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Abstract

Objective: The objective of the present study was to find out the appropriate BMI cut-off point in relation to type 2
Diabetes Mellitus (DM) in the population of Kavre district of Nepal.

Materials and methods: Thirty-five “known type 2 diabetic” and Thirty-five “self-reported non-diabetic” subjects
above thirty years of age were included in the present study. Height and weight were recorded for every subject. BMI
was calculated by the standard formula. The data was analyzed using SPSS Version 11.5.

Results: Our results showed that the reference BMI range for both diabetic male (23.26 + 6.88 kg/m?) and diabetic
female (22.51 + 6.28 kg/m?) subjects were within normal BMI range according to WHO. Odds ratio showed an irregular
pattern at different BMI ranges indicating the risk of having diabetes did not increase constantly. Comparison of number
and percentage of both diabetic and non-diabetic male and female subjects according to various recommended normal
BMI categories showed gradual reduction in percentage of both diabetic and non-diabetic male and female subjects that
were within normal ranges from BMI category 18.5-24.9 kg/m? to BMI category 18.5-21.9 kg/m? .The BMI cut-off point
was found 22 kg/m? using Receiver Operating Characteristic (ROC) curves.

Conclusion: The appropriate BMI cut-off point for both men and women was found 22 kg/m? in the population of Kavre
district of Nepal.
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Diabetes Mellitus (DM) is a syndrome of impaired having lean BMI°. Several studies carried out among

carbohydrate, fat and protein metabolism caused Asian population have challenged the notion that one

by either lack of insulin secretion (Type 1) or decreased BMI cut-off point fits all population. Epidemiological

sensitivity of tissue to insulin (Type 2)'. Risk factors studies have also shown that the ideal BMI may differ

for type 2 DM are Body Mass Index (BMI), Waist in different countries.

Circumference (WC), Waist Hip Ratio (WHR),

hypertension, sex, ethnicity, sedentary life style, family Recently in 2002, WHO experts addressed and debated

history and smoking. Among them, BMI is observed as about BMI cut-off point for determining overweight

one of the major risk factor for type 2 DM. and obesity in Asian populations. They noted that the
number of Asians with a high risk of type 2 DM and

BMI is an anthropometric measurement which is cardiovascular diseases were found to have BMIs lower

considered as an index of obesity. Itis the most frequently than 25 Kg/m?°®.

used indicator of total body adiposity in epidemiological

studies®. At present, the World Health Organization In several studies, the BMI cut-off point for overweight

(WHO) recommends a BMI range of 18.5-24.9 Kg/m? in different Asian countries found, are- 22 Kg/m? in

as the criteria for normal weight and 25-29.9 Kg/m? as Japan’, 23 Kg/m? in India® and 24 Kg/m? in China’.

overweight, which was largely derived from mortality Therefore it has been suggested that lower BMI cut-off

statistics from European and American populations’. In
contrary to this, in Asian subjects when compared with
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points for overweight and obesity appropriate for Asian
population should be adopted. So, the aim of the present
study is to find out the appropriate BMI cut-off point in
relation to type 2 DM in the population of Kavre district
of Nepal.

Material and methods
Selection of subjects: Thirty-five type 2 diabetic and
thirty-five non-diabetic subjects of Kavre district above
thirty years of age attending the Kathmandu University
Teaching Hospital (KUTH) were included in the study.
The diabetic subjects were already “known type 2
diabetic patients” diagnosed clinically by specialist. The
diagnosis was made by a typical presentation and course
with evidence of possible diabetic complications (vision
problems, retinopathy, impotence, renal dysfunction,
peripheral neuropathy or frequent infection) along
with the laboratory findings as per American Diabetes
Association (ADA) criteria'®:
» Fasting plasma glucose >= 126mg/dL (7.0
mmol/L)
*  Random plasma >= 200mg/dL (11.1 mmol/L)
*  Postprandial plasma glucose>=200 mg/dL (11.1
mmol/L)

The laboratory findings were confirmed on repeated
testing on another day. The non-diabetic subjects were
the “self reported non-diabetic individuals” without
the classical symptoms and possible complications of
DM who were the relatives of others patients attending
KUTH. Informed consent was obtained from all study
subjects.

Selection of variable: Height, Weight & BMI were
measured following the standard procedure.

Measurement of height

Height was measured by using a calibrated standiometer.
The subject stood bare foot, and erect with heels
together and arms hanging naturally by the sides. The
heels, buttocks, and upper parts of back, the back of
the head were in contact with the vertical wall. The
subject looked straight ahead and took a deep breath
during measurement. The distance from the platform
of the standiometer to the highest position of the head
(vertex) was measured with the help of standiometer
reading, which indicated subjects’ height. The height
was recorded to the nearest centimeter.

Measurement of weight

Body weight was taken by calibrated portable weighing
machine. During the measurement of weight, the subject
was standing with their weight evenly balanced on both
feet and the distance between the feet about 30 cm apart.
During weight measurement, subject wearing minimum
clothes (as is culturally appropriate for the setting) stood
at the center of weighing machine looking straight. The
weight was recorded nearest to kilograms.
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Calculation of BMI
From height and weight taken from an individual subject
BMI was calculated by following formula:

BMI= Weight in kilograms / Square of height in meters
(kg/m?)

Statistical analysis

Data entry and analysis were done using Statistical
Package for Social Sciences (SPSS) Version 11.5. At
first, odds ratios!! were calculated for the various BMI
values® and diabetic status (Diabetics/Non-diabetics)
using binary logistic regression'? in order to determine
the BMI cut-off point associated with the detection of
diabetes in the study population. Later, arithmetic mean,
confidence interval of the mean, standard deviation,
minimum and maximum values for selected variables
were computed for diabetic and non-diabetic subjects.
Gender disaggregated one-way analysis of variance
(ANOVA) was performed for these selected variables.
Fisher’sF-Ratiotestandits associated p-values wereused
to confirm the statistical validity of the results obtained
from ANOVA. BMI cut-off points for various normal
ranges were obtained using different BMI categories.
The results were then analyzed and compared in terms
of their relative frequency to identify the most plausible
BMI cut-off point related to the occurrence of diabetes.
Later, Receiver Operating Characteristic (ROC) curves
were used to find and confirm the cut-off point of BMI
associated with the risk of developing diabetes for male
as well as female subjects.

Results

The descriptive statistics for age and BMI of the
subjects by gender and controlled by diabetic status are
presented in Table 1.

The reference range (x+z, *c), which roughly

corresponds to X +2¢ for samples with more than 30
subjects, gives the dispersion of a quantitative variable.
It corresponds to 95% dispersion from the arithmetic
mean. After controlling for diabetic status, reference
age of the diabetic male and female subjects was found
to be 50.26 + 12.31 years and 53.36 + 26.04 years
respectively. Similarly, reference age of the non-diabetic
male and female subjects was found to be 45.13 + 30.94
years and 40.00 + 25.24 years respectively.

After controlling for diabetic status, reference BMI
of the diabetic and non-diabetic male subjects was
found to be 23.26 + 6.88 kg/m? and 22.07 + 7.40 kg/m?
respectively whereas the reference BMI of diabetic and
non-diabetic female subjects was found to be 22.51 +
6.28 kg/m? and 23.15 + 5.21 kg/m? respectively.



The odds ratios of diabetes for different BMI ranges
among male and female subjects are shown in fig 1.1
and 1.2. For male and female subjects, the risk of having
diabetes did not increase constantly.

Figure 1.1 revealed that the risk of having diabetes
was 20 % higher for BMI range of 20-21 kg/m* and
23-24 kg/m* among male subjects. Similarly, figure
1.2 showed the risk of diabetic being detected was 60
% higher for BMI range 20-21 kg/m?* and > 25 kg/m?
among female subjects.

Classification of overweight was done in all subjects
according to WHO criteria® and as per the recommended
normal BMI cut- off point found in various Asian
countries like Japan’ (normal BMI cut-off < 22 kg/m?),
India® (normal BMI cut-off < 23 kg/m?) and China’
(normal BMI cut-off < 24 kg/m?). Comparison of the
percentage of both diabetic and non-diabetic male and
female subjects done in various normal BMI categories
are presented in Table 2.

The percentage of both diabetic and non-diabetic
subjects, that were within normal BMI ranges, were
gradually decreased from BMI category 18.5-24.9 kg/
m? to BMI category 18.5-21.9 kg/m? and majority of
subjects were found within normal BMI ranges of 18.5-
24.9 kg/m?to 18.5-22.9 kg/m?. In the BMI category
18.5-21.9 kg/m?, it decreased below 18%. However,
the percentage of diabetic female subjects within
normal BMI ranges were not decreased too much till

BMI category 18.5-22.9 Kg/m?. But the percentage
was decreased to half in BMI category 18.5-21.9 kg/
m?. Surprisingly, the percentage of diabetic and non-
diabetic female subjects was found equal in the BMI
category 18.9-21.9 kg/m?.

The ROC curves for BMI for male and female subjects
are shown in Fig 2.1 and Fig 2.2. The result from ROC
curve for different BMI cut-off points is presented in
Table 3. The overall area under curve for male subjects
(0.619) and female subjects (0.469) represented the
probability that the BMI result for a randomly chosen
diabetic case would exceed the result for a randomly
chosen non-diabetic case. This means that probability
of detecting diabetic case against non-diabetic case was
greater among male than the female subjects. These
results were not statistically significant.

Table 3 shows the true positive and false positive rates
for male and female subjects separately. The true positive
rate shows the probability of detecting true diabetics
whereas the false positive rate shows the probability
of detecting false diabetics at that particular BMI cut-
off point. In BMI cut-off point 22 kg/m?, we found the
optimum value of true positive rate 0.684 for male and
0.625 for female at the lowest possible value of false
positive rate 0.467 for male and 0.500 for female.

Based on these facts, it was found that BMI of 22 kg/m?
is the cut-off point for detecting diabetes for both male
and female subjects among the study population.

Table 1: Descriptive Statistics of Age and BMI by Gender and Diabetic Status

Mean Std. Deviation
Gender | Diabetic status | Age of the subject | Body Mass | Age of the subject | Body Mass
(years)* Index** (years)* Index**
Diabetic 50.26 23.26 12.32 344
Male | Non-diabetic 45.13 22.07 15.47 3.71
Total 48.00 22.73 13.82 3.55
Diabetic 53.38 22.21 13.02 3.16
Female | Non-diabetic 40.00 23.15 12.62 5.21
Total 45.94 22.73 14.30 4.38
Diabetic 51.69 22.78 12.56 3.30
Total | Non-diabetic 42.20 22.69 13.94 4.59
Total 46.94 22.73 14.01 3.97

*Fisher’s F Ratio Test = 0.373 with p-value > 0.05 (0.543)
**Fisher’s F Ratio Test = 0.000 with p-value > 0.05 (0.995)
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Fig 1.1: Male Subjects Fig 1.2: Female Subjects

Table 2: Comparison of the number and percentage of both diabetic and non-diabetic male and female subjects
according to various recommended normal BMI categories

Normal Male (n=34) Female (n=36)
BMI categories Diabetic Non-diabetic Diabetic Non-diabetic
(kg/m’) n % n % n % n %
18.5-24.9* 12 35.29 10 29.41 13 36.11 12 33.33
18.5-23.9° 9 26.47 9 26.47 13 36.11 9 25.00
18.5-22.9¢ 8 23.52 7 20.58 12 33.33 8 22.22
18.5-21.9¢ 5 14.70 6 17.64 6 16.66 6 16.66

Note: Recommended normal BMI Category in: a= WHO, b= China, c= India & d = Japan. n= number of subjects, %= percentage

° 000 05 o5 o o = o o o s 0
1 - Specificity 1 - Specificity
Area under ROC curve = 0.6193 Area under ROC curve = 0.4688
Fig 2.1: ROC Curve for Male Subjects Fig 2.2: ROC Curve for Female Subjects
Table 3: BMI cut-off values with the probability of diagnosing as diabetics
BMI Cut-off Point Male? Female®
(kg/m?) True Positive Rate | False Positive Rate | True Positive Rate | False Positive Rate
>=20 0.842 0.667 0.813 0.750
>=21 0.789 0.533 0.625 0.550
>=22 0.684 0.467 0.625 0.500
>=23 0.526 0.400 0.250 0.400
>= 24 0.474 0.267 0.125 0.350
>=25 0.316 0.200 0.125 0.200

a. The overall curve area for males is 0.619 with standard error of 0.101 and p-value > 0.05.
b. The overall curve area for females is 0.469 with standard error of 0.098 and p-value > 0.05.
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Discussion

Asian Indians have an increased susceptibility to Type 2
DM and insulin resistance as compared to Europeans'?.
Insulin resistance and prevalence of diabetes is rising in
India'* and Nepal®® which is due to major contributing
factor obesity. However, Asian Indians are known to
have lower BMIs than Europeans'®. Several studies in
Asian countries have also shown the low BMI cut-off
point than the one recommended by WHO?.

In the present study, we observed that the reference age
of'the diabetic male and female subjects were higher than
the non-diabetic male and female subjects indicating
that the risk of developing diabetes is higher for males
and females of age 50 and above. This however was
found to be statistically not significant.

In the present study regarding the reference BMI range,
a dichotomy was found between male and female
subjects. The reference BMI range of the diabetic male
subjects was found to be higher than the non-diabetic
male subjects whereas BMI range of diabetic female
subjects was found to be lower than the non-diabetic
female subjects. These results indicated that BMI was
not affected even after controlling for the diabetic status.
The results were not statistically significant (p-value >
0.05). So, Asians are probably more prone to develop
diabetes because of other risk factors.

However, mean value of BMI for both diabetic male
and diabetic female subjects were found to be within the
normal BMI range as recommended by WHO? which
provided the primary evidence to the fact that the BMI
cut-off point in the population of Kavre district should
be lowered. Furthermore, the mean value of BMI, in
both diabetic male and female subjects was found lower
than that reported in the study in the population of
western region of Nepal'”. This difference in BMI value
might be due to the various factors like geographical
variations, life style, occupational status, genetic factor
or ethnic differences of the population. Kavre being the
hilly region, transportation facility is very less and also
people have to walk up and down to do their daily jobs.
This provides them the sufficient physical exercise. In
addition, it is a rural area and people are relatively poorer
who might consume low calorie and fat diet. Thus, their
physically active life and dietary factors seem to be
more responsible for the comparatively lower BMI in
both diabetic male and female subjects.

The odds ratios of having diabetes for different BMI
among total male and female subjects were examined
in the present study (figure 1.1 and 1.2.) For male and
female subjects, the risk of having diabetes was not
increased constantly as found by other studies® . The
present study showed lopsided trend of odds ratio at
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different BMI ranges and most strikingly the odds ratios
for different BMI ranges were found to be statistically
not significant (p-value > 0.05) which was the main
basis of defining cut-off point of BMI and probability
of detecting diabetes®. In contrast, one of the studies
in Asian Indian Adults® have observed that, for both
men and women, the association was significant in the
BMI categories of > 23-24 kg/m? (P=0.0045, OR 2.27,
95% CI 1.29-3.99 for men; P=0.009, OR 2.03, 95% CI
1.19-3.46 for women). This might have happened due
to the small number of samples in the present study
(70 subjects) rather than the large sample size (10,025
subjects®). Therefore a large study subjects should be
taken to identify the BMI cut-off point which is the
limitation of our study.

When both diabetic and non-diabetic male and female
subjects were compared according to various normal
BMI categories suggested by various Asian countries’”®?,
gradual reduction in the percentage of the diabetic male
and female subjects from the BMI category 18.5- 24.9
kg/m? to 18.5-21.9 kg/m’ was found. The minimum
percentage in diabetic male & female subjects was
observed in BMI category 18.5- 21.9 kg/m? This
showed that when normal BMI category was considered
according to WHO? higher percentage of both diabetic
male (35.29%) and female (36.11%) subjects were
within normal ranges. When normal BMI cut-off point
was considered as 22 kg/m?, 14.70% diabetic male and
16.66% diabetic female were found within normal range
which was found to be much less than the percentage of
diabetic male and female subjects found within normal
range when normal BMI cut-off point was considered
as per WHO?. So this result also suggested that the
appropriate BMI cut-off point was around 22 kg/m?.
Similarly, In BMI category 18.5-21.9 kg/m?, percentage
of diabetic male within the normal range was found
less than non-diabetic male which also provided the
evidence for the BMI cut-off point 22 kg/m?® This
observation was also in accord with other studies from
northern parts of India which had shown that the normal
BMI for an Indian was < 22 kg/m?*'®. The relationship
of diabetes and impaired glucose tolerance for BMI
value of >22 kg/m? had also been established in Asian
countries.

The normal BMI cut-off points as per WHO?
classification have been questioned by several studies in
Asian countries. It has been shown that the BMI cut-off
points for the prescribed classification as overweight and
obese differed from those recommended by WHO. For
some Asian populations, including those from Taiwan',
Hongkong?, and Singapore?!, the corresponding BMI
cut-off points for overweight and obese were 23 kg/
m? and 25-27 kg/m? respectively. In the present study,



Receiver Operating Characteristic (ROC) curve was
used to find the cut-off point of a quantitative variable
of interest (such as BMI) for a particular attribute of
an outcome variable (being diabetic within the diabetic
status) 22. The ROC curve was drawn under parametric
conditions as the variable of interest followed the normal
distribution, which was assessed using normality tests
such as Kolmogorov-Smirnov (K-S) and Shaphiro-Wilk
(S-W) test. In the present study, the K-S test and S-W test
for male BMI were found to be normal (p-value > 0.05)
whereas the same tests for female BMI were not found
following the normal distribution (p-value < 0.01). As
the condition of normality was violated, the ROC curve
was drawn under non-parametric conditions which
holds good for values following normal distribution
and there is no assumption made about the parametric
distribution for a quantitative variable. Thus, ROC
curve for both male and female subjects were obtained
under non-parametric conditions in order to compare
and then validate their findings.

The ROC curve analysis of the data showed that the
BMI cut-off point for both male and female subjects
was 22 kg/m?. At BMI cut-off point 22 kg/m?, we found
that the true positive rate was greater than 50% and false
positive rate was less than 50%. Hence, the probability
of detecting true diabetes is optimum with the lowest
possible value of false positive rate. This BMI cut-off
point is much less than the normal BMI cut-off point
recommended by WHO?.

Conclusion

The appropriate BMI cut-off point for both men and
women was found 22 kg/m? in the population of Kavre
district of Nepal. Since this is a small scale study,
further extensive study nationwide is required so that
the appropriate BMI cut-off point could be derived for
the national level for planning of programs to prevent
obesity and obesity-related diseases like diabetes and
cardiovascular diseases.

References

1. Guyton C, Hall JE. Insulin, Glucagon and
Diabetes Mellitus.In: Text Book of Medical
Physiology 11" ed. Philadelphia: W.B. Saunders
Company; 2003:972-73.

2. Aruna D Pradhan, Patrick J, Skerrett John E
Manson. Obesity, Diabetes & Coronary risk
in Women. Journal of Cardiovascular risk.
2002;9:323-30.

3. World Health Organization. Obesity: Preventing
and Managing the global epidemic. Geneva;
WHO 1998.

189

10.

I1.

12.

13.

14.

Pan WH, Flegal KM, Chang HY, Yeh WT, Yeh
CJ, Lee WC. Body Mass Index and obesity-
related metabolic disorders in Taiwanese and US
whites and blacks: implications for definitions
of overweight and obesity for Asians. Am J Clin
Nutr. 2004; 79: 31-39.

Banerji MA, Faridi N, Atluri R. Visceral fat,
leptin and insulin resistance in Asian Indian
men. J Clin Endocrine Metab. 1999; 84: 137-
44.

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

Japan Society for the study of obesity. Obesity-
Guidelines for Diagnosis, Treatment and
Management. Tokyo: Ishiyakcs Publishing Co,
1993 (in Japanese).

Snehalata C, Viswanathan V, Ramachandran
A. Cutoff values for Normal Anthropometric
variables in Asian Indian Adults. Diabetes Care.
2003; 26: 1380-84.

Wildman RP, Gu D, Reynolds K, Duan X, He
J. Appropriate Body Mass Index and Waist
Circumference cutoffs for categorization of
overweight and central adiposity among Chinese
adults. Am J Clin Nutr. 2004; 80: 1129-36.
American Diabetes Association. Diagnosis and
classification fo diabetes mellitus. Diabetes
Care 2004; 25 Suppl. 1:29.

Hennekens CH and Buring JE. Epidemiology in
Medicine 1* ed. Boston/Toronto: Little Brown
and Company; 1987: 79 — 81.

Campbell MIJ. Statistics at Square Two:
Understanding Modern Statistical Application
in Medicine 1st ed. Bristol: J W Arrowsmit Ltd.
2002: 37 - 58.

Wild S, Roglic G, Green A, Sicree R, King H.
Global prevalence of diabetes: estimates for the
year 2000 and projections for 2030. Diabetes
Care. 2004; 27: 1047-53.

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



15.

16.

17.

18.

19.

Karki P, Baral N, Lamsal M, Rijal S, Koner
BC, Dhungel S, and Koirala S. Prevalence of
NIDDM in urban areas of Eastern Nepal: A
hospital based study. South East Asia J Trop.
MED. Public health. 2000; 31: 163-66.

Raji A, Seely EW, Arky RA, Siminson DC:
Body fat distribution and insulin resistance in
healthy Asian Indians and Caucasians. J Clin
Endocrinol Metab 2001; 85: 5366-71.

Shah A, Parthasarathi D, Sarkar D, Saha CG. A
comparative study of Body Mass Index (BMI)
in diabetic and non-diabetic individuals in
Nepalese population. KUMJ 2006; 4: 4-10.
Dudeja V, Mishra 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

Chiu HC, HY Chang, LW Mau, TK Lee, and
HW Liu. Height, Weight, and body mass index
of elderly people in Taiwan. J Gerontol. A Biol.
Sci. Med. Sci 2000; 55: M684-M690.

190

20.

21.

22.

Ko, GT Tang, JC Chan, R Sung, MM Wu, HP
Waiand R Chen. Lower Body Mass Index cut-off
value to define obesity in Hong Kong Chinese:
an analysis based on body fat assessment by
bioelectrical impedence. Br J Nutr 2001; 85:
239-42.

Deurenberg, Yap M, P Duerenberg. Is a re-
evaluation of WHO body mass index cut-off
values needed? The case of Asians in Singapore.
Nutr. Rev. 2003; 61: S80-S87.

Zweig, M. H., and G. Campbell. Receiver
Operating Characteristic (ROC) Plots: A
Fundamental Evaluation Tool in Clinical
Medicine. Clinical Chemistry 1993, 39: 561-
77.





