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ABSTRACT

Background: Waist-to-height ratio (WHtR) has been shown to be a useful screening tool for metabolic syndrome
and cardiovascular disease (CVD). We investigated the association of WHtR with CVD incidence by age group.
Methods: We conducted a 13.0-year cohort study of Japanese adults (2600 men and 2888 women) with no history
of CVD. WHtR was calculated as waist circumference (cm) (WC) divided by height (cm). We stratified participants
by sex and age group (3049, 50-69, >70 years). Using the Cox proportional hazards model, we calculated hazard
ratios (HRs) and 95% CIs for CVD in relation to WHtR quartile for participants aged 50 to 69 years and 70 years or
older.

Results: Men aged 50 to 69 years in the highest quartile had significantly increased risks of CVD and coronary
heart disease as compared with the lowest quartile; the HRs (95% CI) were 1.82 (1.13-2.92) and 2.42 (1.15-5.12),
respectively. Women aged 50 to 69 years in the highest quartile had a significantly increased risk of stroke (HR, 2.43;
95% CI, 1.01-5.85). No significant results were observed in men or women aged 70 years or older. The likelihood
ratio test showed that the predictive value of WHtR was greater than that of WC among men aged 50 to 69 years.
Conclusions: The association between WHtR and CVD risk differed among age groups. WHtR was useful in
identifying middle-aged Japanese at higher risk of CVD and was a better predictor than WC of CVD, especially in

men.
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INTRODUCTION

Obesity and central obesity are closely tied to metabolic
risks."> Waist circumference (WC) is an index of central
obesity® and is an important component in the diagnostic
criteria for metabolic syndrome.* Several meta-analyses have
reported an association of WC with cardiovascular disease
(CVD) and mortality.>® Recently, waist-to-height ratio
(WHtR) was shown to be a useful global clinical screening
tool for cardiometabolic risk and CVD.”3

WHEIR is easy to measure, and the cut-off point for WHtR is
subject to less ethnic variation.”® However, WHtR could
differ among age groups because whole-body fat distribution
and WC change considerably with age®'? and because height

differs among generations.!! It is thus important to consider
age in assessing the association between WHtR and CVD risk,
but few previous studies have done so.'>!* Therefore, in this
long-term prospective cohort study of a Japanese urban
population, we investigated the effect of WHtR on CVD risk
among participants classified by age group.

METHODS

Study population

The Suita Study is a prospective population-based cohort
study of an urban area of Japan and was established in 1989.
The details of this study have been described elsewhere.!41
Briefly, 6407 men and women aged 30 to 83 years underwent
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a baseline survey at the National Cerebral and Cardiovascular
Center between September 1989 and March 1994. Among
them, a total of 919 were excluded due to past history of
CVD (n =208), loss to follow-up (n =535), and missing data
(n=176). The remaining 5488 participants (2600 men and
2888 women) were included in the analysis. This cohort study
was approved by the Institutional Review Board of the
National Cerebral and Cardiovascular Center.

Baseline examination

Blood samples were centrifuged immediately after collection,
and a routine blood examination was performed, including
measurement of serum levels of total cholesterol and glucose.
About 96% of participants had fasted for at least 8 hours
before the blood test. Well-trained physicians used a standard
mercury sphygmomanometer to measure blood pressure in
triplicate on the right arm after 5 minutes of rest. Hypertension
was defined as systolic blood pressure of at least 140 mm Hg,
diastolic blood pressure of at least 90 mmHg, or use of
antihypertensive agents. Diabetes was defined as a fasting
plasma glucose level of at least 7.0 mmol/L (126 mg/dL),
a non-fasting plasma glucose level of at least 11.1 mmol/L
(200 mg/dL), or use of antidiabetic agents. Hypercholes-
terolemia was defined as a total cholesterol level of at
least 5.7 mmol/L (220 mg/dL) or use of antihyperlipidemic
agents. Participants were wearing light clothing during
height and weight measurement. WC was measured at the
umbilical level, with the participant in a standing position.
WHtR was defined as WC (cm) divided by height (cm).
Body mass index (BMI) was defined as weight (kg) divided
by the height (m) squared. Public-health nurses obtained
information on participants’ smoking, drinking, and medical
histories.

Endpoint determination

The endpoint determination has been previously reporte
The endpoints of the present study were (1) date of first
coronary heart disease (CHD) or stroke event; (2) date of
death; (3) date of departure from Suita city; or (4) December
31, 2007. The first step in the survey of CHD and stroke was
checking the health status of all participants by means of
clinical visits every 2 years and a yearly questionnaire (by
mail or telephone). For the second step, in-hospital medical
records of participants suspected of having CHD or stroke
were reviewed by registered hospital physicians, who were
blinded to the baseline information. In addition, to complete
the survey, we also conducted a systematic search of death
certificates to identify cases of fatal CHD and stroke. In Japan,
all death certificates are forwarded to the Ministry of Health,
Welfare, and Labour and coded for the National Vital
Statistics. The criteria for myocardial infarction were based
on the World Health Organization Monitoring of Trends
and Determinants in Cardiovascular Disease projects.!” In
addition to myocardial infarction, we also evaluated coronary
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angioplasty, coronary artery bypass grafting, and sudden
cardiac death, all of which were included in the definition of
CHD. Stroke was defined according to criteria from the US
National Survey of Stroke and was confirmed by computed
tomography.'® Classification of stroke was based on exam-
ination of computed tomography scans, magnetic resonance
images, and autopsy findings.

Statistical analysis

To assess the association between age and WHIR, we
analyzed mean WC, height, and WHtR according to age in
men and women. Pearson product-moment correlation
coefficients between height and waist were calculated by
sex and age group (30—49, 50-69, >70 years). Participants
were categorized based on quartiles of WHtR by sex and
age group. To compare baseline characteristics among WHtR
quartiles, analysis of variance was used for continuous
variables and the y* test was used for dichotomous and
categorical variables.

The Cox proportional hazards model was used to
investigate the association between WHtR and CVD risk
only among participants aged 50 to 69 years and 70 years or
older, because there were too few CVD cases (men: 17,
women: 11) for statistical analysis among those aged 30 to 49
years. Interaction terms were added to the models to assess the
interaction between age and WHtR quartile for the risk of
CVD. Hazard ratios (HRs) and 95% CIs were computed,
and the lowest quartile of WHtR was defined as the reference
group. To adjust for confounding factors, we included age,
smoking status (current, quit, or never), and drinking status
(current, quit, or never) in the model. Cardiometabolic risk
factors such as hypertension, diabetes, and hypercholes-
terolemia were not included in the model because central
obesity is upstream in the “metabolic domino”.!® However,
in sensitivity analysis, we adjusted for hypertension, diabetes,
and hypercholesterolemia to confirm that WHtR was an
independent risk factor. The same analysis was performed for
WC. In addition, to further assess cut-off points for WHtR,
the highest quartile was dichotomized by median WHtR
(ie, upper Q4 and lower Q4), and HRs and 95% Cls were
estimated. The likelihood ratio test was used to compare the
predictive values of WHtR with WC, as follows. First, we
calculated the —2 logarithm likelihood for the model including
the confounding factors, age, smoking, and drinking status
(—=2In/[L.]). Second, we calculated the —2 logarithm likelihood
for the model including the confounding factors plus
WHtR (—2In[L.+wur]). The difference, ie, (—2n[L.]—
(—2In[L.+wmr])), had an approximate y’ distribution with
1 degree-of-freedom. The same analysis was performed for
WC.

All P values were 2-tailed, and a P value less than 0.05
was considered statistically significant. All statistical analyses
were performed with SPSS (Version 20.0J; Japan IBM,
Tokyo, Japan).
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Figure.

RESULTS

During the follow-up period (mean, 13.0 years), 428 CVD
events (184 CHD and 244 strokes) were observed. The Figure
shows average WC, height, and WHtR by sex and age. WC in
men increased up to age 50 years, remained almost unchanged
from age 50 to 69 years, and decreased at age 70 years or
older. WC in women younger than 75 years increased with
advancing age and decreased in women aged 75 years or
older, as compared with women aged 70 to 74 years. Height
decreased with advancing age in both sexes. WHtR in men
increased until approximately age 60 years. WHtR in women
younger than 75 years increased with advancing age. The
Pearson product-moment correlation coefficients (95% CI)
between height and WC were 0.16 (0.09-0.22), 0.24
(0.19-0.30), and 0.13 (0.04-0.22) among men aged 30 to
49, 50 to 69, and 70 years or older, respectively, and 0.07
(0.01-0.13), 0.07 (0.02-0.13), 0.09 (—0.003-0.19) among
women in the respective age groups.

Tables 1 and 2 summarize the baseline characteristics
according to WHtR quartile (results among men and women
aged 30—49 years are shown in eTable 1.) The prevalence of
hypertension significantly differed by WHtR quartile, except
among men aged 70 years or older. The prevalence of
hypercholesterolemia and diabetes significantly differed by
WHtR quartile among men and women aged 50 to 69 years.

Table 3 shows multivariable-adjusted HRs and 95% Cls
for CVD and its subtypes according to WHtR quartile. A
significant interaction was observed between age and WHtR
for CVD among men (P for interaction = 0.02). Men aged 50
to 69 years in the highest quartile had significantly higher
risks of CVD and CHD as compared with men in the lowest
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(a) Average WC (waist circumference), height, and (b) waist-to-height ratio according to age (The Suita Study, Japan)

quartile; the HRs (95% CI) were 1.82 (1.13-2.92) and 2.42
(1.15-5.12), respectively. There were significant linear
increases in the HRs for CVD, CHD, and ischemic stroke
in men aged 50 to 69 years. After further adjustment for
hypertension, diabetes, and hypercholesterolemia, the HRs
(95% CI) were 1.46 (0.90-2.36) and 1.89 (0.89-4.03),
respectively (eTable 3). Women aged 50 to 69 years in the
highest quartile had a significantly higher risk of stroke than
did those in the lowest quartile; the HR (95% CI) was 2.43
(1.01-5.85). There were significant linear increases in the
HRs of CVD and stroke in women aged 50 to 69 years.
After further adjustment for hypertension, diabetes, and
hypercholesterolemia, the HR (95% Cls) was 2.06 (0.84—
5.04) (eTable 3).

When men aged 50 to 69 years in the highest quartile were
dichotomized by median WHtR (0.56), the HR (95% CI) for
CVD was 1.37 (0.76-2.46) for those in the lower WHtR
group and 2.34 (1.38-3.97) for those in the upper WHtR
group (eTable 2). When women aged 70 years or older in the
highest quartile were dichotomized by median WHtR (0.65),
the HR for CVD was 1.42 (0.63-3.18) for those in the lower
WHtR group and 2.33 (1.10-4.94) for those in the upper
WHIR group. After adjustment for hypertension, diabetes, and
hypercholesterolemia, the HRs in the upper WHtR decreased
but remained significant, ie, 1.78 (1.04-3.05) among men
aged 50 to 69 years and 2.16 (1.02—4.61) among women aged
70 years or older.

Table 4 shows the HRs and 95% CIs for CVD in relation to
WC quartile. Among men aged 50 to 69 years in the highest
quartile, the HR for CVD was 1.63 (1.03-2.59), although the
HRs of CVD did not show a significant linear increase in this
group. Among women aged 50 to 69 years, a significant linear

J Epidemiol 2013,;23(5):351-3569
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Table 1. Baseline characteristics of men, according to age group and quartile of waist-to-height ratio: The Suita Study, Japan
Q1 (low) Q2 Q3 Q4 (high) P-value
Age 50-69 years
No. of subjects 308 304 304 308
Waist-to-height ratio 0.374-0.475 0.476-0.508 0.509-0.536 0.537-0.761
Waist, cm 74.0+4.3 81.2+29 85.7+3.1 92.8+55 <0.01
Height, cm 165.0+£5.3 164.9+5.6 164.4+54 163.7+5.3 0.01
Age, years 59.0+5.3 59.1+£5.2 59.1+5.5 59.4+53 0.77
Body mass index, kg/m? 201 +£1.7 221+15 23715 259+23 <0.01
Hypertension, % 31 35 45 51 <0.01
Diabetes, % 6 7 9 11 0.045
Hypercholesterolemia, % 23 28 40 35 <0.01
Smoking status 58/25/17 50/31/19 46/35/19 44/38/19 0.01
(current/quit/never), %
Drinking status 79/2/119 7414122 7914117 76/4/21 0.58
(current/quit/never), %
Age 270 years
No. of subjects 120 120 124 119
Waist-to-height ratio 0.352-0.472 0.473-0.508 0.509-0.543 0.544-0.688
Waist, cm 70.6+5.0 79.8+3.4 84.9+3.3 92.2+56 <0.01
Height, cm 162.5+6.0 162.2+5.7 161.3+5.3 159.3+6.0 <0.01
Age, years 74.0+3.0 73.5+2.7 74127 73.7+29 0.40
Body mass index, kg/m? 18.5+1.7 21317 22714 25.6+20 <0.01
Hypertension, % 42 44 51 57 0.07
Diabetes, % 4 7 7 8 0.70
Hypercholesterolemia, % 23 29 26 31 0.46
Smoking status 37/48/16 42/41/18 38/47/15 30/50/19 0.66
(current/quit/never), %
Drinking status 58/8/33 62/11/28 62/6/32 65/8/28 073

(current/quit/never), %

Continuous data with a normal distribution were analyzed with analysis of variance: mean + SD.

Dichotomous and categorical data were analyzed with the y? test.

Q, quartile; hypertension was defined as systolic blood pressure/diastolic blood pressure = 140/90 mmHg or current use of antihypertensive
medications; diabetes was defined as a fasting plasma glucose level = 7.0 mmol/L, a non-fasting plasma glucose level = 11.1 mmol/L, or current use
of antidiabetic medications; hypercholesterolemia was defined as a total serum cholesterol level = 5.7 mmol/L or current use of antihyperlipidemic

medications.

increase was observed in the HRs for CVD (P for trend =
0.04). However, after further adjustment for hypertension,
diabetes, and hypercholesterolemia, these associations were
no longer significant among men or women.

The y* values for the likelihood ratio test were 6.49
(P =0.01) for WHtR and 3.63 (P = 0.06) for WC among men
aged 50 to 69 years, and 4.45 (P =0.03) for WHtR and 4.54
(P =0.03) for WC among women aged 50 to 69 years.

DISCUSSION

Our main findings were that WHtR was significantly
positively associated with CVD and CHD risk among men
aged 50 to 69 years and with stroke risk among women aged
50 to 69 years. Among men, there was a significant interaction
between age and WHtR for CVD incidence. Among women
aged 50 to 69 years, there was a borderline association
between a WHIR in the highest quartile and increased CVD
risk. In addition, among women aged 70 years or older, a
WHIR in the upper level of the highest quartile was associated
with significantly elevated CVD risk. These findings suggest
that the association between WHtR and CVD incidence differs
according to age and sex.

J Epidemiol 2013;23(5):351-359

Two previous studies, in the United States and China,
reported that the association between WHtR and CVD risk
was stronger among younger adults as compared with
elderly adults.'>!* We too observed a significantly stronger
association between WHtR and CVD risk among relatively
young adults (age 50-69 years) as compared with elderly
adults (age >70 years), which supports the results of previous
studies. Consequently, these findings suggest that age
stratification is important in estimating the association
between WHtR and CVD risk.

In this population, physical frame, eg, WC and height,
differed by age group. It has been reported that WC and the
ratio of abdominal fat to whole-body fat differ by age.!°
In addition, the National Health and Nutrition Examination
Survey in Japan noted that height clearly differed by
generation.!! This generational difference in physical frame,
as well as aging, could lead to age differences in the
association between WHtR and CVD risk.

A recent meta-analysis reported an optimal cut-off point of
0.50 for WHIR in both sexes.” However, the present findings
suggest that, regardless of age or sex, a cut-off of 0.50 is
somewhat low for identifying individuals at higher risk for
CVD. The association with CVD risk was of at least
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Table 2. Baseline characteristics of women, according to age group and quartile of waist-to-height ratio: The Suita Study, Japan

Q1 (low) Q3 Q4 (high) P-value

Age 50-69 years

No. of subjects 337 340 335 339

Waist-to-height ratio 0.348-0.472 0.473-0.520 0.521-0.568 0.569-0.838

Waist, cm 67.3+4.1 754 +3.3 82.7+34 92.1+6.6 <0.01

Height, cm 153.0+4.7 151.8+4.9 152.1+5.1 150.3+5.2 <0.01

Age, years 57.6+5.3 58.5+5.3 59.5+5.2 60.5+54 <0.01

Body mass index, kg/m? 19.8+2.0 21.7+20 23.1+£23 259+3.3 <0.01

Hypertension, % 21 36 52 <0.01

Diabetes, % 2 5 9 <0.01

Hypercholesterolemia, % 49 57 62 0.01

Smoking status 11/2/86 11/3/86 9/3/88 12/5/84 0.43

(current/quit/never), %

Drinking status 26/2/73 20/2/69 28/2/71 31/1/68 075

(current/quit/never), %

Postmenopausal, % 90 95 94 0.06
Age 270 years

No. of subjects 103 103 103 103

Waist-to-height ratio 0.379-0.496 0.497-0.554 0.556-0.602 0.603-0.812

Waist, cm 68.1+4.4 77341 85.6+3.6 95.2+6.4 <0.01

Height, cm 148.4+5.5 147.7 £ 6.1 148.1+£5.1 1458 +5.1 <0.01

Age, years 738129 73427 738127 74.0+26 0.56

Body mass index, kg/m? 19.1+2.1 21.3+23 23.1+2.1 26.2+29 <0.01

Hypertension, % 53 50 64 0.03

Diabetes, % 2 6 4 0.54

Hypercholesterolemia, % 42 53 52 0.32

Smoking status 12/6/83 9/4/87 6/5/89 7/5/88 078

(current/quit/never), %

Drinking status 22/5/73 18/2/81 19/1/80 19/4/77 0.62

(current/quit/never), %

Postmenopausal, % 100 100 100 100 1.00

Continuous data with a normal distribution were analyzed with analysis of variance: mean + SD.

Dichotomous and categorical data were analyzed with the y? test.

Q, quartile; hypertension was defined as systolic blood pressure/diastolic blood pressure = 140/90 mmHg or current use of antihypertensive
medications; diabetes was defined as a fasting plasma glucose level =2 7.0 mmol/L, a non-fasting plasma glucose level = 11.1 mmol/L, or current use
of antidiabetic medications; hypercholesterolemia was defined as a total serum cholesterol level = 5.7 mmol/L or current use of antihyperlipidemic

medications.

borderline significance for a WHtR in the fourth quartile,
except among men aged 70 years or older. Additional analyses
showed that the risks markedly increased, particularly in the
upper level of the fourth WHtR quartile, among men aged 50
to 69 years and women aged 70 years and older. These results
suggest the presence of a threshold rather than a dose-response
relation for WHtR, although the present sample was too small
to confirm this hypothesis. Additionally, we think that cut-offs
should be set in relation to age and sex. On the basis of our
results, we propose the following cut-offs (which do not
include men aged 70 years or older): 0.560 for men aged 50 to
69 years, 0.569 for women aged 50 to 69 years, and 0.647 for
women aged 70 years or older.

The risk of CVD among men aged 50 to 69 years, and
women aged 70 years, in the upper level of the highest
quartile was significantly elevated even after adjustment for
hypertension, hyperlipidemia, and diabetes. We believe that
there are 2 possible explanations for this finding. First, an
extremely high WHtR might actually be an independent risk
factor ie, separate from classical cardiometabolic risks. It has
been reported that abdominal obesity is related to increased

levels of plasminogen activator inhibitor-1, which can lead to
blood coagulation.?’ Such background mechanisms might be
important. Second, our findings could be due to insufficient
adjustment for confounders in the Cox regression model.
Irrespective of the reason, men aged 50 to 69 years, and
women aged 70 years or older, with extremely high WHtRs
have a considerably higher risk for CVD and should be
closely monitored.

We previously investigated the association between WC
and CVD risk without age stratification’’ and found a
significant association between WC and the risks of CVD
and stroke among women but no significant association
among men. However, the present age-stratified analysis of
WC suggests that our previous results were substantially
influenced by age. Therefore, we compared WHtR and WC in
relation to CVD in analysis stratified by age group and found
that the HRs associated with the highest quartile of WHtR
were higher than those associated with WC among middle-
aged men and that the predictive value of WHtR was greater
than that of WC. Several previous studies reported similar
results'>?2-24; therefore our findings are consistent with those

J Epidemiol 2013,;23(5):351-3569
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Table 3. Multivariable-adjusted hazard ratios for cardiovascular disease according to sex, age group, and quartile of WHtR:

The Suita Study, Japan

Q1 (low) Q2 Q3 Q4 (high) P for trend
Men
Age 50-69 years
Person-years 4070 3069 3879 3842
CVD, no. of cases 28 31 32 47
HRs 1 1.14 (0.68-1.90) 1.23 (0.74-2.05) 1.82 (1.13-2.92) 0.01
CHD, no. of cases 10 16 16 23
HRs 1 1.57 (0.71-3.47) 1.72 (0.77-3.80) 2.42 (1.15-5.12) 0.02
Stroke, no. of cases 18 15 16 24
HRs 1 0.91 (0.46-1.81) 0.95 (0.48-1.87) 1.56 (0.84-2.89) 0.16
Ischemic stroke, no. of cases 10 9 15 18
HRs 1 0.99 (0.40-2.43) 1.59 (0.71-3.56) 2.06 (0.94-4.49) 0.04
Age 270 years
Person-years 1055 1128 1193 1155
CVD, no. of cases 21 29 27 30
HRs 1 1.36 (0.77-2.39) 1.09 (0.62-1.93) 1.36 (0.78-2.38) 0.45
CHD, no. of cases 13 11 10 15
HRs 1 0.87 (0.39-1.97) 0.63 (0.28-1.45) 1.09 (0.52-2.30) 0.99
Stroke, no. of cases 8 18 17 15
HRs 1 2.09 (0.90-4.81) 1.79 (0.77-4.15) 1.84 (0.78-4.35) 0.29
Ischemic stroke, no. of cases 4 12 10 1
HRs 1 2.84 (0.91-8.83) 2.22 (0.69-7.07) 2.71 (0.86-8.53) 0.18
Women
Age 50-69 years
Person-years 4811 4863 4477 4470
CVD, no. of cases 16 18 21 33
HRs 1 1.09 (0.56-2.14) 1.32 (0.69-2.54) 1.80 (0.98-3.32) 0.04
CHD, no. of cases 9 4 4 13
HRs 1 0.47 (0.14-1.51) 0.47 (0.14-1.54) 1.35 (0.56-3.22) 0.43
Stroke, no. of cases 7 14 17 20
HRs 1 1.85 (0.75-4.60) 2.35 (0.97-5.70) 2.43 (1.01-5.85) 0.04
Ischemic stroke, no. of cases 3 7 9 10
HRs 1 2.09 (0.54-8.10) 2.78 (0.75-10.33) 2.35 (0.63-8.77) 0.22
Age 270 years
Person-years 1095 1259 1164 1094
CVD, no. of cases 15 15 13 24
HRs 1 1.00 (0.48-2.08) 0.91 (0.43-1.93) 1.83 (0.95-3.53) 0.08
CHD, no. of cases 6 7 5 9
HRs 1 1.23 (0.40-3.77) 0.98 (0.29-3.32) 1.78 (0.62-5.14) 0.34
Stroke, no. of cases 9 8 8 15
HRs 1 0.85 (0.32-2.23) 0.88 (0.34-2.29) 1.92 (0.83-4.45) 0.11
Ischemic stroke, no. of cases 5 4 4 9
HRs 1 0.83 (0.22-3.16) 0.77 (0.21-2.91) 1.99 (0.66-6.04) 0.21

Multivariable adjustment was performed for age, smoking, and drinking status. Parentheses indicate 95% Cls for HRs.

Abbreviations: WHtR, waist-to-height ratio; Q, quartile; CVD, cardiovascular disease; CHD, coronary heart disease; HR, hazard ratio.

of previous studies. In contrast, WHtR and WC had similar
predictive values for CVD among women in the present study.
Many previous studies found that WHtR was similar to WC
in predicting CVD risk among women.'>?2242¢ The effect
of dividing WC by height might be limited because the
correlation of WC with height is weaker among women than
among men. Consequently, we believe that WHtR is a better
predictor than WC, particularly among middle-aged men.
The superiority of WHtR might be explained by the fact
that WHtR, as measured by computed tomography, was more
closely correlated than WC with intra-abdominal fat,” and
a previous study reported that intra-abdominal fat was
positively associated with number of cardiometabolic risk
factors.?® In addition, shorter adults tend to have more

J Epidemiol 2013;23(5):351-359

cardiometabolic risk factors than do taller individuals with a
similar WC.? This suggests that WHIR, ie, dividing WC by
height, is more strongly related than WC to cardiometabolic
risk factors. Thus, we believe that WHtR better reflects the
accumulation of cardiometabolic risks and leads to superior
prediction of CVD.

BMI, along with indices of central obesity, has been an
important obesity index in predicting CVD incidence,*
although a meta-analysis reported that the predictive power
of WHIR for CVD was higher than that of BMIL.” Another
report found a significant association between BMI and CVD
after adjustment for WHtR'? and suggested that WHtR and
BMI are independently associated with CVD risk. Therefore, it
might be better to use both BMI and WHItR to assess obesity.
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Table 4. Multivariable-adjusted hazard ratios for cardiovascular disease according to sex, age group, and quartile of WC:

The Suita Study, Japan

Q1 (low) Q2 Q3 Q4 (high) P for trend
Men
Age 50-69 years
Person-years 4078 4004 3872 3806
CVD, no. of cases 32 33 29 44
HRs 1 1.07 (0.66-1.75) 0.97 (0.58-1.61) 1.63 (1.03-2.59) 0.06
CHD, no. of cases 13 17 12 23
HRs 1 1.28 (0.62-2.63) 0.96 (0.44-2.12) 2.02 (1.02-4.02) 0.07
Stroke, no. of cases 19 16 17 21
HRs 1 0.97 (0.50-1.88) 0.96 (0.49-1.86) 1.43 (0.76-2.67) 0.31
Ischemic stroke, no. of cases 13 9 13 17
HRs 1 0.80 (0.34-1.87) 1.07 (0.49-2.31) 1.64 (0.79-3.41) 0.15
Age 270 years
Person-years 999 1208 1200 1124
CVD, no. of cases 25 28 27 27
HRs 1 0.94 (0.55-1.62) 0.91 (0.53-1.58) 1.06 (0.61-1.84) 0.87
CHD, no. of cases 14 11 12 12
HRs 1 0.67 (0.30-1.47) 0.65 (0.30-1.43) 0.82 (0.38-1.78) 0.60
Stroke, no. of cases 11 17 15 15
HRs 1 1.29 (0.60-2.77) 1.21 (0.55-2.66) 1.36 (0.62-2.99) 0.52
Ischemic stroke, no. of cases 5 10 10 12
HRs 1 1.70 (0.58-4.98) 1.82 (0.62-5.37) 2.26 (0.79-6.47) 0.14
Women
Age 50-69 years
Person-years 4669 4685 5046 4221
CVD, no. of cases 15 18 25 30
HRs 1 1.19 (0.60-2.36) 1.43 (0.75-2.71) 1.87 (1.00-3.51) 0.04
CHD, no. of cases 7 5 5 13
HRs 1 0.74 (0.24-2.34) 0.65 (0.21-2.08) 1.86 (0.73-4.72) 0.18
Stroke, no. of cases 8 13 20 17
HRs 1 1.56 (0.65-3.77) 2.06 (0.90-4.70) 1.93 (0.82-4.54) 0.1
Ischemic stroke, no. of cases 4 6 9 10
HRs 1 1.44 (0.41-5.10) 1.70 (0.52-5.54) 2.00 (0.62-6.52) 0.23
Age 270 years
Person-years 1175 1234 1046 1157
CVD, no. of cases 16 16 15 20
HRs 1 1.05 (0.52-2.11) 1.11 (0.54-2.25) 1.45 (0.74-2.83) 0.28
CHD, no. of cases 8 6 7 6
HRs 1 0.85 (0.29-2.49) 1.21 (0.43-3.43) 0.88 (0.30-2.59) 0.98
Stroke, no. of cases 8 10 8 14
HRs 1 1.24 (0.49-3.14) 1.10 (0.41-2.93) 2.00 (0.83—4.87) 0.15
Ischemic stroke, no. of cases 5 4 4 9
HRs 1 0.85 (0.23-3.21) 0.93 (0.25-3.47) 1.86 (0.61-5.61) 0.24

Multivariable adjustment was performed for age, smoking, and drinking status. Parentheses indicate 95% Cls for HRs.
Abbreviations: WC, waist circumference; Q, quartile; CVD, cardiovascular disease; CHD, coronary heart disease; HR, hazard ratio.

Our study has several limitations. First, the number of
cases of CVD among participants aged 30 to 49 years was
insufficient for statistical analysis. Further study is required
to confirm an association between WHtR and CVD risk
among younger adults. Second, the effect of visceral fat
could not be estimated because we did not use computed
tomography to measure abdominal fat distribution. Third,
changes in WHtR during the follow-up period were not
considered in the present study. Finally, because WC was
measured once, the estimated risks might have been
underestimated because of regression dilution bias.’!

In conclusion, the present findings suggest that WHtR is
useful in identifying middle-aged Japanese at higher risk of
CVD and is more predictable than WC in determining CVD

risk, especially among men. In addition, the data indicate that
WHItR cut-off points should be set according to sex and age.
This study enrolled a limited Japanese population, and further
studies with larger and more ethnically diverse samples are
required to confirm our findings.

ONLINE ONLY MATERIALS

eTable 1. Baseline characteristics and CVD incidence among
men and women aged 30-49 years according to quartile of
waist-to-height ratio: the Suita Study, Japan.

eTable 2. Multivariable-adjusted hazard ratios for cardio-
vascular disease in the upper and lower fourth quartile of
WHIR according to sex and age group: the Suita Study, Japan.

J Epidemiol 2013,;23(5):351-3569



358

eTable 3. Multivariable-adjusted hazard ratios for cardio-
vascular disease according to sex, age group, and quartile of
WHtR: the Suita Study, Japan.

Abstract in Japanese.

ACKNOWLEDGMENTS

The present study was supported by the Intramural Research
Fund of the National Cerebral and Cardiovascular Center (22-
4-5), a grant-in-aid from the Ministry of Health, Labour and
Welfare (H23-Seishu-005), and a grant-in-aid for scientific
research (C) from the Japan Society for the Promotion of
Science (no. 24590837). We are sincerely grateful to the
members of the Suita Medical Foundation and the Suita City
Health Center. We also thank all researchers and co-medical
staff at the Department of Preventive Cardiology, National
Cerebral and Cardiovascular Center, for their excellent medical
examinations and follow-up surveys. Finally, we thank the
Satsuki-Junyukai, the society members of the Suita Study.
Conflicts of interest: None declared.

REFERENCES

1. Kaplan NM. The deadly quartet. Upper-body obesity, glucose
intolerance, hypertriglyceridemia, and hypertension. Arch Intern
Med. 1989;149:1514-20.

2. DeFronzo RA, Ferrannini E. Insulin resistance. A multifaceted
syndrome responsible for NIDDM, obesity, hypertension,
dyslipidemia, and atherosclerotic cardiovascular disease.
Diabetes Care. 1991;14:173-94.

3. Han TS, van Leer EM, Seidell JC, Lean ME. Waist
circumference action levels in the identification of cardio-
vascular risk factors: prevalence study in a random sample. BMJ.
1995;311:1401-5.

4. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI,
Donato KA, et al; International Diabetes Federation Task Force
on Epidemiology and Prevention; Hational Heart, Lung, and
Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; International
Association for the Study of Obesity. Harmonizing the metabolic
syndrome: a joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute;
Heart Association; World Heart Federation; International
Atherosclerosis Society; and International Association for the
Study of Obesity. Circulation. 2009;120:1640-5.

5. Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB,
Overvad K, et al. General and abdominal adiposity and risk of
death in Europe. N Engl J Med. 2008;359:2105-20.

6. de Koning L, Merchant AT, Pogue J, Anand SS. Waist
circumference and waist-to-hip ratio as predictors of

American

cardiovascular events: meta-regression analysis of prospective
studies. Eur Heart J. 2007;28:850-6.

7. Browning LM, Hsieh SD, Ashwell M. A systematic review of
waist-to-height ratio as a screening tool for the prediction of
cardiovascular disease and diabetes: 0-5 could be a suitable

J Epidemiol 2013;23(5):351-359

10.

I1.

12.

13.

14.

19.

20.

21.

22.

Waist-to-Height Ratio and Cardiovascular Disease

global boundary value. Nutr Res Rev. 2010;23:247-69.

. Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a better

screening tool than waist circumference and BMI for adult
cardiometabolic risk factors: systematic review and meta-
analysis. Obes Rev. 2012;13:275-86.

. Kotani K, Tokunaga K, Fujioka S, Kobatake T, Keno Y, Yoshida

S, et al. Sexual dimorphism of age-related changes in whole-
body fat distribution in the obese. Int J Obes Relat Metab Disord.
1994;18:207-12.

Stevens J, Katz EG, Huxley RR. Associations between gender,
age and waist circumference. Eur J Clin Nutr. 2010;64:6—15.
Ministry of Health, Labour and Welfare, Japan. The National
Health and Nutrition Survey in Japan 2008 Office for Life-style
Related Diseases Control, General Affairs Division, Health
Service Bureau, Ministry of Health, Labour and Welfare, Tokyo.
2011 (in Japanese).

Gelber RP, Gaziano JM, Orav EJ, Manson JE, Buring JE, Kurth
T. Measures of obesity and cardiovascular risk among men and
women. ] Am Coll Cardiol. 2008;52:605-15.

Zhang X, Shu XO, Gao YT, Yang G, Matthews CE, Li Q, et al.
Anthropometric predictors of coronary heart disease in Chinese
women. Int J Obes Relat Metab Disord. 2004;28:734—40.
Kokubo Y, Kamide K, Okamura T, Watanabe M, Higashiyama
A, Kawanishi K, 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.

. Okamura T, Kokubo Y, Watanabe M, Higashiyama A,

Miyamoto Y, Yoshimasa Y, et al. Low-density lipoprotein
cholesterol and non-high-density lipoprotein cholesterol and the
incidence of cardiovascular disease in an urban Japanese cohort
study: The Suita study. Atherosclerosis. 2009;203:587-92.

. Watanabe M, Kokubo Y, Higashiyama A, Ono Y, Miyamoto Y,

Okamura T. Serum 1,5-anhydro-D-glucitol levels predict first-
ever cardiovascular disease: an 11-year population-based cohort
study in Japan, the Suita study. Atherosclerosis. 2011;216:
477-83.

. Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D,

Rajakangas AM, Pajak A. Myocardial infarction and coronary
deaths in the World Health Organization MONICA Project:
Registration procedures, event rates, and case-fatality rates in 38
populations from 21 countries in four continents. Circulation.
1994;90:583-612.

. Walker AE, Robins M, Weinfeld FD. The National Survey

of Stroke. Clinical findings. Stroke. 1981;12(2 Pt 2 Suppl 1):
113-44.

Itoh H. What is ‘metabolic domino effect’?>—new concept in
lifestyle-related diseases [Review]. Nihon Rinsho. 2003;61:
1837—43 (in Japanese).

Schneider DJ, Sobel BE. PAI-1 and diabetes: a journey from the
bench to the bedside. Diabetes Care. 2012;35:1961-7.
Furukawa Y, Kokubo Y, Okamura T, Watanabe M, Higashiyama
A, Ono Y, et al. The relationship between waist circumference
and the risk of stroke and myocardial infarction in a Japanese
urban cohort: the Suita study. Stroke. 2010;41:550-3.

Cox BD, Whichelow MJ, Prevost AT. The development of
cardiovascular disease in relation to anthropometric indices and
hypertension in British adults. Int J] Obes Relat Metab Disord.
1998;22:966-73.


http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=2662932&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=2662932&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=2044434&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8520275&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8520275&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19805654&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19005195&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17403720&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20819243&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22106927&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8044194&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8044194&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19738633&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18702962&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15052279&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18725580&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18783774&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21414624&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21414624&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8026046&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8026046&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7222164&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7222164&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=14577312&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=14577312&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22996180&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20056924&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9806311&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9806311&dopt=Abstract

23.

24.

25.

26.

27.

28.

Tatsumi Y, et al.

Ackplakorn W, Pakpeankitwatana V, Lee CM, Woodward M,
Barzi F, Yamwong S, et al. Abdominal obesity and coronary
heart disease in Thai men. Obesity (Silver Spring). 2007;15:
1036-42.

Welborn TA, Dhaliwal SS. Preferred clinical measures of central
obesity for predicting mortality. Eur J Clin Nutr. 2007;61:
1373-9.

Zhang X, Shu XO, Gao YT, Yang G, Li H, Zheng W. General
and abdominal adiposity and risk of stroke in Chinese women.
Stroke. 2009;40:1098-104.

Page JH, Rexrode KM, Hu F, Albert CM, Chae CU, Manson JE.
Waist-height ratio as a predictor of coronary heart disease among
women. Epidemiology. 2009;20:361-6.

Ashwell M, Cole TJ, Dixon AK. Ratio of waist circumference
to height is strong predictor of intra-abdominal fat. BMIJ.
1996;313:559-60.

Kashihara H, Lee JS, Kawakubo K, Tamura M, Akabayashi A.

29.

30.

31.

359

Criteria of waist circumference according to computed
tomography-measured visceral fat area and the clustering of
cardiovascular risk factors. Circ J. 2009;73:1881-6.

Schneider HJ, Klotsche J, Silber S, Stalla GK, Wittchen HU.
Measuring abdominal obesity: effects of height on distribution of
cardiometabolic risk factors risk using waist circumference and
waist-to-height ratio. Diabetes Care. 2011;34:e7.

Ni Mhurchu C, Rodgers A, Pan WH, Gu DF, Woodward M;
Asia Pacific Cohort Studies Collaboration. Body mass index and
cardiovascular disease in the Asia-Pacific Region: an overview
of 33 cohorts involving 310000 participants. Int J Epidemiol.
2004;33:751-8.

MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J,
et al. Blood pressure, stroke, and coronary heart disease.
Part 1, Prolonged differences in blood pressure: prospective
observational studies corrected for the regression dilution bias.
Lancet. 1990;335:765-74.

J Epidemiol 2013,;23(5):351-3569


http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17426340&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17426340&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17299478&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17299478&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19211490&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19289960&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8790002&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8790002&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19652399&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21193616&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15105409&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15105409&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=1969518&dopt=Abstract

