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ecently, a prospective study in more than 1 million Asian 
subjects has confirmed that there is a U-shaped asso-
ciation between body mass index (BMI) and the risk 

of death from cancer, cardiovascular disease (CVD), and other 
causes.1 But previous epidemiological studies in Japan sug-
gested that increased BMI was unlikely to influence mortality 
risk,2,3 whereas a lower BMI or weight loss markedly raised 
this risk.4

In contrast, it has been reported that Japanese overweight or 
obese subjects have an increased risk for incident coronary heart 
disease or ischemic stroke.5,6 The Hisayama study in Japan 
documented that increased BMI was associated with an in-
creased risk of stroke in women, but not in men.7 An enhanced 
risk for incident CVD and stroke associated with increased 
waist circumference was also found only in women in the Suita 
study.8 Taken together, these findings indicate that overweight 

or obesity has an impact on incident CVD in Japanese men 
and women, except for stroke in men.

A large European prospective study documented that ab-
dominal obesity, as indexed by waist circumference, had a J-
shaped association with mortality risk.9 That study showed that 
overweight or obesity, assessed by BMI or waist circumference, 
was associated closely with increased risk of CVD mortality 
in Caucasian subjects. Compared with indices of adiposity, a 
waist circumference signifying central obesity was a stronger 
marker for predicting CVD mortality than BMI.10 A recent 
meta-analysis in Caucasian subjects found increased all-cause 
and CVD mortality risks for elderly people (65–74 years old) 
with an increased waist circumference across BMI categories 
and for underweight elderly people.11 The association of waist 
circumference levels with CVD mortality risk, however, re-
mains to be determined in Japanese adults. Therefore, to better 
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Background:  The aim of the present study was to clarify the association between waist circumference and all-cause 
and cardiovascular disease (CVD) mortality risk in relatively lean Japanese subjects.

Methods and Results:  A total of 3,554 men and 4,472 women who had no history of CVD were examined and their 
waist circumference measured at baseline. The subjects were aged ≥40 years and were obtained from 3 prospective 
cohort studies during 1988–1996. Hazard ratios for all-cause and CVD mortality were analyzed over a follow-up 
period of 14.7 years using a Cox proportional hazards model and penalized spline method, after adjustment for study 
cohort, age, smoking, alcohol drinking, hypertension, dyslipidemia, and diabetes. Compared with the lowest quintile, 
the highest quintile of waist circumference in men was associated with a linear reduction in all-cause mortality risk 
(multivariate-adjusted hazard ratio, 0.73; 95% confidence interval: 0.60–0.89; P for trend=0.001). CVD mortality risk 
was increased in men aged ≤65 years with a higher waist circumference. This relationship was U-shaped. Waist 
circumference was not associated with all-cause or CVD mortality risk in women.

Conclusions:  Waist circumference was associated inversely with increased risk of all-cause death in men, but not 
in women. Middle-aged men with a greater waist circumference potentially have an increased risk of CVD mortality.     
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understand the association of abdominal obesity with all-cause 
and CVD mortality risk, we conducted a 14.7-year prospective 
study in the general Japanese population.

Methods
Subjects
The subjects consisted of the participants, aged between 40 and 
90 years, of 3 large Japanese epidemiological studies: the Tanno 
and Sobetsu study (n=1,627), the Suita study (n=4,278), and 
the Hisayama study (n=2,487). We selected 3,554 men and 
4,472 women from these studies who had no history of isch-
emic heart disease (IHD) or stroke and who had their waist 
circumference measured at baseline.

Briefly, subjects in the Tanno and Sobetsu study were re-
cruited from annual health check-ups carried out in 1994 in 
the towns of Hokkaido Island, located in the northern part of 
Japan.12 The Suita study, which was performed in an urban area 
of Japan (Osaka), also enrolled individuals for regular health 
check-ups between 1991 and 1996.8 The Hisayama study, which 
was conducted in a suburban town located in Kyushu Island 
in the southern part of Japan, was established in 1961 for all 
residents ≥40 years of age, and we used the third cohort, which 
was established in 1988.13 Details of recruitment and the pro-
cedures for all studies have been described elsewhere.8,12,13

Measurements
All blood samples were collected from the cubital vein under 
fasting conditions (≥8 h since the last meal). Trained techni-
cians measured blood pressure using a standard mercury sphyg-
momanometer, after the subjects had rested for at least 5 min 
in the sitting position. Waist circumference was measured at 
the point of the umbilicus level in the standing position. BMI 
(kg/m2) was calculated as weight divided by the square of the 
height in meters. High-density lipoprotein cholesterol (HDL-
C) and triglycerides were measured using conventional meth-
ods. Low-density lipoprotein cholesterol (LDL-C) was calcu-
lated using Friedewald’s formula when the triglyceride level 

was <4.5 mmol/L.14

Each subject completed a self-administered questionnaire at 
baseline to assess medical history including current medica-
tions, smoking habits, and alcohol consumption. Hypertension 
was defined as a systolic blood pressure ≥140 mmHg, diastolic 
blood pressure ≥90 mmHg, or the use of antihypertensive agents. 
Diabetes was defined as a fasting blood glucose ≥7.0 mmol/L, 
or the use of anti-diabetic agents. Dyslipidemia was defined as 
either LDL-C ≥3.6 mmol/L, HDL-C <1.0 mmol/L, triglycer-
ides ≥1.7 mmol/L, or the use of anti-lipemic agents.

Until 1995, the underlying cause of death was determined 
based on death certificates coded according to the criteria of the 
International Classification of Diseases, ninth revision (ICD-
9). From 1995, the codes were translated into the correspond-
ing ICD-10 codes. Deaths from IHD and stroke were defined 
as 410–414 and 430–438 (ICD-9); and I20–25 and I60–69 (ICD-
10), respectively. IHD and stroke were combined as CVD in 
the analyses.

Statistical Analysis
The mean duration of follow-up was 14.7 years, during which 
time there were 1,711 all-cause deaths, including 447 CVD 
deaths. The person-years studied were calculated as the period 
from baseline to either the first endpoint (death or emigration) 
or 31 December 2008.

Sex-specific hazard ratios and 95% confidence intervals (CIs) 
of all-cause and CVD deaths were calculated using Cox’s re-
gression models with data grouped according to waist circum-
ference quintile by sex. The first quintile served as the refer-
ence. Model 1 was adjusted for age (continuous) and the study 
cohort using 2 dummy variables, whereas model 2 was adjusted 
further for smoking status (current smoker, ex-smoker, or never 
smoker) and alcohol consumption (regular drinker, ex-drinker, 
or never drinker). Model 3 was adjusted for the variables in 
model 2 plus hypertension, diabetes, and dyslipidemia (yes or 
no). The penalized spline (P-spline) method was used in the 
Cox regression models15 to examine non-linear dose-response 
relationships between waist circumference and the hazard ra-

Table 1.  Subject Characteristics

Cohorts

Tanno/Sobetsu Suita Hisayama

Baseline year 1994 1991–1996 1988

n 1,525 4,135 2,366

Follow-up period (years) 11.3 14.2 17.9

No. deaths 226 792 693

No. CVD deaths   71 174 202

Age (years) 62.1±9.7   59.4±10.9   56.5±10.4

Male (%) 40.7 43.2 46.2

WC (cm) 79.0±9.6 81.3±9.1 81.7±9.2

BMI (kg/m2) 23.5±3.1 22.6±3.0 23.0±3.1

SBP (mmHg) 136.9±20.4 126.6±20.5 132.3±20.6

DBP (mmHg) 79.0±9.8   76.6±11.4   77.9±11.4

Hypertension (%) 47.7 31.3 40.0

Dyslipidemia (%) 41.8 54.1 60.8

Diabetes (%)   6.5   4.3   9.0

Current smoker (%) 25.1 26.4 25.4

Regular alcohol drinker (%) 17.3 59.8 22.9

Data given as mean ± SD, n or %.
BMI, body mass index; CVD, cardiovascular disease; DBP, diastolic blood pressure; SBP, systolic blood pressure; 
WC, waist circumference.
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tios for all-cause and CVD deaths. The degrees of freedom 
in the P-spline terms were selected automatically, based on 
Akaike’s information criteria. The P-spline function provided 
the linear and non-linear components in the model. The P-
values for the non-linear trends were therefore determined by 
the significance of the non-linear P-spline term. Although the 
general spline curve may be influenced by a skewed distribu-
tion and the number of knots specified, these factors had little 
influence on the curves in our method, with these being more 
accurate up to the 99th percentile of the distribution (ie, waist 
circumference of 103 cm in men and 104 cm in women).15 In 
the Cox regression models, the linear trends were examined 
using continuous waist circumference data. The statistical tests 
were 2-sided, with P<0.05 being regarded as statistically sig-
nificant. S-Plus version 8.1J (TIBCO Software, Palo Alto, CA, 

USA), was used for statistical analysis.

Results
Table 1 lists the characteristics of each cohort in the study. 
Mean follow-up was 11.3 years in the Tanno and Sobetsu study, 
14.2 years in the Suita study, and 17.9 years in the Hisayama 
study. There were 1,711 all-cause deaths during the follow-up 
period in the 3 cohorts combined. Mean waist circumference 
in the cohorts ranged from 79.0 to 81.7 cm.

Table 2 lists the means and percentages of the cardiovascu-
lar risk factors at baseline, grouped according to sex-specific 
waist circumference quintile. Waist circumference was associ-
ated positively with systolic and diastolic blood pressure, hy-
pertension, dyslipidemia, and diabetes. Men with a small waist 

Table 2.  CVD Risk Factors vs. WC

WC quintile

Q1 (low) Q2 Q3 Q4 Q5 (high)

Men

    n 688 781 723 632 730

    WC (cm) 58.0–75.8 76.0–81.0 81.5–85.0 85.5–89.5 90.0–112.0

    Median WC (cm) 72.0 79.0 84.0 87.0 93.0

    Age (years)   61.6±11.4   58.8±11.1   58.6±10.8   59.0±10.3   59.6±10.4

    BMI (kg/m2) 19.5±1.7 21.7±1.6 23.1±1.5 24.2±2.0 26.4±3.0

    SBP (mmHg) 126.4±21.1 128.3±20.1 130.9±19.0 133.8±20.3 136.2±20.0

    DBP (mmHg)   74.9±10.9   77.3±10.7   79.8±10.1   80.7±10.6   83.2±11.3

    Hypertension (%) 29.9 34.3 34.0 42.4 51.4

    Dyslipidemia (%) 33.7 46.5 57.5 64.9 66.0

    Diabetes (%)   6.1   6.7   7.5   8.5 10.6

    Smoking status (%)

        Current smoker 58.5 51.4 42.2 45.1 40.9

        Ex-smoker 24.6 28.0 31.8 33.0 35.8

        Never smoker 16.9 20.6 26.1 22.0 23.3

    Alcohol consumption (%)

        Regular drinker 60.7 72.5 69.4 68.6 69.6

        Ex-drinker   5.5   4.8   5.0   5.6   4.4

        Never drinker 33.8 22.7 25.7 25.8 26.0

Women

    n 875 986 817 891 903

    WC (cm) 53.0–70.4 71.0–76.0 76.5–81.5 82.0–87.5 88.0–120.0

    Median WC (cm) 67.0 74.0 79.0 84.0 92.0

    Age (years)   55.9±11.5   57.4±10.8   58.5±10.5   59.7±10.2   61.9±10.2

    BMI, kg/m2 20.0±2.0 21.4±2.0 22.7±2.1 23.9±2.3 26.3±2.9

    SBP (mmHg) 122.7±20.5 126.7±20.9 129.5±20.9 132.7±21.0 136.4±20.5

    DBP (mmHg)   73.6±10.7   76.0±10.6   77.6±11.3   79.0±10.7   81.0±10.7

    Hypertension (%) 23.5 29.7 34.3 40.7 51.2

    Dyslipidemia (%) 35.0 47.1 53.0 64.3 70.0

    Diabetes (%)   2.5   2.6   3.9   4.9   9.3

    Smoking status, %

        Current smoker 10.1   7.9   7.2   8.3   9.1

        Ex-smoker   2.3   1.8   2.5   2.8   4.0

        Never smoker 87.6 90.3 90.4 88.9 86.9

    Alcohol consumption (%)

        Regular drinker 22.5 20.4 19.8 20.7 16.6

        Ex-drinker   1.8   1.3   1.1   1.4   1.8

        Never drinker 75.7 78.2 79.1 77.9 81.6

Data given as mean ± SD, n or (%).
Abbreviations as in Table 1.
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circumference were more likely to be current smokers and less 
likely to be regular alcohol drinkers. The Pearson’s correlation 
coefficient between waist circumference and BMI was 0.85 
(P<0.001) in men and 0.74 (P<0.001) in women.

Table 3 lists the sex-specific hazard ratios for all-cause and 
CVD deaths, grouped according to the sex-specific quintile of 
waist circumference. We tested the association using 3 models 
adjusting for age and the study cohort (model 1); model 1 plus 
smoking status, and alcohol consumption (model 2); and the 
variables in model 2 plus hypertension, diabetes, and dyslip-
idemia (model 3). Non-linear trends were tested using the P-
spline function, and P-spline curves drawn based on model 3 
(Figure 1). In men, the hazard ratios for all-cause death were 
significantly lower in the second to fifth quintile range of waist 
circumference compared with the first quintile, and showed a 
significant inverse linear trend in all the models. The hazard 
ratio of the highest quintile of waist circumference in model 3 
was 0.73 (95% CI: 0.60–0.89). The inverse linear association 
between hazard ratio and waist circumference remained sig-
nificant after adjustment for confounders in Model 3 (P for 
trend=0.001), whereas the non-linear dose-response relation-
ship between hazard ratio and waist circumference was not 
significant in either model (Figure 1A). For CVD deaths, al-
though the fourth quintile of waist circumference had the low-
est hazard ratio, the ratios changed very little with level of waist 
circumference in the 3 models, with non-significant linear and 
non-linear trends (Figure 1B).

In women, the hazard ratios for all-cause death in the sec-

ond and fourth quintiles of waist circumference were signifi-
cantly decreased in model 1. The non-linear relationship in 
model 1 was also statistically significant (P for trend=0.029). 
In models 2 and 3, however, these associations were attenu-
ated after further adjustment for conventional CVD risk factors 
(Figure 1C), with waist circumference showing no linear or 
non-linear association with CVD mortality risk (Figure 1D).

In addition, we analyzed all-cause mortality risk stratified 
by the presence or absence of hypertension, diabetes, or dys-
lipidemia in men (Table S1). Inverse linear associations were 
found in individuals with hypertension and individuals with-
out dyslipidemia or diabetes, but we did not find any adverse 
effects of greater waist circumference regardless of these com-
mon diseases in the present analysis.

The multivariate-adjusted hazard ratios for all-cause and CVD 
mortality in men stratified by age (<65 years and ≥65 years) 
are given in Table 4. Figure 2 shows the P-spline fitting curves 
of the hazard ratios. The lowest hazard ratio for CVD was seen 
in the fourth quintile of waist circumference in men aged <65 
years. Although there was no longer a linear association be-
tween waist circumference and CVD mortality, the non-linear 
association was significant (P for non-linear trend <0.001) and 
the spline curve was U-shaped (Figure 2C). Using the lowest 
risk group (fourth quintile) as the reference group, the hazard 
ratio of the fifth quintile was increased significantly (hazard 
ratio=2.45; 95% CI: 1.08–5.57). In contrast, waist circumfer-
ence had a linear association with decreased risk of all-cause 
mortality in men ≥65 years. The spline curves in women are 

Table 3.  Multivariate HRs for All-Cause and CVD Mortality vs. WC

Quintile of WC P for trend

Q1 (low) Q2 Q3 Q4 Q5 (high) Linear Non-linear

Men

    Person-years 9,284 11,288 10,501 9,108 10,223

    All-cause

        No. deaths 279 218 181 177 187

        Model 1 1.00 (Ref.) 0.75 (0.63–0.90) 0.68 (0.56–0.82) 0.79 (0.66–0.96) 0.72 (0.59–0.86) <0.001　 0.087

        Model 2 1.00 (Ref.) 0.78 (0.65–0.93) 0.73 (0.60–0.88) 0.84 (0.69–1.01) 0.77 (0.64–0.93) 0.005 0.091

        Model 3 1.00 (Ref.) 0.76 (0.63–0.91) 0.72 (0.59–0.87) 0.81 (0.66–0.98) 0.73 (0.60–0.89) 0.001 0.11　　
    CVD

        No. deaths 57 52 47 31 45

        Model 1 1.00 (Ref.) 0.91 (0.62–1.33) 0.91 (0.61–1.34) 0.71 (0.46–1.10) 0.90 (0.60–1.33) 0.29　　 0.12　　
        Model 2 1.00 (Ref.) 0.96 (0.65–1.40) 0.99 (0.67–1.48) 0.74 (0.47–1.15) 0.97 (0.65–1.45) 0.49　　 0.13　　
        Model 3 1.00 (Ref.) 0.92 (0.63–1.36) 0.95 (0.64–1.42) 0.67 (0.43–1.06) 0.87 (0.57–1.32) 0.22　　 0.16　　
Women

    Person-years 12,863 14,834 12,294 13,749 14,040

    All-cause

        No. deaths 116 115 123 134 181

        Model 1 1.00 (Ref.) 0.76 (0.59–0.98) 0.86 (0.67–1.12) 0.75 (0.59–0.97) 0.83 (0.65–1.05) 0.29　　 0.029

        Model 2 1.00 (Ref.) 0.79 (0.61–1.02) 0.91 (0.70–1.18) 0.76 (0.59–0.98) 0.84 (0.66–1.07) 0.27　　 0.060

        Model 3 1.00 (Ref.) 0.81 (0.62–1.05) 0.94 (0.73–1.22) 0.80 (0.62–1.03) 0.86 (0.67–1.10) 0.36　　 0.16 　
    CVD

        No. deaths 38 29 38 46 64

        Model 1 1.00 (Ref.) 0.61 (0.37–0.98) 0.83 (0.53–1.30) 0.81 (0.53–1.25) 0.91 (0.61–1.36) 0.73　　 0.29　　
        Model 2 1.00 (Ref.) 0.63 (0.39–1.02) 0.88 (0.56–1.38) 0.83 (0.54–1.27) 0.91 (0.61–1.37) 0.84　　 0.35　　
        Model 3 1.00 (Ref.) 0.64 (0.39–1.03) 0.90 (0.57–1.43) 0.85 (0.54–1.32) 0.90 (0.59–1.38) 0.90　　 0.43　　

Non-linear trend P was computed using the p-spline terms in the Cox regression models, with adjustment for the covariates in models 1, 2 and 
3. Model 1 was adjusted for age and community. Model 2 was adjusted further for smoking and alcohol drinking. Model 3 was adjusted for the 
variables in model 2 plus hypertension, dyslipidemia, and diabetes.
HR, hazard ratio. Other abbreviations as in Table 1.
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Figure 1.    P-spline fitting curves (from Cox regression models) of hazard ratios (blue lines) and 95% confidence intervals (orange 
lines) for (A,C) all-cause and (B,D) cardiovascular disease (CVD) deaths vs. waist circumference in (A,B) men and (C,D) women. 
(A) Men, all-cause death (non-linear trend, P=0.11); (B) men, CVD death (P=0.16); (C) women, all-cause death (P=0.16); (D) 
women, CVD death (P=0.43). The hazard ratios were adjusted for age, study community, smoking habits, alcohol consumption, 
hypertension, hyperlipidemia, and diabetes mellitus. Actual waist circumference used in the present analysis is marked on x-axis.

Table 4.  Multivariate-Adjusted HRs for All-Cause and CVD Mortality in Men vs. WC

Quintile of WC P for trend

Q1 (low) Q2 Q3 Q4 Q5 (high) Linear Non-linear

<65 years

    Person-years 6,013 8,267 7,570 6,756 7,496

    All-cause

        No. deaths 82 81 76 72 72

        HR 1.00 (Ref.) 0.86 (0.63–1.17) 0.90 (0.65–1.24) 0.86 (0.62–1.19) 0.82 (0.59–1.15) 0.36 0.089 

    CVD

        No. deaths 15 26 17 8 21

        HR 1.00 (Ref.) 1.61 (0.84–3.09) 1.18 (0.58–2.43) 0.53 (0.22–1.27) 1.30 (0.64–2.64) 0.99 <0.001　
≥65 years

    Person-years 3,271 3,021 2,932 2,352 2,727

    All-cause

        No. deaths 197 137 105 105 115

        HR 1.00 (Ref.) 0.72 (0.57–0.90) 0.63 (0.49–0.80) 0.81 (0.63–1.03) 0.71 (0.55–0.90)   0.003 0.11　　
    CVD

        No. deaths 42 26 30 23 24

        HR 1.00 (Ref.) 0.66 (0.40–1.08) 0.91 (0.55–1.48) 0.85 (0.50–1.47) 0.74 (0.43–1.26) 0.23 0.31　　

The hazard ratios were adjusted for study cohort, age, smoking, alcohol drinking, hypertension, dyslipidemia, and diabetes. Non-linear trend P 
was computed using the p-spline terms in the Cox regression model adjusted for the same variables.
Abbreviations as in Tables 1,3.
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shown in Figure S1.
Figure 3 shows the dose-response curves between BMI and 

hazard ratios for all-cause and CVD deaths according to gen-
der. In comparison with the curves for waist circumference in 
Figure 1, the non-linear trend was significant for all-cause and 
CVD deaths in women, but not in men. Hazard ratios for all-
cause and CVD deaths were increased moderately in obese 
women, although the 95% CIs became wider. When tested for 
linear trends, BMI levels were associated inversely with all-
cause mortality risk (P for trend <0.001).

The analyses were repeated after excluding data from the 
first 5 years of follow-up (Table S2). We confirmed that all 
the associations were similar, with the non-linear association 
between waist circumference and CVD mortality in men be-
coming significant.

Discussion
This 14.7-year follow-up prospective study has shown that 
waist circumference is inversely associated with increased risk 
of all-cause death in men. We also showed that the non-linear 
dose-response relationship between waist circumference and 
CVD mortality risk is significant only in men aged <65 years. 
P-spline analysis, however, showed that the relationship be-
tween waist circumference and CVD mortality risk in middle-

aged men was U-shaped, and that CVD mortality risk was 
increased only in the highest quintile of waist circumference 
(≥90 cm). In contrast, increased waist circumference did not 
influence all-cause or CVD mortality risk in elderly men, where-
as a small waist circumference increased this risk.

Despite the close relationship between greater waist circum-
ference and aggregation of CVD risk factors,16 abdominal obe-
sity did not increase mortality risk. Although we examined this 
association using 3 regression models that included confound-
ing factors such as smoking, alcohol drinking, and common 
diseases such as hypertension, the pattern of decreased risk for 
mortality did not change. Similar findings were seen in a pre-
vious Japanese study on the association between weight change 
and mortality risk.4 Considering the results of the present study 
as well as previous studies, the effect of obesity or weight gain 
on death appears to be considerably smaller in Japanese than 
Caucasian subjects. In contrast, recent large Japanese prospec-
tive studies demonstrated that overweight or obesity assessed 
using BMI raised the risk of incident stroke only in women,5 
and that of incident coronary heart disease only in men.17 An-
other meta-analysis in Japan also found that increased BMI was 
associated with a higher risk of incident stroke in both men 
and women, but a higher risk of coronary heart disease only in 
men.6 The results of these epidemiological studies suggest that 
obesity has a much different effect on CVD incidence than on 

Figure 2.    P-spline fitting curves (from Cox regression models) of hazard ratios (blue lines) and 95% confidence intervals (orange 
lines) for (A,B) all-cause and (C,D) cardiovascular disease (CVD) deaths vs. waist circumference in men (A,C) <65 years and 
(B,D) ≥65 years of age. (A) All-cause death, age <65 years (non-linear trend, P=0.089); (B) all-cause death, age ≥65 years 
(P=0.11); (C) CVD death, age <65 years (P<0.001); (D) CVD death, age ≥65 years (P=0.31). The hazard ratios were adjusted for 
age, study community, smoking habits, alcohol consumption, hypertension, hyperlipidemia, and diabetes mellitus. Actual waist 
circumference used in the present analysis is marked on x-axis.
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CVD mortality.
Although it is not clear why the present findings are differ-

ent from those in Western countries, this may be explained in 
part by the prevalence of obesity in the population. The prev-
alence of obesity (BMI ≥30 kg/m2) in the present study was 
1.2% in men and 2.3% in women, lower than the approximate 
30% prevalence reported in US adults.18 Furthermore, based 
on vital statistics, the leading cause of death in Japan is cancer, 
being responsible for one-third of all deaths. The lower preva-
lence of obesity in Japan may reduce the effect of obesity on 
all-cause mortality risk. Furthermore, a previous Japanese pro-
spective study showed that overweight subjects with metabolic 
syndrome did not have elevated CVD mortality compared with 
non-overweight subjects who had ≥2 other conventional CVD 
risk factors.19,20

Waist circumference had a non-linear association with CVD 
mortality risk in middle-aged men, with this association being 
U-shaped.10 When compared with the fourth quintile, risk was 
increased at a waist circumference greater than approximately 
90 cm, which corresponded to the upper 20% of the entire dis-
tribution. In contrast, abdominal obesity was not associated with 
greater mortality risk in older men. Although this discrepancy 
is consistent with the findings of a previous US study,21 the 
explanation for the effect of aging on the relationship between 
obesity and mortality is not clear. We believe that older men 
who had a small waist circumference tended to lose weight due 

to nutrient deficiency, heavy smoking, or worsening diabetes.
In this study, we found similar non-linear dose-response re-

lationships between all-cause mortality risk and BMI, which 
correlated strongly with waist circumference. But we did not 
determine which parameter was better for predicting cardio-
vascular endpoints. As mentioned in the UK survey, a new 
study on this issue is required in Japanese adults.10

To the best of our knowledge, this is the first report to show 
an association between abdominal obesity and mortality risk 
in a large Japanese population-based study with long-term fol-
low-up. The Tanno and Sobetsu study,12,22 the Suita study,23,24 
and the Hisayama study25 are epidemiological studies that have 
been conducted for decades under high quality control, but 
several limitations should be noted. First, although we con-
firmed that the associations remained unaltered after exclud-
ing the first 5 years of follow-up data to eliminate the influ-
ence of latent disease at baseline, the results do not prove the 
existence of a cause and effect relationship. The increased risk 
of mortality was considered to be due to the consequence of 
ill-health related to weight loss and low body weight.26 Al-
though the present study demonstrated that the effect of in-
creased waist circumference on mortality was comparable re-
gardless of the presence or absence of hypertension, dyslipidemia, 
or diabetes, ill-health associated with low body weight was not 
fully controlled. Second, we did not assess the physical activ-
ity of the subjects, which may have confounded the associa-

Figure 3.    P-spline fitting curves (from Cox regression models) of hazard ratios (blue lines) and 95% confidence intervals (orange 
lines) for (A,C) all-cause and (B,D) cardiovascular disease (CVD) deaths vs. body mass index (BMI) in (A,B) men and (C,D) 
women. (A) Men, all-cause death (non-linear trend P=0.17); (B) men, CVD death (P=0.079); (C) women, all-cause death (P=0.026); 
(D) women, CVD death (P=0.046). The hazard ratios were adjusted for age, study community, smoking habits, alcohol consump-
tion, hypertension, hyperlipidemia, and diabetes mellitus. Actual BMI used in the present analysis is marked on the x-axis.
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tion between obesity and mortality risk.27,28 Third, increased 
waist circumference may have a different effect on disease onset 
than on mortality risk, and the present study evaluated only 
mortality risk. Future studies on the effect of waist circumfer-
ence on the incidence of CVD are therefore needed to address 
this issue.8

In conclusion, waist circumference was associated inverse-
ly with increased risk of all-cause death in men, but not in 
women. Although a non-linear statistical approach showed in-
creased risk of CVD mortality with larger waist circumference 
in middle-aged men, a smaller waist circumference was gener-
ally associated with an increased risk of mortality in the gen-
eral Japanese population. Similar findings have been reported 
in previous studies that measured BMI rather than waist cir-
cumference.
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