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Abstract

Objective To examine whether the association between

waist circumference (WC) and clustering of cardiovascular

risk factors varies with obesity (BMI) status.

Methods Using the 2008 health examination data of a

Japanese health service association, eligible 57,141 adults

aged 20–65 years without coronary heart disease or stroke,

whose blood sample had been taken in the fasting state,

were enrolled in the study. The participants were classified

as being underweight (BMI \18.5), normal weight (BMI

18.5–24.9), and overweight (BMI C25.0). Multiple logistic

regression analysis was performed to calculate adjusted

odds ratios (OR) for clustering of cardiovascular risk fac-

tors. Receiver operating characteristic analysis was per-

formed to assess the ability of WC to discriminate subjects

with and without a clustering of cardiovascular risk factors.

Results Clustering of cardiovascular risk factors was

found in 16.0% of men and 3.4% of women. The adjusted

OR [95% confidence intervals (CI)] per 5-cm increase in

WC of the underweight, normal weight, and overweight

groups was 1.57 (1.12–2.20), 1.55 (1.49–1.62), and 1.34

(1.30–1.38), respectively, for men and 1.50 (0.84–2.69),

1.53 (1.40–1.68), and 1.32 (1.23–1.41), respectively, for

women. The area under curve (95% CI) of the under-

weight, normal weight, and overweight groups was 0.68

(0.59–0.77), 0.70 (0.69–0.71), and 0.62 (0.61–0.63),

respectively, for men and 0.70 (0.53–0.86), 0.75 (0.73–0.78),

and 0.64 (0.61–0.68), respectively, for women.

Conclusion High WC was associated with increased risk

of clustering of cardiovascular risk factors independent of

BMI. As well as the magnitude of the association, the

ability of WC to discriminate subjects with and without a

clustering of cardiovascular risk factors varied with obesity

(BMI) status.
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Cardiovascular risk factors � Metabolic syndrome � Japan

Introduction

The metabolic syndrome is characterized by a clustering of

cardiovascular risk factors in one person, and those indi-

viduals with the metabolic syndrome are at increased risk

of developing coronary heart disease and other arterio-

sclerotic diseases. The metabolic syndrome has become

increasingly common in Japan as well as in Western

countries. Based on the results of the 2008 National Health

and Nutrition Survey, an estimated 25.3% of men and

10.6% of women aged C20 years have the metabolic

syndrome [1]. The Japanese Ministry of Health, Labour,

and Welfare initiated a nationwide strategy for the detec-

tion of metabolic syndrome in April 2008 [2]. The mea-

surement of waist circumference (WC) is a key component

of this strategy, and the measurement results are used as a

diagnostic indicator of the metabolic syndrome [3].

WC is a surrogate marker of visceral fat mass. Body

mass index (BMI) is more widely used in clinical settings,

but it does not provide information on fat distribution.

Many investigators have reported an association between

WC and clustering of cardiovascular risk factors and the
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optimal WC cutoff for the detection of clustering of car-

diovascular risk factors in Japanese adults [4–13]. How-

ever, because of a strong positive correlation between BMI

and WC, it appears to be difficult to completely discrimi-

nate the effects of BMI and WC, respectively, on clustering

of cardiovascular risk factors. Unfortunately, there have

been few studies that have assessed the association

between WC and clustering of cardiovascular risk factors

in terms of potential BMI dependence. It remains uncertain

whether WC has an adequate ability to discriminate sub-

jects with and without a clustering of cardiovascular risk

factors within all BMI categories.

The objective of this study was to examine whether the

association between WC and clustering of cardiovascular

risk factors varies with obesity (BMI) status. Using the

2008 health examination data of a Japanese health service

association, we compared the magnitude of the association

between WC and clustering of cardiovascular risk factors

and the ability of WC to discriminate subjects with and

without a clustering of cardiovascular risk factors across

BMI categories.

Methods

Annual multiphasic health examinations are legally man-

datory in both the community and workplace setting in

Japan. Electronic data of the 2008 health examinations

were collected from the Tokyo Health Service Association,

where a total 160,000 adults undergo a health examination

every year (http://www.yobouigaku-tokyo.or.jp). Each

record consisted of demographics and the results of labo-

ratory tests and imaging tests. Eligible 57,141 adults aged

20–65 years without coronary heart disease or stroke,

whose blood sample had been taken in the fasting state,

were included enrolled in this study. The mean age was

44.2 [standard deviation (SD) 10.7] years for men

(n = 37,792) and 42.9 (11.1) years for women

(n = 19,349).

Anthropometric measurements and laboratory assays

were performed according to a standard protocol. Height

(in centimeters to the nearest 0.1 cm) and weight (in

kilograms to the nearest 0.1 kg) were measured with a

subject light clothed and standing without shoes. WC (in

centimeters to the nearest 0.5 cm) was measured horizon-

tally at the umbilical level at the end of normal expiration

by trained nurses. Blood pressure was measured using a

standard sphygmomanometer with the subject sitting on a

chair after at least 5 min of rest. Blood glucose, triglycer-

ides, and high-density lipoprotein (HDL) cholesterol were

assayed at a laboratory of the Tokyo Health Service

Association, where both internal and external quality

controls of the laboratory data are regularly in accordance

with the guidelines of the expert committee for data stan-

dardization [14].

BMI, which was calculated as weight (kilograms) divi-

ded by height squared (square meters), was classified as

\18.5 (underweight), 18.5–24.9 (normal weight), and

C25.0 (overweight). Cardiovascular risk factors were

defined according to the criteria for metabolic syndrome in

Japan [3]. Subjects who had any two of the following three

components of metabolic syndrome were counted as a case

with clustering of cardiovascular risk factors: (1) hyper-

tension: systolic blood pressure C130 mmHg and/or dia-

stolic blood pressure C85 mmHg; (2) hyperglycemia:

fasting blood glucose C110 mg/dl (5.6 mmol/l); (3) dysl-

ipidemia: triglyceride C150 mg/dl (1.7 mmol/l) and/or

HDL cholesterol \40 mg/dl (1.0 mmol/l). Subjects on

medication for hypertension, diabetes mellitus, or hyper-

triglyceridemia were classified as having these cardiovas-

cular risk factors. This definition of clustering of

cardiovascular risk factors has also been used in recent

epidemiological studies [5–7, 9–13].

The study protocol was approved by the Ethics

Committee of the Tokyo Health Service Association

and has been conducted in accordance with the

Guidelines for Epidemiological Studies by the Japanese

Ministry of Health, Labour, and Welfare and the

Japanese Ministry of Education, Culture, Sports,

Science, and Technology.

All statistical analyses were performed using the Sta-

tistical Analysis Systems (SAS, ver. 9.2; SAS Institute,

Cary, NC). Analysis of variance (ANOVA) was used to test

for statistical differences among the mean values. The chi-

square test was used to test for statistical differences among

the prevalence values. A multiple logistic regression model

was developed in each BMI group to assess the association

between WC and clustering of cardiovascular risk factors.

Adjusted odds ratio (OR) with 95% confidence intervals

(CI) for clustering of cardiovascular risk factors was cal-

culated per 5-cm increase in WC with adjustment for age.

Moreover, a receiver operating characteristic (ROC) curve

was created in each BMI group to assess the ability of WC

to discriminate subjects with and without a clustering of

cardiovascular risk factors. The area under curve (AUC)

was computed with the PLOC LOGISTIC procedure of the

SAS program. The most discriminative threshold with

the maximal sensitivity plus specificity was determined

as the optimal WC cutoff for the detection of clustering

of cardiovascular risk factors. The sensitivity and speci-

ficity of the BMI-specific WC cutoffs, compared with the

single WC cutoffs recommended by the International

Diabetes Federation (IDF) (90 cm for men and 80 cm for

women) [15] and by the Japanese Committee (85 cm for

men and 90 cm for women) [3], were calculated in each

BMI group.
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Results

Table 1 shows the characteristics of the study subjects. For

the 37,792 men, mean BMI was 23.6 (SD 3.3), and the

underweight and overweight groups accounted for 3.3 and

28.8% male study population, respectively. For the 19,349

women, mean BMI was 21.4 (3.4), and the underweight

and overweight groups accounted for 16.1 and 12.5% of

the female study population, respectively. The mean WC of

the underweight, normal weight, and overweight groups

showed an approximately 10-cm difference between the

groups for both sexes (p \ 0.001). Hypertension, hyper-

glycemia, dyslipidemia, and clustering of cardiovascular

risk factors were found in 29.9, 9.9, 27.2, and 16.0%,

respectively, of men and 14.0, 3.0, 5.9, and 3.4%, respec-

tively, of women, with significant BMI-dependent increa-

ses (p \ 0.001).

Table 2 shows the adjusted OR per 5-cm increase in WC

for clustering of cardiovascular risk factors. The adjusted

OR per 5-cm increase in WC for clustering of cardiovas-

cular risk factors was significantly[1.0 in all BMI groups,

with the exception of the underweight group of women, in

which the number of subjects with a clustering of cardio-

vascular risk factors was very few. Compared with the

normal weight group, the overweight group had a signifi-

cantly smaller OR value, while the underweight group had

an almost equivalent OR value.

Figure 1 shows the ROC curves of WC for clustering of

cardiovascular risk factors. Compared with the normal

Table 1 Characteristics of study subjects

Men Women

All

(n = 37,792)

BMI All

(n = 19,349)

BMI

Underweight

(n = 1,243)

Normal

weight

(n = 25,680)

Overweight

(n = 10,869)

Underweight

(n = 3,124)

Normal

weight

(n = 13,810)

Overweight

(n = 2,415)

Anthropometric variables (mean ± standard deviation)

BMI 23.6 ± 3.3 17.6 ± 0.7 22.2 ± 1.7 27.5 ± 2.6* 21.4 ± 3.4 17.5 ± 0.8 21.1 ± 1.7 28.0 ± 3.0*

Waist circumference

(cm)

83.6 ± 8.8 68.8 ± 4.0 80.3 ± 5.7 93.0 ± 7.3* 76.5 ± 9.3 67.1 ± 4.6 75.9 ± 6.5 91.7 ± 8.2*

Metabolic variables (mean ± standard deviation)

Systolic blood pressure

(mmHg)

120.4 ± 14.9 112.1 ± 14.3 118.3 ± 14.2 126.4 ± 14.7* 111.6 ± 15.3 105.3 ± 13.1 110.9 ± 14.5 123.9 ± 15.6*

Diastolic blood pressure

(mmHg)

75.2 ± 11.6 68.5 ± 10.8 73.6 ± 11.2 79.8 ± 11.3* 67.7 ± 10.9 63.9 ± 9.6 67.2 ± 10.4 75.5 ± 11.0*

Fasting blood glucose

(mg/dl)

95.7 ± 20.1 89.6 ± 15.9 93.9 ± 17.2 100.6 ± 25.4* 88.3 ± 11.9 85.6 ± 10.4 87.8 ± 10.4 95.0 ± 18.1*

Triglyceride

(mg/dl)

126.3 ± 103.6 78.1 ± 71.6 111.8 ± 86.4 166.2 ± 129.4* 74.0 ± 48.7 59.4 ± 48.0 71.2 ± 41.9 108.9 ± 66.6*

HDL cholesterol

(mg/dl)

58.8 ± 14.0 68.4 ± 15.4 60.8 ± 14.1 52.9 ± 11.6* 71.3 ± 14.8 76.7 ± 14.6 71.7 ± 14.3 61.8 ± 13.1*

Prevalence (%)

Hypertension 29.9 12.7 23.7 46.4* 14.0 5.4 11.8 37.5*

Hyperglycemia 9.9 3.3 7.4 16.7* 3.0 1.0 2.2 9.9*

Dyslipidemia 27.2 5.9 20.4 45.8* 5.9 1.7 4.7 18.4*

Clustering of

cardiovascular

risk factors

16.3 3.3 10.3 31.0* 3.4 0.3 2.1 14.8*

BMI body mass index, HDL high-density lipoprotein

* p \ 0.001 among BMI groups

Table 2 Adjusted odds ratios per 5-cm increase in waist circumfer-

ence for clustering of cardiovascular risk factors

BMI Odds ratio (95% confidence interval)

Men Women

All 1.36 (1.33–1.40)a 1.26 (1.18–1.35)a

Underweight 1.57 (1.12–2.20)b 1.50 (0.84–2.69)b

Normal weight 1.55 (1.49–1.62)b 1.53 (1.40–1.68)b

Overweight 1.34 (1.30–1.38)b 1.32 (1.23–1.41)b

a Adjusted for age and BMI
b Adjusted for age
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weight group, the overweight group had a curve closer to

the 45� diagonal of the ROC space. The underweight group

lay midway between the other two groups. The AUC (95%

CI) of the underweight, normal weight, and overweight

groups was 0.68 (0.59–0.77), 0.70 (0.69–0.71), and 0.62

(0.61–0.63), respectively, for men and 0.70 (0.53–0.86),

0.75 (0.73–0.78), and 0.64 (0.61–0.68), respectively, for

women. In all BMI groups combined, the maximal sensi-

tivity plus specificity was achieved at a WC of 85 cm for

men and 81 cm for women. The most discriminative

threshold of WC of the underweight, normal weight, and

overweight groups was estimated to be 69, 81, and 92 cm,

respectively, for men and 67, 78, and 91 cm, respectively,

for women.

Table 3 shows the sensitivity and specificity of single

and BMI-specific WC cutoffs used to discriminate subjects

with and without a clustering of cardiovascular risk factors.

When the single WC cutoffs recommended by the IDF [15]

and by the Japanese Committee [3] were applied to the

study subjects, the prevalence of a high WC (percentage of

subjects with a WC above the cutoff) differed widely

between the BMI groups. The sensitivity was considerably

lower in the underweight and normal weight groups, while

the specificity was considerably lower in the overweight

group. When the BMI-specific WC cutoffs were applied to

the study subjects, the prevalence of high WC was around

50% in all BMI groups. For both sexes, the sensitivity in

underweight and normal weight groups exceeded 0.7 and

the specificity in the overweight group exceeded 0.5.

The discriminatory ability of BMI-specific WC cutoffs

was compared with that of the single WC cutoff obtained

from this study. When all of the study subjects were taken

into account, the sensitivity and specificity of BMI-specific

WC cutoffs was estimated to be 0.67 and 0.55, respec-

tively, for men and 0.70 and 0.60, respectively, for women,

which were rather lower than those of the single WC cut-

off. When the study subjects were divided into those

without excess weight (the combined underweight and

normal weight group) and those with excess weight (the

overweight group), the BMI-specific WC cutoffs provided

a substantial improvement in sensitivity in those subjects

without excess weight; for men, the sensitivity and speci-

ficity of BMI-specific WC cutoffs was estimated to be 0.74

and 0.55, respectively, compared with 0.40 and 0.81,

respectively, for the single WC cutoff; for women, the

sensitivity and specificity of BMI-specific WC cutoffs was

estimated to be 0.74 and 0.61, respectively, compared with

0.56 and 0.82, respectively, for the single WC cutoff. In

those subjects with excess body weight, the BMI-specific

WC cutoffs provided higher specificity and a more

appropriate balance of sensitivity and specificity than the

single WC cutoff (0.62 and 0.54 vs. 0.95 and 0.11,

respectively, for men and 0.66 and 0.53 vs. 0.98 and 0.07,

respectively, for women).

Discussion

A number of studies have been conducted on the association

between WC and clustering of cardiovascular risk factors.

However, there have been few attempts to compare the

association between WC and clustering of cardiovascular

risk factors across BMI categories. Using the 2008 health

Fig. 1 Receiver operating characteristic (ROC) curves of waist

circumference for clustering of cardiovascular risk factors in men

(upper) and women (lower). BMI body mass index
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examination data of a Japanese health service association,

we have been able to demonstrate that high WC is associ-

ated with an increased risk of clustering of cardiovascular

risk factors independent of BMI. In our study, both the

magnitude of the association and the ability of WC to dis-

criminate subjects with and without a clustering of cardio-

vascular risk factors varied with obesity (BMI) status.

The multiple logistic regression analysis revealed a

significant association between WC and clustering of car-

diovascular risk factors in all BMI groups, with the

exception of the underweight group of women. The ROC

analysis showed a moderate ability of WC to discriminate

subjects with and without a clustering of cardiovascular

risk factors in all BMI groups. These results reinforce the

importance of the measurement of WC in addition to BMI

for cardiovascular risk assessment [16]. Although BMI and

WC are highly correlated, they measure different aspects of

obesity; WC, in contrast to BMI, can provide information

on fat distribution [17]. A combination of BMI and WC

may be a better risk measure than BMI alone.

The magnitude of the association between WC and

clustering of cardiovascular risk factors, as indicated by the

adjusted OR, was smaller in the overweight group than in

the normal weight and underweight groups. This result

does not refute the beneficial effect of WC reduction on

cardiovascular risk factors in people with excess weight.

However, the same 5-cm difference in WC may have a

smaller impact on subjects with excess weight than on

subjects without excess weight. In line with the difference

in the magnitude of the association between WC and

clustering of cardiovascular risk factors, the ability of WC

to discriminate subjects with and without a clustering of

cardiovascular risk factors, as indicated by the AUC, was

smaller in the overweight group than in the normal weight

and underweight groups. The measurement of WC is

simple, inexpensive, and noninvasive, which may be suit-

able for the first step of cardiovascular risk assessment in

the general population. Overall, the findings of this study

support the introduction of WC to the nationwide strategy

for detection of the metabolic syndrome [2]. However,

health professionals should take notice that WC is likely to

add limited information to that already provided by BMI

when used for cardiovascular risk assessment in people

with excess weight.

If WC is intended to be used for identifying people at an

increased risk of developing cardiovascular disease, the

most discriminative threshold of WC needs to be deter-

mined by the ROC analysis. When the single WC cutoffs

recommended by the IDF [15] and by the Japanese Com-

mittee [3] were applied to the study subjects, the preva-

lence of high WC (percentage of subjects with a WC above

the cut-off) differed widely between the BMI groups. As a

consequence of the unbalanced prevalence of high WC, the

single WC cutoffs recommended were less sensitive in the

underweight and normal weight groups and less specific in

the overweight group. The extremely low sensitivity in the

underweight and normal weight groups means that the use

of the single WC cutoffs recommended may lead to an

Table 3 Sensitivity and specificity of single and BMI-specific waist circumference cutoffs to discriminate subjects with and without a clustering

of cardiovascular risk factors

BMI Men Women

Cutoff

(cm)

Prevalence of high

waist circumference (%)

Sensitivity Specificity Cutoff

(cm)

Prevalence of high

waist circumference (%)

Sensitivity Specificity

International Diabetes Federation cutoffs

All 90 21.2 0.46 0.83 80 31.2 0.81 0.71

Underweight 90 0.1 0.00 1.00 80 0.2 0.00 1.00

Normal weight 90 4.2 0.10 0.97 80 26.9 0.64 0.74

Overweight 90 63.9 0.74 0.41 80 95.5 0.98 0.05

Japanese Committee cutoffs

All 85 40.9 0.71 0.65 90 8.3 0.44 0.93

Underweight 85 0.2 0.00 1.00 90 0.0 0.00 1.00

Normal weight 85 21.7 0.41 0.80 90 2.0 0.12 0.98

Overweight 85 90.9 0.95 0.11 90 54.8 0.70 0.48

BMI-specific cutoffs

All 85 40.9 0.71 0.65 81 28.1 0.78 0.74

Underweight 69 47.2 0.76 0.54 67 49.9 0.70 0.50

Normal weight 81 47.7 0.74 0.55 78 37.3 0.74 0.64

Overweight 92 50.6 0.62 0.54 91 49.4 0.66 0.53

BMI body mass index
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insufficient identification of people without excess weight

but with a clustering of cardiovascular risk factors.

The findings of this study support the conclusions drawn

by Ardern et al. [18]. Using data from the National Health

and Nutrition Examination Survey III and the Canada

Heart Health Survey, these researchers revealed that the

single WC cutoffs recommended by the National Institute

of Health and the Health Canada (102 cm for men and

88 cm for women) were inadequate to discriminate car-

diovascular risk within all BMI categories. Moreover, they

developed original BMI-specific WC cutoffs and confirmed

that the identification of people at increased risk of

developing cardiovascular disease was improved by using

the BMI-specific WC cutoffs.

According to the results of the ROC analysis in each

BMI group, the most discriminative threshold of WC

showed an approximately 10 cm difference between the

groups. The BMI-specific WC cutoffs provided a more

appropriate balance of sensitivity and specificity in all BMI

groups, while the discriminatory ability of BMI-specific

WC cutoffs in the total study group was lower than that of

the single WC cutoffs obtained from this study. Only in the

subjects without excess weight (the combined underweight

and normal weight group), did the BMI-specific WC cut-

offs provide a substantial improvement in sensitivity.

Further studies are necessary to confirm these findings in

other populations. However, it is worth noting that the

BMI-specific WC cutoffs may have a potential for better

identification of people without excess weight but with a

clustering of cardiovascular risk factors. Based on the

results of the 2008 National Health and Nutrition Survey,

71.4% of men and 79.4% of women aged C20 years are

estimated to have a BMI\25.0 in Japan [1]. The NIPPON

DATA Research Group revealed that the prevalence of

people without excess weight but with a clustering of

cardiovascular risk factors is quite high and that their

cardiovascular mortality risk is also high [19]. A better

identification of people without excess weight but with a

clustering of cardiovascular risk factors would seem to be a

valuable step in terms of improving public health in Japan.

The findings of this study are insufficient to recommend

the combined BMI–WC screening. Further studies are

necessary to validate the BMI-specific WC cutoffs using

representative samples of the general population. The dis-

criminatory ability of BMI-specific WC cutoffs, compared

with the existing (recommended) WC cutoffs, should be

confirmed in several different populations. On the other

hand, health professionals should take notice that because

of a low prevalence of clustering of cardiovascular risk

factors, the number of false-positive cases, indicated by a

1 - positive predictive value (PPV), is substantial in

people without excess weight. This misclassification is not

prevented by using BMI-specific cutoff; the PPV of BMI-

specific WC cutoffs was estimated to be 0.15 for men and

0.03 for women compared with the PVV of 0.19 and 0.05,

respectively, of the single WC cutoffs obtained in this study.

A main advantage of this study is the large number of

study subjects with a wide age range. Our findings provide

valuable information on the relationships among BMI,

WC, and cardiovascular risk factors in Japanese adults. On

the other hand, the study subjects consisted of participants

in the 2008 health examination at a Japanese health service

association; as such, they may not accurately represent the

general population. Caution should be taken when gener-

alizing the findings of this study. Moreover, the cross-

sectional design makes it difficult to determine the causal

relationship between WC and clustering of cardiovascular

risk factors. Miyatake et al. [20] reported that at least 3 cm

of WC reduction may be beneficial for improving meta-

bolic syndrome in obese Japanese men. Longitudinal

studies may be required to address the question of to what

extent is the increased risk of clustering of cardiovascu-

lar risk factors attributable to an increase in WC and to

clarify the beneficial effect of WC reduction on cardio-

vascular risk factors in the context of potential BMI

dependence.

Conclusion

Using the 2008 health examination data of a Japanese

health service association, the results reported here dem-

onstrate that, high WC was associated with an increased

risk of clustering of cardiovascular risk factors independent

of BMI. Both the magnitude of the association and the

ability of WC to discriminate subjects with and without a

clustering of cardiovascular risk factors varied with obesity

(BMI) status. We suggest that the BMI-specific WC cutoffs

have the potential to provide healthcare providers with a

better tool for identifying people without excess weight but

with a clustering of cardiovascular risk factors. Further

studies are necessary to confirm the discriminatory ability

of BMI-specific WC cutoffs before combined BMI–WC

screening programs can be recommended.
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