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Abstract 
Introduction and Objectives: Diabetes Mellitus (DM) is the most common endocrine disorder world-wide. The 
prevalence of diabetes mellitus is increasing. In the present study an attempt has been made (i) to examine the 
relation between obesity and diabetes mellitus in Nepalese people, (ii) to find out whether BMI cut-off points for 
determining over weight and obesity as per WHO criteria are applicable in Nepalese study population.  
Materials and methods: The present study was carried out in Manipal College of Medical Sciences (MCOMS) and 
Manipal Teaching Hospital (MTH), Pokhara. The Diabetic patients of Pokhara and surroundings who attended the 
'Diabetic Clinic' and Out Patient Department (OPD) during August 2004 to November 2004 at Manipal Teaching 
Hospital were included in the present study. The number of diabetic patients was two hundred (200), out of which, 
one hundred and fourteen (114) were male and eighty six (86) were female. In addition one hundred (100) non-
diabetic subjects who attended the OPD at MTH were taken for comparison with the diabetic patients, of which, 
forty seven (47) were male and fifty three (53) were female. Age, height and weight were recorded for every 
subject. BMI was calculated by the standard formula. In the present study, body mass index (BMI) of the diabetic 
subjects was found to be more than that of non-diabetic subjects. BMI of non-diabetic males and females were 
found to be around 22 kg/m2 which is within normal range as per WHO recommendations. On the other hand, 
diabetic subjects’ BMI were found to be around 25 kg/m2, which denotes borderline obesity. It is clear from the 
present study that 51.5% of the diabetic subjects were within the normal range (BMI 18.5-24.9 kg/m2). More 
diabetic subjects were found in over-weight (25-29.9) category than non-diabetic subjects. As per WHO criteria 
56% of the non-diabetic subjects were within the normal BMI range (BMI 18.5-24.9 kg/m2). It is also evident that 
when BMI in the range of 25.0-29.9 kg/m2 is considered as over-weight, only 33% were found to be over-weight in 
diabetic subjects. But when BMI ≥23 kg/m2 (as recommended for Asians) is taken as the determining factor for 
overweight, 64% of overweight male subjects and 72.09% of overweight female subjects were found to be diabetic.  
Conclusion: According to the observations of the present study on Nepalese it can be concluded that BMI cut-off 
points for determining over-weight and obesity should be lowered to 23 kg/m2 or less which can provide an 
adequate basis of taking action on risks related to overweight and obesity in Nepal. 
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iabetes Mellitus (DM) is the most common 
endocrine disorder. It is a group of metabolic 
disorders of carbohydrate metabolism 

characterised by glucose underutilization and 
hyperglycemia1.  
 
The increase in prevalence of obesity2 and sedentary 
life style3 are also key contributors to the rising 
prevalence of DM in the United States and 
throughout the world. The assessment of body fat 
represents a major challenge for both researchers and 
clinicians. The main storage sites of adipose tissue 
are located in the subcutaneous and intra-abdominal 
(visceral) regions, considerable amount of fat may 
also accumulate within muscles, especially among 

elderly individuals. The Quetlet’s Index or Body 
Mass Index (BMI) is the most frequently used 
indicator of total body adiposity in epidemiological 
studies4.  
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The association between degree of obesity, body fat 
distribution and weight gain with subsequent 
consequence of Type II diabetes have been examined 
in several perspective studies. BMI and both waist to 
hip ratio (WHR) and waist circumference (WC) are 
now well established independent risk factors for the 
development of Type II diabetes and has been shown 
to have a direct association with overall mortality in 
both men and women5-10. 
 
Recently a WHO expert consultation addressed the 
debate about interpretation of recommended body 
mass index (BMI) cut-off points for determining 
over-weight and obesity in Asian populations, and 
considered whether population-specific cut-off points 
for BMI are necessary. They came to an opinion that 
the proportion of Asian people with a high risk of 
Type II diabetes and cardio-vascular disease is 
substantial at BMIs lower than the existing WHO 
cut-off points for over-weight (≥ 25 kg/m2). The cut-
off points for observed risk varies from 22 kg/m2 to 
25 kg/m2 in different Asian populations and for high-
risk group it varies from 26 to 31 kg/m2.  Although 
the WHO consultation agreed that the present BMI 
cut-off points should be retained as the international 
classification, they recommended for the purpose of 
public health action, cut off points 23.0, 27.5, 32.5, 
and 37.5 kg/m2 to be considered and proposed 
methods by which countries could make decisions for 
redefining obesity for the purpose of taking public 
health action in their population11. 
 
Recently it has been shown that the prevalence of 
diabetes mellitus in Nepal is increasing12. The present 
study is an attempt i.) To examine the relation 
between obesity and diabetes mellitus in Nepalese 
people, and ii.) To find out whether BMI cut-off 
points for determining over-weight and obesity as per 
WHO criteria are applicable to the population 
studied.  
 
Materials and methods 
Selection of the subjects  
All the subjects selected in the present study were 
inhabitants of Pokhara and its surroundings. Pokhara 
is a valley with a cool weather situated in the western 
region of Nepal. Most of the subjects of this study 
were from middle class families. The study was 
carried out in Manipal College of Medical Sciences 
(MCOMS) and Manipal Teaching Hospital (MTH), 
Pokhara. The Diabetic patients of Pokhara and 
surroundings who attended the 'Diabetic Clinic' and 
Out Door Patient (OPD) during August 2004 to 
November 2004 at Manipal Teaching Hospital was 
included in the present study. The number of diabetic 

patients was two hundred (200), out of which, one 
hundred and fourteen (114) subjects were male and 
eighty-six (86) subjects were female. In addition one 
hundred (100) non-diabetic subjects who attended the 
OPD at MTH were taken for comparison (control 
subject) with diabetic patient, out of which, forty 
seven (47) subjects were male and fifty three (53) 
subjects were female (Table 1). 
 
Out of all diabetic patients some were newly 
diagnosed and some were suffering from diabetic for 
approximately 10 months to 30 years. Those patients 
who were attending OPD other than the diabetic 
clinic were found not suffering from diabetes. 
 
All the subjects included in the present study were 
grouped into diabetic and non-diabetic. Diabetic 
patients were diagnosed clinically by the specialists 
in diabetic clinics. After that each group of subjects 
were again divided into male and female for 
comparison (Table 1).  
 
Calculation of BMI 
Height and weight were measured for every 
individual and body mass index (BMI) was 
calculated by following formula:  
Body Mass Index (BMI) = weight in kilograms 
divided by the square of the height in meters (kg/m2). 
 
Statistical Analysis 
Data analysis was performed using the statistical 
package for the social sciences (SPSS Version 9.0). 
Mean, standard deviations (SD), minimum value, 
maximum value were obtained for all the selected 
variables of diabetic and non-diabetic subjects. One 
way ANOVA was conducted to examine any 
difference between the variables in each group. 
Pearson’s products moment bivariate correlation 
coefficient was performed to examine the 
relationship of age and BMI. 
 
Results 
The mean age of the non-diabetic and diabetic male 
and female subjects was within the range of 45-56 
years. The height and weight of non-diabetic and 
diabetic male subjects were found to be 162.9 + 5.80 
cm and 60 + 13.00 kg and 161.2 + 6.50 cm and 63.8 
+ 10.10 kg respectively. Height and weight of non-
diabetic and diabetic female subjects were 151.4+ 
6.70 cm and 52.7 + 4.00 kg and 154 + 6.53 cm and 
60.9 + 10.27 kg respectively. 
 
The mean BMI of non-diabetic male and female were 
22.2+4.00 and 22.4+9.20 kg/m2 respectively which 
are within the normal range as per WHO 
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recommendations13. Mean values of BMI of diabetic 
male and female subjects were 24.5+3.60 and 25.6 + 
4.11 respectively, which are borderline obese14. 
 
The comparisons of physical characteristics 
(including BMI) of diabetic and non-diabetic male 
and female subjects are presented in Table 6. In both 
sexes, the mean BMI were higher in diabetic than 
non-diabetic subjects but these were not statistically 
significant. 
 
The correlation coefficient (r, 0.22) between age and 
BMI in all combined subjects of the present study 
was found to be statistically significant (p<0.01) i.e. 
BMI is increased with the advancement of age. 
Besides, in both non-diabetic and diabetic subjects 
BMI is positively related with age but this is not 
statistically significant. However, BMI of diabetic 
subjects are more positively correlated with age than 

non-diabetic subjects (in non-diabetic r, 0.06; in 
diabetic r, 0.10) (Table 7).  
 
Classification of over weight and obesity by BMI as 
per WHO criteria13 was done for all subjects. 
Comparison of number and percentage of subjects 
(male and female) in non-diabetic and diabetic in 
various BMI groups are presented in Table 8. 56% of 
the non-diabetic subjects were within the normal 
BMI range (BMI 18.5-24.9 kg/m2). In both male and 
female, more diabetic subjects were found in over-
weight (BMI 25-29.9 kg/m2) category than non-
diabetic subjects. Obese Grade I (BMI, 30-34.9 
kg/m2) were also found more in diabetic female 
subjects than non-diabetic female but this trend is 
just the reverse in male subjects. When BMI of ≥ 23 
kg/m2 is considered for determining over-weight as 
recommended for Asians (WHO, 2002), 64 % of 
male subjects and 72.09% female subjects were 
found diabetic (Table 9).  

 
 
Table 1: Number of non-diabetic and diabetic and sex distribution. 
Sex Non-diabetic Diabetic Total 
Male 47 114 161 
Female 53 86 139 
Total 100 200 300 
 
Table 2:  Descriptive characteristics of non-diabetic male subjects (n=47) 
Variable Mean SD Minimum value Maximum value 

Age (yrs) 
Height (cm) 
Weight (kg) 
BMI (kg/m2) 

45.4 
162.9 
60.0 
22.2 

+16.60 
+5.80 
+13.00 
+4.00 

15.0 
150.0 
22.0 
16.0 

79.0 
178.0 
84.0 
31.0 

SD, standard deviation; BMI, body mass index; yrs, years 
 
Table 3:  Descriptive characteristics of diabetic male subjects (n=114) 
Variable Mean SD Minimum value Maximum value 

Age (yrs) 
Height (cm) 
Weight (kg) 
BMI (kg/m2) 

56.5 
161.2 
63.8 
24.5 

+10.90 
+6.50 
+10.10 
+3.60 

26.0 
16.7 
147.0 
41.0 

84.0 
33.3 
179.0 
94.0 

SD, standard deviation; BMI, body mass index; yrs, years 
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Table 4: Descriptive characteristics of non-diabetic female subjects (n=53) 
Variable Mean SD Minimum value Maximum value 

Age (yrs) 
Height (cm) 
Weight (kg) 
BMI (kg/m2) 

43.7 
151.4 
52.7 
22.4 

+13.70 
+6.70 
+4.00 
+9.20 

17.0 
136.0 
37.0 
17.0 

74.0 
173.0 
79.0 
38.0 

SD, standard deviation; BMI, body mass index, yrs, years 
 
 
Table 5:  Descriptive characteristics of diabetic female subjects (n=86) 
Variable Mean SD Minimum value Maximum value 

Age (yrs) 
Height (cm) 
Weight (kg) 
BMI (kg/m2) 

52.2 
154.2 
60.9 
25.6 

+11.00 
+6.53 
+10.27 
+4.11 

27.0 
143.0 
37.0 
16.2 

78.0 
170.0 
79.0 
35.1 

SD, standard deviation; BMI, body mass index, yrs, years 
 
Table 6: Comparison of physical characteristics of non-diabetic and diabetic male and female  subjects 

Male Female  
 Variable Non-diabetic 

(n=47) 
Diabetic 
(n=114) 

Non-diabetic 
(n=53) 

Diabetic 
(n=86) 

Age (yrs) 
Height (cm) 
Weight (kg) 
BMI (kg/m2) 

45.4+16.60 
162.9+5.80 
60.0+13.0 
22.2+4.00 

56.5+10.90ns 
161.2+6.50 ns 
63.8+10.10 ns 
24.5+3.60 ns 

43.7+13.70 
151.4+6.70 
52.7+4.00 
22.4+9.20 

52.2+11.00 ns 
154.2+6.50 ns 
60.9+10.27 ns 
25.6+4.11 ns 

Values are mean +standard deviation; ‘t’ test is performed to see the level of significance between the groups; ns, not significant; BMI, body mass 
index 
 
Table 7:  Correlation coefficients between age and body mass index  
 Age/BMI 
Non diabetic and diabetic male and female (n, 300) 
Non diabetic male and female (n, 100) 
Diabetic male and male (n, 200)  

0.22* * 

0.06ns 
0.10ns 

ns, not significant * * P< 0.01, BMI, body mass index 
 
Table 8: Comparison of diabetic and non-diabetic male and female subjects according to BMI groups 

Male Female 

Non-diabetic Diabetic Non-diabetic Diabetic 
BMI groups 
(kg/m2) 

No. % No. % No. % No. % 
Normal  (18.5-24.9) 23 48.93 63 59.64 33 38.37 40 46.51 
Overweight (25-29.9) 12 25.53 38 33.33 9 10.46 28 32.55 
Obese Grade I 
(30-34.9) 13 27.65 9 7.89 2 2.32 15 17.44 

Obese Grade II 
(35-39.9) 0 0 0 0 1 1.16 1 1.16 
No., number of subjects; %, percentage 
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Table 9: Number (no) and percentage (%) of non-diabetic and diabetic subjects (both male and female) those were 
BMI ≥ 23 kg/m2 as over weight recommended for Asians14  
BMI Male Female 

Non-diabetic 
(n, 47) 

Diabetic 
(n, 114) 

Non-diabetic 
(n, 53) 

Diabetic 
(n, 86) 

Number % Number % Number % Number % 

 
≥ 23kg/m2 

18 38.29 73 64.03 21 39.62 62 72.09 

 
 
Discussion 
The association between degree of obesity, body fats 
distribution and weight gain with subsequent 
occurrence of Type II diabetes has been examined in 
several prospective studies. Increased BMI is now a 
well established independent risk factor for the 
development of Type II diabetes9, 10.  
 
In the present study, body mass index (BMI) of the 
diabetic subjects was found to higher than non-
diabetic subjects (Table 2-5 and Fig. 1 and 2). 
However, BMI of non-diabetic male and female were 
found to be around 22 kg/m2 which is within normal 
range as per WHO recommendations14. On the other 
hand, in diabetic subjects BMI was found to be 
around 25 kg/m2, which fall in borderline of obesity.  
 
In the present study the diabetic subjects’ BMI were 
found to be around 25 kg/m2, which denotes 
borderline obesity14. Obesity accounts for 64% of 
cases of diabetes in men and 74% in women, though 
many cases of diabetes were observed in relatively 
lean individuals15, 16. BMI was described as the 
strongest predictor of type II diabetes. It is clear from 
the present study that BMI increases with age and 
BMI of diabetic subjects is positively correlated with 
age more than that in non-diabetic subjects (Table 7). 
An Indian study showed that diabetes has a positive 
and independent association with age and BMI17.  
 
In the present study, the diabetics were not classified 
separately by their types, so it is not possible to 
comment about relation between obesity and type II 
diabetes specifically.  But obesity is mostly related to 
Type II diabetes4, 9, 18. Obesity, in particular 
abdominal or central obesity, is closely linked with 
insulin resistance. Among obese individuals, 
enhanced lipolysis and release of free fatty acids 
inhibits insulin stimulated peripheral glucose uptake 
in dose dependent manner while simultaneously 
inhibiting insulin secretion9.  
 
 
As per WHO BMI criteria14 the non-diabetic subjects 

of the present study approximately 50% of total 
subjects were within the normal BMI range (BMI 
18.5-24.9 kg/m2). It is also evident that considering 
BMI in between the range of 25.0-29.9 kg/m2 as 
over-weight only 33.33% of male and 32.55% female 
were found over-weight in diabetic subjects. But 
when BMI ≥23 kg/m2 is considered for determining 
overweight, 64% of male and 72.09% females were 
found diabetic. So, from this result we  
 
recommend that BMI cut off value of 23 or less 
should be taken as the determining factor for 
denoting over-weight in Nepalese population to be 
used as public health action points.  
 
The risk of developing type II diabetes and 
cardiovascular diseases is high at relatively low BMI 
values in subjects who is originating from South East 
Asian countries and as compared to white 
population19, 20, 21, 22. Other studies from northern 
parts of India had also shown that the normal BMI 
for an Indian was < 22 kg/m2 23, 24. The relationship 
of Diabetes and impaired glucose tolerance (IGT) for 
BMI value of >22 kg/m2 had been established in 
Asian countries25, 26, 27. So it is likely that the South 
Asian people have BMI cut-off value lower than 
Westerners. BMI might not correspond to the same 
body fat in different populations because of 
variations in body proportions, which can be the 
reason for lower BMI in Asians28. Recently it has 
been observed that normal cut-off value for BMI in 
Asian Indian adults is <23 kg/m2 29.  
 
In 2002 WHO expert consultation was made to 
recommend body mass index (BMI) cut-off points 
for determining over-weight and obesity in Asians 
populations. They noted that the number of Asians 
with a high risk of Type II diabetes and cardio-
vascular disease is substantial at BMIs lower than 25 
kg/m2. The cut-off points for observed risk varies 
from 22 kg/m2 to 25 kg/m2 in different Asian 
populations and for high risk it varies from 26 kg/m2 

to 31 kg/m2 11. WHO consultation proposed that further 
study is required in different Asian countries to find 
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out BMI cut-offs to assess potential risk in 
overweight population for diabetes and 
cardiovascular diseases11.     
 
In respect with the observations of the present study 
it can be concluded that i) when the present WHO 
criteria are used no significant relation between 
Diabetes Mellitus and overweight or obesity was 
seen, ii) But when the recommended lower public 
health action points of 23 kg/m2 is taken then it was 
found that substantial number of overweight people 
have Diabetes. However, in the present study data 
was only taken from Nepalese Population in Pokhara. 
So, further extensive study is required among all 
others regions of Nepal to make a final conclusion 
for BMI cut-off points to assess the potential risk for 
diabetes in Nepal. 
   
Acknowledgements 
The authors are grateful to Prof. SK Dham, CEO, 
MEMG (Nepal) and Principal, Manipal College of 
Medical Sciences, Pokhara, Nepal for his valuable 
help to carry out this study. Authors are also thankful 
to Dr. V. Gupta and Dr. A. Bodhe Assistant 
Professor in Department of Physiology and Dr. K.J. 
Shetty, Professor, Department of Medicine for their 
help in data collection.  
 
References 

1. David B. Sacks, Jay M. McDonald. The 
Pathogenesis of Type II Diabetes Mellitus: A 
Polygenic Disease. Am Jr of Clin Patho 1996; 
105: 149-56. 

2. Flegal KM, Carrol MD, Ogden CL et al. 
Prevalence and trends in obesity among US 
adults 1999-2000.JAMA 2002; 288: 1723-7 

3. Crespo CJ, Keteyian SJ, Herlth GW, et al. 
Leisure-time physical activity among US 
adults. Results from the third national health 
and nutrition examinations survey. Arch Intern 
Medicine 1996; 186: 93-8 

4. Aruna D Pradhan, Patrick J, Skerrett John E 
Manson. Obesity, Diabetes and Coronary risk 
in women. Journal of cardiovascular risk 
2002; 9: 323-30. 

5. Manson JE, Stampfer MJ, Hennkens CH, 
Willett WC. Body Weight and longevity: a 
reassessment. JAMA 1987; 257:353-58. 

6. Hoffman MD, Kromhout D, de Lezenne. 
Coulander C. The impact of BMI of 78612  
18-year-old Dutch man on 32-year mortality 
from all causes. J Clin Epidiomiol 1988; 41: 
746-56. 

7. Lee I Min, Manson JE, Hennekens CH,  
Pfaffenbarger RS. Body Weight and mortality. 

A 27-year follow up of middle-aged men. 
JAMA 1992; 270: 2823-28. 

8. Folson AR, Kaye SA, Sellers TA, Hong CP, 
Cerhan JR, Potter JD, Prineas RT. Body fat 
distribution and five years risk of death in 
older women. JAMA 1993; 269: 483-87. 

9. Boden G. Role of fatty acids in the 
pathogenesis of insulin resistance and 
NIDDM. Diabetes 1997; 46: 3-10. 

10. Bertin E, Marcus C, Ruiz JC, Eschard JP, 
Leutenegger M. Measurement of visceral 
adipose tissue by DXA combined with 
anthropometry in obese humans. Int J Obes 
Relat Metab Disord 2000; 24: 263-70. 

11. WHO expert consultation. Appropriate Body 
Mass Index for Asian populations and its 
implications for policy and intervention 
strategies. Lancet 2004; 363: 157-63. 

12. Singh DL, Bhattarai MD. High prevalence of 
diabetes and impaired fasting glycemia in 
urban Nepal (letter). Diabetic Med. 2003; 20: 
170-71. 

13. World Health Organisation. Obesity; 
Preventing and Managing the Global 
Epidemic. Geneva; WHO 1998. 

14. World Health Organisation. Obesity: 
Preventing and managing the global epidemic. 
Report of WHO consultation. WHO Tech Rep 
Ser 2000; 894: 1-253. 

15. Colditz GA, Willett WC, Rotnitzky A, 
Manson JE. Weight gain as a risk factor for 
clinical diabetes mellitus in women. Ann 
Medicine 1994; 122: 481-6. 

16. Chan JM, Stampfer MJ, Ribb EB, Willett WC, 
Colditz GA. Obesity, fat distribution and 
weight gain as risk factors for clinical diabetes 
in man. Diabetes Care 1994; 17: 961-9. 

17. Ramachandran A, Snehalatha C, Kapur A, 
Vijay V, Mohan V, Das AK, Yajnik CS, 
Prasanna Kumar KM, Nair JD. Diabetes 
Epidemiology Study Group in India (DESI). 
High prevalence of diabetes and impaired 
glucose tolerance in India. National Urban 
Diabetes Survey. Diabetologia 2001; 44: 
1094-101. 

18. Guyton C, Hall JE. Insulin, Glucagon and 
Diabetes Mellitus. In: Text Book of Medical 
Physiology  10th ed. Philadelphia: W. B. 
Saunders company, 2003: 884-98. 

19. Ko GTC, Chan JCN, Cockram CS, Woo J. 
Prediction of hypertension, diabetes, 
dyslipidemia or albuminuria using simple 
anthropometric indexes in Hong Kong 
Chinese. Int J Obes Relat Metab Disord 1999; 
23: 1136-42. 



 10

20. Moon OR, Kim NS, Jang SM, Yon TH, Kim 
SO. The relationship between body mass 
index and the prevalence of obesity-related 
diseases based on 1995 National Health 
Interview Survey in Korea. Obes Rev 2002; 3: 
191-6. 

21. Ito H, Nakasuga K, Ohshima A, Maruyama T, 
Kaji Y, Harade M, et al. Detection of 
cardiovascular risk factors by indices of 
obesity obtained from anthropometry and 
dual-energy X-ray absorptiometry in Japanese 
individuals. Int J Obes Relat Metab Disord 
2003; 27: 232-7. 

22. Mckeigue PM, Shah B, Marmot MG. Relation 
of central obesity and insulin resistance with 
high diabetes prevalence and cardiovascular 
risk in South Asians. Lancet 1991; 337: 382-6. 

23. Singh RB, Balaji S, Niaz MA, Rastogi SS, 
Moshiri M. Prevalence of type II diabetes 
mellitus and risk of HTN and coronary artery 
disease in rural and urban population with low 
rates of obesity. Int J Cardiol 1992; 66: 65-72. 

24. Dudeja V, Misra A, Pandey RM, Devian G, 
Kumar G, Vikram NK. BMI does not 

accurately predict overweight in Asian Indians 
in northern India. Br J Nutr 2001; 86: 105-12. 

25. Akanuma Y. NIDDM in Japan. Diabet Med 
1996; 13: 511-12. 

26. Sayeed MA, Hussain MZ, Bance A, Rumi 
MAK, Khan AKA. Prevalence of diabetes in a 
suburban population of Bangladesh. Diabetes 
Res Clin Pract 1997; 34: 149-55. 

27. Zhou BF. Co-operative Meta analysis Group 
of the working Group on obesity in China. 
Predictive values of BMI and waist 
circumference for risk factors of certain 
related diseases in Chinese adults-study on 
optimal cutoff points of body mass index and 
waist circumference in Chinese adults. 
Biomed Environ Science 2002; 15: 83-96.   

28. King H, Aubert RE, Herman WH. Global 
burden of diabetes, 1995-2025: prevalence, 
numerical estimates, and projections. Diabetes 
Care 1998; 1414-413. 

29. Snehalatha C, Vijay V, Ramachandran A. Cut-
off values for normal anthropometric variable 
in Asian Indian adults. Diabetes Care 2003; 
26: 1380-84. 

 


