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cohort study was approved by the Institutional Review Board of the
National Cardiovascular Center.

2.2. Baseline examination

Blood samples were collected after the participants had fasted
for at least 10 h. The samples were centrifuged immediately and
a routine blood examination was performed that included serum
total cholesterol (TC), HDL cholesterol, TG and glucose levels.

Blood pressure was measured in triplicate on the right arm after
5 min of rest by well-trained physicians using a standard mercury
sphygmomanometer. The average of the second and third mea-
surements was used for analysis, Hypertension was defined as
either a systolic blood pressure (SBP) > 140 mmHg, a diastolic blood
pressure {DBP) > 80 mmHg or the use of antihypertensive agents.
Diabetes was defined as a fasting serum glucose > 7.0 mmol/L
(126 mg/dL), the use of anti-diabetic agents, or both. Height with
bare feet and weight in light clothing were measured. Waist cir-
cumference (WC) was measured at umbilical level in a standing
position. Metabolic syndrome (MetS) was defined using modified
NCEP-ATP Il criteria [13], of which abdominal obesity was defined
according to the International Obesity Task Force central obesity
criteria for Asia [15].

Public health nurses obtained information on the smoking,
drinking and medical histories.

2.3. Endpoint determination

The endpoint determination was previously reported {4,11-14].
The endpoints of the present study were: (1) the first myocardial
infarction (MI) or stroke event; (2) death; (3) leaving Suita city; or
(4) December 31, 2005.

The first step in the survey for Ml and stroke involved check-
ing the health status of all participants by repeated clinical visits
every two years and yearly questionnaires by mail or telephone.
In the second step, in-hospital medical records of participants who
were suspected of having an Ml or stroke were reviewed by regis-
tered hospital physicians or research physicians, who were blinded
to the baseline information. The criteria for stroke were defined
according to the US National Survey of Stroke criteria [16]. For each
stroke subtype [i.e., cerebral infarction, intracerebral hemorrhage,
and subarachnoid hemorrhage], a definite diagnosis was estab-
lished based on the computed tomography, magnetic resonance
imaging, or autopsy. The criteria for definite and probable MI were
defined according to the criteria of the MONICA (Monitoring Trends
and Determinants of Cardiovascular Disease) project [17]. Sudden
deaths of unknown origin that occurred within 24 h of the onset
were classified as Ml in the present study.

2.4. Statistical analysis

The relationship between serum lipids and the risk of MI and
stroke was described by dividing the participants into four groups
stratified by the combination of serum levels of TG and non-HDLC.
We used 1.7 mmol/L (150 mg/dL) of serum TG as a cut-off point for
high serum TG according to the classification of NCEP-ATP Il {9]
and that of the Japan Atherosclerosis Society [3]. The category of
non-HDLC >4.9 mmol/L (180 mg/dL) was defined as a high serum
non-HDLC, which was equivalent to 6.2 mmol/L (240 mg/dL) of TC
or 4.1 mmol/L (160 mg/dL) of LDL-C, because non-HDLC was usually
0.8 mmol/L (30 mg/dL) higher than LDL-C [9,18-19].

Continuous variables between groups were compared by anal-
ysis of variance and categorical variables were compared by a
chi-square test. The hazard ratio (HR) for MI or stroke was cal-
culated using a proportional hazards model adjusted for age,
hypertension (dichotomous variable), diabetes, HDL-C, body mass

index (BMI), smoking (never-smoked; ex-smoker; current smoker)
and drinking (never-drank; ex-drinker; regular drinker) (modei 1).
Sex-combined analysis with further adjustment for sex was also
performed. Another statistical model after replacement of BMI and
hypertension with WC and SBP level(continuous variable) was also
performed (model 2).

All confidence intervals were estimated at the 95% level and
significance was set at a P value of <0.05. The Statistical Package
for the Social Sciences (SPSS Japan Inc. version 15.0], Tokyo, Japan)
was used for all the analyses.

3. Results

The median and interquartile range of serum TG in the base-
line survey was 1.29 mmol/L (0.90, 1.90) in men and 0.98 mmol/L
(0.73, 1.41) in women. The mean baseline serum non-HDLC was
3.93 +0.91 mmol/L in men and 4.03 + 1.03 mmol/L in women.

The means or prevalence of major cardiovascular risk factors
in each group stratified by the combination of serum levels of TG
and non-HDLC are summarized in Table 1, There was no signifi-
cant difference in mean age and the prevalence of smoking among
the TG and non-HDLC groups for men. There were significant differ-
ences in all other variables. Mean BMI, waist circumference and the
prevalence of hypertension and diabetes were highest in the high-
TG/high non-HDLC group, whereas the values of these parameters
were lowest in the low-TG/low-non-HDLC group for both sexes.
The prevalence of Mets was much higher in the high-TG groups
than in the low-TG groups irrespective of non-HDLC level.

The total person-years were 59,774 (27,461 for men and 32,313
for women), with a mean follow-up period of 11.7 years. During
the follow-up period, there were 113 first MIs and 180 first strokes.
The strokes consisted of 28 intracerebral hemorrhages, 116 cere-
bral infarctions, 21 subarachnoid hemorrhages and 15 unclassified
cases.

Table 2 shows the number of cases, age and multivariable-
adjusted HRs for MI stratified by TG and non-HDLC. Compared
with the low TG/low non-HDLC group, the HR for MI in the high
TG/high non-HDLC group was 2.05 (95% confidence interval, (I,
1.08-3.90)in men, 3.79(95% Cl, 1.58-9.14) in women and 2,55 (95%
Cl, 1.53-4.24) in both sexes combined in multivariable adjusted
model 1. We did not observe a significant increase in the HR for Mlin
the other groups. Similar results were observed after replacement
of BMI and hypertension with WC and SBP level (model 2).

Table 3 shows the multivariable-adjusted HRs for cerebral
infarction stratified by levels of TG and non-HDLC. Compared with
the low TG/low non-HDLC group, the HR for cerebral infarction in
the high TG alone group (high TG/low non-HDLC group) was 1.45
(95% Cl, 0.84-2.,50) in men, 2.09 (95% CI, 0.92-4.73) in women and
1.63(95% (1, 1.03-2.56) in both sexes combined in statistical model
1, There was no significant increase of cerebral infarction in the
other groups. Similar results were also observed in statistical model
2.

The incidence of total stroke, intracerebral hemorrhage and sub-
arachnoid hemorrhage was not related to TG and non-HDLC levels
in either sex. When the participants were divided into two groups
by age (<60 and >60), the results of all the analyses listed above
were similar in both age groups (data not shown).

4. Discussion

To our knowledge, this is the first cohort study in Japan to clarify
the risk for Ml and ischemic stroke of high serum level of TG, non-
HDLC and both. The risk for MI of both high serum TG and non-
HDLC was considerably higher than the risk without both or with
only one. This relationship was similarly observed in both menand
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Table 1

Means and prevalence of major cardiovascular risk factors in each group stratified by the combination of serum levels 6f triglycerides (TG) and non-high-density lipoprotein

cholesterol (non-HDLC).

Variables Low TG/low Non-HDLC Low TG/high Non-HDLC High TG/low Non-HDLC High TG/high Non-HDLC Pvalue
Men
No. of subjects 1532 117 550 205
Non-HDLC (stratum mean), mmol/L 36 (0.7) 5.4 0.4 4.0 0.6 55 0.5
Triglycerides (stratum median), mmol/L 1.0 (0.8,1.3) 1.3 (1.0,1.5) 2.2 (1.9,2.9) 2.4 (2.0,3.7)
Age, years 55.8 (13.5) 574 (12.9) 548 (12.7) 54.8 (11.8) 0.16
HDLC, mmol/L 14 (0.3) 13 (0.3) 11 (0.3) 1.1 (0.2) <0.01
BMi, kg/m? 222 (2.8) 23.1 3.1 238 (2.6) 242 (2.6) <0.01
Waist circumference, cm 80.8 (7.9) 82,7 (8.6) 85.7 (7.0} 86.3 (6.9) <0.01
Systolic blood pressure, mmHg 127 (21) 129 (20) 130 (20) 132 (21) <0.01
Diastolic blood pressure, mmHg 78 (12) 79 (12) 81 (11) 82 (11) <0.01
Hypertension, ¥ 300 35.0 364 38.0 0.01
Diabetes, % 4.8 4.3 75 93 0.02
Metabolic syndrome, ¥ 45 43 45.1 47.8 <0.01
Smnoking, %
Current smoker 49.9 43.6 53.5 47.3 0.51
Ex-smoker 303 350 284 327
Never-smoker 198 214 18.2 20,0
Drinking, ¥
Current drinker 76.0 63.2 76.4 69.3 0.02
Ex-drinker 3.6 6.0 29 5.4
Never-drinker 204 308 20.7 254
Women
No. of subjects 1956 230 256 192
Non-HDLC (stratum mean), mmol/L 3.6 (0.7) 5.5 (0.5) 4.2 (0.5) 5.8 (0.8)
Triglycerides (stratum median), mmol/L 0.8 (0.7, 1.1 1.2 (0.9, 1.4Y 2.0 (1.8,24) 2.4 (2.0,3.0)
Age, years 51.5 (12.9) 59.3 (9.6) 57.9 (11.2) 60.7 (8.8) <0.01
HDLC, mmol/L 15 (0.3) 1.4 (0.3) 1.2 (0.3) 1.1 (0.3) <0.01
BMI, kg./m2 217 (3.1) 22.9 3.1) 236 (3.3) 24.2 3.1) <0.01
Waist circumference, cm 75.5 (9.8) 79.8 (9.7) 82.7 (10.0) 835 (9.7) <0.01
Systolic blood pressure, mmHg 121 (21) 131 (21) 132 (21) 137 21) <0.01
Diastolic blood pressure, mmHg 73 (12) 79 (12) 79 12) 80 (13) <0.01
Hypertension, ¥ 204 37.9 371 484 <0.01
Diabetes, % 24 4.5 6.6 7.8 <0.01
Metabolic syndrome, ¥ 7.5 193 66.8 74,5 <0.01
Smoking, %
Current smoker 11.8 8.6 145 16.1 0.04
EX-smoker 35 2.8 2.7 6.3
Never-smoker 84.7 88.6 82.8 776
Drinking, %
Current drinker 349 293 285 245 <0.01
Ex-drinker 1.8 0.3 0.8 4.2
Never-drinker 633 70.3 70.7 714

TG, triglycerides; non-HDLC, non-high-density lipoprotein cholesterol; BMI, body mass index. Brackets indicate standard deviation.
Analysis of variance was used for comparisons of multiple group means and the chi-square test was used to compare proportions.

* Inter-quartile range.

** MetS was defined using modified NCEP-ATP I1l. Abdominal obesity was defined as a waist circumference >0.90 m in men and > 0.80 m in women. High blood pressure was
defined as average systolic/diastolic blood pressures of > 130/85 mm Hg and/or current medication for hypertension. High triglyceride was defined as serum triglycerides of
>1.7 mmol/L. Low HDL cholesterol was defined as serum HDL cholesterol levels of <1.03 mmol/L in men and of <1.29 mmol/L in women. High blood glucose was defined as
fasting blood glucose of >6.1 mmol/L and/or current use of anti-diabetic medication. MetS was defined as the presence of three or more of these components.

women. In contrast, the risk for ischemic stroke was highest in the
participants with high TG alone.

TG-rich lipoproteins have been shown to be atherogenic, and
thus, they are associated with coronary atherosclerosis {9,19-20].
As NCEP-ATP Il pointed out [9], elevated non-HDLC is a good
therapeutic target in patients with high TG, because the serum
concentration of non-HDLC reflects not only LDL-C but also the
cholesterol content of all other TG-rich and apolipoprotein B con-
taining lipoproteins, such as very low density lipoprotein (VLDL),
intermediate density lipoprotein (IDL), small dense LDL particles
and their remnant lipoproteins {19-20]. In the Helsinki Heart study
[21], most of the risk for coronary heart disease (CHD) was con-
fined to participants with high levels of both TG and LDL-C. In the
West of Scotland Coronary Prevention Study {22}, a higher inci-
dence of CHD was observed in men in both the pravastatin and
placebo groups when TG was at or above the median level, Pischon
et al. suggested that TG added significant information to non-HDLC

for CAD risk prediction in a nested case-control study [23]. Our
findings are consistent with previous studies.

Similar to previous studies in Japan [4,10], we found no asso-
ciation between non-HDLC and cerebral infarction even in the
presence of high serum TG, which may be due to a lower preva-
lence of atherothrombotic infarction than in Western populations.
The ARIC study indicated that TC was associated with increased
risk of non-lacunar, non-embolic stroke (atherothrombotic infarc-
tion), but not with lacunar or embolic stroke [24]. A recent report
from a Japanese rural population showed that LDL-C is a risk fac~
tor for only atherothrombotic infraction [25]. Unfortunately, due
to the relatively small stroke cases in our study, we were not able
to demonstrate an association between any subtype of cerebral
infarction and non-HDLC.

It is not clear why participants with high TG alone showed
the increased risk for cerebral infarction in the present study. In
a meta-analysis of 26 cohort studies in Asia-Pacific area, partici-
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Table 2

Age and multivariable-adjusted hazard ratios (95% confidence intervals) for myocardial infarction stratified by TG and non-HDLC groups in an 11.7-year prospective study
of 5098 Japanese men and women,

Low TG/low Non-HDLC Low TG/high Non-HDLC High TG/low Non-HDLC High TG/high Non-HDLC

Men

Person-years 17410 1288 6358 2404

Case, n 45 6 11 14

Age adjusted 1.00 1.63 (0.70-3.83) 0.76 (0.39-1.48) 2.74(1.50-5.02)
Model 12 1.00 1.48 (0.62-3.49) 0.63 (0.32-1.26) 2.05(1.08-3.90)
Model 2° 1.00 1.55 (0.66-3.66) 0.64 (0.32-1.29) 2.10(1.10-3.98)
Women

Person-years 23652 3455 2936 2270

Case, n 14 5 6 12

Age adjusted 1.00 1.59 (0.57-4.40) 2.28 (0.88-5.94) 4.88 (2.25-10.6)
Model 12 1.00 1.63 (0.58-4.26) 1.99(0.71-5.57) 3.79(1.58-9.14)
Model 2° 1.00 1.55 (0.55-4.38) 1.92 (0.69-5.34) 3.18(1.34-7.52)
Men and women

Person-years 41062 4743 9294 4674

Case, n 59 11 17 26

Age adjusted 1.00 1.51 (0.79-2.89) 1.04 (0.60-1.78) 3.42(2.15-5.44)
Model 1? 1.00 1.42 (0.74-2.74) 0.86 (0.49-1.53) 2.55(1.53-4.24)
Model 2b 1.00 1.45 (0.75-2.79) 0.87 (0.49-1.54) 2.48 (1.49-4.10)

TG, triglycerides; non-HDLC, non high-density lipoprotein cholesterol.

2 Multivariable adjusted for age, body mass index, hypertension, diabetes, HDL (high-density lipoprotein) cholesterol, cigarette smoking and alcoho! intake by a Cox
proportional hazard model. Sex was also adjusted in the men and women combined model.

b Replacement of body mass index and hypertension as covariates in model 1 with waist circumference and systolic blood pressure level.

pants grouped in the highest fifth of serum TG had a 50% increased
risk of stroke compared with those in the lowest fifth [26]. Recent
reviews have also concluded that hypertriglyceridemia seems to
be a causal risk factor for ischemic stroke [7-8)]. However, above-
mentioned findings were not able to explain the low incidence
of cerebral infarction in the high TG/high non-HDLC group in the
present study. An elevated risk for MI might mask the relationship
between TG and cerebral infarction; because there would be no fur-
ther follow-up after a first M. Another large study concerning about
the relationship between serum TG and stroke should be needed,
Recently, we have reported that high serum LDLC and non-HDLC
are both associated with an increased risk of MI; and the predic-
tive value of non-HDLC for Ml is almost similar to that of LDL-C [4].
However, we did not use serum TG as a covariate to avoid over-
adjustment, because difference between serum level of LDLC and

Table 3

non-HDLC was automatically determined by serum TG level when
serum LDLC value was calculated by the Friedewald formula {27].
Considering all the findings together, non-HDLC and TG may be rec-
ommended as beneficial screening markers for primary prevention
of CAD in the Japanese community, as they are less expensive and
more convenient because non-HDLC can be calculated irrespective
of serum TG level,

The present study has some limitations. First, the single TG and
non-HDLC measurement at the baseline survey may have underes-
timated the relationship between these lipids and cardiovascular
disease due to regression dilution bias. Furthermore, we did not
evaluate longitudinal trend for each risk factor and its medica-
tion status after baseline survey. Especially, hypertriglyceridemia
is associated with not only present existence of metabolic com-
ponents, such as hypertension and diabetes, but also new onset

Age and muitivariable-adjusted hazard ratios (95% confidence intervals) for cerebral infarction stratified by TG and non-HDLC groups in an 11.7-year prospective study of

5098 Japanese men and women.

Low TG/low Non-HDLC

Low TG/high Non-HDLC

High TG/low Non-HDLC High TG/high Non-HDLC

Men

Person-years 17410 1288

Case,n 46 2

Age adjusted 1.00 0.53 (0.13-2.19)
Model 12 1.00 0.54 (0.13-2.25)
Model 20 1.00 0.56 (0.14-2.31)
Women

Person-years 23652 3455

Case, n 20 8

Age adjusted 1.00 1.77 (0.78-4.02)
Model 12 1.00 1.52 (0.66-3.50)
Model 2v 1.00 1.54 (0.67-3.54)
Men and women

Person-years 41062 4743

Case, n 66 10

Age adjusted 1.00 1.14 (0.58-2.23)
Model 12 1.00 1.12 (0.57-2.20)
Model 2b 1.00 1.12(0.57-2.21)

6358

22
1.51(0.91-2.52)
1.45 (0.84-2.50)
1.48 (0.86-2.56)

2936

10
2.62 (1.23-5.60)
2.09(0.92-4.73)
2.10(0.93-4.73)

9294

32
1.82(1.19-2.79)
1.63 (1.03-2.56)
1.62 (1.03-2.55)

2404
5
0.99 (0.39-2.51)
0.92(0.35-2.38)
0.75 (0.26-2.14)

2270
3
0.81 (0.24-2.72)
0.69 (0.20-2.44)
0.77 (0.22-2.71)

4674

8
0.94 (0.45-1.95)
0.79 (0.37-1.69)
0.69 (0.62-1.88)

TG, triglycerides; non-HDLC, non high-density lipoprotein cholesterol.

@ Multivariable adjusted for age, body mass index, hypertension, diabetes, HDL (high-density lipoprotein) cholesterol, cigarette smoking and alcohol intake by a Cox
proportional hazard model. Sex was also adjusted in the men and women combined model,

b Replacement of body mass index and hypertension (prevalence) as covariates in model 1 with waist circumference and systolic blood pressure levels.
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of them in the future [28,29]. Second, we did not measure serum
apolipoprotein B (apoB) {22}, apolipoprotein A1 (ApoA1) and LP(a)
[30], which some previous studies have shown to be strong risk fac-
tors for CAD [22]. Third, a recent study indicated that non-fasting
TG is a better predictor of CAD than fasting TG [31]. However, in a
large individual based meta-analysis in the Asia-Pacific region [26],
most blood samples were collected during fasting, and there was
a significant positive relationship between serum TG and CAD or
stroke.

In conclusion, a combination of higher serum levels of TG and
non-HDLC is associated with an increased risk of Ml in a Japanese
population. Furthermore, the risk for ischemic stroke was highest
in the participants with high TG alone; however, further research
should be needed. High serum levels of TG and non-HDLC are
both important targets for the prevention of cardiovascular dis-
ease, which requires evidence-based guidelines for management
in the primary care setting.

Acknowledgements

The present study was supported by grants-in-aid from
the Ministry of Health, Labor and Welfare (H19-Seishu-017,
H19-Seishu-021 and H20-Seishu-013). We sincerely appreciate
members of the Suita Medical Foundation and Suita City Health
Center. We thank researchers and co-medical staffs in the Depart-
ment of Preventive Cardiology, National Cardiovascular Center, for
their excellent medical examinations and follow-up surveys. We
also thank Satuki-Junyukai, the society members of the Suita study.

References

[1] Pekkanen }, Linn S, Heiss G, et al. Ten-year mortality from cardiovascular dis-
ease in relation to cholesterol level among men with and without preexisting
cardiovascular disease, N Engl ] Med 1990;322:1700-7.

[2] Conroy RM, Pyorild K, Fitzgerald AP, et al. Estimation of ten-year risk
of fatal cardiovascular disease in Europe: the SCORE project. Eur Heart ]
2003;24:987-1003.

[3] Teramoto T, Sasaki ], Ueshima H, et al, Executive summary of Japan Atheroscle-
rosis Saciety (JAS) guideline for diagnosis and prevention of atherosclerosis
cardiovascular diseases for Japanese. ] Atheroscler Thromb 2007;14:267-77.

[4] Okamura T, Kokubo Y, Watanabe M, et al. Low-density lipoprotein cholesterol
and non-high-density lipoprotein cholesterol and the incidence of cardiovascu-
lar disease in an urban Japanese cohort study: The Suita study. Atherosclerosis
2009;203:587-92.

[5] Psaty BM, Anderson M, Kronmal RA, et al. The association between lipid levels
and the risks of incident myocardial infarction, stroke, and total mortality: the
Cardiovascular Health Study. ] Am Geriatr Soc 2004;52:1639-47.

[6] Jeppesen ], Hein HO, Suadicani P, Gyntelberg F, Triglyceride concentration and
ischemic heart disease; an eight-year follow-up in the Copenhagen Male Study.
Circulation 1998;97:1029--36.

{7} Labreuche ], Touboul PJ, Amarenco P. Plasma triglyceride levels and risk of
stroke and carotid atherosclerosis: a systematic review of the epidemiological
studies, Atherosclerosis 2009;203:331-45,

[8] Antonios N, Angiolillo D}, Silliman S. Hypertriglyceridemia and ischemic stroke.
Eur Neurol 2008;60:269-78.

[9] Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults. Executive summary of the third report of the national cholesteroi
education program {NCEP) expert panel on detection, evaluation, and treat-

ment of high blood cholesterol in adults (adult treatment panel 11I). JAMA
2001;285:2486-97.

[10] Ueshima H, Sekikawa A, Miura K, et al. Cardiovascular disease and risk factors
in Asia: a selected review, Circulation 2008;118:2702-9.

[11} Kokubo'Y, Kamide K, OkamuraT, et al. Impact of high-normal blood pressure on
the risk of cardiovascular disease in a Japanese urban cohort: the Suita study.
Hypertension 2008;52:652-9.

[12] Kokubo Y, Okamura T, Yoshimasa Y, et al. Impact of metabolic syndrome com-
ponents on the incidence of cardiovascular disease in a general urban Japanese
population: the Suita study. Hypertens Res 2008;31:2027-35.

[13] Kokubo Y, Nakamura S, OkamuraT, et al. Relationships between blood pressure
category and incidence of stroke and myocardial infarction in an urban Japanese
population with and without chronic kidney disease. The Suita study. Stroke
2009;40:2674-9.

{14] Watanabe M, Okamura T, Kokubo Y, Higashiyama A, Okayama A. Elevated
serum creatine kinase predicts first-ever myocardial infarction: a 12-year
population-based cohort study in Japan, the Suita study. Int ] Epidemiol; in
press [25th Jung 2009, Epub ahead of print].

{15] James PT, Leach R, Kalamara E, Shayeghi M. The worldwide obesity epidemic.
Obes Res 2001;9(suppl. 4):2285-338.

[16] Walker AE, Robins M, Weinfeld FD. The national survey of stroke. Clinical find-
ings. Stroke 1981;12(Pt 2 suppl. 1):113-44.

[17] World Health Organization. Document for meeting of MONICA Principal Inves-
tigators, In: WHO, editor. MONICA Project: Event Registration Data Component,
MONICA Manual, Version 1.1. 1986;S-4: 9-11.

[18] Sugimoto K, Isobe K, Kawakami Y, et al. The relationship between non-
HDLCholesterol and other lipid parameters in Japanese subjects. | Atheroscler
Thromb 2005;12:07-10.

{19] ShimanoH, Arai H, Harada-Shiba M, et al. Proposed guidelines for hypertriglyc-
eridemia in Japan with non-HDL Cholesterol as the second target. ] Atheroscler
Thromb 2008;15:116-21.

[20] Havel R].Role of triglyceride-rich lipoproteins in progression of atherosclerosis.
Circulation 1990;81:694-6,

{21] Manninen V, Tenkanen L, Koskinen P, et al, Joint effects of serum triglyceride
and LDL cholesterol and HDL cholesterol concentrations on coronary heart dis-
ease risk in the Helsinki Heart Study. Implications for treatment. Circulation
1992;85:37-45.

[22]) Shepherd ], Cobbe SM, Ford I, et al. Prevention of coronary heart disease with
pravastatin in men with hypercholesterolemnia, West of Scotland Coronary Pre-
vention Study Group. N Engl ] Med 1995;333:1301-7,

[23] Pischon T, Girman (], Sacks FM, Rifai N, Stampfer M], Rimm EB. Non-high-
density lipoprotein cholesterol and apolipoprotein B in the prediction of
coronary heart disease in men. Circulation 2005;112:3375-83.

{24] OhiraT, Shahar E, Chambless LE, Rosamond WD, Mosley Jr TH, Folsomn AR. Risk
factors for ischemic stroke subtypes: the atherosclerosis risk in communities
study. Stroke 2006;37:2493-8.

[25] ImamuraT, DoiY, ArimaH, et al. LDL cholesterol and the development of stroke
subtypes and coronary heart disease in a general Japanese population: the
Hisayama study. Stroke 2009;40:382-8.

[26] Patel A, Barzi F, Jamrozik K, et al. Serum triglycerides as a risk factor for cardio-
vascular diseases in the Asia-Pacific region. Circulation 2004;10:678~-86.

{27] Friedewald W, Levy R, Fredrickson D. Estimation of the concentration of low
density lipoprotein cholesterol in plasma without use of the ultracentrifuge.
Clin Chem 1972;18:499-502.

[28] Laaksonen DE, Niskanen L, Nyyssonen K, Lakka TA, Laukkanen JA, Salonen JT.
Dyslipidaemia as a predictor of hypertension in middle-aged men. Eur Heart |
2008;29:2561-8.

[29] Kahn HS, Cheng Y], Thompson Tj, Imperatore G, Gregg EW. Two risk-scoring
systems for predicting incident diabetes mellitus in U.S. adults age 45 to 64
years, Ann Intern Med 2009;150:741-51.

[30] Sharrett AR, Ballantyne CM, Coady SA, et al. Coronary heart disease prediction
from lipoprotein cholesterol levels, triglycerides, lipoprotein{a), apolipopro-
teins A-1 and B, and HDL density subfractions: the atherosclerosis risk in
communities (ARIC) study. Circulation 2001;104:1108-13.

[31] Bansal S, Buring JE, Rifai N, Mora S, Sacks FM, Ridker PM. Fasting compared
with nonfasting triglycerides and risk of cardiovascular events in women. JAMA
2007;298:309-16.




The Relationship Between Waist Circumference and the
Risk of Stroke and Myocardial Infarction in a Japanese
Urban Cohort
The Suita Study

Yoko Furukawa, MS; Yoshihiro Kokubo, MD, PhD; Tomonori Okamura, MD, PhD;
Makoto Watanabe, MD, PhD; Aya Higashiyama, MD, PhD; Yuu Ono, MD;
Katsuyuki Kawanishi, MD, PhD; Akira Okayama, MD, PhD; Chigusa Date, PhD

Background and Purpose—Body mass index is most commonly used as the obesity index. Recently, waist circumference
{(WC) has been shown to be associated with the risk of cardiovascular disease (CVD). However, no studies have
observed an association between WC and CVD in Japan. We examined the relationships of WC and body mass index

with CVD in a Japanese urban population.

Methods—We studied 5474 Japanese individuals (aged 30 to 79 years without CVD at baseline) who completed a baseline
survey and received follow-up through December 2005. WC was measured at the umbilical level of participants in the
standing position to the nearest 1 cm. The Cox proportional hazard ratios for CVD according to the quartiles of WC were
calculated after adjustment for age, smoking, and drinking status.

Results—During a mean follow-up of 11.7 years, 207 strokes and 133 myocardial infarctions were documented. In women,
compared with the lowest quartile (WC <70 cm), the hazard ratio (95% Cls) after adjusting for age, smoking, and
drinking in the highest quartile (WC =84 cm) were 1.85 (1.03 to 3.31) for CVD and 2.64 (1.16 to 6.03) for stroke.
However, no such relationships of WC with CVD or stroke risk were observed in men. After further adjustment of
hypertension, diabetes, and hypercholesterolemia, all of the mentioned relationships were not statistically significant. No
associations of body mass index with CVD or strokes were observed.

Conclusions—WC may be a better predictor for CVD or stroke in Japanese women. (Stroke. 2010;41:00-00.)

Key Words: abdominal obesity m cardiovascular disease m epidemiology m prospective studies m stroke
m waist circumference

he increasing prevalence of obesity worldwide has led to

concern about the impact of obesity on the risk of cardio-
vascular disease (CVD).! Body mass index is most commonly
used as the measurement of obesity. Recently, abdominal obe-
sity measured by waist circumference (WC) has been shown to
be associated with the risk of CVD.23 However, no cohort study
on the relationship between WC and the risk of CVD has been
performed in Japan. We therefore examined the relationship of
WC and body mass index with the incidence of CVD and stroke
in a Japanese urban population.

Methods

The Suita Study starting from September 1989, a random sampling
of Japanese urban residents, has been described previously (response

rate: 53%).4-¢ Participants (n=5474) who attended the baseline
examination without a history of CVD were followed up. The details
of the methods and confirmation of stroke and myocardial infarction
in the Suita Study have been described elsewhere.4-6 The follow-up was
continued until one of the following end points, whichever came first:
date of the first myocardial infarction or stroke event, date of death, date
of leaving Suita, or December 31, 2005. This study was approved by the
Institutional Review Board of the National Cardiovascular Center.
Analyses of variance and y” tests were used to compare mean values
and frequencies. The Cox proportional hazard ratios and 95% Cls for
CVD were calculated according to the quartiles of WC after adjusting
for age, smoking, and drinking status. All statistical analyses were
performed with SPSS (Version 13.0J; SPSS Japan Inc, Tokyo, Japan).

Results
During a mean follow-up of 11.7 years, we documented 207
strokes and 133 myocardial infarctions. As shown in Table 1,
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Table 1. Baseline Characteristics of Subjects According to Quartile of WG by 2560 Men and 2914 Women

Aged 30 to 79: The Sulta Study, 1989~1994, Japan

WeC
Q1 (Low) Q2 Q3 Q4 {High) P
Women

No. of subjects 702 679 739 794

Waist circumference, cm* 54-69 70-75 76-83 84-121 <0.001
Age, years* 49+13 52+13 5512 60+11 <0.001
Body mass index, kg/m?* 19.6+1.9 21.1x20 22.5+22 25.3:+3.2 <0.001
Hypertension, %t 14 20 27 46 <0.001
Diabetes, %t 1 2 3 7 <0.001
Hypercholesterolemia, %t 32 36 45 54 <0.001
Smoking status (current/quit/never), %t 14/3/83 12/3/85 12/3/85 11/5/84 0.092
Drinking status (current/quit/never), %% 34/1/64 34/2/63 32/1/67 31/1/67 0.512

Men

No. of subjects 564 7 627 658

Waist circumference, cm* 57~76 77-82 83-87 88~124 <0.001
Age, years* 56+14 54+13 56+13 57+12 0.003
Body mass index, kg/m?* 18.7x1.8 21.9+1.6 23516 259+23 <0.001
Hypertension, %t 24 29 35 46 <0.001
Diabetes, %t 4 6 5 9 0.013
Hypercholesterolemia, %%t 19 27 33 34 <0.001
Smoking status (current/quit/never), %t 56/27/17 55/24/20 45/37/18 44/35/21 <0.001
Drinking status (current/quit/never), %+ 71/4125 76/4/28 77/419 76/4/20 0.287

Data indicate frequencies or means=5Ds.
*Analysis of variance was performed.
tx* test was performed.

Q indicates quartile; Hypertension, systolic blood pressure/diasiolic blood pressure =140/90 mmHg or current use of
antihypertensive medications; diabetes, fasting plasma glucose levels =7.0 mmol/L or nonfasting plasma glucose levels
=11.1 mmol/L or current use of antidiabetic medications; hypercholesterolemia, total serum cholesterol levels =5.7 mmol/L or

current use of antihyperlipidemic medications.

both men and women with higher WC were older; had a
higher prevalence of hypertension, diabetes, and hypercho-
lesterolemia; and had a lower prevalence of current smokers.
The correlations between body mass index and WC were 0.84
in men and 0.75 in women.

The highest quartile of WC was associated with a signifi-
cant increase in the risk of CVD and stroke compared with the
lowest quartile in women but not in men (Table 2). Moreover,
in women, the association between WC and CVD disap-
peared after further adjustment for hypertension, diabetes,
and hypercholesterolemia. These associations were not also
statistically significant even after removing subjects with any
of mentioned 3 risk factors (data not shown). When we
sequentially changed the cutoff values of WC, an increased
risk of CVD was observed in women with WC =80 cm
(Figure). No associations of body mass index with CVD or
strokes were observed (data not shown).

Discussion
In this cohort study, abdominal obesity (WC =80 cm) was
positively associated with CVD in women, which is the first
study of the relationships in Japan. In the 2 large cohort

studies in the Western population,2? WC was positively
associated with the risk of CVD. However, the current study
only observed the positive relationships of WC with CVD
and stroke in women. The reasons for the sex difference are
unclear but may involve differences in race, lifestyle back-
ground, severity of obesity, or prevalence of risk factors in
nonobese subjects.

Abdominal obesity, strongly correlated with WC, has been
associated with insulin resistance,? diabetes,? lipid abnormal-
ities,® and blood pressure elevation.!® The association be-
tween WC and CVD disappeared after further adjustment for
cardiovascular risk factors or removing subjects with diabe-
tes, hypertension, or hypercholesterolemia. Therefore, WC
might be likely on the causal pathway leading to the more
proximal risk factors for CVD and contributes to risk through
those factors. Abdominal obesity without other cardiovascu-
lar risk factors does not predict the risk of CVD. However, it
should be careful that increasing abdominal obesity might
lead to those factors.

Our study has the following limitations: regression
dilution bias, small sample size for subgroup analysis,
lifestyle background, and measurement of WC at the
umbilical level rather than at the midpoint between the
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Table 2. Age- and Multivariable-Adjusted Hazard Ratios (95% Cls) for CVD According to WG Quartile by Sex

Q1 (tow) Q2 Q3 Q4 High) P for Trend
Women
Waist circumference, cm 54-69 70-75 76-83 84121
Person-years 8686 8334 8880 9008
Cardiovascular disease
No. of cases 15 23 35 63
Age-adjusted 1 1.27 (0.66-2.44) 1.50 (0.81-2.76) 1.84 (1.04-3.27) 0.02
Multivariable-adjusted 1 1.30 (0.67-2.54) 1.57 (0.84-2.91) 1.85 (1.03-3.31) 0.02
Stroke
No. of cases 7 15 27 42
Age-adjusted 1 1.82 (0.74-4.49) 2.55 (1.10-5.92) 2.80(1.24-6.33) 0.01
Multivariable-adjusted 1 1.78 {0.71-4.46) 2.57 (1.10-6.00) 2.64 (1.16-6.03) 0.01
Myocardial infarction
No. of cases 8 8 8 21
Age-adjusted 1 0.83 {0.31-2.24) 0.64 (0.24-1.73) 1.12 (0.49-2.55) 0.67
Muitivariable-adjusted 1 0.91 (0.33-2.49) 0.72 (0.26-1.96) 1.26 (0.54-2.97) 0.50
Men
Waist circumference, cm 57-76 77-82 83-87 88-124
Person-years 6443 8185 7304 7183
Cardiovascular disease
No. of cases 43 53 45 63
Age-adjusted 1 1.13 (0.75-1.69) 0.91 (0.60-1.39) 1.25 (0.85-1.85) 0.41
Multivariable-adjusted 1 1.13(0.75-1.69) 0.92 (0.60-1.40) 1.33(0.89-1.97) 0.28
Stroke
No. of cases 22 28 32 34
Age-adjusted 1 1.15 (0.65-2.01) 1.22(0.71-2.11) 1.31 (0.77-2.25) 0.31
Multivariable-adjusted 1 1.14 (0.65-2.00) 1.25 (0.72-2.16) 1.40 (0.82-2.41) 0.20
Myocardial infarction
No. of cases 21 25 13 29
Age-adjusted 1 1.09 (0.61-~1.95) 0.55(0.27-1.10) 1.20 (0.68-2.10) 0.92
Multivariable-adjusted 1 1.10(0.61-1.97) 0.55 (0.27-1.10) 1.29(0.72-2.29) 0.79

Multivariable adjustments were performed for age, smoking, and drinking status.
Q indicates quartile.

lower rib and the iliac crest. However, the correlation
coefficients between values measured by using the both
methods for measurement of WC were reported to be
high.'t

In conclusion, our findings suggested that WC was associated
with an increased risk of CVD and stroke in Japanese women.
From a public health perspective, measurement of WC could be
a useful tool for use in preliminary screening for high risk of CVD.
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Figure. The risk for CVD through sequential changes in WC in men and women. Solid line indicates hazard ratios for CVD according to
different cutoff values of WC. Dotted lines indicate 85% Cls for each WC.
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Impact of blood pressure levels on different types of stroke:

the Hisayama study
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Objective Clinical uncertainty remains whether the blood
pressure classification and risk stratifications
recommended by the Japanese Society of Hypertension
Guidelines for the Management of Hypertension (JSH 2009)
are useful in predicting the risks of stroke and its subtypes
in the general Japanese population.

Methods A total of 1621 stroke-free residents of

a Japanese community aged at least 40 years were
followed up for 32 years. Outcomes were total

and cause-specific stroke (lacunar infarction,
atherothrombotic infarction, cardioembolic infarction,
cerebral haemorrhage and subarachnoid haemorrhage).
Incidence was calculated by the pooling of repeated
observations method.

Results The age-adjusted incidence of total stroke rose
progressively with higher blood pressure levels in both
sexes (both P for trend <0.0001). A similar pattern was
observed for lacunar infarction in both sexes and for
cerebral haemorrhage in men: the differences were
significant between optimal blood pressure and grades
1-3 hypertension (all P<0.05). The age-adjusted incidence
of atherothrombotic infarction in either sex and that of
cardioembolic infarction and subarachnoid haemorrhage
in women significantly increased in grade 3 hypertension
(all P<0.05). These associations remained substantially
unchanged even after adjustment for other risk factors. In

Introduction

Recent guidelines for the management of hypertension
recommend assessment of total cardiovascular risk -using
risk factors, target organ damage (TOD) and pre-existing
cardiovascular disease, as well as blood pressure levels
[1-3]. These classifications have primarily been estab-
lished based on clinical and epidemiological studies that
investigated the risks of coronary heart disease, stroke
and other forms of cardiovascular diseases in Western
populations. However, there has been shown to be sig-
nificant heterogeneity in the incidences of stroke and the
frequencies of stroke subtypes between Asian and Wes-
tern populations: the stroke incidence is higher, as is the
proportion of stroke due to parenchymartous small arterial
lesions, in Asian populations than in Western populations

A free communication on a portion of this study was presented at the 18th
Scientific Meeting of the European Society of Hypertension/the 22nd Scientific
Meeting of the Intemational Society of Hypertension held in Berlin in June 2008,

0263-6352 © 2009 Wolters Kluwer Health | Lippincott Williams & Wilkins

regard to risk stratification, the age-adjusted incidence of
stroke significantly increased with the level of risk in both
sexes.

Conclusion Our findings suggest that the blood pressure
classification and risk stratifications recommended by the
JSH 2009 guidelines are useful in predicting the risk of
stroke in a general Japanese population, but the magnitude
and patterns of the impact of blood pressure categories are
different among stroke subtypes. J Hypertens 27:2437-
2443 © 2009 Wolters Kluwer Health | Lippincott Williams &
Wilkins.

Journal of Hypertension 2009, 27:2437-2443

Keywords: blood pressure, stroke, stroke subtype, prospective cohort study,
risk factor

Abbrevlations: ISH, Japanese Society of Hypertension; LVH, left ventricular
hypertrophy; TOD, target organ damage
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[4-7]. Because of the heterogeneity in the pathogenesis
of stroke subtypes, the impact of blood pressure levels
should be evaluated separately for each stroke subtype.
Despite clear evidence of the associations between
blood pressure levels and the incidence of total stroke
[1-3,7-10], clinical uncertainty remains about the
impact of blood pressure on the risks of different types
of stroke, particularly on the risks of cerebral infarction
subtypes.

The Hisayama study is a prospective cohort study of
cardiovascular disease conducted in the town of
Hisayama, Japan [6,11,12]. During the study period,
93% of the first-ever stroke patients underwent morpho-
logical examinations by autopsy and/or brain imaging,
and more than 80% of the total number of surviving
patients participated in five repeated follow-up examin-
ations. This characteristic study design provided us an

DOI:10.1097/HJH.0b013e328330e882
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opportunity to classify stroke into different types with a
high degree of accuracy and to assess the stroke inci-
dence, taking into account the dynamic transition of
blood pressure. In the present article, we examined
whether the blood pressure classification and risk strad-
fications recently recommended by the Japanese Society
of Hypertension Guidelines for the Management of
Hypertension (JSH 2009) [3] are useful in predicting
the occurrence of stroke and its subtypes in Japanese.

Methods

Study population and follow-up survey

In 1961, 1621 stroke-free residents of the town of
Hisayama, aged 40 years or over (participation rate
88%), were enrolled in the present study [6,11,12]. Mem-
bers of this cohort have received follow-up evaluations for
32 years from 1 November 1961 through 30 October 1993.
Health examinations were repeated in 1967, 1974, 1978,
1983 and 1988, and the participation rates for these
examinations were 96, 87, 85, 81 and 98%, respectively.

For patients who did not undergo regular examinations or
who moved out of Hisayama, healch status was checked
yearly by mail or telephone. We also established a daily
monitoring system, which connected us with local phys-
icians and the members of the Health and Welfare Office
of the town, and used this system to gather information on
new events of stroke, inclusive of suspected cases
[6,11,12]. When stroke occurred or was suspected, phys-
icians in the study team examined the patients and
evaluated their detailed clinical information. The clinical
diagnosis of stroke was based on the patient’s history,
physical and neurological examinations, and ancillary
laboratory examinations. During the follow-up period,
1063 patients died, and 861 of these (81%) underwent
autopsy to pathologically verify the cause of death and
type of stroke. Only two patients were lost to follow-up.

The ethics committee of Kyushu University approved
this study, participants provided written informed con-
sent, and the procedures followed were in accordance
with national guidelines.

Risk factor assessment

At each examination, blood pressure was measured three
times using a standard sphygmomanometer after resting
for at least 5 min in a supine position. Korotkoff phase 5
was taken as the diastolic blood pressure unless the
sounds persisted at zero, in which case Korotkoff phase
4 was recorded. The mean of three measurements was
used in the present analysis. We collected medical history
and lifestyle information and conducted physical and
neurological examinations. Information on antihyperten-
sive treatment, smoking habits and alcohol intake was
obtained using a standard questionnaire, and these factors
were classified as being either habitually used or not used.
Left ventricular hypertrophy (LLVH; Minnesota code

3-1), ST depression (4-1, 2, 3 except for 3-1) and atrial
fibrillation (8-3) on electrocardiography (ECG) were
separately evaluated. Body weight and height were
measured, and body mass index (BMI, kg/mz) was
calculated. Proteinuria was tested by the sulfosalicylic
acid method in 1961 and 1967, and by the test paper
method in 1974, 1978, 1983 and 1988. Serum cholesterol
levels were determined by the Zak-Henly method,
including a modification by Yoshikawa, in 1961 and
1967; by the Zurkowski method in 1974; and by the
enzymatic method in 1978, 1983, and 1988 [13,14].
Glucose intolerance was determined by an oral glucose
tolerance test in patients with glycosuria in 1961 and
1967, casual blood glucose levels in 1974, 1978 and 1983,
and a 75-g oral glucose tolerance test in 1988, as well by
reference to any medical history of diabetes at each
examination [15,16].

Blood pressure classification and risk stratification

The JSH 2009 guidelines propose the following blood
pressure categories: optimal blood pressure (sys-
tolic blood pressure < 120 mmHg and diastolic blood
pressure < 80 mmHg), normal blood pressure (120-129/
80-84 mmHg), high normal blood pressure (130-139/
85-89mmHg), grade 1 hypertension (140-159/90—
99mmHg), grade 2 hypertension (160-179/100~
109 mmHg) and grade 3 hypertension (>180/110 mmHg)
[3]. The guidelines also recommend a risk stratification
system that determines the whole cardiovascular risk
using blood pressure categories and the presence or
absence of other risk factors and TOD. In this study,
risk factors were defined as age (>65 years), dyslipidemia
(cotal cholesterol >5.7 mmol/l), glucose intolerance and
obesity (BMI> 25 kg/mz), and TOD was defined as
electrocardiographic LVH (Minnesota code 3-1) and
1+ or more positive proteinuria. On the basis of the risk
stratification system of the JSH 2009 guidelines, we
classified patients into four risk groups. Specifically,
the no additive risk group included patients with optimal
and normal blood pressure and those with high-normal
blood pressure who did not have risk factors or TOD. The
low-risk group included patients with grade 1 hyperten-
sion who did not have risk factors or TOD. The moder-
ate-risk group included patients with high-normal blood
pressure and grade 1 hypertension who had one to two
risk factors and those with grade 2 hypertension who did
not have risk factors or TOD. The high-risk group
included patients with high-normal blood pressure and
grade 1 hypertension who had three or more risk factors,
glucose intolerance or TOD, patients with grade 2 hy-
pertension who had 1 or more risk factors, glucose intoler-
ance or TOD and patients with grade 3 hypertension.

Stroke definition

The diagnosis of stroke was based on clinical information
and the autopsy findings [6]. In principle, stroke was
defined as a sudden onset of nonconvulsive and focal

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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baseline. The mean systolic blood pressure levels and
frequency of hypertension (grades 1-3) slightly increased
from 1961 to 1988 for both men and women. The fre-
quency of patients taking antihypertensive agents
increased from 2.1% in 1961 to 23.9% in 1988 among
men and from 2.2 to 25.1% among women. The fre-
quency of glucose intolerance and mean total cholesterol
levels also increased from 1961 to 1988 in both sexes.

P trend
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0003
0.0001
0.0004
0.18
0.57
<0.0001
<0.0001
0.66
0.83

5.75 (2.93-11.30)**
488 (2.24-10.65)**
4.66 {1.63-13.32)"*
5.08 (1.04-24.89)*
1.39 (0.32-6.06)

6.1*

15
12.04 (2.47-58.66)*"

3.41 (0.15~76.27)

Grade 3

54.9%*

19.5%*

11,2%%

34.3*%*
0.3

Incidence and adjusted hazard ratio for stroke and its
subtypes

Tables 2 and 3 show the age-adjusted incidence of total
stroke and its subtypes according to the blood pressure
categories of the JSH 2009 guidelines [3] by sex. The
incidence of total stroke and its subtypes, except for that
of subarachnoid haemorrhage, was higher in men than in
women. In both sexes, the stroke incidence increased
steeply with elevation in blood pressure levels (both P for
trend <0.0001); the differences between optimal blood
pressure and grades 1-3 hypertension were statistically
significant (all P<0.01). These associations remained
significant even after controlling for age, LVH, ST
depression and atrial fibrillation on ECG, glucose intol-
erance, BMI, total cholesterol, smoking habits and alco-
ho! intake in either sex (both P for trend <«<0.0001).
Similar patterns were observed for cerebral infarction
in both sexes and for cerebral haemorrhage in men (all
P for trend <0.0001). For women, the incidence of
cerebral haemorrhage significantly increased in grade 2
hypertension (P=10.02), as did the incidence of subar-
achnoid haemorrhage in grade 3 hypertension (P =0.01).
For men, subarachnoid haemorrhage did not show a clear
relationship with the blood pressure categories, probably
due to the small number of events. With regard to
subtypes of cerebral infarction, the incidence of lacunar
infarction increased with elevation of blood pressure
levels in both sexes (both P for trend <0.0001). In
contrast, the incidence of atherothrombotic infarction
sharply increased in grade 3 hypertension for both sexes
(both P<0.05), and the incidence of cardioembolic
infarction significantly increased in grade 3 hypertension
for women (P=0.04). Comparable associations were
observed between blood pressure categories and stroke
even after excluding patients taking antihypertensive
agents at each examination.

Hypertension
4.22 (2.16-8.25)**
3.29 (1.50-7.21)**
3.26 (1.14-9.30)*
2.48 (0.47-12.97)
0.99 (0.24-4.14)
9.30 (1.98-43.61)™*
1.90 (0.09-41.01)

Grade 2

20.9%*
8.9%*
6.4%*
1.1
1.2
7.4%*
0.5

3.31 (1.73-6.32)™*
3.10 (1.47-6.55)**
3.09 (1.13-8.47)*
2.27 (0.48-10.87)
1.52 (0.44~5.21)
5.59 (1.21-25.75)*
1.16 (0.07-19.67)

Grade 1

10.0™*
6.9
4.8%*
1.0
3.0*

1.1

0.1

1.52 (0.70-3.31)
1.37 (0.55-3.41)
1.49 (0.45-4.96)
0.45 (0.04—4.94)
0.81 (0.18-3.79)
2.85 (0.53-16.38)

High-normal

5.4
3.8
1.8
0.4
1.8

2

1

1.64 (0.76-3.56)

1.38 (0.54-3.48)

111 (0.29-4.15)
(reference)

2.92 (0.37-13.34)

Normal
.6
3.28 (0.28-38.13)

5.3

1.1

2.8

3

1

0.7

0.89 (0.19-4.12)
1

0.9

1
(reference)
1 (reference)
reference)

4
.4

14
1
1 (reference)

1 (reference)
1 {reference)

Optimal
1.0
0.3

3.
1
2
¥

Risk stratification

Figure 1 shows the age-adjusted incidence of stroke by
risk groups defined by the risk stratification system
proposed by the JSH 2009 guidelines [3] among men
and women. The stroke incidence increased steeply with
the elevation of risk levels for men and women (both P for
trend <0.0001): compared to the no-additive risk group,
the stroke incidence was significantly higher in the mod-
erate and high-risk groups for both sexes (all P <0.05)
and also in the low-risk group for women (P = 0.008).

Incidence and adjusted hazard ratio for total stroke and its types by blood pressure categories among men

Age-adjusted incidence (per 1000 person-years)
Multivariate-adjusted hazard ratio (95% CI)

Age-adjusted incidence (per 1000 person-years)
Cerebral haemorrhage

Multivariate-adjusted hazard ratio (95% ClI)

Age-adjusted incidence (per 1000 person-years)
Cardioembolic

Multivariate-adjusted hazard ratio (95% Cl)
Atherothrombotic
Age-adjusted incidence (per 1000 person-years)
Multivariate-adjusted hazard ratio (95% CI)
Age-adjusted incidence {per 1000 person-years)
Muttivariate-adjusted hazard ratio (95% ClI)

Age-adjusted incidence (per 1000 person-years)
Subarachnoid haemorrhage

Multivariate-adjusted hazard ratio (95% CI)

Age-adjusted incidence (per 1000 person-years)
Lacunar

Multivariate-adjusted hazard ratio (95% CI)

Cerebral infarction

Hazard ratios are adjusted for age, sex, left ventricular hypertrophy, ST depression, atrial fibrillation, glucose intolerance, body mass index, total cholesterol, smoking habits and alcohol intake. *P < 0.05. " P<0.01 vs. normal blood

pressure for atherothrombotic infarction and vs. optimal blood pressure for other types of stroke.

Type of stroke

Table 2
Total stroke
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pressure on the risks of cerebral infarction and cerebral
haemorrhage [7,8]. However, few observational studies
have examined the association between blood pressure
and the risks of cerebral infarction subtypes [6,33]. Our
study confirmed the results from previous observational
studies and provided more detailed information about
the strong association of blood pressure levels with
the risks of stroke subtypes in a general population of
Japanese. This finding is directly in line with beneficial
effects of blood pressure-lowering treatment for most of
the stroke subtypes observed in randomized controlled
trials [34-37].

In our study, despite the significant associations between
blood pressure categories and the incidence of most
stroke subtypes, the magnitude and patterns of the
impact of blood pressure categories were different among
stroke subtypes. The incidence of lacunar infarction in
men and women and that of cerebral haemorrhage in men
continuously increased with rising blood pressure
categories, and the differences were significant between
optimal blood pressure and grades 1-3 hypertension,
whereas the incidence of atherothrombotic infarction
in both sexes and that of cardioembolic infarction and
subarachnoid haemorrhage in women significantly
increased in grade 3 hypertension. Cerebral haemorrhage
and lacunar infarction occur primarily in conjunction with
arteriolosclerosis of the cerebral penetrating arteries.
These arteries are tiny and mostly arise from larger
arteries as unbranching end arteries, and are considered
to be directly influenced by blood pressure [38]. In
contrast, atherosclerotic diseases of cervical or intracranial
large arteries, including atherothrombotic infarction and
possibly subarachnoid haemorrhage, generally progress as
part of a slow pathoanatomic process that may take a long
time to reach a clinical end stage [39], and therefore only
severe hypertension may have been able to accelerate the
atherosclerotic process in our patients. The weak associ-
ation between blood pressure and cardioembolic infarc-
tion may be due to the fact that hypertension indirectly
influences the onset of cardioembolic infarction through
the development of embolic sources such as atrial fibril-
lation and myocardial infarction.

There are several potential limitations to the findings in
our study. First, it is possible that our results are biased,
because some patients did not return for the follow-up
examinations. However, more than 80% of the total
number of surviving stroke-free patients participated in
each examination, suggesting that such a bias did not
invalidate the present findings. Second, we were unable
to ascertain all risk factors, TOD and cardiovascular
disease for the risk stratification of patients; for example,
a family history of premature cardiovascular disease,
subclinical atherosclerosis and low estimated glomerular
filtration rate were difficult to identify. This limitation
was likely to contribute to an underestimation of the

stroke risk associated with risk groups, and our estimates
for the impact of risk groups on the risk of stroke are
probably quite conservative. Finally, cardiovascular risk
factors and the risks of stroke and its subtypes have
changed in Japan during the long-term follow-up period.
However, we used the pooling of repeated-observations
method, in which risk factors were allowed to change in
accordance with data from the follow-up examinations,
and therefore this bias is not likely to invalidate the
present findings.

In conclusion, the findings of the present study clearly
indicate that the blood pressure classification and risk
stratifications recommended by the JSH 2009 guidelines
[3] are useful in predicting the risk of stroke among
Japanese. Though the magnitude and pattern of the
impact of blood pressure were different among stroke
subtypes, blood pressure levels were associated with the
incidence of most stroke subtypes, suggesting that blood
pressure lowering is likely to provide protection against a
variety of stroke subtypes.
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Proposed Criteria for Metabolic Syndrome in Japanese
Based on Prospective Evidence
The Hisayama Study
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Mitsuo Iida, MD; Yutaka Kiyohara, MD

Background and Purpose—The current criteria of metabolic syndrome (MetS) are not based on evidence derived from

prospective studies on cardiovascular disease (CVD).

Methods—In a 14-year follow-up study of 2452 community-dwelling Japanese individuals aged =40 years, we examined
which of the MetS criteria are most predictive for the development of CVD. During the follow-up, 246 first-ever CVD

events occurred.

Results—An optimal cutoff point of waist circumference for predicting CVD was 90 cm in men (age-adjusted hazard
ratio=1.81; 95% CI, 1.19 to 2.74; P=0.005) and 80 cm in women (age-adjusted hazard ratio=1.46; 95% CI, 0.99 to
2.16; P=0.05). A comparison of MetS criteria showed that the modified Japanese criteria using this cutoff point instead
of the original definition were the strongest predictor of CVD events in both sexes (men: age-adjusted hazard
ratio=2.58; 95% CI, 1.65 to 4.02; P<<0.001; women: age-adjusted hazard ratio=2.39; 95% CI, 1.65 to 3.48; P<<0.001).
These observations remained robust even after adjustment for other confounding factors. According to this criteria set,
only in the presence of central obesity, the hazard ratios for future CVD increased significantly as the number of MetS
components increased, and a significant relationship was identified from 2 or more MetS components compared with

individuals who had no MetS component.

Conclusions—OQur findings suggest that the optimal cutoff point of waist circumference is 90 c¢m in men and 80 cm in
women and that the modified Japanese criteria of MetS with this cutoff point as an essential component better predict
CVD in the general Japanese population. (Stroke. 2009;40:1187-1194.)

Key Words: brain infarction m coronary artery disease m epidemiology m metabolic syndrome

Metabolic syndrome (MetS) consists of a clustering of
cardiovascular risk factors, and individuals with this
condition have an elevated risk of developing cardiovascular
diseases and type 2 diabetes.! Practical and valuable criteria
must be established promptly, because the prevalence of
metabolic disorders has been increasing rapidly in recent
years in Japan and other countries.>~* Over the past decade,
several institutions have proposed various criteria in attempts
to define MetS as a diagnostic category. Among these, the
criteria of the National Cholesterol Education Program’s
Adult Treatment Panel IIT (NCEP) has most often been used
in the literature.’ In this criteria set, the cutoff points of waist
circumference were 102 cm in men and 88 ¢cm in women; this
parameter comprised a component of this syndrome but not a
prerequisite for its diagnosis. However, this cutoff level may
be unsuitable for Asian populations. For Japanese, 2 sets of
diagnostic criteria of MetS exist at the present time, resulting

in a great deal of confusion in clinical practice. One set is
proposed by the Japanese Society of Internal Medicine
(Japanese criteria)¢; in these criteria, waist circumference is
defined as an essential component, and its cutoff value is 85
cm for men and 90 cm for women.® The other criteria set is
offered by the International Diabetes Federation (IDF), in
which ethnic-specific waist circumference cutoff points are
used as a requirement of diagnosis.” The IDF recommended
cutoff levels of 90 cm in men and 80 cm in women for central
obesity in Japanese individuals. In the current knowledge, it
remains unclear which of these criteria or cutoff points of
waist circumference are a better predictor of the development
of cardiovascular disease (CVD) in the general population of
Japanese. There has also been controversy as to whether the
component of waist circumference should be considered a
prerequisite for a diagnosis of MetS.® The aim of the present
article is to derive a better definition from the existing MetS
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criteria for predicting CVD in a prospective study of a defined
general population of Japanese.

Materials and Methods
Study Population

In 1988, a screening survey for the present study was performed in
the town of Hisayama, a suburb of the Fukuoka metropolitan area on
Japan’s Kyushu Island. The age and occupational distributions and
nutritional intake of the population were almost identical to those of
Japan as a whole based on data from the national census and nutrition
survey.® A detailed description of this survey was published previ-
ously.? Briefly, a total of 2736 residents aged =40 years (80.7% of
the total population of this age group) consented to participate in the
examination and underwent a comprehensive assessment. After the
exclusion of 102 subjects who had a history of coronary heart disease
or stroke, as determined by a questionnaire and medical records, one
subject for whom no blood sample was obtained, 120 subjects who
had already eaten breakfast, and 61 subjects for whom waist
circumference was not measured, the remaining 2452 subjects (1050
men and 1402 women) were enrolled in this study.

Follow-Up Survey

The subjects were followed prospectively from December 1988 to
November 2002 by repeated health examinations, Health status was
checked yearly by mail or telephone for any subjects who did not
undergo a regular examination or who had moved out of town. We
also established a daily monitoring system among the study team and
local physicians or members of the town’s Health and Welfare
Office. When a subject died, an autopsy was performed at the
Departments of Pathology of Kyushu University. During the
follow-up period, 479 subjects died, of whom 362 (75.6%) under-
went autopsy. Only one subject was lost to follow-up.

Definition of Cardiovascular Events

CVD was defined as the development of ischemic stroke or coronary
heart disease. Each CVD case was coded according to the Interna-
tional Classification of Disease, Ninth Revision (ICD-9) from 1988
to 1996 and Tenth Revision (ICD-10) from 1997 to 2002. Stroke was
defined as a sudden onset of nonconvulsive and focal neurological
deficit persisting for =24 hours.2 Each diagnosis of ischemic stroke
(ICD-9: 434, ICD-10: 163) was made by 2 neurologists (Y.K. and
Y.T.) separately using collected clinical and pathological informa-
tion including brain CT/MRI and autopsy findings based on the
Classification of Cerebrovascular Disease III proposed by the Na-
tional Institute of Neurological Disorders and Stroke.'® Coronary
heart disease included acute myocardial infarction (ICD-9: 410,
ICD-10: 121), silent myocardial infarction (ICD-9: 412, ICD-10:
125.2), sudden cardiac death within 1 hour after the onset of acute
illness (ICD-9: 798.1, ICD-10: 196.0), or coronary artery disease
followed by coronary artery bypass surgery ICD-9: E878.2, ICD-10:
795.1) or angioplasty (ICD-9: E879.0, ICD-10: Z95.5).2 Acute
myocardial infarction was diagnosed when a subject met at least 2 of
the following criteria: (1) typical symptoms, including prolonged
severe anterior chest pain; (2) cardiac enzyme levels more than twice
the upper limit of the normal range; (3) evolving diagnostic electro-
cardiographic changes; and (4) morphological changes, including
local asynergy of cardiac wall motion on echocardiography, persis-
tent perfusion defect on cardiac scintigraphy, or myocardial necrosis
or scars =1 ¢m long accompanied by coronary atherosclerosis at
autopsy. Silent myocardial infarction was defined as myocardial
scarring without any historical indication of clinical symptoms or
abnormal cardiac enzyme changes. During the 14-year follow-up,
246 first-ever cardiovascular events (131 men and 115 women)
occurred. Of these, there were 145 ischemic strokes (66 men and 79
women) and 125 cases of coronary heart disease (78 men and 47
women).

Risk Factor Measurements

At the baseline examination, waist circumference was measured by
a trained staff member at the umbilical level with the subject
standing, Body height and weight were measured in light clothing
without shoes, and body mass index (BMI) was calculated.

To measure blood glucose and lipid levels, blood samples were
collected from an antecubital vein between 8:00 and 10:30 aM after
an overnight fast of at least 12 hours. Blood for glucose assay was
obtained by venipuncture into tubes containing sodium fluoride
(NaF), and plasma glucose levels were determined by the glucose—
oxidase method, Serum total cholesterol, high-density lipoprotein
(HDL) cholesterol, and triglyceride concentrations were determined
enzymatically. Blood pressure was measured 3 times using a
standard mercury sphygmomanometer in the sitting position after the
subject rested for at least 5 minutes. Freshly voided urine samples
were collected at the screening, and proteinuria was defined as 1+ or
more using a reagent strip. Electrocardiographic abnormalities were
defined as left ventricular hypertrophy (Minnesota Code 3 to 1)
and/or ST depression (Minnesota code 4-1, 2, 3).

Each participant completed a self-administered questionnaire cov-
ering medical history, smoking habits, alcohol intake, and exercise.
The questionnaire was checked by trained interviewers at the
screening, Smoking habits and alcohol intake were classified as
either current habitual use or not. Those subjects who engaged in
sports or other forms of exertion =3 times a week during their leisure
time made up a regular exercise group.

Definition of Metabolic Syndrome

The Third Report of the NCEP Expert Panel on Detection, Evalua-
tion, and Treatment of High Blood Cholesterol in Adults criteria’ of
MetS include the presence of at least 3 of 5 factors: central obesity
(waist circumference >102 cm in men, >88 cm in women), elevated
blood pressure (blood pressure =130/85 mm Hg and/or current use
of antihypertensive agents), elevated fasting plasma glucose
(=6.1 mmol/L and/or current use of antidiabetic medication), reduced
HDL cholesterol (<1,03 mmol/L for men, <1.29 mmol/L for women),
and elevated triglycerides (=1.68 mmol/L).

In the IDF criteria,’ central obesity must be present for a diagnosis
of MetS in addition to at least 2 of the other 4 factors. The IDF
categories for Asians are: waist circumference =90 cm for men and
=80 cm for women,; blood pressure =130/85 mm Hg and/or current
use of antihypertensive agents; fasting plasma glucose =5.6 mmol/L
and/or current use of antidiabetic medication; HDL cholesterol
<1.03 mmol/L in men and <1.29 mmol/L in women; and triglyc-
erides =1.68 mmol/L.

Unlike the other criteria, the Japanese criteria¢ consist of 4 factors,
because they deal with HDL cholesterol and triglycerides together
and the cutoff value of waist circumference is larger in women than
in men. MetS in the Japanese criteria was diagnosed in individuals
who had a high waist circumference (=85 cm in men and =90 cm
in women) plus any 2 of the following: (1) blood pressures of
=130/85 mm Hg and/or current use of antihypertensive medicine;
(2) fasting plasma glucose =6.1 mmol/L and/or current use of
antidiabetic medication; and (3) triglycerides =1.68 mmol/L. and/or
HDL cholesterol <1.03 mmol/L in men and women. Additionally,
we created 2 new criteria. The modified NCEP and Japanese criteria
used a waist circumference of =90 cm in men and =80 cm in
women instead of the original cutoff points.

Statistical Analysis

The SAS software package Version 8.2 (SAS Institute, Cary, NC)
was used to perform all statistical analyses. Serum triglycerides were
transformed into logarithms to improve the skewed distribution. The
age- and multivariate-adjusted hazard ratios (HRs) and 95% ClIs
were estimated with the use of the Cox proportional hazards model.
To find the cutoff value of abdominal obesity, we also plotted
receiver operating characteristic curves. In this method, the optimal
cutoff value of abdominal obesity was defined by maximizing the
sensitivity and specificity to the development of CVD.!! In addition,
population-attributable risk percent was estimated for various MetS
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Table 1. Characteristics of Subjects by Sex, 1988

Men Women
(n=1050) (n=1402) P

Age, years 58 (11) 59 (11) 0.05
Prevalence of MetS

NCEP 16.8 22.3 <0.001

IDF for Asians 13.4 345 <0.001

Japanese 21.4 8.1 <0.001

Modified NCEP 21.6 31.3 <0.001

Modified Japanese 10.0 18.5 <0.001
Waist circumference, cm 82.0(8.2) 81.1 (10.1) 0.01
BMI, kg/m? 22.8(2.9) 23.0(3.2) 0.37
Systolic blood 134 (20) 132 (21) 0.002
pressure, mm Hg
Diastolic blood 81 (11) 76 (11) <0.001
pressure, mm Hg
Elevated blood pressure, % 60.0 51.6 <0.001
Fasting plasma 59(1.3 5.7 (1.3) <0.001
glucose, mmol/L
Elevated fasting plasma 27.2 17.9 <0.001
glucose, %
Total cholesterol, mmoiL 5.11(1.07) 5.56 (1.07) <0.001
HDL cholesterol, mmol/L  1.26 {0.31) 1.34 (0.29) <0.001
Reduced HDL 22.7 12.9 <0.001

cholesterol, %

Triglycerides, mmol/L 1.32(0.41-4.22) 1.06(0.41-2.72) <0.001

Elevated triglycerides, % 29.3 16.4 <0.001
Proteinuria, % 7.9 4.1 <0.001
Electrocardiogram 18.0 13.1 <0.001
abnormalities, %

Current drinking, % 61.5 8.9 <0.001
Current smoking, % 50.4 6.7 <0.001
Regular exercise, % 11.6 9.2 0.06

Note: All values are given as means (SD) or as percentages except for
triglycerides. Triglycerides are shown by geometric means and 85% prediction
intervals due to the skewed distribution. Elevated blood pressure: blood
pressures of =130/85 mm Hg and/or current use of antihypertensive medicine;
elevated fasting plasma glucose: fasting plasma glucose =6.1 mmol/L and/or
current use of antidiabetic medication; reduced HDL cholesterol: HDL choles-
terol <1.03 mmol/L; elevated triglycerides: triglycerides =1.68 mmollL;
electrocardiogram abnormalities: left ventricular hypertrophy (Minnesota Code
3-1) and/or ST depression (Minnesota Code 41, 2, 3).

criteria sets with the following formula: prevalence X(HR—1)/
[prevalenceX(HR—1)+1].

Ethical Considerations

This study was conducted with the approval of the Ethics Committee
of the Faculty of Medicine, Kyushu University, and written informed
consent was obtained from all of the participants.

Results
Table 1 shows the subjects’ baseline clinical characteristics
by sex. The prevalence of MetS defined by the NCEP, IDF
for Asians, modified NCEP, and modified Japanese criteria
was significantly higher in women than in men, whereas the
prevalence of MetS by the Japanese criteria was higher in
men. Mean values of waist circumference, systolic and
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diastolic blood pressures, fasting plasma glucose and triglyc-
eride levels, and frequencies of elevated blood pressure,
fasting plasma glucose, and triglycerides, reduced HDL
cholesterol, proteinuria, electrocardiographic abnormalities,
alcohol intake, and smoking habits were significantly higher
in men than in women, whereas women had higher total and
HDL cholesterol concentrations. Mean age and BMI and
frequency of regular exercise did not differ between the
sexes.

To compare the ability to predict CVD at each published
cutoff level of waist circumference among the NCEP, IDF,
and Japanese MetS criteria, we estimated the age-adjusted
HRs and 95% ClIs by sex (Table 2). In men, the age-adjusted
HR of incident CVD was significantly higher in subjects with
a waist of =90 c¢cm (IDF criteria for Asians) than in those with
a smaller waist (age-adjusted HR=1.81; 95% CI, 1.19 to
2.74; P=0.005), whereas in women, this association was
marginally significant at the cutoff level of =80 cm (age-
adjusted HR=1.46; 95% CI, 0.99 to 2.16; P=0.05). The
levels of central obesity determined by the cutoff levels of
waist circumference proposed by the NCEP, IDF for Eu-
ropids, and Japanese criteria were not significant predictors of
CVD in either sex.

In the analysis with the receiver operating characteristic
curve method, the cutoff point defined as the maximum
combination of sensitivity and specificity was 80.2 cm for
men and 81.5 cm for women. This cutoff point significantly
predicted CVD in women but did not in men (men: age-
adjusted HR=1.30; 95% CI, 0.91 to 1.85; P=0.15; women:
age-adjusted HR=1.61; 95% CI, 1.11 to 2.35; P=0.01).

Age- and multivariate-adjusted HRs and population-
attributable risk percents of various MetS criteria for the
development of CVD were estimated by sex (Table 3). The
age-adjusted analyses showed that MetS defined by all of
the criteria sets, except for the Japanese one in men, was a
significant risk factor for CVD. Among these, MetS as
determined by the modified Japanese criteria was the stron-
gest predictor for the development of CVD in both sexes
(men: age-adjusted HR=2.58; 95% CI, 1.65 to 4.02;
P<0.001; women: age-adjusted HR=2.39; 95% ClI, 1.65 to
3.48; P<<0.001). These findings remained substantially un-
changed even after adjustment for the following confounding
factors: age, serum total cholesterol, proteinuria, electrocar-
diographic abnormalities, alcohol intake, smoking habits, and
regular exercise. When we divided CVD into ischemic stroke
and coronary heart disease, the age-adjusted incidence of
ischemic stroke was significantly higher in subjects with
MetS defined by the modified Japanese criteria than those
without MetS for both sexes (men: 18.0 versus 5.2 per 1000
person-years. P<<0,001: women: 9.2 versus 4.0, P<0.001).
The same was true incidence of coronary heart disease in both
sexes (mean: 10.4 versus 6.4, P=0.003; women: 6.7 versus
2.0, P<<0.001). These associations remained significant even
after adjustment for the previously mentioned confounding
factors (ischemic stroke: HR=3.07; 95% CI, 1.68 to 5.61;
P<0.001, in men; HR=2.21; 95% (I, 1.39 to 3.51; P<<0.001,
in women; coronary heart disease: HR=2.37; 95% CI, 1.28 to
4.39; P=0.006, in men; HR=2.91; 95% CI, 1.62 to 5.22;
P<0.001, in women). On the other hand, the multivariate-
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Table 2. Age-Adjusted HRs for the Development of CVD According to the Gutoff Points of Waist

Gircumference Among Various Criteria of MetS

MetS Criteria Waist Cutoff, cm  No. of Subjects  No. of Events  Age-Adjusted HR (95% Cl) P Value
Men
NCEP =102 1042 131 1 (referent)
>102 8 0 .
IDF (Europids) <94 972 120 1 (referent)
=94 78 11 1.54 (0.83-2.87) 0.17
IDF (Asians) <90 873 102 1 (referent)
=90 177 29 1.81 (1.18-2.74) 0.005
Japanese <85 621 77 1 (referent)
=85 429 54 1.22(0.86-1.73) 0.28
Women
NCEP <88 1069 82 1 (referent)
=88 333 33 1.22(0.81-1.82) 0.34
IDF (Asians) <80 601 38 1 (referent)
=80 801 77 1.46 (0.93-2.16) 0.05
Japanese <90 1113 83 1 (referent)
=90 289 26 1.05 (0.68-1.62) 0.83

adjusted population-attributable risk percents for MetS de-
fined by the IDF, modified NCEP, and modified Japanese
criteria were comparably higher than those for MetS defined
by the other criteria in both sexes, and all of the population-
attributable risk percents were larger in women than in men.
To investigate the necessity of central obesity defined as a
waist circuamference of =90 cm in men and =80 cm in
women for predicting CVD in the modified Japanese criteria,
the previously mentioned risk factor-adjusted HR according
to the number of MetS components other than waist circum-
ference were estimated by the presence or absence of central
obesity (Table 4). In the subjects who had central obesity, the
HR of CVD increased significantly as the number of MetS
components increased, whereas this trend was not observed in
the subjects without central obesity. In the subjects with
central obesity, the risk of CVD significantly increased if
subjects had 2 or more MetS components compared with
individuals who had no MetS component (one component:
adjusted HR=1.13; 95% CI, 0.53 to 2.40; P=0.74; 2 com-
ponents: adjusted HR=2.47; 95% CI, 1.21 to 5.04; P=0.01,
3 components: adjusted HR=3.09; 95% CI, 1.40 to 6.79;
P=0.005). Similar relationships were found when CVD was
stratified into ischemic stroke and coronary heart disease.
Because diabetes and hypertension are strong risk factors
for CVD, we examined both the combined and separate
effects of MetS and diabetes or hypertension on the develop-
ment of CVD. As shown in Table 5, compared with nondia-
betic subjects without MetS, nondiabetic subjects with MetS
had significantly higher multivariate-adjusted HR of ischemic
stroke (adjusted HR=1.65; 95% CI, 1.04 to 2.62; P=0.03),
HR was markedly higher than that in diabetic subjects with
MetS (adjusted HR=5.35; 95% CI, 3.28 to 8.73; P<<0.001).
However, no elevation was found in diabetic subjects without
MetS. Similar associations were observed for coronary heart
disease. Likewise, the multivariate-adjusted HR of ischemic
stroke was significantly higher in normotensive subjects with

MetS (adjusted HR=2.13; 95% CI, 1.03 to 4.39; P=0.04)
and in hypertensive subjects with MetS (adjusted HR=3.17;
95% CI, 2.01 to 5.02; P<0.001) but was not significant in
hypertensive subjects without MetS. Similar patterns were
seen for coronary heart disease. Significant interactions
between MetS and diabetes were revealed in the risk of
ischemic stroke and coronary heart disease (P<0.01),
whereas the interactions between MetS and hypertension
were not significant,

Discussion

Using data from a 14-year follow-up study of a general
Japanese population, we demonstrated that the optimal cutoff
point of waist circumference for predicting CVD in Japanese
was 90 cm in men and 80 cm in women. In the comparison of
various MetS criteria, the modified Japanese criteria set,
which uses this cutoff point instead of the original one, was a
better predictor for incident CVD in both sexes, According to
this criteria set, in subjects with central obesity only, the HR
of future CVD increased as the number of MetS components
increased, and a significantly elevated risk was identified in
subjects who had =2 MetS components compared with those
who had no MetS component, Furthermore, the significant
effects of MetS on the development of ischemic stroke and
coronary heart disease were independent of hypertension and
diabetes. These findings suggest that the modified Japanese
criteria are better for predicting CVD in Japanese.

The existence of different criteria sets for MetS has caused
a great deal of confusion in routine practice in Japan.
Whereas the IDF criteria are recommended internationally,
the Japanese criteria are commonly used in Japan. The
established MetS criteria are based mainly on “expert”
opinions, and the evidence derived from prospective studies
is scarce.'2 Thus, it remains uncertain whether the threshold
at which each MetS component is defined as positive or
negative is optimal or even useful for predicting the risk of
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Table 3. Age- or Multivariate-Adjusted HRs and Population-Attributable Risk Percents of MetS Defined by Various Criteria for the

Development of GVD

Population at  No. of

Population-Attributable

MetS Criteria Risk, n Events Age-Adjusted HR (95% Ci) PValue Multivariate-Adjusted HR (95% Cl) P Value Risk Percents
Men
NCEP
Mets (—) 874 100 1 (referent) 1 (referent)
Mets (+) 176 3 1.63 (1.09-2.44) 0.01 1.56 (1.03-2.33) 0.03 8.4
IDF for Asians
Mets (—) 909 106 1 {referent) 1 (referent)
Mets {+) 141 25 1.95 (1.26-3.02) 0.003 1.96 (1.26-3.08) 0.003 114
Japanese
Mets (—) 825 97 1 (referent) 1 (referent)
Mets (+) 225 34 1.40{0.95-2.07) 0.09 1.28 (0.86-1.91) 0.21 5.7
Modified NCEP
Mets (—) 823 91 1 (referent) 1 {referent)
Mets (+) 227 40 1.74 (1.20-2.52) 0.003 1.66 (1.14-2.43) 0.008 12.5
Modified Japanese
Mets (—) 945 107 1 {referent) 1 (referent)
Mets (+) 105 24 2.58 (1.65-4.02) <0.001 2.49 (1.57-3.94) <0.001 13.0
Women
NCEP
Mets (—) 1,090 71 1 (referent) 1 (referent)
Mets (+) 312 44 1.74 (1.18-2.54) 0.004 1.65 (1.13-2.43) 0.01 12.6
IDF for Asians
Mets (—) 918 53 1 (referent) 1 {referent)
Mets (+) 484 62 1.82 (1.26-2.63) 0.001 1.79(1.23-2.60) 0.002 21.4
Japanese
Mets (—) 1,289 96 1 {referent) 1 {referent)
Mets (+) 113 19 1.96 (1.20-3.21) 0.007 1.89(1.15-3.10) 0.01 6.7
Modified NCEP
Mets (—) 963 53 1 {referent) 1 (referent)
Mets (+) 439 62 1.96 (1.36-2.84) <0.001 1.88 (1.30-2.74) <0.001 216
Modified Japanese
Mets (—) 1,142 68 1 (referent) 1 (referent)
Mets (+) 260 47 2.39 (1.65-3.48) <0.001 2.27 (1.55-3.32) <0.001 19.1

Note: Multivariate adjustment was made for age, serum total cholesterol, proteinuria, electrocardiogram abnormalities, alcohol intake, smoking habits, and regular

exercise.

CVD. The findings of our study indicate that the definition of
MetS by the modified Japanese criteria confers greater
accuracy in predicting CVD events compared with the other
ones. There are some possible explanations for this superior-
ity. First, this criteria set adopted the optimal cutoff value of
waist circumference for predicting vascular events in the
present cohort. An optimal cutoff point of waist circumfer-
ence for having cardiovascular risk factors has been discussed
extensively in several cross-sectional studies of Asian popu-
lations, Hara et al showed in a receiver operating character-
istic analysis that 85 cm for men and 78 cm for women were
the best values for predicting other MetS features in a
Japanese population.'? Similar analyses reported that 90 cm
in men and 8 cm in women was optimal in Japanese
American*¥ and 85 cm in men and 80 cm in women in

Chinese populations.!'s!6 However, no studies showed an
optimal cutoff value of waist circumference for CVD risk in
a prospective cohort design. Our finding is the first evidence
that the optimal cutoff point of waist circumference for
predicting CVD was 90 cm in men and 80 cm in women in a
general Japanese population. This evidence might be extrap-
olated to other Asian populations having similar physiques
and genetics.

Second, when we used our modified Japanese criteria, the
HR of cardiovascular events rose obviously as the number of
MetS components increased only in subjects with central
obesity. Thus, to treat waist circumference as an essential
component would likely improve the precision of the predic-
tion of cardiovascular events in the current subjects, There
has been controversy over the necessity of central obesity for
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