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anthropometrically derived adiposity measures to study the association with Type
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This study aims to examine the association of different adiposity measures and to
find out the best adiposity measure in assessing Type 2 Diabetes.
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Method
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On 187 adult males aged 25-67 years, fasting and two hours postload glucose levels
were assessed. Height, weight, hip circumference, and waist circumference at two
anatomical sites, one at the level of the greatest anterior extension of the abdomen
i.e. abdominal circumference and the other one at the narrowest part of the torso
i.e. minimum waist circumference were measured. Waist hip ratio, body mass
index, waist height ratio and conicity index were calculated subsequently.
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The prevalence of Type 2 Diabetes was 12.3%. Abdominal circumference revealed
the highest odds ratio (OR 2.75; 95% CI 1.45 - 5.23) for Type 2 Diabetes, followed by
waist height ratio (OR 1.86; 95% CI 1.05 - 3.32) and minimum waist circumference
(OR 1.83; 95%CI 1.03 - 3.26). The area under the receiver operating characteristic
curve of abdominal circumference was also larger (68%; 95%CI: 0.57 - 0.79)
compared to other adiposity measures in assessing Type 2 Diabetes.
Conclusion
Waist circumference measured at the level of greatest anterior extension of the
abdomen was the best central adiposity measurement in predicting and assessing
Type 2 Diabetes.
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INTRODUCTION
It is well known that obesity or excess adiposity and more
specifically abdominal adiposity is positively associated with
Type 2 Diabetes risk.1 However, there are different ways
of measuring abdominal adiposity. Anthropometrically
derived measurements like waist circumference (WC),
waist hip ratio (WHR), waist height ratio (WHtR) are widely
used in epidemiological studies, because of their strong
positive association with both abdominal adipose tissue
and disease risk.2-5 Moreover, these measurements are
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simple, inexpensive and could be used in a larger sample.
However, to the best of our knowledge, no comparative
study has been done in India considering different
anthropometrically derived adiposity measures to study
the association with Type 2 Diabetes. In view of the above
consideration, the objectives of the present study are to
examine the association of different adiposity measures
with Type 2 Diabetes and to find out the best adiposity
measure in assessing Type 2 Diabetes.
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METHODS
A sample of 187 adult males; aged 25-67 years old; from
an urban area of West Bengal, India were examined
between October 2007 and August 2008. In this crosssectional study, individuals were informed by letters
and oral communication regarding the aims of the study
and interested individuals were incorporated. However,
individuals under medication were excluded. Informed
consent was obtained from all participants before the
work commenced. Anthropometric measurements viz.
height (HT), weight (WT), minimum waist circumference
(MWC), abdominal circumference (AC), hip circumference
(HC) was taken following standard techniques.6 In brief,
all measurements were taken with little clothing and
barefooted. During the measurement of HT, the subject
stands on a flat surface with the head in Frankfurt Horizontal
Plane. WT was measured with the subject stands still over
the center of the platform of weighing machine with body
weight evenly distributed between both feet. However,
we have measured WC at two anatomical sites, one at the
level of the greatest anterior extension of the abdomen
in horizontal plane and termed as AC and the other one
at the level of the natural waist, which was the narrowest
part of the torso and termed as MWC. HC was measured
at the level of maximum extension of the hip. WHtR,
WHR, body mass index (BMI), and conicity index (CI) were
calculated subsequently. HT was measured to the nearest
0.1 cm using moveable anthropometer. Circumference
measurements were made to the nearest 0.1 cm using
inelastic steel tape. WT was measured to the nearest
0.5 kg using weighing machine. Intra-observer error was
calculated. Technical error of measurements (TEM) values
was found to be between 0.000 and 0.077 considering
all the anthropometric variables.7 Fasting glucose (FPG)
concentration and postload glucose concentration 2-hours
after a 75-g OGTT (2hPG) were measured by Glucometer
(Advance Micro-draw, Hypoguard, Minneapolis, MN 55439,
USA). Reliability of measurement was checked on a regular
basis. Subjects were defined as having diabetes if they met
the American Diabetes Association criteria.8 Descriptive
statistics were performed by mean and standard deviation
(SD). To compare the independent association of different
adiposity measures with Type 2 Diabetes, we calculated
odd ratios (ORs) for each measurement using tertile in
simple logistic regression analysis. Areas under the receiver
operating characteristic (ROC) curves were calculated
to understand the ability of each adiposity measure to
assess Type 2 Diabetes. Statistical analysis was performed
using the Statistical Package for Social Sciences version
9.0.0 (SPSS Inc., Chicago, IL, USA). A p-value of < 0.05 was
considered as significant.

RESULTS
The study population included 187 adult males aged 25-67y
and the mean age was 44.66y (SD ± 9.35y). The mean and
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standard deviation of anthropometric and blood glucose
variables are presented in table 1. With 23 participants
identified as having Type 2 Diabetes, the prevalence
of Type 2 Diabetes in the study population was 12.3%.
Comparison of the prevalence of Type 2 Diabetes in lowest
vs. highest tertile are presented in table 2. The odd ratios
Table 1. Characteristics of the study population.
Variables

Mean

SD

Height (cm)

164.66

6.44

Weight (kg)

65.09

10.88

Minimum waist circumference (cm)

84.30

8.15

Abdominal circumference
(cm)

89.80

9.19

Maximum hip circumference
(cm)

91.32

6.44

Waist hip ratio

0.92

0.05

Waist height ratio

0.51

0.05

Body mass index (kg/m2)

23.94

3.27

Abdominal hip ratio

0.98

0.06

Conicity index

1.23

0.06

Fasting glucose (mg/dl)

105.69

25.59

Postload glucose (mg/dl)

131.29

37.05

Table 2. Comparison of the prevalence of Type 2 Diabetes in
lowest vs. highest tertile.
Tertile

Variables

Lowest

Highest

n

%

N

%

Minimum waist circumference (cm)

6

26.07

14

60.87

Abdominal circumference (cm)

2

8.70

14

60.87

Waist hip ratio

5

21.74

11

47.83

Waist height ratio

5

21.74

13

56.52

Body mass index (kg/
m2)

5

21.74

11

47.83

Conicity index

3

13.04

10

43.48

along with 95% confidence intervals (95% CI) of MWC, AC,
BMI, WHR, WHtR and CI for Type 2 Diabetes are shown in
table 3. Compared to the lowest tertile, odd ratios for Type
2 Diabetes was 2.75 (95% CI: 1.45 to 5.23) with AC in the
highest tertile, 1.86 (95% CI 1.05 - 3.32) with WHtR and
1.83 (95% CI: 1.03 to 3.26) with MWC in the highest tertile.
Thus, the higher risk of Type 2 Diabetes was associated with
increasing AC. However, the odd ratios of WHR, BMI and CI
for diabetes were not statistically significant (p>0.05). The
area under the ROC curves in assessing Type 2 Diabetes
for adiposity measures are shown in table 4. Apart from
the BMI and CI, areas under the ROC curves of all adiposity
measures were significantly higher than the non-effect
value 0.5. However, the area under the ROC curve for AC
(AUC 0.68, 95% CI 0.57 to 0.79) was larger than those of
other measures in assessing Type 2 Diabetes.
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Table 3. Odd ratios of different adiposity measures for Type 2
Diabetes.
Variables

OR

95% CI
Lower
Bound

Upper
Bound

p

Minimum waist circumference (cm)

1.83

1.03

3.26

0.03

Abdominal circumference (cm)

2.75

1.45

5.23

0.01

Waist hip ratio

1.58

0.91

2.76

0.11

Waist height ratio

1.86

1.05

3.32

0.03

Body mass index (kg/
m2)

1.59

0.91

2.77

0.11

Conicity index

1.58

0.91

2.76

0.10

Table 4. Area under the ROC curves of different adiposity
measures in assessing Type 2 Diabetes.
Variables

AUC

95% CI

p

Minimum waist
circumference (cm)

0.63

0.51

0.76

0.03

Abdominal circumference (cm)

0.68

0.57

0.79

0.01

Waist hip ratio

0.64

0.53

0.75

0.02

Waist height ratio

0.63

0.51

0.75

0.02

Body mass index
(kg/m2)

0.61

0.48

0.74

0.09

Conicity index

0.62

0.50

0.73

0.06

Lower Bound Upper Bound

DISCUSSION
This is the first study comparing the association of six
adiposity measures i.e. BMI, MWC, AC, WHR, WHtR and
CI with Type 2 Diabetes in Asian Indian males. The logistic
regression and receiver operating characteristic curve
analysis revealed that AC was the best adiposity measure
for predicting Type 2 Diabetes. Although, most studies
demonstrated that WC may be a better indicator of Type
2 Diabetes risk than other central adiposity measures, it
should be noted that there was no universal landmark to
measure WC.9,10 Thus, the anatomical landmark used to
measure WC varied from one study to another and they
used the term WC generally, irrespective of the anatomical
site used to measure the WC.11,12 Moreover, studies also
revealed that the differences in anatomical sites for the
measurement of WC have different magnitude in the
relationship with adipose tissue distribution and metabolic
risk factors.13,14 However, no previous attempt has been
made among Asian Indians to investigate the association
of Type 2 Diabetes risk with the difference in WC measured
at different sites. The results of the present study showed
that compared to other central adiposity measures, AC
was better with highest odd ratio for Type 2 Diabetes,
followed by WHtR and MWC. Due to the lack of studies on
AC, comparison with the present study remains unsolved.
Some studies revealed that WC was better predictor of
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Type 2 Diabetes compared to WHtR.11,15,16 Contrary to that,
some other studies revealed WHtR was better predictor
of Type 2 Diabetes compared to WC.17,18 Conversely, in the
present study we have found that both MWC and WHtR
have almost similar association with Type 2 Diabetes
(MWC, OR 1.83; 95% CI 1.03 – 3.26 Vs WHtR, 1.86; 95% CI
1.05 – 3.32).Though, it was difficult to compare the findings
of our study with all these studies because of the difference
in WC measurements site. However, when we compared
our findings with the studies, that have considered WC
and measured at the narrowest part of the torso (i.e. MWC
in the present study), and WHtR, similar result has been
observe.12,14 Moreover, corroborating with the previous
study, present study also revealed that BMI was not a
useful measure in Asian Indians.19 The lack of association
between BMI and Type 2 Diabetes in others ethnic group
has been observed in some recent studies also.15,20 Like
BMI, WHR and CI were also demonstrated lack of significant
associations with Type 2 Diabetes. Study revealed that
WHR was strongly associated with muscle mass and pelvic
structure.21 The lack of association between CI and Type
2 Diabetes in the present study might be due to the fact
that, CI takes into account the overall adiposity and Asian
Indians have a tendency towards more abdominal adipose
tissue deposition.22 Furthermore, the ROC curve analysis
revealed that the AC as a surrogate measure of central
adiposity not only revealed the highest odd ratio for Type
2 Diabetes, but also have higher assessment ability of Type
2 Diabetes, compared to other central adiposity measures.
Thus, the cardinal feature of the present study was that the
WC, measured at the level of greatest anterior extension
of the abdomen was more strongly associated with Type
2 Diabetes risk compared the narrowest part of the torso.
Moreover, AC as a simple proxy measure of visceral
adipose tissue differs from the MWC in being the maximum
circumference of the abdomen and, therefore, could be a
better indicator of abdominal adipose tissue.2

CONCLUSION
Comparison of different adiposity measures revealed that
AC had the highest odd ratio for Type 2 Diabetes, and was
also the best central adiposity measure in assessing Type
2 Diabetes. Since, the present study was cross-sectional
and restricted to males, further studies on the females
as well as in other ethnic groups is necessary to find out
the best adiposity measure of Type 2 Diabetes. Because,
results from such studies could be used to develop Type 2
Diabetes prevention strategies.
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