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Abstract

Background

Obesity is considered the strongest risk factor for Type 2 DM and numerous studies have demonstrated this association.

Objective

To compare the Body mass index (BMI), the Waist Circumference (WC) and the Waist Hip-Ratio (WHR) in predicting Type 2 Diabetes.

Methods

This is a cross sectional study involving 709 subjects recruited from a multi-stage sampling method in the study location. Demographic data and 
anthropometric variables were obtained according to a standard protocol. Plasma glucose analysis in the fasting state and 2hours after ingestion of 
75g glucose were done. We estimated the predictive value of obesity parameters WC, WHR, BMI in the prediction of diabetes. Receiver- Operator 
Characteristic (ROC) curves were used to determine the predictive power of each variable.

Results

The age range off our subjects was 20-89. There were 308 males (43.4%) and 401 females (56.6%). We documented 29 subjects with incident diabetes 
(previously undiagnosed) comprising 14 males and 15 females. The ROC curve showed that WHR had the highest AUC.

Conclusion

The ROC curve analysis indicated that WHR was better than WC and BMI in predicting type 2 diabetes.

Introduction

Obesity is an important risk factor for cardio metabolic diseases, 
including diabetes, hypertension, dyslipidaemia and coronary heart 
disease (CHD). Obesity is considered the strongest risk factor for type 
2 diabetes [1]. Several leading health institutions including the WHO 
and the National Institute of Health (U.S.A) have provided guidelines 
for classifying weight status based on BMI [2, 3]. These have agreed 
that men and women who have a BMI ≥30kg/m2 are considered obese 
and are generally at higher risk for adverse health events than are 
those who are considered overweight (BMI between 25.0 and 29.9kg/
m2) or lean (BMI between 18.5 and 24.9kg/m2). Therefore, BMI has 
become the gold “standard” for identifying patients at increased risk 
for adiposity – related adverse health outcomes [4].

Body fat distribution is also an important risk factor for obesity-
related diseases. Excess abdominal fat (also known as central or upper 
body fat) is associated with an increased risk of cardiometabolic 
disease.

Waist Circumference (WC) is often used as a surrogate marker of 
abdominal fat mass, because WC correlates with abdominal fat mass 
(subcutaneous and intra-abdominal) [5] and with cardiometabolic 
disease risk [6]. Men and Women who have waist circumference 
greater than 102cm and 88cm, respectively are considered to be at 
increased risk for cardiometabolic disease [7].

IDF recently proposed new waist circumference cut off points as 
criteria for central obesity [8, 9]. The values are ethnic and gender 
specific. European values are 94cm for men and 80cm for women, for 
Asians 90cm for men and 80cm for women. Sub-Saharan Africans are 
to use European values until more specific data are available.

Methods

We analysed the data of a population based cross-sectional study 
of 800 urban adults in jos, North Cental, Nigeria. In brief, a multi-
stage sampling technique was used to select 800 subjects who met the 
inclusion criteria.In the first stage, Jos Municipality was selected ,and 
in second stage, 2 wards were selected randomly from 40 wards by 
simple balloting and then in third stage a household survey was done 
and 800 subjects from 340 households selected systematically(every 
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second household) were identified and invited to participate in the 
study. 

The study procedure was explained to all subjects and written 
informed consent was obtained from each subject. A questionnaire 
(Appendix C) was administered to obtain relevant demographic, 
social and medical history. The questionnaire for data collection, 
physical measurements and biochemical parameters was adapted and 
modified from WHO STEPS instrument [10]. All anthropometric 
measurements were done standardized. The following anthropometric 
measurements were taken: 

i. Weight (kg) - Was measured to the nearest 0.1kg with subjects 
in minimal clothing and without shoes using a standard 
weighing scale.

ii. Height (m) - Was measured to the nearest 0.1cm with a 
stadiometer with subjects barefoot and without headgear.

iii. Body Mass Index (BMI) - Was calculated as weight in kg 
divided by the square of height in meters (m2) i.e. kg/m2.

iv. Waist circumference (cm) - Was measured to the nearest 0.1 
cm using a non-stretch metric tape as the horizontal level at 
the mid-point between the lowest rib and the iliac crest.

v. Hip circumference (cm) - Was measured to the nearest 0.1cm 
as the largest circumference of the gluteal region or as the 
maximal circumference around the buttocks (posteriorly) and 
the pubic symphysis (anteriorly).

vi. Waist – to – Hip Ratio (WHR) - Was calculated as the waist 
circumference (cm) divided by the hip circumference (cm).

Fasting blood sugar was measured after 8-12 hours of overnight 
fast in the morning by the glucose oxidase method. Diabetes was 
diagnosed as Fasting plasma glucose ≥ 7.0 mmol/l and/or 2 hours 
plasma glucose ≥11.1 mmol/l after a 75g oral anhydrous glucose load. 

The WHO criteria for Obesity with BMI was used. BMI of 18.5-
24.9 for normal, 25.0-29.9 overweight and ≥ 30.0 as obese. Abnormal 
WC was done with IDF criteria of less than in males and less than in 
females. Abnormal WHR was determined using……

Statistical analyses was done with SPSS version 16. The Receiver 
Operator Characteristic (ROC) curve analysis was used to determine 
which of the anthropometric indices best correlates with glucose 
intolerance. 

Results

Age and Sex distribution of Subjects

Eight hundred subjects were enrolled into the study, of whom 709 
responded and participated in the survey giving a response rate of 
88.6%. A total of 308 (43.4%) male subjects and 401 (56.6%) female 
subjects participated in the study giving a male to female ratio of 1: 
1.3. The mean (SD) age of study subjects was 43.21 (14.73) years with 
a range of 20 to 89 years. The mean (SD) age of the male subjects 
was 42.19 (15.3) years while that of female subjects was 43.99 (14.39) 
years, females being slightly older, however this difference was not 

significant,(t=1.62, p=0.10). The age and sex distribution of the study 
subjects is shown in Table 1. 

Table 1: Age and Sex distribution of Study Participants (Responders).

Age 
(Years)

Sex Total Percentage (%)

Males Females

20-29
30-39
40-49
50-59
60-69
≥70

76
78
50
59
29
16

77
91
90
61
54
28

153
169
140
120
83
44

21.6
23.8
19.8
16.9
11.7
6.2

Total 308(43.4%) 401(56.6%) 709(100%) 100

X2=11.26 , P=0.046

The comparative ability of the Indices to correctly identify Diabetes 
mellitus was tested using the Receiver Operator Characteristic (ROC) 
Curve analysis.

The ROC Curves for DM in Male subjects

The ROC Curves of the Anthropometric Indices associated 
with the presence of DM in Male subjects are shown in Figure 8. 
The AUC’s for BMI, WC, WHR were 0.79(p<0.001), 0.83(p<0.001), 
0.87(p<0.001) respectively showing that although all the studied 
indices had significant abilities to identify DM in male subjects, WHR 
was the best in this population.

All the indices had significant AUC compared to the Null 
hypothesis true area of 0.5. Since WHR had the highest AUC (0.87), 
as seen in the curves, it has the best predictive ability for DM in males.

Discussion

The ROC curve analysis for type 2 diabetes in men in this study 
had AUC’s of 0.79, 0.83, 0.87 for BMI, WC, WHR respectively while 
that of women in this study had AUC’s of 0.74, 0.69, 0.74 for BMI, WC, 
WHR respectively. 

The findings of this study showed that all the studied 
anthropometric Indices had significant ability to identify subjects with 
DM, however WHR was superior to both WC and BMI in predicting 
Diabetes in men. In women, the WHR yielded equal predictive ability 
with BMI and both were superior to WC in predicting diabetes in 
women.

This contrasts with Caucasian studies [11,12] where WC performed 
better than WHR as a predictor of type 2 DM. The ROC curve analysis 
for type 2 diabetes in men in this study had AUC’s of 0.79, 0.83, 0.87 
for BMI, WC, WHR respectively. These AUC’s are higher than the 
ones obtained in the EPIC-Potsdam study [13] for type 2 diabetes in 
men with AUC’s of 0.75, 0.76, 0.74 for BMI, WC, WHR respectively. 
For men, WHR had the highest AUC in this study while WC had 
the highest AUC in the EPIC-Potsdam study. In women, for type 2 
diabetes, the AUC’s in this study were 0.74, 0.69, 0.74 which was lower 
than the AUC’s in the EPIC-Potsdam study, 0.80, 0.83, 0.81 for BMI, 
WC and WHR respectively. BMI and WHR had the highest AUC in 
this study while WC had the highest AUC in the EPIC-Potsdam study.

In the D.E.S.I.R. study, [14] for type 2 diabetes, in men, BMI had 
a higher AUC than WC or WHR (0.77 as against 0.74 and 0.66) while 
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in women, WC had a higher AUC than BMI or WHR (0.82 as against 
0.77 and 0.77). This differs also from this study which in men, WHR 
had a higher AUC than BMI or WC (0.87 as against 0.83 and 0.79) and 
in women, BMI and WHR had higher AUC’s than WC (0.74 as against 
0.69) [Figure 1].

Figure 1: ROC Curves of the anthropometric Indices associated with the presence of DM 
in male subjects. 

Thus while WC co-relates better and appears to be more sensitive 
than BMI or WHR in identifying type 2 diabetes in Caucasians, WHR 
co-relates better and probably more sensitive than BMI or WC in 
identifying type 2 diabetes in our study population. We observed that 
in our subjects while some had normal BMI and WC, such subjects 
may have abnormal WHR. This is reflected in the fact that Obesity 
was commonest using WHR in our study population. This was in 
agreement with the general observation that native Africans tend to 
have smaller physical frame than their Caucasian counterpart. This 
finding suggests that native Africans deposit fat differently from 
Caucasians whom appear to have larger waist circumference than 
Africans. Hoffman et al, found that Caucasians had a greater visceral 
adipose tissue mass and smaller subcutaneous adipose tissue mass 
compared with African-americans respectively [15]. Mechanisms 
to explain the racial difference in visceral adipose tissue content are 
lacking [15]. BMI performed least in its discriminative ability to 
identify DM in men but performed better than WC in women. BMI 
is unable to differentiate between fat mass and muscle mass and does 
not identify abdominal obesity which has been shown to correlate 
more strongly with obesity related health risks than peripheral obesity 
[16]. Some Nigerian studies also showed that BMI compared to other 
anthropometric indices performed poorly as an index of obesity 
among Nigerian adults with diabetes mellitus [17]. In our subjects 
with DM, body fat distribution represented by WHR was more 
sensitive than WC or BMI in identifying them. WHR may be a better 
measure of central obesity than WC in this population. 

Conclusion

The results of our study contrasts with earlier studies in 
Caucasians with WHR predicting diabetes better than BMI and 

WC and also discriminated diabetic from nondiabetic subjects with 
higher accuracy in men. Since obesity, metabolic syndrome, diabetes 
and cardiovascular diseases are highly prevalent in our population, 
this results emphasize the application of WHR as an appropriate 
discriminative tool for identification of diabetes.
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