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Abstract
Aim: The concept of metabolic syndrome (MetS) is useful in encouraging modification of patient’s lifestyle. In
order to detect prophase in MetS (pre-MetS), we evaluated waist circumference index (WCI) that was calculated by
division of waist circumference (WC) by height in meter squared.
Methods: A multiple logistic regression analysis was performed a the prevalence of risk factors for MetS (high
blood pressure, abnormal lipid metabolism, high blood glucose) and age, WC, body mass index, WCI and intraabdominal fat area (IAFA) in 111 subjects in whom IAFA was measured at umbilicus level by CT scan.
Results: WCI was the second most strongly correlated factor with the prevalence of risk factors after IAFA in
terms of P values, and according to the odds ratios WCI was the most significantly correlated.
Conclusion: The results suggested that the WCI might be capable of serving as an index that can substitute for a
CT scan as a means of detecting pre-MetS.

Keywords: Waist circumference index; Intra-abdominal fat;
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Introduction
Intra-abdominal fat accumulation is a major pathophysiological
cause of metabolic syndrome (MetS) [1], and a computed tomographic
(CT) scan at the umbilicus level on abdominal is utilized to measure
intra-abdominal fat accumulation as intra-abdominal fat area (IAFA)
[2]. Those who had an IAFA over 100 cm2 were defined as intraabdominal obesity, and those with intra-abdominal obesity showed a
tendency to have showed two or more of cardiovascular risks [3]. It
was reported that waist circumference of 85 cm in male and 90 cm in
female in Japan is corresponding to an IAFA of 100 cm2 [4]. So,
measurement of waist circumference (WC) is essential for diagnosis of
MetS.
The standard WC value varies with the country, and these values set
in all countries other than Japan are lower for females, whereas in the
Japanese version of the diagnostic criteria for MetS, lower values are set
for males than for females. Recently, the International Diabetes
Federation has raised a divergence of opinion, stating that it is only in
the Japanese criteria that the standard WC is greater for women than
for men, and published new criteria of “ 90 cm for men and 80 cm for
women” for Asians/Japanese in order to determine the risk of
cardiovascular events, such as myocardial infarction [5]. Further,
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several cohort studies in Japan have provided a divergence of opinion
concerning the criteria on WC for MetS [6-8].
These findings mean that the criteria of WC for the diagnosis of
MetS may be needed for further investigation. For determining MetS
or abdominal obesity, weight to height ratio (WHtR; body weight
divided by height, kg/m), body mass index (BMI; body weight divided
by square height, kg/m2), and Rohrer’s index (body weight divided by
cube height, kg/m3) are proposed. Among these parameters, BMI is
commonly utilized for determining obesity, since BMI is corrected
body weight by height and well correlation between BMI and IAFA has
been reported [9].
For more effective prevention of cardiovascular diseases, pre-MetS
which is considered as a pathophysiological status between MetS and
normal subjects should be detected by easier diagnostic method for
treatment to them. In addition to BMI, it was considered that waist
circumference index (WCI) calculated from WC and height would be
as a modified WC in order to avoid gender difference on the
determination of abdominal obesity. We evaluated if WCI could be a
powerful parameter to detect pre-MetS in this study.

Subjects and Methods
This study was a cross-sectional survey to assess whether WCI
showed relationship with IAFA, and which parameter showed more
detectable for pre-MetS. Among subjects for medical care or medical
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checkup at our clinic, successive subjects who underwent a CT scan at
the umbilicus level for measurement of IAFA were enrolled after
explaining the aim of this study and obtaining informed consent. The
following parameters were determined beside CT scan,
anthropometric measurements (height, weight, and WC),
demographic factors (sex, age), and lifestyle factors (smoking habits,
physical activity, and alcohol consumption). Also, triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C), blood pressure, fasting
blood glucose and HbA1c were simultaneously measured. Blood
pressure was measured using a validated digital electronic tensiometer
in either upper limb in a seated position after 15 minutes of rest.
According to the criteria of the diagnosis of MetS [4], the presence
of the following factors was used to categorize MetS, pre-MetS or
normal groups. Abdominal obesity was defined as WC of over 85 cm in
male or over 90 cm in female at the umbilicus level in a standing
position. High blood pressure was defined as systolic blood pressure of
over 130 mmHg or diastolic blood pressure of over 85 mmHg, or
antihypertensive treatment. Abnormal lipid metabolism was defined as
TG of over 150 mg/dL and HDL-C of below 40 mg/dL in male or
below 50 mg/dL in female, or antidyslipidemiic treatment. High blood
glucose was defined as fasting blood glucose of over 110 mg/dL or
antidiabetic medications.
All persons were divided into three groups; subjects who were
abdominal obesity with more than two factors as MetS group, subjects
who non-abdominal obesity with no factors as normal group, and
other subjects as pre-MetS group. Thus, subjects who were abdominal
obesity with below one factor, or who were abdominal obesity with
below one factor were categorized as pre-MetS group.
BMI was calculated as body weight (in kilograms) divided by the
square of body height (in meters). WCI was calculated as WC divided
by the square of body height.
At first, we compared three correlation coefficients between IAFA
and WCI. Then, to evaluate whether WCI was a well predictive
parameter for a subject who has one or more cardiovascular risk
factors among high blood pressure, high TG level, low HDL-C level, or
high glucose level, a logistic regression model was employed for
detecting pre-MetS by using age, sex, BMI, IAFA and WCI as
covariates.

Results
As shown table 1, 111 subjects (39 in male and 72 in female, 55 yearold in mean age) were enrolled. Out of 111, 14 subjects fulfilled the
criteria for the diagnosis of MetS, 54 subjects were defined as pre-MetS,
and 43 subjects were not corresponded as the criteria of MetS. In preMetS subjects, 21 subjects had WC less than the criteria of MetS. Thus,
44 subjects were defined as abdominal obesity.
Sex

n

male

39

female

72

Age (years)

32-85 (mean: 55)

Type
normal

43 (M:16/F:27)

pre MetS

54 (M:15/F:39)
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MetS

14 (M:8/F:6)

Table 1: Patient profile. MetS: metabolic syndrome, M: male, F: female.
The relationship between IAFA and WCI in 111 subjects was
statistically significant (r=0.44, p<0.001). The logistic multi regression
revealed that the strongest correlation of IAFA, followed by WCI, with
the percentage of subjects positive for the risk factors. In terms of the
odds ratio, the WCI showed the most significant correlation (Table 2).
P value

exp (β)

95% CI for exp (β)

Age

0.7228

0.991

0.943 - 1.041

WC

0.7168

1.028

0.885 - 1.194

BMI

0.0394

0.692

0.488 - 0.982

WCI

0.0143

1.253

1.046 - 1.501

IAFA

0.0108

1.035

1.008 - 1.063

IAFR

0.0575

0.909

0.824 - 1.003

Table 2: Logistic regression in pre-MetS. WC: waist circumference,
BMI: body mass index, WCI: waist circumference index, IAFA: intraabdominal fat area.

Discussion
For developed countries, it would be serious issues to prevent
cardiovascular death due to illness ascribable to overeating. The
guideline on MetS is being utilized in those countries in order to detect
more high risk subjects for cardiovascular diseases and/or
cardiovascular death.
Based on the concept that expression and secretion of proinflammatory cytokines is associated with intra-abdominal fat
accumulation, IAFA is frequently measured in obesity subjects [9]. CT
scan is considered as a method for more precise measurement of IAFA,
however, measurement of WC instead of CT scan method is
recommended due to convenient and cheaper method.
In addition to reduction of medical economics, maintenance of
healthy life is a key issue in developed counties. As a solution of this
issue, intensive education to change life style and/or mild medical
intervention seems to be appropriate for subjects who have relatively
mild risk factors on cardiovascular diseases. In this study, the abovementioned subjects were categorized as pre-MetS. Thus, pre-MetS in
this study consisted of three types; 1) subjects with normal WC who
were positive for one risk factor among high blood pressure,
dyslipidemia, and high blood glucose, 2) subjects with abnormal WC
who were positive for one risk factor, and 3) subjects with normal WC
who were positive for two risk factors.
This study revealed that WCI was more suitable parameter than WC
for estimation of IAFA. It was considered for merits of WCI that WCI
was adjusted for the height factor, like body surface as same as BMI.
This means that WCI is considered more convenient predictive
parameter for abdominal obesity regardless of height.
Also, this study revealed WCI was a parameter for detection of
subjects with pre-metabolic syndrome. As a result of a logistic
regression analysis, WCI showed a strong relationship to the present of
subject with MetS as a following to IAFA, In subjects with two or more
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risk factors, WCI showed stronger correlations as compared with the
IAFA (date not shown).
The reasons why WCI (division of WC by height in meters squared)
was chosen as a primary parameter is that it would be easy to compare
it with the BMI (division of BW by height in meter squared), which is
established as a useful index throughout the world. Also, the difference
in WCI between groups with a height of 160 cm and height of 180 cm
was greater as compared with that in WC divided by height in meters
or height in meters cubed, as seen in Table 3. It should be considered
that muscle mass and bone mass are inversely impacting to BMI.
WC

height

WCI1

WCI2

WCI3

160 cm

43.75

27.34

17.09

180 cm

38.89

21.60

12.00

4.86

5.74

5.09

160 cm

50.00

31.25

19.53

180 cm

44.44

24.69

13.72

5.56

6.56

5.81

160 cm

56.25

35.16

21.97

180 cm

50.00

27.78

15.43

6.25

7.38

6.54

160 cm

62.50

39.06

24.41

180 cm

55.56

30.86

17.15

6.94

8.20

7.27

70 cm

Difference

may replace the IAFA measured on abdominal CT as an index of
screening for MetS, especially pre-MetS individuals.
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