; CI, confidence interval.
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Table 3. Age-Adjusted Hazard Ratios (95% Confidence Intervals) for Incidence of Cardiovascular Disease, Myocardial Infarc-
tion, and All Strokes According to Metabolic Syndrome under the Japanese and NCEP-ATPIII Definitions

Men Women

MetS(−) MetS(+) p value MetS(−) MetS(+) p value

Cardiovascular disease
MetS Japanese definition

Cases, n 140 48 110 19
Person-year 23,542 4,817 32,325 1,526
Age-adjusted 1 1.31 (0.94–1.82) 0.109 1 2.16 (1.31–3.54) 0.002
Multivariate-adjusted 1 1.34 (0.96–1.87) 0.080 1 2.20 (1.31–3.68) 0.003

<60 years old
Cases, n 27 15 25 4
Person-year 14,752 2,366 22,085 529
Age-adjusted 1 2.76 (1.46–5.23) 0.002 1 5.39 (1.82–15.98) 0.002
Multivariate-adjusted 1 2.92 (1.54–5.55) 0.001 1 6.25 (2.08–18.79) 0.001

≥60 years old
Cases, n 113 33 85 15
Person-year 8,790 2,451 10,240 997
Age-adjusted 1 1.04 (0.70–1.53) 0.841 1 1.83 (1.05–3.18) 0.033
Multivariate-adjusted 1 1.06 (0.71–1.57) 0.764 1 1.80 (1.01–3.20) 0.046

MetS NCEP-ATPIII (Asian) definition
Cases, n 133 55 73 56
Person-year 23,373 4,986 27,405 6,446
Age-adjusted 1 1.70 (1.23–2.34) 0.001 1 1.93 (1.35–2.77) <0.001
Multivariate-adjusted 1 1.75 (1.27–2.41) <0.001 1 1.90 (1.31–2.77) <0.001

<60 years old
Cases, n 30 12 19 10
Person-year 14,509 2,606 19,872 2,742
Age-adjusted 1 1.79 (0.91–3.52) 0.089 1 2.72 (1.23–5.99) 0.013
Multivariate-adjusted 1 1.94 (0.98–3.82) 0.055 1 2.96 (1.34–6.57) 0.007

≥60 years old
Cases, n 103 43 54 46
Person-year 8,864 2,381 7,533 3,704
Age-adjusted 1 1.67 (1.16–2.40) 0.005 1 1.78 (1.19–2.66) 0.005
Multivariate-adjusted 1 1.73 (1.20–2.48) 0.003 1 1.70 (1.12–2.59) 0.012

Myocardial infarction
MetS Japanese definition

Cases, n 56 22 32 7
Person-year 22,962 4,663 31,697 1,457
Age-adjusted 1 1.48 (0.90–2.44) 0.117 1 2.36 (1.02–5.46) 0.043
Multivariate-adjusted 1 1.51 (0.91–2.48) 0.105 1 2.70 (1.15–6.35) 0.023

MetS NCEP-ATPIII (Asian) definition
Cases, n 52 26 18 21
Person-year 22,833 4,795 26,944 6,211
Age-adjusted 1 2.09 (1.30–3.37) 0.002 1 2.68 (1.41–5.10) 0.003
Multivariate-adjusted 1 2.12 (1.31–3.43) 0.002 1 2.77 (1.44–5.32) 0.002

All strokes
MetS Japanese definition

Cases, n 84 26 78 12
Person-year 23,177 4,659 32,078 1,487
Age-adjusted 1 1.21 (0.78–1.89) 0.381 1 2.09 (1.12–3.88) 0.019
Multivariate-adjusted 1 1.27 (0.81–1.97) 0.292 1 2.05 (1.07–3.92) 0.031

MetS NCEP-ATPIII (Asian) definition
Cases, n 81 29 55 35
Person-year 23,010 4,826 27,266 6,299
Age-adjusted 1 1.52 (0.99–2.34) 0.053 1 1.70 (1.09–2.64) 0.018
Multivariate-adjusted 1 1.58 (1.02–2.43) 0.037 1 1.62 (1.02–2.58) 0.041

Multivariate adjusted for age, smoking and drinking status. MetS, metabolic syndrome.
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nite and probable MI was defined according to the criteria set
out by the MONICA (Monitoring Trends and Determinants of
Cardiovascular Disease) project (22), which requires evi-
dence from ECGs, cardiac enzymes, and/or autopsy. Sudden
deaths of unknown origin were deaths that occurred within 24
h from onset and were included in MI. However, there was lit-
tle difference in hazard ratios between the groups with and
without sudden death from CVD, because sudden death con-
stituted a small sample size (n=6).

To complete surveillance for fatal stroke and MI, we also
systematically searched for death certificates, the purpose of
which were permitted to use by the Ministry of Health,
Labour and Welfare. We checked for possible stroke and MI
using data from 1) the health examination and questionnaire
for the stroke and MI registry, without informed consent for
the medical records survey and 2) death certificates without
registration of CVD incidence, which were defined as proba-
ble stroke or MI. CVD was defined as stroke and MI in this
study. Informed consent to review in-hospital medical records
was obtained from 86.2% of participants who were suspected
of having any signs or information suggesting the incidence
of stroke or MI. For 13.8% of subjects from whom informed
consent was not obtained, final diagnoses of CVD were con-
firmed by physicians or epidemiologists who had been
involved in the diagnostic process throughout the study, in
order to avoid the misclassification of diagnoses.

Statistical Analysis

Analyses of variance and χ 2 tests were used to compare mean
values and frequencies by sex, respectively, according to
MetS based on the modified NCEP-ATPIII criteria. For each
subject, the person-years of follow-up were calculated from
September 1, 1989, to whichever came first: the first end-
point, MI or stroke event, death, emigration, or December 31,
2005. A Cox proportional hazards regression model was used
to detect associations between abdominal obesity for Japa-
nese (≥85 cm in men or ≥90 cm in women), Asian (≥90 cm
in men or ≥80 cm in women), and American criteria (≥102
cm in men or ≥88 cm in women) and CVD during the follow-
up period. The Cox proportional hazard regressions were fit-
ted to the grouping (positive or negative MetS) after adjusting
for age and the other potential confounding factors: baseline
age, smoking status (never, ex-smoker, or current smoker),
and drinking status (never, ex-drinker, or current drinker).
Trend tests were conducted by assigning the number of MetS
components to test the significance of these variables. All sta-
tistical analyses were conducted using the SAS statistical
package (release version 8.2; SAS Institute Inc., Cary, USA).

Results

During the follow-up period (averaging 12.5 years), 200
strokes were documented (160 definite strokes and 40 proba-
ble strokes). These strokes comprised 130 cerebral infarc-

tions, 31 intracerebral hemorrhages, 22 subarachnoid
hemorrhages, and 17 unclassified strokes. In addition, 117
MIs were documented (61 definite MIs and 56 probable MIs
or sudden cardiac deaths).

Table 1 shows the distribution of CVD risk factors at the
baseline according to MetS as defined by the modified
NCEP-ATPIII criteria. Compared with the non-MetS groups,
men and women with MetS were more likely to be older and
to have higher frequencies of each MetS component.

Table 2 presents the age-adjusted HRs (95% confidence
intervals [CI]) for the incidence of CVD according to waist
circumference by the NCEP-ATPIII, Japanese, and Asian
obesity criteria. Regardless of the criteria set, abdominal obe-
sity was associated with CVD only in women.

Table 3 shows the association of MetS by the Japanese and
the modified NCEP-ATPIII criteria with CVD incidence
according to age category and sex. Using the Japanese crite-
ria, MetS was associated only in women with the incidence of
CVD, MI, and all strokes (HR [95% CI]: 2.20 [1.31–3.68],
2.70 [1.15–6.35], and 2.05 [1.07–3.92], respectively),
whereas in men overall MetS was not associated with the
incidence of CVD or its subtypes. However, among men
under 60 years old, MetS based on the Japanese criteria was
associated with CVD incidence (HR=2.92, 95% CI: 1.54–
5.55). Using the modified NCEP-ATPIII definition, MetS
was associated with each CVD subtype in both men and
women. Multivariate adjusted HRs of CVD incidence for
MetS based on the NCEP-ATPIII criteria were 1.94 (0.98–
3.82) and 1.73 (1.20–2.48) in men less than or equal to and
over 60 years old, respectively.

Figure 1 shows that the frequency of MetS increased with
age for men and women based on the NCEP-ATPIII (A) and
Japanese (B) criteria, respectively. The frequency based on
the NCEP-ATPIII modified by the Asian obesity criteria
(25.1% for men and 14.3% for women) was higher than that
based on the Japanese criteria (17.7% for men and 5.0% for
women), especially in women.

The risk of CVD incidence increased according to the num-
ber of components combined in men and women with and
without abdominal obesity (Fig. 2). In addition, compared
with the non-abdominal obesity and non-component groups,
the risks of CVD incidence were similar among participants
who had the same numbers of components, regardless of the
presence or absence of abdominal obesity in men and women
combined.

Figure 3 shows the multivariate HRs for MetS based on the
Japanese and NCEP-ATPIII definitions modified by the obe-
sity criteria for waist circumference. When the Japanese defi-
nition was adopted and the risk of MetS was monitored
through sequential waist circumference changes, the cut-off
points for waist circumference, which conferred a risk of
CVD in men and women, were 84 cm and 92 cm, respec-
tively. When the definition of MetS-indicative waist circum-
ference was higher than those values, the risk was not
statistically significant. When the NCEP-ATPIII definition
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was used, the value of waist circumference did not modify the
risk of CVD, implying that the clustering of risk factors may
be more important than waist circumference itself for deter-
mining CVD risk.

Discussion

In the current cohort study of a general urban Japanese popu-
lation, the association between MetS and CVD was signifi-
cant when the NCEP-ATPIII (modified by the Asian criteria)
definition was applied. MetS based on the Japanese criteria
was associated with CVD incidence in women, whereas in

men the association was found only in those under 60 years
old. In addition, the risk of CVD incidence was similar among
participants who had the same numbers of components
regardless of whether they were abdominally obese. To the
best of our knowledge, this is the first study of an urban Japa-
nese cohort.

Compared to the previous studies, this study has several
methodological strengths. First, previous Japanese cohort
studies associating MetS with CVD were based predomi-
nantly on BMI (3, 4), non-fasting blood collection (3, 4), and
mortality as the endpoint (4, 5). Our baseline subjects were
observed in the fasting state, and we used waist circumference
and a wide age range. Second, we evaluated a large prospec-
tive cohort of people randomly selected from a general Japa-
nese population. A prospective study has little recall bias as
well as results from a general population cohort that is more
representative than occupational, hospital-based, or volunteer
cohorts. Third, our sample size was relatively large for a
cohort study and we could therefore perform sub-analysis by
age and CVD subtypes. Fourth, our cohort population was
selected at random from an urban population, in contrast to
most of the other MetS cohort populations, which were
selected from rural populations. Our study is the first of its
kind in an urban area. Finally, our study examined the risk of
CVD incidence, which is a more direct measure of CVD risk
than the rate of CVD mortality, because the time to death
from CVD is influenced by treatment.

Abdominal obesity induces inflammation in adiposities
(23), endothelial dysfunction (24, 25), and oxidative stress
(26), thereby contributing to CVD development (27, 28).

Fig. 1. Frequencies of MetS components (A: the NCEP-
ATPIII definition; and B: the Japanese definition, modified
by the Asian waist circumference criteria) by sex. White and
solid bars indicate men and women, respectively.

A: The NCEP-ATPIII definition

B: The Japanese definition
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Accumulating evidence suggests that MetS increases the risk
of CVD (29). However, there has been a lack of convincing
evidence (29) that MetS is associated with CVD in Japan. Iso
et al. reported that MetS was associated with a risk for
ischemic CVD in Japan (3), although they used BMI as well
as non-fasting blood glucose and triglyceride levels to define
MetS. Ninomiya et al. reported that MetS was a significant
risk factor for CVD in a rural Japanese population (6). How-
ever, that study examined a rural population half the size of
that in our study. Takeuchi et al. reported that MetS was a risk
factor for cardiac disease in a rural cohort (7), but their data
were based on a small sample that comprised only men.
Kadota et al. reported that MetS, defined by BMI and non-
fasting blood samples, was associated with CVD mortality
(4).

We have shown that the components of MetS synergisti-
cally increase CVD risk. Abdominal obesity did not affect the
association between the number of MetS components and the
risk of CVD incidence. The risk of CVD was also not related

to waist circumference when the NCEP-ATPIII definition
was applied (data not shown), suggesting that the combina-
tion of risk factors per se is more important than abdominal
obesity for conferring risk.

The definition of MetS may be reconsidered on the basis of
age and sex. According to our results, lifestyle modifications
may not be needed for older men who are free of cardiovascu-
lar risk factors even if they have abdominal obesity. There-
fore, to prevent CVD, it is not adequate for only subjects with
MetS to change their lifestyles; subjects with one or two MetS
components, even without abdominal obesity, should modify
their lifestyles.

When the waist-circumference threshholds were sequen-
tially changed in the Japanese criteria for MetS, our data
showed that the clustering of metabolic risk factors was statis-
tically significant for CVD at waist circumferences less than
85 cm for men and 93 cm for women. When the definition of
MetS-indicative waist circumferences was higher than those
values, the risk clustering was not statistically significant for

Fig. 3. Multivariate HRs for MetS based on the NCEP-ATPIII (A) and Japanese (B) definitions through sequential changes in
waist circumference by sex. Solid and dotted lines indicate HRs and 95% CI, respectively.
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CVD in men, and the 95% CI was much wider but still signif-
icant in women. Subjects with high risks and non-abdominal
obesity with risk clustering aside from abdominal obesity will
drop out when the waist-circumference definitions are raised.

Our study has several limitations. First, the annual emigra-
tion rate (1.5%) is relatively higher than that in rural areas.
Second, about 10% of the subjects who underwent a baseline
examination did not respond to our questionnaires afterward.
We found no clinical background difference between partici-
pants and non-participants, because the main denial reason
for participation in this study was not health problems. The
frequencies of MetS according to NCEP-ATPIII modified by
Asian criteria were 19% and 21% for participants and non-
participants, respectively (χ 2 test p=0.09). In this study, the
main reasons for emigration included job transfer, but not
health problems.

In conclusion, the current prospective study for a general
urban population showed that MetS, as defined by the Japa-
nese criteria, was associated with CVD in women and middle-
aged men; a stronger association was found when the NCEP-
ATPIII definition modified by the Asian obesity criteria was
applied. The number of MetS components may be more
strongly associated with CVD incidence than the essential
waist-circumference criteria.
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