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INTRODUCTION

Diabetes mellitus (DM) is a known obesity related non-communicable disease.[1] Both obesity 
and DM cases are currently on rise, especially in India.[2,3] The prevalence of prediabetes and 
diabetes is on rise globally as well as in India, even in young population, imparting adverse effects 
on health and economy.[4-6] A large number of prediabetic and diabetic cases remain undiagnosed 
in India,[5-7] warranting requirement of suitable screening method for early identification of these 
cases.

Diagnosis of hyperglycemia (prediabetic and diabetic) is essentially based on measurement of 
blood glucose levels, which is an invasive test. Direct relationship between high blood glucose 
levels (hyperglycemia) and obesity indices such as Body Mass Index (BMI), Waist-Hip Ratio 
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(WHR) and Waist Circumference (WC) has already been 
well recognized and the term “diabesity” has been coined 
to denote diabetes occurring in obese people.[1,8] Previously 
reported strong association of obesity indices with DM offers 
a non-invasive way to screen hyperglycemia and diabetes risk 
at an early stage, quickly and cost effectively.

Multiple methods and criteria to assess obesity are available, 
such as BMI, WC, WHR and Waist-Height Ratio (WHtR), 
which are now internationally recognized and accepted.[8,9] 
BMI is used as criteria for recognition and classification of 
generalized obesity, while WC, WHR and WHtR are simpler 
methods of assessing fat distribution and central obesity.[10-12] 
It has been suggested that measure of central or abdominal 
obesity is better overall obesity related disease risk 
predictor.[11-13]

Indian population shows higher risk of diabetes and 
other obesity related non-communicable diseases even 
at lower values of obesity indices, compared to western 
population.[2,3] Studies documenting association of obesity 
in relation to blood sugar levels and diabetes, describing 
Indian population related cutoff limits of obesity indices are 
scanty[3] and controversial as some have reported significant 
association,[14-16] while others did not[9,17] in different parts 
of India. We conducted this study to assess association of 
random capillary blood glucose (RCBG) levels with obesity 
indices (BMI, WC and WHtR) and their cutoff values for 
predicting hyperglycemia as a convenient, cost-effective, and 
non-invasive method.

MATERIALS AND METHODS

This study was conducted in the Department of Biochemistry, 
Institute of Medical Sciences, Banaras Hindu University, 
Varanasi, India. Apparently healthy residents of Varanasi who 
visited the institute (including patients’ attendants, students, 
and employees) during study duration were offered free 
RCBG level estimation and obesity indices measurements. 
Consecutive visitors who gave consent and were willing to 
participate in this study were enrolled and tested. Inclusion 
criteria was – volunteer subjects, above 18 years of age, who 
were not diagnosed cases of DM. Subjects younger than 
18 years age and self-reported diagnosed DM who were 
undergoing antidiabetic drug treatment were excluded to 
avoid medication-related confounding with blood glucose 
levels and other parameters. All testing and measurements 
were performed during 10 am–4 pm timing. For optimum 
subject compliance and convenience, RCBG levels were 
measured with Glucometer (Dr. Morpen GluoOne Model 
BG-03), following all aseptic precautions and under 
instrument recommended guidelines.[8,18,19] RCBG < 140 mg/
dl was considered as normal and ≥140 mg/dl was taken as 
hyperglycemia to classify subjects.[19]

Weight (Wt) and height (Ht) were measured by resident 
doctors of the department. Subjects were instructed to 
remove heavy clothing or ornaments and shoes. Calibrated 
weighing balance (Crown Victoria Dx, Ramon surgical 
company, India) was used to measure Wt to nearest 0.5 Kg. A 
wall mounted stature meter (EasyCare, Krives international 
limited) was used to measure Ht of subjects to nearest 
0.5 cm.[19] Non-flexible measuring tape (Futaba, India) was 
used for measuring WC at the level between lower border 
of costal margin and iliac crest. BMI (Kg/m2) was calculated 
from Wt and Ht data and following criteria were applied 
– <18.5 – Underweight; 18.5–22.9 – Normal; 23–24.9 – 
Overweight and ≥25 - obese.[2] WHtR cutoff was taken as 
≥0.5 for all subjects.[9,11] WC cutoff was taken as ≥90 cm for 
male and ≥80 cm for female subjects.[2,9]

Total 188 subjects who fulfilled inclusion criteria during 
the study period were enrolled in this study. Data recorded 
from these 188 apparently healthy subjects (135 males and 
53 females) were analyzed. Collected data were tabulated and 
subjects were assigned RCBG, BMI, WC and WHtR status 
according to the set criteria as described above. Statistical 
analysis was performed with help of Statistical Package for 
the Social Sciences (SPSS) software, version 20. Comparison 
of data mean of male and female was done by unpaired 
Student’s t-test. Pearson correlation was applied to test 
correlation between numerical data. Pearson Chi-square test 
was used to test difference in RCBG status distribution across 
categories of age and obesity indices. Receiver Operating 
Characteristic (ROC) curve analysis was performed to 
calculate Area Under Curve (AUC), cutoffs and sensitivity 
and specificity (based on highest Youden index).[12] P ≤ 0.05 
was considered statistically significant.

RESULTS

[Table  1] summarizes descriptive statistics of measured 
variables, comparison between male and female subjects 
and correlation with RCBG levels. We found that there was 
no significant difference in age, RCBG levels, BMI and WC 
between male and female subjects. Males had higher mean Wt 
and Ht than females as expected. Despite having lower WC 
and Ht, females showed significantly higher WHtR than male 
subjects. Correlation analysis showed that age of subjects in 
males and WC in females is positively correlated with RCBG 
levels [Table  1]. WHtR showed positive correlation with 
RCBG when calculated for total population [Table 1].

Next, we analyzed number of subjects having normal 
and high RCBG levels in different categories of measured 
variables by cross tabulation [Table 2]. Total 88.3% subjects 
showed normal and 11.7% showed high RCBG levels. We 
observed that 33.81% subjects were obese as per BMI, 64.89% 
according to WC and 78.2% subjects were obese according 
to WHtR criteria. There was no difference in age group 
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distribution and RCBG status between male and female 
subjects. Although generalized as well as central obesity were 
higher in female subjects, compared to males [Table 2]. The 
analysis of ROC curves [Figure 1] for AUC and cutoff limits 
of measured obesity indices for hyperglycemia (RCBG levels 
≥140 mg/dl) are depicted in [Table 3].

DISCUSSION

Early identification of hyperglycemia is critical for the 
prevention of diabetes as well as reduction of undiagnosed 
cases. Diabetes can even be prevented/delayed by lifestyle 
modification when blood glucose is still at prediabetic levels. 
Early diagnosis of hyperglycemia is limited in India by 
financial burden on subjects and also by lack of awareness 
about presence of risk factors associated with diabetes 

(like obesity). Present study was focused on determining 
usefulness of conveniently measured obesity indices as non-
invasive, cost effective, user friendly and early screening 
method for the prediction of hyperglycemia.

In the present study, total 188 apparently healthy adults 
(135 males and 53 females) were assessed and their BMI 
was measured for generalized obesity, and WC and WHtR 
were measured for central obesity. In this study, it was 
found that percentage of obese subjects was higher than 
previously reported studies in Indian population indicating 
that obesity is comparatively more prevalent in Varanasi, 
UP, India.[9] Among three measured obesity indices WHtR 
criteria marked most subjects as obese, followed by WC and 
BMI criteria [Table  2]. This pattern has also been reported 
previously in Indian population.[9]

Table 1: Descriptive statistics and correlations with random capillary blood glucose (RCBG) levels.

Total  
(n=188)

Males  
(n=135)

Females 
(n=53)

Male versus 
Female

(unpaired student 
t test P value)

Pearson correlation with RCBG levels 
(r, P value)

Mean (SD) Mean (SD) Mean (SD) Males 
(n=135)

Females 
(n=53)

Total 
(n=188)

Age (years) 38.19 (14.99) 39.07 (15.34) 35.94 (13.92) 0.200 0.233, 0.006 0.253, 0.068 0.233, 0.001
Random capillary 
blood glucose (mg/dl)

111.99 (39.72) 112.37 (44.26) 111.02 
(24.99)

0.834 - - -

Weight (Kg) 66.68 (13.37) 69.74 (12.54) 58.91 (12.32) 0.000 −0.034, 0.693 0.135, 0.337 0.002, 0.983
Height (cm) 165.24 (8.82) 168.95 (6.61) 155.77 (6.31) 0.000 −0.127, 0.142 0.091, 0.519 −0.054, 0.458
Body mass index 
 (Kg/m2)

24.40 (4.52) 24.42 (4.14) 24.37 (5.41) 0.961 0.018, 0.834 0.088, 0.533 0.032, 0.665

Waist Circumference 
(cm)

90.71 (11.67) 90.91 (11.84) 90.21 (11.33) 0.715 0.018, 0.139 0.301, 0.028 0.155, 0.033

Waist-height ratio 0.55 (0.07) 0.53 (0.07) 0.58 (0.07) 0.001 0.154, 0.074 0.259, 0.061 0.160, 0.028

Table 2: Distribution of study subjects across different categories of measured parameters.

Parameter Total (n=188) Male (n=135) Female (n=53) Male versus Female
Category Number (%) Number (%) Number (%) Pearson χ2 test P value

Age (years) 18–25 59 (31.4) 40 (29.6) 19 (35.8) 0.268
26–35 37 (19.7) 28 (20.7) 9 (17)
36–45 26 (13.8) 15 (11.1) 11 (20.8)
46–55 37 (19.7) 27 (20) 10 (18.9)
56–65 24 (12.8) 21 (15.6) 3 (5.7)
66–75 5 (2.7) 4 (3) 1 (1.9)

Random capillary blood 
glucose

Normal (<140 mg/dl) 166 (88.3) 119 (88.1) 47 (88.7) 0.919
High (≥140 mg/dl) 22 (11.7) 16 (11.9) 6 (11.3)

Body mass index Underweight 16 (8.5) 10 (7.4) 6 (11.3) 0.010
Normal 64 (34) 41 (30.4) 23 (43.4)
overweight 35 (18.6) 33 (24.4) 2 (3.8)
Obese 73 (38.8) 51 (37.8) 22 (41.5)

Waist circumference Normal 66 (35.1) 58 (43) 8 (15.1) 0.000
High 122 (64.9) 77 (57) 45 (84.9)

Waist-height ratio Normal 41 (21.8) 35 (25.9) 6 (11.3) 0.029
High 147 (78.2) 100 (74.1) 47 (88.7)
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RCBG level was found significantly correlated with WC 
in females and WHtR in total subjects, but not with BMI 
[Table 1]. Earlier studies in Indian population have reported 
variable results, some have found no correlation between 
blood glucose levels and obesity indices,[9,17] while others 
have reported significant positive correlations.[14,20]

WC is a measure of abdominal adiposity.[10,12] It has been 
previously found to be significantly higher in Type II diabetic 

males, positively correlated with Type II diabetes status,[12] 
and the best predictor for Type II diabetes.[12,21] In the present 
study, WC is found significantly and positively correlated 
with RCBG when observed in females and total subjects 
[Table  1]. Significant positive correlation of fasting blood 
sugar with WC, and association of diabetes with high WC has 
already been reported in some previous studies in population 
of Pune city, India.[14,20] The analysis of ROC curve [Figure 1 
and Table  3] revealed that WC is a significant predictor of 

Table 3: Receiver operating curve analysis.

Test parameters Area under curve Standard error P value 95% Confidence interval Cutoff Sensitivity, specificity
Lower bound Upper bound

Males (RCBG ≥140 mg/dl)
BMI (kg/m2) 0.587 0.061 0.260 0.467 0.707 22.63 0.938, 0.345
WC (cm) 0.639 0.060 0.071 0.523 0.756 83.5 cm 1, 0.294
WHtR 0.694 0.049 0.012 0.597 0.791 0.536 1, 0.496

Females (RCBG ≥140 mg/dl)
BMI(kg/m2) 0.700 0.081 0.113 0.542 0.858 24.34 0.833, 0.617
WC (cm) 0.755 0.124 0.043 0.513 0.998 93.50 0.833, 0.660
WHtR 0.755 0.112 0.043 0.537 0.974 0.596 0.833, 0.660

RCBG: Random capillary blood glucose, BMI: Body mass index, WC: Waist circumference, WHtR: Waist-height ratio

Figure 1: Receiver operating curves for random capillary blood glucose.
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hyperglycemia in females with a cutoff level of ≥93.5 cm at 
83.30% and 66% sensitivity and specificity, respectively. WC 
cutoff in males for high RCBG was ≥83.50 cm (at sensitivity 
100% and specificity 29.4%), although the cutoff reported in 
one previous study on Indian diabetic males was ≥102.75 cm 
(at 65% and 75% sensitivity and specificity, respectively).[12] 
The relatively higher WC cutoff for females might indicate 
that males are at greater risk of hyperglycemia even at the 
lower WC values, possibly due to gender specific physiology.

WHtR is also an indicator of visceral fat, and subjects having 
WHtR ≥ 0.5 had been reported to have strongly associated 
with cardiovascular disease.[10,11] WHtR is suggested to be a 
useful screening tool for people with high risk of diabetes[11,22] 
and insulin resistance with maximum AUC value (0.98) for 
Homeostatic Model Assessment of Insulin Resistance.[23] In 
our study, WHtR was significantly higher in females and was 
positively correlated with RCBG levels in total population 
[Table 1]. On further analysis by ROC curve [Figure 1], WHtR 
was found to be a significant classifier for hyperglycemia in 
both males and females [Table 3]. Cutoffs of WHtR for high 
RCBG were found to be ≥0.536 (at sensitivity 100% and 
specificity 49.6%) for males and ≥0.596 (at sensitivity 83.3% 
and specificity 66.0%) for females [Table 3].

Comparing all three measured obesity indices, we found that 
WHtR was best predictor for hyperglycemia in both males and 
females, followed by WC and BMI. WHtR had been reported 
to be better parameters than BMI alone, even for prediction 
of DM related complications and early health risks associated 
with central obesity.[10,11,24] Cutoffs of BMI indicating 
hyperglycemia in subjects of this study were found to be 
below (≥22.63 kg/m2 in males and ≥24.34 kg/m2 in females) 
value which are currently considered as normal according to 
existing criteria of BMI wise obesity classification for Indian 
population, indicating that even having normal range BMI, 
adult subjects can have hyperglycemia.

WC cutoff for hyperglycemia risk in males (83.5 cm) also 
came within criteria considered normal, but very high 
(93.5 cm) for females. Cutoffs of WHtR for both males (0.536) 
and females (0.596) were found higher than already set cutoff 
(0.5) for high WHtR, indicating that WHtR higher than these 
cutoffs can be taken as alarming sign for risk of hyperglycemia 
in both males and females.

The current findings thus support the notion that central or 
abdominal obesity is associated with risk for hyperglycemia, 
more than generalized obesity.[25] The measure of general 
adiposity which is BMI,[11,12] showed no significant correlation 
with RCBG, nor was the best classifier for hyperglycemia, 
while measures of central obesity (WC and WHtR) showed 
significant association with RCBG and were better in predicting 
high RCBG status in the study subjects. WHtR proved to be 
best index to classify obesity and to screen and predict high 
blood glucose levels, as also reported earlier.[13]

Strength of study was that RCBG levels, along with indices for 
generalized and central obesity were assessed and extensive 
analysis was performed to find associations and cutoff values 
to predict hyperglycemia as a non-invasive and convenient 
method. Small sample size and regional distribution of 
sample population (Varanasi, UP) are the limitations of this 
study. Although, this is first study of its kind in this region of 
India. However, the study is cross-sectional type, thus causal 
relationship between the risk factors and the occurrence of 
disease could not be established.

CONCLUSION

 WHtR was found to be the best obecity index to predict 
hyperglycemia. WHtR measurement can be used as a cost 
effective, simple and non invasive method for screening and 
prediction of hyperglycemia. Subjects having higher values of 
WHtR than provided cutoff values can be suggested to undergo 
blood glucose level tests for confirmation of hyperglycemia.
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