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Abstract
Body mass index (BMI) has been reported to be related to the risk of type 2 diabetes and
hypertension. However, waist circumference or waist-to-hip ratio (WHR) can better reflect the
accumulation of intra-abdominal fat and might be a better predictor than BMI of the risk of type 2
diabetes and hypertension. We hypothesized that other anthropometric indices rather than BMI could
more accurately predict the risk of type 2 diabetes and hypertension. The purpose of this study was to
determine which anthropometric index can be a better predictor for forecasting the risk of type 2
diabetes and hypertension in the Taiwanese population. We conducted a cross-sectional study and
reviewed data derived from the Nutrition and Health Survey in Taiwan, 1993-1996. The subjects
were 2545 men and 2562 women, aged 18 to 96 years. Receiver operating characteristic curve
analysis was used to measure the predictive diabetic and hypertensive performance of each
anthropometric measurement based on the area under the curve (AUC). Among 5 anthropometric
indices, WHR had a significantly adjusted odds ratio (OR) and the highest AUC (0.72 for men and
0.80 for women) to predict the risk of type 2 diabetes. Although BMI had a significantly adjusted
OR, the AUC was not the highest among the 5 anthropometric indices used to predict the risk of
hypertension. Our findings suggested that WHR is a better anthropometric index for predicting the
risk of type 2 diabetes, and the optimal cutoff values of WHR are considered as 0.89 for men and
0.82 for women in the Taiwanese population.
Crown Copyright © 2010 Published by Elsevier Inc. All rights reserved.
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1. Introduction
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Body mass index (BMI), a general measure of obesity,
has been reported to be closely related to the risk of type 2
diabetes and hypertension [1-3]. Because diabetic and
hypertensive risks are related to intra-abdominal fat rather
than subcutaneous fat [4,5], waist circumference (WC) or
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waist-to-hip ratio (WHR) can better reflect the accumulation
of intra-abdominal fat compared with BMI, which is affected
by the height index. WC or WHR has been shown to be a
better predictor of the risk of type 2 diabetes and
hypertension than BMI [6-9]. However, age [10-12], sex
[13], and ethnicity [14-16] can confound the predictive
accuracy of WC or WHR.
Adipose tissue distribution is affected by age. The
consequence of abdominal obesity might be insulin
resistance, which can lead to impaired glucose tolerance
and progression to type 2 diabetes [10,17,18]. Age has
been shown to be a confounder in the BMI-specific
associations between WHR and glycemic status [10].
Because diabetic and hypertensive risks are related to
visceral fat mass, anthropometric indices might not be
good predictors of risk in young or older subjects
[10,12,19]. Sex difference is also a confounder in the
predictive risks of diabetes and hypertension. Sex hormone
concentration has an influence on body fat accumulation
and the development of insulin resistance [20,21].
Abdominal fat might be more important than the total
body fat in predicting the risk of type 2 diabetes in women
[13]. In addition to BMI, WC, and WHR, waist-to-height
ratio (WHtR) was shown to be an independent variable in
predicting risk of developing hypertension and abnormal
glucose tolerance in both sexes [22-24]. The WHtR, an
indicator of both abdominal fat and body weight, might be
another simple index that can be used to predict the risk of
type 2 diabetes and hypertension. Ethnicity is another
confounder in the predictive risk of type 2 diabetes and
hypertension [14]. Asians generally have smaller frames
and lower body fat distribution than whites, even when
they have similar BMI [25,26]. However, Asian Indians
have more abdominal fat than whites [27]. A prevalent
difference in the association between BMI and hypertension was observed in 3 different ethnic groups including
Chinese, Filipinos, and whites [14]. Different cutoff values
for anthropometric indices seem to be required to correlate
the risk of type 2 diabetes and hypertension in different
ethnic groups.
Since 2002, type 2 diabetes has been the 4th and
hypertension the 10th leading causes of death in Taiwan
[28]; it is important to identify a convenient, sensitive
screening index for predicting the risk of type 2 diabetes
and hypertension in the general Taiwanese population.
However, the evidence demonstrating the correlation of
BMI, WC, WHR, WHtR, or WC/BMI ratio with the risk of
type 2 diabetes and hypertension in the Taiwanese
population is scant and inconsistent. We hypothesized
that other anthropometric index rather than BMI could
more accurately predict the risk of type 2 diabetes and
hypertension. Therefore, the purpose of this study was to
ascertain which anthropometric index can be better at
predicting the risk of type 2 diabetes and hypertension in
the Taiwanese population. Because receiver operating
characteristic (ROC) plots can provide an index of a

precise and valid measure of diagnostic accuracy [29],
ROC analysis was then used to detect which level of
anthropometric indices mark thresholds for type 2 diabetes
and hypertension.
2. Materials and methods
2.1. Subjects and design
The study data were obtained from the Nutrition and
Health Survey in Taiwan (1993-1996), a national survey
that was conducted to examine the changes in nutrition and
health status of Taiwanese individuals. This survey was
conducted by the Bureau of Health Promotion of the
Department of Health in Taiwan. A stratified, multistage
clustered sampling scheme was performed [30,31], and the
detailed procedure has been described elsewhere [30].
Briefly, data were drawn from 7 geographical districts (ie,
Hakka, mountainous, east coast area, Peng-Hu, metropolitan, provincial cities and urbanization class townships, and
class II rural townships) according to their geographic
location and degree of urbanization. Three townships or
city districts in each stratum were selected with the
selection probability proportional to their size (PPS). In
each selected township/city district, lins (the smallest
administrative unit) were selected by PPS. Four households were selected randomly from each selected lin. The
standardized, structured questionnaires were used to collect
data on the nutrition status, lifestyle, nutrition-related
knowledge, attitude and practice, and nutrition-related
disease status of subjects via face-to-face interviews.
Subjects reported to a local clinical research station in
the morning to have fasting blood drawn and undergo a
physical examination. The target population included
individuals aged 4 years and older in this national survey.
There were 5107 adult subjects (2545 men and 2562
women) aged 18 years and older included in the present
study. Each subject gave informed written consent.
2.2. Data collection
A household interview and physical examination were
completed by technicians who received a 1-week training
course [30]. Demographic data including age, sex,
smoking, and drinking habits were recorded. Clinical
hematologic measurements including total cholesterol
(TC), triglyceride (TG), and low- and high-density
lipoprotein cholesterol were determined. Anthropometric
measurements were carried out after the subjects had
removed their shoes and heavy clothes. Body weight was
measured to the nearest 0.1 kg using a weighing scale [32].
Body height was measured to the nearest 0.1 cm using a
wall-glued metal measuring tape and an acute-angled head
piece while the subjects stood against a plumb-checked
vertical wall and wore no shoes. The BMI (in kilograms per
meter squared) was calculated from height and weight
measurements. The WC measurement (measured to the
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Table 1
Demographic characteristics and anthropometric indices of subjects with and without type 2 diabetes mellitus a
Variables

Age (y)
Weight (kg)
Height (cm)
BMI (kg/m2)
Obesity (%) b
WC (cm)
Central obesity (%) c
HC (cm)
WHR
WHtR
WC/BMI ratio
Smoking, n (%)
Drinking, n (%)

Men (n = 2545)
Yes (n = 111)

No (n = 2434)

59.3 ± 9.9
69.0 ± 10.1
165.9 ± 5.7
25.0 ± 3.1
19.8
87.0 ± 8.5
25.2
95.4 ± 6.2
0.9 ± 0.1
0.5 ± 0.1
3.5 ± 0.2
80 (72.1)
25 (22.5)

47.4 ± 17.4 ⁎
64.6 ± 10.5 ⁎
165.7 ± 6.5
23.5 ± 3.4 ⁎
8.4 ⁎
81.0 ± 9.8 ⁎
10.2 ⁎
93.8 ± 6.2 ⁎
0.9 ± 0.1 ⁎
0.5 ± 0.1 ⁎
3.5 ± 0.3
1652 (67.9)
690 (28.3)

Women (n = 2562)

Total (N = 5107)

Yes (n = 149)

No (n = 2413)

Yes (n = 260)

No (n = 4847)

63.9 ± 10.7
59.1 ± 9.8
152.2 ± 6.6
25.5 ± 3.9
23.5
83.8 ± 9.0
46.3
95.8 ± 8.2
0.9 ± 0.1
0.6 ± 0.1
3.3 ± 0.3
15 (10.1)
8 (5.4)

46.7 ± 17.5 ⁎
57.2 ± 9.9
154.6 ± 6.0 ⁎
24.0 ± 4.1 ⁎
13.3 ⁎
75.3 ± 10.1 ⁎
20.2 ⁎
95.1 ± 7.3
0.8 ± 0.1 ⁎
0 .5 ± 0.1 ⁎
3.2 ± 0.3 ⁎
223 (9.2)
138 (5.7)

61.9 ± 10.6
63.3 ± 11.1
158.1 ± 9.2
25.3 ± 3.6
21.9
85.2 ± 8.9
37.3
95.6 ± 7.4
0.9 ± 0.1
0.5 ± 0.1
3.4 ± 0.3
95 (36.5)
33 (12.7)

47.0 ± 17.5 ⁎
60.7 ± 10.9 ⁎
159.9 ± 8.4 ⁎
23.7 ± 3.8 ⁎
10.9 ⁎
78.3 ± 10.3 ⁎
15.2 ⁎
94.5 ± 6.8 ⁎
0.8 ± 0.1 ⁎
0.5 ± 0.1 ⁎
3.3 ± 0.3 ⁎
1875 (38.7)
828 (17.1)

Values are expressed as mean ± standard deviation, unless otherwise indicated.
a
Values are significantly different between the yes and no subgroups within the group by Student t test or Mann-Whitney rank sum test for a continuous
data and x2 test or Fisher exact test for categorical data.
b
Obesity is defined as BMI at least 27 kg/m2 for both men and women.
c
Central obesity is defined as WC at least 90 cm for men and at least 80 cm for women.
* P b .05.

nearest 0.1 cm) was determined with the use of a soft
measuring tape at the level of the natural waist, which was
identified as the level at the hollow molding of the trunk
when the trunk was bent laterally [33]. Hip circumference
(HC, measured to the nearest 0.1 cm) was measured at the
level of the greater trochanter. WHR, WHtR, and WC/BMI
ratio were also calculated. Subjects with type 2 diabetes
mellitus or hypertension were identified by self-report.
Obesity was defined as BMI at least 27 kg/m2 for both men
and women [34,35], and central obesity was defined as WC
at least 90 cm for men and WC at least 80 cm for women

according to the criteria of the Department of Health,
Taiwan [36].
2.3. Statistical analyses
Data were analyzed with SAS statistical software (version
9.1.4; SAS Institute, Inc, Cary, NC). Previous studies [37]
indicated that the sensitivities of WHR were 0.71 for men
and 0.79 for women in discriminating the risk of type 2
diabetes. Therefore, the required sample size of 275 subjects
allowed a level of significance of α = .05 and a power of

Table 2
Demographic characteristics and anthropometric indices of subjects with and without hypertension a
Variables

Age (y)
Weight (kg)
Height (cm)
BMI (kg/m2)
Obesity (%) b
WC (cm)
Central obesity (%) c
HC (cm)
WHR
WHtR
WC/BMI ratio
Smoking, n (%)
Drinking, n (%)

Men (n = 2545)

Women (n = 2562)

Total (N = 5107)

Yes (n = 327)

No (n = 2218)

Yes (n = 421)

No (n = 2141)

Yes (n = 748)

No (n = 4359)

61.4 ± 11.6
68.6 ± 10.8
163.9 ± 6.1
25.4 ± 3.3
19.9
87.4 ± 8.8
25.4
96.2 ± 6.2
0.9 ± 0.1
0.5 ± 0.0
3.5 ± 0.3
190 (58.1)
78 (23.9)

45.9 ± 17.1 ⁎
64.1 ± 10.3 ⁎
166.1 ± 6.5 ⁎
23.2 ± 3.3 ⁎
7.3 ⁎
80.2 ± 9.6 ⁎
8.7 ⁎
93.4 ± 6.1 ⁎
0.9 ± 0.1 ⁎
0.5 ± 0.1 ⁎
3.5 ± 0.3
1542 (69.5)
637 (28.7)

61.3 ± 12.2
60.8 ± 9.9
151.6 ± 5.8
26.4 ± 3.8
27.1
82.7 ± 9.0
40.6
97.8 ± 7.8
0.8 ± 0.1
0.5 ± 0.1
3.2 ± 0.3
39 (9.3)
24 (5.7)

45.0 ± 17.3 ⁎
56.6 ± 9.8 ⁎
155.0 ± 6.0 ⁎
23.6 ± 4.0 ⁎
11.4 ⁎
74.5 ± 10.0 ⁎
18.0 ⁎
94.6 ± 7.2 ⁎
0.8 ± 0.1 ⁎
0 .5 ± 0.1 ⁎
3.2 ± 0.3
199 (9.3)
122 (5.7)

60.5 ± 11.9
64.3 ± 11.0
157.2 ± 8.5
26.0 ± 3.6
23.9
84.8 ± 9.2
34.0
97.1 ± 7.2
0.9 ± 0.1
0.5 ± 0.1
3.3 ± 0.3
229 (30.6)
102 (13.6)

45.5 ± 17.2 ⁎
60.2 ± 10.7 ⁎
160.2 ± 8.4 ⁎
23.4 ± 3.7 ⁎
9.3 ⁎
77.2 ± 10.2 ⁎
13.3 ⁎
94.0 ± 6.7 ⁎
0.8 ± 0.1 ⁎
0.5 ± 0.1 ⁎
3.3 ± 0.3 ⁎
1741 (39.9)
759 (17.4)

Values are expressed as mean ± standard deviation, unless otherwise indicated.
a
Values are significantly different between the yes and no subgroups within the group by Student t test or Mann-Whitney rank sum test for a continuous
data and x2 test or Fisher exact test for categorical data.
b
Obesity is defined as BMI at least 27 kg/m2 for both men and women.
c
Central obesity is defined as WC at least 90 cm for men and at least 80 cm for women.
* P b .05.
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80%. Differences in male and female subjects' demographic
data, clinical hematologic measurements, and anthropometric indices were analyzed by Student t test or Mann-Whitney
rank sum test. For categorical response variables, differences
between the 2 groups were assessed by x2 test or Fisher exact
test. Adjusted odds ratios (ORs) with 95% confidence
intervals (CIs) for type 2 diabetes or hypertension were
calculated from the multiple logistic regression model [38]
according to the second and third tertiles of BMI, WC,
WHR, WHtR, and WC/BMI ratio in each sex group and
cutoff values. Because our interest was the relationship, no
weight was used in multiple logistic regression and ROC
curve analyses.
Furthermore, ROC curve analysis was used to measure the
predictive power of each anthropometric index based on the
area under the curve (AUC). The optimal cutoff values of BMI,
WC, WHR, WHtR,
WC/BMI ratio were defined as the min and
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
imal value of r r = ½ð1 − SpecificityÞ − 02 + ðSensitivityÞ2 Þ.
Statistical results were considered to be significant at P b .05.
Values presented in the text are means ± standard deviation.

3. Results
In total, 2545 men and 2562 women were included in this
study. Subjects' ages ranged from 18 to 96 years, with mean
and median ages of 47.7 and 48.0 years, respectively. There
were 260 subjects (111 men, 149 women) with type 2
diabetes mellitus and 748 subjects (327 men, 421 women)
with hypertension. The prevalence rates of type 2 diabetes
and hypertension were 5.1% and 14.6% for the total
population, respectively; women had a higher prevalence
of type 2 diabetes (5.8% vs 4.4%) and hypertension (16.4%
vs 12.8%) than did men. Basic characteristics of the
population are shown in Tables 1 and 2. Generally speaking,
male and female subjects with either type 2 diabetes or
hypertension were significantly older and had a higher BMI,
WC, WHtR, and WC/BMI ratio than subjects without type 2
diabetes or hypertension. The mean BMI of both men and
women was less than 27 kg/m2, which was not considered to
be indicative of obesity. However, regarding individual
obesity, 8.8% of men and 13.8% of women were considered
to be obese (BMI at least 27 kg/m2) with 10.7% of men and

Table 3
The OR for type 2 diabetes mellitus in relation to each anthropometric index after adjustment for potential confounders
Men (n = 2545)
Age adjusted

OR

95% CI

Age, smoking,
and drinking
adjusted
OR

95% CI

Women (n = 2562)
Age, smoking,
drinking, TC,
and TG adjusted
OR

95% CI

2

BMI (kg/m )
N25.74
23.39-25.74
b23.39
BMI (kg/m2) a
N25.74
23.39-25.74
b 23.39
WC (cm)
N87.80
81.30-87.80
b81.30
WHR
N0.91
0.87-0.91
b0.87
WHR b
N0.91
0.87-0.91
b0.87
WHtR
N0.53
0.49-0.53
b0.49
WC/BMI ratio
N3.63
3.46-3.63
b3.46
a
b

Age adjusted

Age, smoking,
and drinking
adjusted

Age, smoking,
drinking, TC,
and TG adjusted

OR

95% CI

OR

95% CI

OR

95% CI

2.16
1.63
1.00

1.43-3.25
1.05-2.53

2.12
1.61
1.00

1.36-3.32
0.99-2.62

2.09
1.37
1.00

1.19-3.68
0.73-2.55

0.82
0.76
1.00

0.42-1.59
0.38-1.50

2

3.55
2.22
1.00

2.30-5.50
1.27-3.86

3.45
2.30
1.00

2.20-5.44
1.29-4.09

2.91
2.05
1.00

1.65-5.12
1.05-4.01

1.96
1.32
1.00

0.97-3.94
0.64-2.73

3.32
2.21
1.00

2.12-5.19
1.34-3.66

3.25
2.08
1.00

2.04-5.19
1.23-3.53

2.94
2.03
1.00

1.57-5.45
1.05-3.96

3.58
2.81
1.00

2.27-5.67
1.71-4.61

3.46
2.68
1.00

2.14-5.60
1.59-4.50

3.70
3.20
1.00

1.88-7.26
1.61-6.35

2.51
2.58
1.00

1.17-5.38
1.23-5.43

3.32
1.88
1.00

2.14-5.18
1.12-3.15

3.39
1.71
1.00

2.13-5.37
0.99-2.95

2.97
1.77
1.00

1.58-5.59
0.89-3.51

0.97
1.88
1.00

0.57-1.65
1.17-3.01

0.85
1.77
1.00

0.48-1.49
1.08-2.89

0.76
1.42
1.00

0.40-1.45
0.81-2.49

Additionally adjusted for WHR.
Additionally adjusted for BMI.

BMI (kg/m )
N26.63
23.73-26.63
b23.73
BMI (kg/m2) a
N26.63
23.73-26.63
b23.73
WC (cm)
N82.60
74.90-82.60
b74.90
WHR
N0.84
0.79-0.84
b0.79
WHR b
N0.84
0.79-0.84
b0.79
WHtR
N0.54
0.49-0.54
b0.49
WC/BMI ratio
N3.35
3.17-3.35
b3.17

2.94
1.64
1.00

1.99-4.33
1.03-2.62

3.43
1.83
1.00

2.23-5.26
1.10-3.06

4.36
2.09
1.00

2.21-8.58
1.02-4.60

3.71
1.40
1.00

2.52-5.46
0.84-2.33

4.22
1.20
1.00

2.76-6.46
0.66-2.18

9.13
3.23
1.00

3.71-22.46
1.22-8.51

8.88
2.90
1.00

3.36-23.47
1.06-7.95

3.07
1.44
1.00

2.10-4.49
0.88-2.38

3.50
1.52
1.00

2.30-5.34
0.87-2.63

4.74
2.09
1.00

2.35-9.56
0.94-4.62

1.73
4.43
1.00

1.15-2.59
0.90-2.27

1.70
1.55
1.00

1.08-2.68
0.94-2.55

1.48
1.48
1.00

0.82-2.66
0.80-2.72
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21.5% of women having central obesity (WC at least 90 cm
for men and at least 80 cm for women).
Tables 3 and 4 show the ORs for developing type 2
diabetes and hypertension by tertiles of BMI, WC, WHR,
WHtR, and WC/BMI ratio. Generally speaking, the ageadjusted OR for type 2 diabetes and hypertension in both
male and female subjects was significantly increased in the
second or third tertiles of BMI, WC, WHR, WHtR, and
WC/BMI ratio. When smoking, drinking, TC, and TG
were included in the regression model, the significance
remained in the second and third tertiles for BMI, WC, and
WHR only. We simultaneously adjusted BMI and WHR
into the model. After the adjustments, the ORs for type 2
diabetes only slightly decreased but remained significant
for WHR but not for BMI, whereas the ORs for
hypertension slightly decreased but remained significant
for BMI but not for WHR.
The ROC curve was calculated to compare the predictive
power of all anthropometric indices for the risk of type 2
diabetes and hypertension (Figs. 1 and 2). Among 5
anthropometric indices, WHR appeared to have the highest
AUC (0.72 for men and 0.80 for women) to predict the risk
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of type 2 diabetes. The optimal cutoff values for WHR to
determine the risk of developing type 2 diabetes were 0.89
for men and 0.82 for women, respectively. Although BMI
had significantly adjusted ORs, the AUC was not the
highest among all anthropometric indices to predict the risk
of hypertension.
4. Discussion
Several studies have indicated that age is a confounder
when using anthropometric indices to predict the risk of type
2 diabetes or hypertension [10,12,19]. Daniel et al [10]
stratified subjects into 3 age categories: 18-34 (n = 53), 35-49
(n = 62), and at least 50 years (n = 36), showing that age
confounded the association between WHR and glycemic
status. We also stratified our subjects according to age but
used different categories than the one used by Daniel et al: 1844 (n = 2266), 45-64 (n = 1855), and at least 65 years (n =
1012). However, relationships between anthropometric
indices and type 2 diabetes or hypertension were consistent
across age groups (data not shown). We hypothesized that a
larger sample size in each age group might increase the

Table 4
The OR for hypertension in relation to each anthropometric index after adjustment for potential confounders
Men (n = 2545)
Age adjusted

OR

95% CI

Age, smoking,
and drinking
adjusted
OR

95% CI

Women (n = 2562)
Age, smoking,
drinking, TC, and
TG adjusted
OR

95% CI

2

BMI (kg/m )
N25.74
23.39-25.74
b23.39
BMI (kg/m2) a
N25.74
23.39-25.74
b23.39
WC (cm)
N87.80
81.30-87.80
b81.30
WHR
N0.91
0.87-0.91
b0.87
WHR b
N0.91
0.87-0.91
b0.87
WHtR
N0.53
0.49-0.53
b0.49
WC/BMI ratio
N3.63
3.46-3.63
b3.46
a
b

Age adjusted

Age, smoking,
and drinking
adjusted

Age, smoking,
drinking, TC, and
TG adjusted

OR

95% CI

OR

95% CI

OR

95% CI

3.28
1.59
1.00

2.50-4.29
1.18-2.14

3.44
1.63
1.00

2.58-4.58
1.18-2.26

5.12
1.62
1.00

3.46-7.59
1.62-3.74

4.53
2.35
1.00

2.94-6.97
1.51-3.65

2

3.79
2.24
1.00

2.82-5.10
1.56-3.21

3.84
2.22
1.00

2.82-5.23
1.52-3.26

4.00
2.36
1.00

2.72-5.87
1.51-3.68

3.17
2.08
1.00

1.98-5.09
1.31-3.29

3.02
1.95
1.00

2.25-4.05
1.41-2.70

3.18
1.93
1.00

2.33-4.33
1.37-2.73

3.19
1.99
1.00

2.13-4.76
1.30-3.03

3.11
1.62
1.00

2.32-4.16
1.16-2.26

3.23
1.55
1.00

2.37-4.33
1.37-2.73

3.07
1.53
1.00

2.07-4.56
1.00-2.36

1.70
1.20
1.00

1.08-2.70
0.75-1.90

3.59
2.29
1.00

2.68-4.81
1.66-3.15

3.89
2.29
1.00

2.37-4.39
1.08-2.21

5.08
3.16
1.00

3.27-7.88
2.00-4.98

0.63
1.40
1.00

0.45-0.90
1.02-1.93

0.67
1.40
1.00

0.47-0.97
1.00-1.96

0.48
0.95
1.00

0.32-0.74
0.65-1.40

Additionally adjusted for WHR.
Additionally adjusted for BMI.

BMI (kg/m )
N26.63
23.73-26.63
b23.73
BMI (kg/m2) a
N26.63
23.73-26.63
b23.73
WC (cm)
N82.60
74.90-82.60
b74.90
WHR
N0.84
0.79-0.84
b0.79
WHR b
N0.84
0.79-0.84
b0.79
WHtR
N0.54
0.49-0.54
b0.49
WC/BMI ratio
N3.35
3.17-3.35
b3.17

2.22
1.35
1.00

1.70-2.91
1.00-1.82

2.36
1.51
1.00

1.77-3.14
1.10-2.07

2.62
1.80
1.00

1.77-3.87
1.20-2.70

2.00
1.40
1.00

1.53-2.61
1.04-1.89

2.05
1.37
1.00

1.54-2.74
0.99-1.89

2.10
1.61
1.00

1.39-3.17
1.06-2.43

0.96
1.11
1.00

0.60-1.54
0.71-1.73

2.66
1.35
1.00

2.05-4.46
0.99-1.85

2.85
1.49
1.00

2.15-3.78
1.07-2.08

3.51
1.97
1.00

2.35-5.24
1.29-3.03

0.54
0.78
1.00

0.39-0.74
0.57-1.07

1.54
0.76
1.00

0.38-0.77
0.54-1.07

0.34
0.57
1.00

0.23-0.53
0.38-0.85
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and BMI into the logistic regression model. Our results
showed that the association between WHR and type 2
diabetes was not affected by BMI adjustment. Our result
was similar to that of a study of another Asian population,
Thai adults, in which fasting plasma glucose levels were
significantly and positively associated with WHR rather
than with BMI [41]. In a 13.5-year follow-up Swedish
study, WHR was found to be a sensitive predictor for
development of type 2 diabetes in men, even when BMI
was considered as a confounder [42]. The limitation of
BMI in sensitive prediction of the risk of type 2 diabetes
might be that it generally reflects overall obesity but not
central obesity.

Fig. 1. ROC curves and optimal cutoff values for each anthropometric
index in the prediction of type 2 diabetes mellitus. The estimates of AUC,
which reflect the overall predictive accuracy, are also shown. A, Men. The
AUCs were 0.65, 0.69, 0.72, 0.69, and 0.53 for BMI, WC, WHR, WHtR,
and WC/BMI ratios, respectively. The optimal cutoff values of BMI, WC,
WHR, WHtR, and WC/BMI ratios for predicting type 2 diabetes were
24.30 kg/m2, 83.80 cm, 0.89, 0.51, and 3.46, respectively. B, Women. The
AUCs were 0.62, 0.74, 0.80, 0.75, and 0.64 for BMI, WC, WHR, WHtR
and WC/BMI ratios, respectively. The optimal cutoff values of BMI, WC,
WHR, WHtR, and WC/BMI ratios for predicting type 2 diabetes were
24.00 kg/m2, 78.50 cm, 0.82, 0.52, and 3.23, respectively.

statistical power to eliminate age as the confounder.
Therefore, we pooled the data but still adjusted age into the
statistical model. The significant finding of this study was
that WHR was a better indicator of the risk of developing type
2 diabetes compared with other anthropometric indices in the
Taiwanese population, regardless of age.
Among the 5 anthropometric indices used in this study,
BMI has been shown to be a powerful predictor of type 2
diabetes [1,13,39,40]. Daniel et al [10] also indicated that
BMI confounded the association between WHR and type 2
diabetes. To clarify the effects of BMI and WHR on the
risk of type 2 diabetes, we simultaneously adjusted WHR

Fig. 2. ROC curves and optimal cutoff values for each anthropometric index
in the prediction of hypertension. The estimates of AUC, which reflects the
overall predictive accuracy, are also shown. A, Men. The AUCs were 0.69,
0.71, 0.72, 0.74, and 0.51 for BMI, WC, WHR, WHtR, and WC/BMI ratios,
respectively. The optimal cutoff values of BMI, WC, WHR, WHtR, and
WC/BMI ratios for predicting hypertension were 25.35 kg/m2, 87.70 cm,
0.85, 0.51, and 3.43, respectively. B, Women. The AUCs were 0.71, 0.73,
0.74, 0.76, and 0.53 for BMI, WC, WHR, WHtR, and WC/BMI ratios,
respectively. The optimal cutoff values of BMI, WC, WHR, WHtR, and
WC/BMI ratios for predicting hypertension were 25.02 kg/m2, 77.20 cm,
0.92, 0.51, and 3.19, respectively.
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Studies have postulated that the expanded central fat
deposits (intra-abdominal fat—WC) release more free fatty
acids than peripheral fat deposits (gluteal and subcutaneous fat—HC) to reduce the hepatic clearance of insulin
and increase insulin resistance and hyperglycemia
[5,43,44]. Although WC is thought to be a better indicator
of total body fat than visceral fat [45], WC has been
considered as a better predictor of the risk of type 2
diabetes in several studies [46-49]. On the other hand,
hips, thighs, and legs were counted as the largest portion
of body skeletal muscle, which is the main target organ for
insulin and site of resistance [50-53]. In line with previous
studies [8,52,53], we found that WHR rather than WC
could sensitively predict the risk of type 2 diabetes.
However, there does not seem to be any consistent
evidence to show the relationship between WC and body
fat distribution. Although the National Heart Lung Blood
Institute's Obesity Education Initiative Expert Panel indicated that a WC, in addition to a BMI, measurement should be
obtained in individuals with a BMI between 25.0 and 34.9
kg/m2 [54], WC measurement has been challenged because
WC does not substantially improve prediction of coronary
risk [55] and not alter treatment recommendations for
individuals with BMI values between 25.0 and 34.9 kg/m2
[56]. Because the accumulation of abdominal subcutaneous
fat can markedly increase WC, leading to a significant
increase in WHR, and WHR can provide additional
information about relative accumulation of abdominal fat
proportional to body size, it would probably be better to
consider both WC and HC simultaneously when the risk of
type 2 diabetes is evaluated.
In line with the findings in studies of Chinese [2,14],
Japanese [57], Mauritanian [58], and Australian women
[59], BMI was a better predictor than WHR of the risk of
hypertension in our Taiwanese population. However, not all
studies supported the strong association between BMI and
the risk of hypertension. Excess body weight and obesity
are well recognized to be important risk factors for
hypertension, whereas abdominal fat plays a more important role in increasing the release of fatty acid in the portal
blood vessels, leading to the development of hypertension
[60-62]. BMI is determined from weight and height
measurements, presenting the general measure of obesity
rather than body fat distribution. That might be the reason
why previous studies indicated that central obesity (WC or
WHR) has a stronger association with the risk of
hypertension [7,49,62-64]. However, the effect of BMI on
the risk of hypertension still remained when WHR
(abdominal obesity) was taken into account in the present
study. Our Taiwanese population had relatively smaller WC
compared with whites [7,49,62-64]; therefore, total body fat
(BMI) might play a more dominant role than abdominal fat
(WC or WHR) in predicting hypertension. However, the
AUC curve was not the highest among all anthropometric
indices to predict the risk of hypertension. Thus, we could
not conclude that BMI is a better predictor for identifying
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the risk of hypertension. Further study is warranted to study
the relationship between BMI and the risk of hypertension
in the Taiwanese population.
The cutoff value used in this study to dichotomize WHR
representing the risk of type 2 diabetes was 0.89 for men
and 0.82 for women, respectively. Our cutoff values were
lower than those for African Americans and white
Americans (cutoff values for WHR in predicting type 2
diabetes: 0.93-1.03 for men and 0.83-0.99 for women) [8]
and a UK population (cutoff values for WHR: 0.95 for men
and 0.8 for women) [65], but similar to the cutoff values
for a Hong Kong Chinese population (cutoff values for
WHR in predicting type 2 diabetes: 0.91 for men and 0.83
for women) [15]. The difference between our Asian
subjects and other populations might be due to genetic
and ethnic influences.
In addition to BMI, WC, WHR, WHtR, and WC/BMI
ratios have been recently used to predict cardiovascular risk
[22-24]. However, we did not find WHtR and WC/BMI ratios
to be better predictors of type 2 diabetes or hypertension.
Since weight, height, WC, and HC are simple indices that can
be done by the general population, it is probably adequate to
use WHR and BMI to screen individuals for the risk of type 2
diabetes and hypertension, respectively.
An advantage to our study was that the selection biases
could be eliminated because the data were from the national
survey, which was representative of the general Taiwanese
population. However, there are some limitations in this
study. First, we defined subjects having type 2 diabetes
mellitus and hypertension based on their self-report rather
than by measuring their fasting blood glucose or blood
pressure. Thus, subjects with mild or even moderate type 2
diabetes or hypertension may not have been accounted for.
Second, we could not demonstrate the causal relationship
between anthropometric indices and type 2 diabetes
mellitus and hypertension because this is only a crosssectional study. Third, the Taiwanese population generally
has much smaller frames and lower subcutaneous fat and
intra-abdominal fat distribution when compared with white
populations. Therefore, the criteria used to define the
obesity (BMI at least 30 kg/m2) and abdominal obesity
(WC at least 102 cm for men and 88 cm for women) in the
white population [66] are not comparable with the criteria
used in the Taiwanese population.
In conclusion, we have confirmed the hypothesis that
WHR rather than BMI could more accurately predict the
risk of type 2 diabetes. Among the 5 anthropometric
indices used in the present study, although higher values
of BMI, WC, WHR, and WHtR were associated with the
risk of type 2 diabetes and hypertension, WHR appears
to be an independent and better anthropometric index for
identifying individuals in the Taiwanese population at
high risk of developing type 2 diabetes. The optimal
cutoff value for WHR in predicting the risk of type 2
diabetes is considered to be 0.89 for men and 0.82 for
women, respectively.

592

C.-H. Cheng et al. / Nutrition Research 30 (2010) 585–593

Acknowledgment
Preparation of this article was supported by a grant from
the National Science Council, Taiwan (NSC 94-2320-B040-037). Data analyzed in this study were collected by the
research project “Nutrition and Health Survey in Taiwan
(NAHSIT)” supported by the Department of Health in
Taiwan (DOHFN8202, DOH-83-FS-41, DOH-84-FS-11,
DOH-85-FS-11, DOH-86-FS-11). This research project
was carried out by the Institute of Biomedical Sciences of
Academia Sinica and by the Department of Biochemistry,
College of Medicine of National Taiwan University, and
directed by Wen-Harn Pan and Po-Chao Huang. The Office
of Survey Research of Academia Sinica was responsible for
data distribution. The assistance provided by the aforementioned institutes and individuals is greatly appreciated. The
views expressed herein are solely those of the authors.
References
[1] Field AE, Coakley EH, Must A, Spadano JL, Laird N, Dietz WH, et al.
Impact of overweight on the risk of developing common chronic
diseases during a 10-year period. Arch Intern Med 2001;161:1581-6.
[2] Lin S, Cheng TO, Liu X, Mai J, Rao X, Gao X, et al. Impact of
dysglycemia, body mass index, and waist-to-hip ratio on the
prevalence of systemic hypertension in a lean Chinese population.
Am J Cardiol 2006;97:839-42.
[3] Young TK, Sevenhuysen G, Ling N, Moffatt M. Determinants of
plasma glucose levels and diabetic status in a northern Canadian Indian
population. Can Med Assoc J 1990;142:821-30.
[4] Bray GA, Jablonski KA, Fujimoto WY, Barrett-Connor E, Haffner S,
Hanson RL, et al. Relation of central adiposity and body mass index to
the development of diabetes in the Diabetes Prevention Program. Am J
Clin Nutr 2008;87:1212-8.
[5] Kissebah AH, Krakower GR. Regional adiposity and morbidity.
Physical Rev 1994;74:761-811.
[6] Blair D, Habicht JP, Sims EA, Sylwester D, Abraham S. Evidence for an
increased risk for hypertension with centrally located body fat and the
effect of race and sex on this risk. Am J Epidemiol 1984;119:526-40.
[7] Feldstein CA, Akopian M, Olivieri AO, Kramer AP, Nasi M, Garrido
DA. Comparison of body mass index and waist-to-hip ratio as
indicators of hypertension risk in an urban Argentine population: a
hospital-based study. Nutr Metab Cardio Dis 2005;15:310-5.
[8] Stevens J, Couper D, Pankow J, Folsom AR, Duncan BB, Nieto FJ,
et al. Sensitivity and specificity of anthropometrics for the prediction of
diabetes in a biracial cohort. Obes Res 2001;9:696-705.
[9] Weinsier RL, Norris DJ, Birch R, Bernstein RS, Wang J, Yang MU,
et al. The relative contribution of body fat and fat pattern to blood
pressure level. Hypertension 1985;7:578-85.
[10] Daniel M, Marion S, Sheps SB, Hertzman C, Gamble D. Variation by
body mass index and age in waist-to-hip ratio associations with
glycemic status in an aboriginal population at risk for type 2 diabetes in
British Columbia, Canada. Am J Clin Nutr 1999;69:455-60.
[11] Chu NF, Wang DJ, Shieh SM, Rimm EB. Plasma leptin concentrations
and obesity in relation to insulin resistance syndrome components
among school children in Taiwan: the Taipei Children Heart Study. Int
Obes Relat Metab Disord 2000;24:1265-71.
[12] Woo J, Ho SC, Yu A, Sham A. Is waist circumference a useful measure
in predicting health outcomes in the elderly? Int J Obes 2002;26:
1349-55.
[13] Meisinger C, Döring A, Thorand B, Heier M, Löwel H. Body fat
distribution and risk of type 2 diabetes in the general population: are
there differences between men and women? The MONICA/KORA
Augsburg Cohort Study. Am J Clin Nutr 2006;84:483-9.

[14] Bell AC, Adair LS, Poplin BM. Ethnic differences in the association
between body mass index and hypertension. Am Jepidemiol 2002;155:
346-53.
[15] Ko GTC, Chan JCN, Cockram CS, Woo J. Prediction of hypertension,
diabetes, dyslipidaemia or albuminemia using simple anthropometric
indexes in Hong Kong Chinese. Int J Obes Relat Metab Disord 1999;
23:1136-42.
[16] Tseng CH. Body composition as a risk factor for coronary artery
disease in Chinese type 2 diabetic patients in Taiwan. Circ J 2003;67:
479-84.
[17] Granner DK, O'Brien RM. Molecular physiology and genetics of
NIDDM: importance of metabolic staging. Diabetes Care 1992;15:
369-95.
[18] Hamman RF. Genetic and environmental determinants of non–insulindependent diabetes mellitus (NIDDM). Diabetes Metab Rev 1992;8:
287-338.
[19] Molarius A, Seidell JC, Visscher TL, Hofman A. Misclassification of
high-risk older subjects using waist action levels established for young
and middle-aged adults—results from the Rotterdam Study. J Am
Geriatr Soc 2000;48:1638-45.
[20] Seidell JC, Oosterlee A, Deurenberg P, Hautvast JG, Ruijs JH.
Abdominal fat depots measured with computed tomography: effects of
degree of obesity, sex, and age. Eur J Clin Nutr 1988;42:805-15.
[21] Seidell JC, Bouchard C. Visceral fat in relation to health: is it a major
culprit or simply an innocent bystander? Int J Obes Relat Metab Disord
1997;21:626-31.
[22] Hsieh SD, Yoshinaga H. Waist/height ratio as a simple and useful
predictor of coronary heart disease risk factors in women. Inter Med
1995;34:1147-52.
[23] Hsieh SD, Yoshinaga H. Abdominal fat distribution and coronary heart
disease risk factors in men—waist/height ratio as a simple and useful
predictor. Int J Obes 1995;19:585-9.
[24] Hsieh SD, Muto T. The superiority of waist-to-height ratio as an
anthropometric index to evaluate clustering of coronary risk factors
among non-obese men and women. Prev Med 2005;40:216-20.
[25] Deurenberg P, Yap M, van Staveren WA. Body mass index and
percent body fat: a meta analysis among different ethnic groups. Int J
Obes Relat Metab Disord 1998;22:1164-71.
[26] Deurenberg P, Yap MD, Wang J, Lin FP, Schmidt G. The impact of
body build on the relationship between body mass index and percent
body fat. Int J Obes Relat Metab Disord 1999;23:537-42.
[27] Mckeigue PM, Shah B, Marmot MG. Relation of central obesity and
insulin resistance with high diabetes prevalence and cardiovascular risk
in South Asians. Lancet 1991;337:382-6.
[28] Department of Health. The abstract of statistics on cause of mortality in
Taiwan area in 2002 (P.1). 2003.
[29] Swets JA. Measuring the accuracy of diagnostic systems. Science
1988;240:1285-93.
[30] Pan WH, Kao MD, Tzeng MS, Yen LL, Hung YT, Li LA, et al.
Nutrition and Health Survey in Taiwan (NAHSIT) 1993-1996: design,
contents, and operations. Nutr Sci J 1999;24:1-10.
[31] Chang HY, Yeh WT, Chang YH, Tai KS, Pan WH. Prevalence of
dyslipidemia and mean blood lipid values in Taiwan: results from the
Nutrition and Health Survey in Taiwan (NAHSIT, 1993-1996). Chin J
Physiol 2002;45:187-97.
[32] Lin YC, Yen LL, Chen SY, Kao MD, Tzeng MS, Huang PC, et al.
Prevalence of overweight and obesity and its associated factors:
findings from National Nutrition and Health Survey in Taiwan, 19931996. Prev Med 2003;37:233-41.
[33] Pan WH, Yeh WT, Hwu CM, Ho LT. Undiagnosed diabetes mellitus in
Taiwanese subjects with impaired fasting glycemia: impact of female
sex, central obesity, and short stature. Chin J Physiol 2001;44:44-51.
[34] Department of Health. Identification, evaluation, and treatment of
overweight and obesity in adults in Taiwan. Washington, DC:
Department of Health; 2003.
[35] Pan WH, Flegal KM, Chang HY, Yeh WT, Yeh CJ, Lee WC. Body
mass index and obesity-related metabolic disorders in Taiwanese and

C.-H. Cheng et al. / Nutrition Research 30 (2010) 585–593

[36]
[37]

[38]
[39]

[40]

[41]

[42]

[43]
[44]
[45]

[46]

[47]

[48]

[49]

[50]

[51]

US whites and blacks: implications for definitions of overweight and
obesity for Asians. Am J Clin Nutr 2004;79:31-9.
Department of Health, Taiwan. Available at: http://www.doh.gov.tw/
dohenglish/index.asp [Accessed on February 14, 2010].
Lin WY, Lee LT, Chen CY, Lo H, Hsia HH, Liu IL, et al. Optimal cutoff values for obesity: using simple anthropometric indices to predict
cardiovascular risk factors in Taiwan. Int J Obes Relat Metab Disord
2002;26:1232-8.
Plutzky J. Emerging concepts in metabolic abnormalities associated
with coronary artery disease. Curr Opin Cardiol 2000;15:416-21.
Meisinger C, Thorand B, Schneider A, Stieber J, Doring A, Lowel H.
Sex differences in risk factors for incident type 2 diabetes mellitus: the
MONICA Augsburg cohort study. Arch Intern Med 2002;162:82-9.
Riserus U, Arnlov J, Berglund L. Long-term predictors of insulin
resistance: role of lifestyle and metabolic factors in middle-aged men.
Diabetes Care 2007;30:2928-33.
Stolk RP, Suriyawongpaisal P, Aekplakorn W, Woodward M, Neal B.
Fat distribution is strongly associated with plasma glucose levels and
diabetes in Thai adults—the InterASIA study. Diabetologia 2005;48:
657-60.
Ohlson LO, Larsson B, Svärdsudd K, Welin L, Eriksson H, Wilhelmsen
L, et al. The influence of body fat distribution on the incidence of
diabetes mellitus. 13.5 years of follow-up of the participants in the study
of men born in 1913. Diabetes 1985;34:1055-8.
Bjorntop P. Metabolic implications of body fat distribution. Diabetes
Care 1991;14:1132-43.
Kahn BB, Flier JS. Obesity and insulin resistance. J Clin Invest 2000;
104:473-81.
Harris TB, Visser M, Everhart J, Cauley J, Tylavsky F, Fuerst T, et al.
Waist circumference and sagittal diameter reflect total body fat better
than visceral fat in older men and women. The health, aging and body
composition study. Ann NY Acad Sci 2000;904:462-73.
Chien LY, Liou YM, Chen JJ. Association between indices of obesity
and fasting hyperglycemia in Taiwan. Int J Obes Relat Metab Disord
2004;28:690-6.
Lee S, Bacha F, Gungor N, Arslanian SA. Waist circumference is an
independent predictor of insulin resistance in black and white youths.
J Pediatr 2006;148:188-94.
Mamtani MR, Kulkarni HR. Predictive performance of anthropometric
indexes of central obesity for the risk of type 2 diabetes. Archiv Med
Res 2005;36:581-9.
Sánchez-Castillo CP, Velásquez-Monroy O, Lara-Esqueda A, Berber
A, Sepulveda J, Tapia-Conyer R, et al. Diabetes and hypertension
increases in a society with abdominal obesity: results of the Mexican
National Health Survey 2000. Public Health Nutr 2005;8:53-60.
Seidell JC, Han TS, Feskens EJ, Lean ME. Narrow hips and broad
waist circumferences independently contribute to increased risk of
non–insulin-dependent diabetes mellitus. Intern Med 1997;242:401-6.
Seidell JC, Perusse L, Despres JP, Bouchard C. Waist and hip
circumferences have independent and opposite effects on cardiovascular disease risk factors: the Quebec Family Study. Am J Clin Nutr
2001;74:315-21.

593

[52] Snijder MB, Dekker JM, Visser M, Bouter LM, Stehouwer CD,
Kostense PJ, et al. Associations of hip and thigh circumferences
independent of waist circumference with the incidence of type 2
diabetes: the Hoorn Study. Am J Clin Nutr 2003;77:1192-7.
[53] Snijder MB, Dekker JM, Visser M, Yudkin JS, Stehouwer CD,
Bouter LM, et al. Larger thigh and hip circumferences are associated
with better glucose tolerance: the Hoorn study. Obes Res 2003;11:
104-11.
[54] Executive summary of the clinical guidelines on the identification,
evaluation, and treatment of overweight and obesity in adults. Arch
Intern Med 1998;158:1855-67.
[55] Rexrode KM, Buring JE, Manson JE. Abdominal and total adiposity
and risk of coronary heart disease in men. Int J Obes Relat Metab
Disord 2001;25:1047-56.
[56] Kiernan M, Winkleby MA. Identifying patients for weight-loss
treatment: an empirical evaluation of the NHLBI obesity education
initiative expert panel treatment recommendations. Arch Intern Med
2000;160:2169-76.
[57] Sakurai M, Miura K, Takamura T, Ota T, Ishizaki M, Morikawa Y,
et al. Gender differences in the association between anthropometric
indices of obesity and blood pressure in Japanese. Hypertens Res 2006;
29:75-80.
[58] Nyamdorj R, Qiao Q, Söderberg S, Pitkäniemi J, Zimmet P, Shaw J,
et al. Comparison of body mass index with waist circumference, waistto-hip ratio, and waist-to-stature ratio as a predictor of hypertension
incidence in Mauritius. J Hypertens 2008;26:866-70.
[59] Dalton M, Cameron AJ, Zimmet PZ, Shaw JE, Jolley D, Dunstan DW,
et al. Waist circumference, waist-hip ratio and body mass index and
their correlation with cardiovascular disease risk factors in Australian
adults. J Intern Med 2003;254:555-63.
[60] Lamarche B. Abdominal obesity and its metabolic complications:
implications for the risk of ischaemic heart disease. Coron Artery Dis
1998;9:473-81.
[61] Kroke A, Bergmann M, Klipstein-Grobusch K, Boeing H. Obesity,
body fat distribution and body build: their relation to blood pressure
and prevalence of hypertension. Int J Obes Relat Metab Disord 1998;
22:1062-70.
[62] Siani A, Cappuccio FP, Barba G, Trevisan M, Farinaro E, Lacone R,
et al. The relationship of waist circumference to blood pressure: the
Olivetti Heart Study. Am J Hypertens 2002;15:780-6.
[63] Fuchs FD, Gus M, Moreira LB, Moraes RS, Wiehe M, Pereira GM,
et al. Anthropometric indices and the incidence of hypertension: a
comparative analysis. Obes Res 2005;13:1515-7.
[64] Gus M, Fuchs SC, Moreira LB, Moraes RS, Wiehe M, Silva AF, et al.
Association between different measurements of obesity and the
incidence of hypertension. Am J Hypertens 2004;17:50-3.
[65] Lean ME, Han TS, Morrison CE. Waist circumference as a measure for
indicating need for weight management. BMJ 1995;311:158-61.
[66] National Institutes of Health, National Heart, Lung, and Blood
Institute. Clinical guidelines on the identification, evaluation, and
treatment of overweight and obesity in adults: the evidence report.
Obes Res 1998;6:51-210.

