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Abstract
Objective: Obesity and particularly abdominal obesity are strongly associated with insulin resistance and type 2
diabetes. The aim of this study was to quantify the association between three anthropometric measurements (body
mass index, waist to hip ratio, waist circumference) and type 2 diabetes mellitus in the adult Yazd population, Iran.
Methods: This case-control study conducted among diabetic patients and healthy subjects in the Yazd population,
Iran. The study was conducted in a period from December 2012 to May 2013. Studied individuals consisted of 200
patients with Type 2 diabetes and 200 controls without Type 2diabetes. Student t-test was used to assess differences
between mean values of two continuous variables. Chi-square analysis was performed to test the differences in
proportions of categorical variables between groups and logistic regressions were performed separately for men and
women to quantify the association between type 2 diabetes and Body Mass Index (BMI), Waist to Hip Ratio (WHR)
and Waist Circumference (WC).
Result: 50% of individuals in each group were female and %50 males, mean age of the subjects in the case &
control groups were 53.18 yr. and 52.60 yr. respectively. Mean (SD) WC was 91.62 cm (8.9) in non-diabetics men
and 97.58 cm (8.64) in diabetics ones, (p<.001). In women, it was 95.5 (11.46) cm for non-diabetics and 101.61 cm
(10.26) for diabetics. In the multivariate analysis, Odds ratio [CI95%] for WC was 3.71 [1.32-10.43] in men and 4.86
[1.14-20.65] in women. Results for BMI and WHR were non-significant in both sexes.
Conclusion: Our study clearly demonstrates that WC is the strongest anthropometric index that associates with
type 2 diabetes in both sexes. And this parameter should be used in routine practice for the follow up of patients with
type 2 diabetes.
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dyslipidemia, which have been reported to be the major etiologic
factors the rising incidence of type 2 diabetes around the globe [14].

Introduction

The Body Mass Index (BMI), defined as the weight in kilograms
divided by the height in meters squared, the Waist to Hip Ratio (WHR),
and the Waist Circumference (WC) are three main anthropometrics
parameters to evaluate body fat and fat repartition in adults. And these
parameters have ethnic susceptibility [15,16]. Some authors showed
that BMI and WHR were predictors of type 2 diabetes outcome [17].
Whereas in other studies, WC was a better predictor of type 2 diabetes
mellitus and was more strongly correlated to intra-abdominal fat than
WHR [18,19]. The aim of this study was to quantify the association
between three anthropometric measurements (body mass index, waist
to hip ratio, waist circumference) and type 2 diabetes mellitus in the
adult Yazd population, Iran.

Diabetes Mellitus (DM) is one of the most common chronic diseases
in the world and the most challenging health problems of the twenty
first century [1]. It is estimated that by the 2030 the number of people
with diabetes will increase to more than 366 million, more than twice
the number in 2000 [2,3]. Most of these new cases are from developing
countries and it seems that the Middle East is among the regions that
will have the largest increase in prevalence of diabetes by 2030 [3].
In 2011 it was estimated that 366 million people worldwide had
diabetes [4], but its prevalence is increasing rapidly because of increasing
age of the population and surge of obesity in many countries including
Iran. In Iran, about 10% of the general population had diabetes mellitus
or impaired fasting glucose in 2008 [5]. And in the recent study in
Yazd, the result of study showed the prevalence of known diabetes and
impaired fasting glucose was 16.3% and 11.9% respectively [6].
Type 2 diabetes is a chronic disease characterized by hyperglycemia
and dyslipidemia due to underlying insulin resistance. The condition
commonly progresses to include micro vascular and macro vascular
complications [7,8]. Obesity and particularly abdominal obesity are
strongly associated with insulin resistance [9,10]. Diabetes results from
the combination of genetic and environmental factors [11]. There are
strong evidences to suggest that modifiable risk factors such as obesity and
physical inactivity are the non-genetic determinants of the diabetes [12,13].
The occurrence of rapid and major lifestyle changes in the
many countries has increased the prevalence of obesity and other
non-communicable disease risk factors such as hypertension and
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Materials and Methods
This was a case-control study, designed to determine the relationship
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between body mass index, waist to hip ratio, waist circumference and
type 2 diabetes mellitus in the adult Yazd population, Iran conducted
in a period from December 2012 to May 2013. Yazd city, as reference
study population, is located in central of Iran and composed of
980000 populations with unique and homogenous ethnic group.
Using appropriate formula and considering proportion of W/H ratio
of %20 in general population, confidence interval of 95%, study power
of 80% and at least odds ratio of 1.65, totally 400subjects (200 cases
and 200 controls) selected by random method. Inclusion criteria for
case group were male & female subjects with age>30 yr. residing in
Yazd city and having history of known DM in last 3 years (new cases).
Patients were excluded if they had a history of diabetes mellitus type
1 or not living in the Yazd city. Controls were recruited from subjects
who referred to the Yazd Central Laboratory For any other reason
except for Diabetes and Chronic Diseases. One control was selected
and matched on sex and age (± 2 years) using frequency matching.
The criteria for controls were not having history of DM or receiving
any diabetic medication, not having impaired fasting glucose or
type 2 diabetes mellitus following a Fasting blood glucose test. The
study was approved by the Medical Ethics Committee of Shahid
Sadoughi University of Medical Sciences and Health Services of Yazd.
Informed consent was obtained from all participants, which were
carried out in accordance with the Declaration of Helsinki. Subjects
were interviewed face-to-face by trained interviewers using pretested
questionnaires. Information concerning age, gender, family history of
diabetes, history of hypertension and dyslipidemia, other information
was collected by questionnaire. Anthropometric measures included
height, weight; waist and hip circumference were measured according
to standard protocols and were recorded. Height was measured in
a standing position, without shoes; using a tape stadiometer with a
minimum measurement of 1 cm. Weight was measured with each
subject wearing light clothing in kilograms by using digital scales (0.5
kg accuracy). Body Mass Index (BMI) was calculated as weight in
kilograms divided by height in meters squared. BMI was categorized
according to WHO recommendation and obesity was defined as
BMI ≥ 30 kg/m2 [20]. Waist Circumference (WC) was recorded to
the nearest 0.1 cm at the umbilical level and hip circumference at the
maximal level over light clothing, using an unstretched tape meter,
without pressure on the body surface. The waist-to-hip ratio (WHR)
was calculated as WC divided by hip circumference. We used the
criteria of the National Heart, Lung, and Blood Institute (NHLBI) to
define the cut-off points for central (or abdominal) obesity. A measure
of WC over 88 cm in women and in102 cm in men was considered at

risk. Waist hip ratio cut-off points used were ≥ .95 for men and ≥ .85
for women [21].
Occupational, commuting, and leisure-time physical activity was
assessed using a questionnaire and was categorized in Occupational
activity and regular or moderate intensity activity.
Systolic and diastolic blood pressures were measured twice in a
seated position in the left arm by digital pressure gauge and the mean
value was considered as the subject’s blood pressure. Hypertension
was defined, according to the JNC7 report ( the report Joint National
Committee 7), as a systolic blood pressure ≥ 140 mm Hg and/or diastolic
blood pressure ≥ 90 mm Hg, or current use of an antihypertensive
medication [22].
Dyslipidemia was defined when one of the following was present:
Triglyceride (TG) concentration more than 150 mg/dl or Cholesterol
concentration more than 200 mg/dl or HDL cholesterol less than 50
mg/dl in females and less than 40 mg/dl in males or LDL more than 100
mg/dl. This classification was conforming to ATP III (Adult Treatment
Panel III) guidelines [23].

Statistical Analysis
Data analysis was done using the Statistical Package for Social
Sciences (SPSS) for Windowsversion 16. The Student t-test was used
to assess differences between mean values of two continuous variables.
Chi-square analysis was performed to test the differences in proportions
of categorical variables between two groups. Unadjusted and adjusted
Logistic regression analyses were performed to quantify the association
between type 2 diabetes and the explanatory and categorical variables
(BMI, WC, WHR). Adjustment was done on all significant covariables
in the univariate analysis (among age, family history of diabetes,
hypertension, dyslipidemia, physical activity and History of gestational
diabetes in women). The analyses were performed for each sex and
the Odds Ratios (ORs) of type 2 diabetes and their 95 % confidence
intervals (CI95%) were estimated. The level P value less than 0.05 was
considered significant for all tests.

Result
In this study, 200 patients with type 2 diabetes mellitus (age>30
years) and 200 healthy controls (age>30 years) were studied. Table 1
shows Characteristics of diabetic and non-diabetic subjects by sex. The
mean age of the subjects in the study group (cases) was 53.18 years and
that of the subjects in the control group (controls) was 52.60 years. It was

Total
Cases
N = 200

Control
N = 200

Men
P

Cases
N = 100

Control
N = 100

Women
P

Cases
N = 100

Control
N = 100

P

Quantitative variable
Mean ± SD
Age (year)

53.18 ± 9.51

52.60 ± 9.75

0.54

53.20 ± 9.78

52.82 ± 10.31

0.79

53.17 ± 9.2

52.39 ± 9.2

0.55

BMI (k/m2)

29.47 ± 3.95

28.19 ± 4.67

0.003

28.14 ± 3.28

26.53 ± 3.23

0.001

30.80 ± 4.12

29.85 ± 5.27

0.15

WC (cm)

99.59 ± 9.68

93.83 ± 10.47

10-4

97.58 ± 8.64

91.62 ± 8.90

10-4

101.61 ± 10.26

95.05 ± 11.46

10-4

WHR

0.95 ± 0.07

0.90 ± 0.06

10

0.98 ± 0.07

0.93 ± 0.06

10

0.93 ± 0.07

0.88 ± 0.05

10-4

-4

-4

Qualitative variable
N (%)
Family history of diabetes

145 (72.5)

57(28.5)

10-4

70 (70)

22 (22)

10-4

75 (75)

25 (25)

Hypertension

117 (58.5)

69 (34.5)

10-4

57 (57)

38 (38)

0.007

60 (60)

31 (31)

10-4

Dyslipidemia

186 (93)

164 (82)

0.001

90 (90)

82 (82)

0.10

96 (96)

82 (82)

0.003

125 (62.5)

134 (67)

0.34

61 (61)

59 (59)

0.77

64 (64)

75 (75)

0.09

Regular physical activity

10-4

Table 1: Characteristics of diabetic and non-diabetic patients by sex.
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A
OR

B

CI %95

P

OR

CI %95

P

Waist circumference
Men (n=200)

3.44

1.68-7.04

0.001

3.71

1.32-10.43

0.013

Women (n=200)

9.12

2.63-31.59

10-4

4.86

1.14-20.65

0.03

BMI
Men (n=200)

2.14

1.10-4.15

0.02

1.53

0.57-4.10

0.39

Women (n=200)

2.16

1.23-3.81

0.007

1.42

0.69-2.93

0.33

WHR
Men (n=200)

2.08

1.18-3.66

0.01

1.61

0.77-3.32

0.19

Women (n=200)

2.66

1.33-5.32

0.005

1.50

0.61-3.70

0.37

A: The coefficients are unadjusted
B: The coefficients are adjusted on family history of diabetes and hypertension in men and on family history of diabetes, hypertension, dyslipidemia and History of
gestational diabetes in women women.

observed that among diabetics the mean of BMI (29.47), WC (99.59),
and WHR (.95) were significantly high compared to non-diabetics
(p<0.05). Whereas no significant difference was noted in relation mean
of age (p=0.54) among diabetics and non-diabetics.
In the group of women, significantly, women with diabetes had a
more Family history of diabetes (75% vs. 25%, P=10-4), Hypertension
(60% vs. 31%, P=10-4) and Dyslipidemia (96% vs. 82%, P=0.003)
than women in the other group. Also the Family history of diabetes
and Hypertension in men with diabetes were significantly more than
men in the other group (p<0.05). No significant difference was found
between cases and controls in both sex for physical activity.
Table 2 shows the results of the logistic regression analysis. In
the univariate regression analysis (Table 2A), there were statistically
significant relations between type 2 DM and WC, BMI and WHR in
both sex. The other variables associated with type 2 DM were: family
history of diabetes and hypertension in men and family history of
diabetes, hypertension and dyslipidemia in women. However, after
adjustment on the other significant factors of the univariate analysis,
associations between type 2 DM and BMI and WHR showed no
significant in both sex (Table 2B). The regression coefficient for WC
was 3.71 (95 % (CI)=1.32-10.43 and P<0.013) in men and 4.86 (95 %
(CI)=1.14-20.65 and P<0.03) in women.

Discussion
In this case control study performed in 400 subjects aged
>30 years (200 case and 200 control), we documented significant
associations between WC and type 2 diabetes whereas BMI and WHR
were not significantly associated with diabetes in both sex. Moreover,
our results showed waist circumference was more strongly related to
type 2 diabetes in women than the men (OR=4.86 vs. 3.71). Insulin
resistance is a major feature of type 2 diabetes, and waist circumference
is associated with insulin resistant and type 2 diabetes [24]. Our
results clearly demonstrate that WC is the strongest anthropometric
index that associates with type 2 diabetes. Consistent with our
findings, previous studies also showed that the waist circumference
is the best predictor of type 2 diabetes mellitus compared to body
mass index, waist/hip ratio and other anthropometric measurements
[18,25]. There is conflicting evidence on the index of obesity that best
reflects diabetic risk. In some studies, waist circumference [19,26,27]
and waist-to-hip ratio [28] are better than BMI, in others, BMI
is better [29,30] and in others, neither is significantly better [31].
Moreover, both types of obesity (central and overall obesity) may be
independent predictors of diabetic risk [32,33]. Differences in data
J Diabetes Metab
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collection methods and not using appropriate statistical methods may
be related, to differences in obesity.
In our study group, no relationship was found between diabetes and
physical activity which was defined as occupational or moderate activity.
Whereas the inverse relationship can be seen in cross-sectional studies
between physical activity and type 2 diabetes [34-36]. In this context,
prospective studies have shown that physical activity can prevent type
2diabetes [37,38]. Overall, the evidence suggested an important role of
physical activity in the prevention of type 2 diabetes. The results from
this study showed that waist circumference was strongly associated
with type 2 diabetes in both sex. And these parameter which is good
measures of abdominal fat, should be used in routine practice for the
follow up of patients with type 2 diabetes.
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