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INTRODUCTION 

There is an increasing prevalence of type 2 Diabetes 

Mellitus in India and developing countries. In the last 10-

15 years, this rise of non-communicable diseases has 

been attributed to the changing socioeconomic status, 

dietary habits and urbanization.
1
  

Also the prevalence of diabetes varies among ethnic 

groups. There is also a link between Diabetes and Obesity 

which appears to be synergistic. WHO has defined 

obesity as a condition with excessive fat accumulation in 

the body to the extent that health and well-being are 

affected.
2
 India has emerged as the Diabetes capital due 

to this strong association. Obesity being an established 

risk factor for NIDDM, measurement of obesity becomes 

important to assess body composition and its relation to 

the development of progression of diabetes. 

Body composition monitoring gives an insight into health 

indicators. It sets a target for individual physique and 

monitors progress towards it. Numerous methods and 

equipment are available to assess fat and other 

components of body composition. Body composition 

methodology is based on assumptions regarding density 

of body tissues, water and electrolyte concentrations and 
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biological interrelationships between body composition, 

body tissues and their distribution among normal weight 

individuals.
3 

The application of body composition 

technology is limited among obese adults and older obese 

children because their bodies exceed limitations of 

available equipment. There are many methods of 

assessing body composition like near infrared 

interactance, hydrodensitometry, Dual X ray 

absorptiometry, Bioelectrical impedance analysis, Total 

body electrical conductivity and anthropometric 

methods.
4
 

The term anthropometric refers to measurements made of 

various parameters of the body such as height, weight, 

waist to hip ratio, thickness of skin folds. Anthropometric 

methods are the simplest ways of assessing body 

composition. BMI is the most commonly used weight for 

height index. It is measured using height and weight of 

the individual. Other anthropometric methods are waist 

circumference, waist to hip ratio and subscapular 

thickness.
5
 Studies have shown a good correlation 

between the different anthropometric methods and the 

prediction of obesity.
6 

Bioelectrical impedance has now emerged as a promising 

tool for estimating body composition. Many studies have 

shown its validation as a screening mehod.
7 

BIA has 

shown to provide results as accurate as hydrodensito 

metry and Dual Xray absorptiometry.
8
 BIA works on the 

principle of opposition of body tissues to the flow of a 

small (less than 1mA) alternating current.
9
 BIA uses 

single frequency current. But recently BIA using multiple 

frequency has shown to provide more accurate results. 
10,11

 

BIA produces estimates of fat free mass and fat mass by 

measuring the resistance of the body as a conductor to a 

very small alternating current. BIA has emerged as a 

promising technique because of its simplicity, low cost, 

high reproductibility and patient acceptability.
12 

Studies 

in type-1 Diabetes have recently been published 

validating it in this group. However the vast majority 

have type 2 DM who have obesity in 85% individuals. 

Hence use of BIA in body composition measurement 

would be of interest both for clinical and investigative 

purposes. 

In this study, We analysed the trend of obesity in 

diabetics on the basis of body mass index. Then BMI was 

correlated with the amount of body fat, segmental fat 

distribution and visceral fat based on the principle of 

BIA.  

METHODS 

Tanita MC 980 is a multifrequency body composition 

monitor designed to analyze body weight and 

composition. It uses multifrequency 50 Hz leg to leg 

bioimpedance analysis for standing impedance and body 

weight measurement. Safe low level electrical signals are 

passed through the body via the patented TANITA foot 

pads on the monitor platform. It is easy for the signal to 

flow through fluids in the muscle and other body tissues 

but meets resistance as it passes through body fats as it 

contains little fluid. This resistance is called impedance. 

The impedance readings are then entered into medically 

researched mathematical formulas to calculate the body 

composition. The advantages of using Tanita machine is 

that it differentiates between fat and lean mass. It gives 

highly predictive values and is sensitive enough to detect 

clinically important differences. It is simple, fast and 

highly suitable for large scale health surveys. The 

impedance was used to calculate the Total body water. 

Then fat free mass was calculated from total body water. 

Fat mass was then calculated as the difference between 

body weight and fat free mass and relative body fat was 

calculated accordingly. Determination of fat free mass 

assumes a constant hydration level of 73% in individuals.  

Variables that affect the measurements include body 

position, hydration status, consumption of food and 

beverages, recent physical activity and menstrual cycle. 

Accordingly these factors were considered. 211 Diabetic 

people were recruited for this study after taking approval 

from the Ethical committee. Proper informed consent was 

taken. They were instructed to refrain from alcohol and 

strenuous physical activity 24hrs prior to the study. 

Exclusion criteria  

 Persons with an electronic pacemaker. 

 Pregnant women. 

 After strenuous exercise 

 People with illness and infection 

 After alcohol consumption 

 Poor hydration status 

Precautions 

 All the fingers were in contact with electrodes 

 Feet were in contact with all the electrodes 

 Arms were extended and elbows were not in touch 

with body 

 The knees were not bent. 

 

The unit was turned on. Personal data number was 

selected. The subject’s height was specified and SET was 

pressed to confirm. When 0.0 was displayed the hand 

electrode was held. The readings were then recorded. The 

unit was switched off. The data was analysed using 

pearson correlation and linear regression analysis. 

RESULTS 

A total of 211 patients were recruited for the study after 

taking proper informed consent out of which 121 were 

males and 90 were females. In the present study we 

studied the trend of body composition in type 2 Diabetics. 
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Accordingly we classified individuals as normal (18.5-

24.9), overweight (>25), pre-obese (25-29.9) and obese 

(>30) on the basis of WHO classification of BMI. Out of 

121 males 50 had normal BMI, 11 were overweight, 43 

were pre-obese and 17 were obese.  

 

Table 1: Descriptive statistics. 

BMI- category Gender Number  Body Fat Visceral Fat RUL RLL LLL LUL 

Normal Male 50 Mean 24.108 10.480 17.852 21.366 21.834 17.256 

SD 5.015 3.683 9.259 6.768 7.006 6.610 

Female 20 Mean 33.715 6.900 28.235 32.525 32.105 28.055 

SD 3.497 1.651 4.331 4.579 8.015 7.535 

Overweight Male 11 Mean 27.973 14.455 19.782 24.955 25.618 20.827 

SD 3.618 2.945 4.414 5.025 5.822 4.450 

Female 7 Mean 36.400 9.571 30.143 31.943 34.886 31.371 

SD 4.350 4.158 8.210 10.939 5.495 7.977 

Pre-Obese Male 43 Mean 30.619 13.256 23.800 28.558 28.281 24.367 

SD 6.041 3.506 7.916 7.263 7.889 8.549 

Female 28 Mean 40.046 10.107 35.475 37.971 37.493 36.411 

SD 3.968 3.224 5.587 4.994 5.961 6.596 

Obese Male 17 Mean 37.306 17.353 30.629 34.347 33.935 30.712 

SD 6.262 3.278 10.342 8.500 7.892 11.423 

Female 35 Mean 45.754 12.000 41.580 41.237 40.654 41.237 

SD 5.777 2.142 8.233 8.263 8.174 10.734 

Table 2: Linear regression analysis. 

Coefficients
a
 

 Unstandardized coefficients Standardized coefficients t Sig. 

B Std. Error Beta 

(Constant) 9.149 0.825  11.094 0.000 

Visceral_Fat 0.563 0.038 0.531 14.983 0.000 

RUL 0.053 0.030 0.142 1.790 0.075 

RLL 0.064 0.046 0.148 1.386 0.167 

LLL -0.032 0.041 -0.074 -0.774 0.440 

LUL 0.050 0.046 0.137 1.071 0.286 

Body_Fat 0.225 0.041 0.478 5.459 0.000 
a Dependent Variable: BMI. 

 

 

Figure 1: Scatter diagram showing the relation 

between BMI and body fat. 

 

Figure 2: Scatter diagram showing the relation 

between BMI and visceral fat. 
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Out of 90 females, 20 had normal BMI, 7 were 

overweight, 28 pre-obese and 35 obese. Table 1 shows 

the descriptive statistics of the following variables. 

Pearson correlation showed a significant positive 

correlation between BMI (R
2
= 0.558) and body fat and 

BMI and visceral fat. (R
2
=0.166) where R>0.5 is 

significant.  

 

Figure 3: ROC curve. 

This shows that as the body fat and visceral fat increases 

the BMI also increases. BMI showed a negative 

correlation with upper and lower body adiposity. Table 2 

shows the linear regression analysis which was 

performed to test the relation between the dependent 

variable and the other independent variables. Visceral fat 

(0.000) and body fat (0.000) showed a positive 

correlation with BMI. 

Receiver operating characteristics analysis was carried 

out to assess the sensitivity and specificity of body fat 

and visceral fat as an index of obesity .The probability of 

classifying a true obese person as obese is taken as the 

sensitivity and the probability of classifying a truly non 

obese person as non-obese is taken as specificity. The 

sensitivity of body fat was 97.2% and specificity was 

70% respectively corresponding to a cut off value of 

23.55%.This shows that body fat would classify a person 

as obese 97.2% of the time but will misclassify them as 

obese 2.8% of the time. 

 

Table 3: Area under the curve. 

Test result variable (s) Area Std. error
a
 Asymptotic Sig.

b
 Asymptotic 95% Confidence interval 

Lower bound Upper bound 

Body_Fat 0.829 0.028 0.000 0.775 0.884 

Visceral_Fat 0.731 0.037 0.000 0.658 0.804 

 

The sensitivity of visceral fat was 92.9% and specificity 

was 65.7% corresponding to a cut off value of 7.5%. This 

shows that visceral fat would classify a person as obese 

92.9% of the time and misclassify them 7.1%of the time. 

Sensitivity was plotted against 1-specificity as ROC 

graph. The area under the curve in Figure 3 reflects the 

overall accuracy of body fat and visceral fat to evaluate 

obesity. The area under the curve is 0.829 for body fat 

and 0.731 for visceral fat (AUC>0.6 is significant). 

DISCUSSION 

In the present study we studied the trends of body 

composition based on BMI, body fat and visceral fat 

using the principle of BIA. We used the WHO 

classification of BMI.
13 

Accordingly, 35 percent of males 

were overweight and 17% obese and 31% females were 

overweight and 38% obese. Limitations of BMI include 

overestimation of body fat in muscular people. BMI does 

not differentiate between fat and fat free mass.
14 

Also the 

mean age of the population under study is 55 years and 

BMI could change with age due to the loss of muscle 

mass and increase in adipose tissue. 

Body fat is the percentage of body fat in relation to total 

weight and is generally expressed as a percentage. Body 

fat is of two types, subcutaneous and visceral fat. As we 

age the amount of subcutaneous fat remains constant but 

the visceral fat goes on increasing. American Council on 

Exercise has set standards for body fat according to age 

and sex as 25%for males and 31% for females. The 

difference in the standards for men and women is because 

for the same age women generally have more adipose 

tissue due to hormonal changes, sexual organs and 

ovulation. On the basis of body fat, 68% of males and 

90% of females were obese. 

There are gender differences in body fat distribution. 

Men generally have an android type of obesity with more 

fat around the abdomen and increased visceral fat. 

Women have more fat in the gluteal region and therefore 

the gynaecoid type of obesity. They also have more 

amount of subcutaneous fat. Women have a lower rate of 

basal fat oxidation contributing to higher fat storage.
15 

In this study, BMI showed a positive relation with body 

fat and visceral fat. This explains that as body fat 

increases the BMI also increases. Visceral fat is generally 

more metabolically active and breaks down easily. There 

is a strong relation between visceral fat, physical activity 

and metabolic syndrome. As we age the amount of 

visceral fat increases and is directly proportional to the 

amount of physical activity the person undertakes. 
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Studies have shown that increased physical activity is 

associated with decrease in the visceral fat.
16 

Visceral fat 

is also directly related to the development of metabolic 

syndrome. This association of visceral fat with metabolic 

syndrome is not only seen in Asians but it is also seen in 

other ethnic groups.
17 

Visceral adipose tissue releases free 

fatty acids and inflammatory proteins like adipokines into 

the portal vein and then to the liver.  

This causes an increase in intrahepatic triglycerides. This 

causes hepatic insulin resistance and increased hepatic 

gluconeo-genesis.
18  

Visceral adipose tissue also secrete substances like 

visfatin and omentin which alter glucose and lipid 

metabolism. Free fatty acids also cause insulin mediated 

vasodilation, endothelial dysfunction explaining the 

association of hypertension with diabetes. Increased free 

fatty acids also contribute to increased peripheral 

resistance of muscle to glucose entry.
19

 

In this study, BMI showed no correlation with upper 

body adiposity and lower body adiposity. But studies 

show that upper limb adiposity is more correlated with 

risk of development of diabetes than lower body 

adiposity.
20  

This is because leg FFA release is much more readily 

suppressed than upper body subcutaneous fat in response 

to a meal. There are also differences in amount of FFA 

released from upper body visceral fat than gluteal fat with 

the former giving rise to increased concentration of FFA 

in response to a meal.
22

 This explains a stronger 

predisposition of males to insulin resistance. Estrogen 

also has a protective effect by reducing the amount of 

catecholamine induced lipolysis.
15,21 

CONCLUSION 

This study showed a positive correlation between BMI 

and visceral fat as well as body fat as measured by 

bioelectric impedance method. In this study, Receiver 

operative analysis showed the overall accuracy of body 

fat and visceral fat to classify obesity. Studies have 

shown that bioelectrical impedance gives as accurate a 

result as Dual X-ray absorptiometry and 

hydrodensitometry. Also bioelectrical impedance with 

multi-frequency has been shown to be superior to single 

frequency in evaluating obesity. 

The main pathophysiology of Diabetes is the high amount 

of FFA causing insulin resistance and this can explain the 

gender differences in the occurrence of diabetes based on 

fatty acid metabolism and uptake. This should be taken 

up as a cohort study retrospectively to identify the 

individuals at high risk for developing metabolic 

syndrome and diabetes.  

This is important not only to prevent the occurrence of 

diabetes but also as a source of primary prevention to 

prevent it from spreading as an epidemic. This would 

especially be useful with the change in lifestyle, dietary 

habits in the younger generation. They need to be 

counseled about the prediabetic era where there is 

impaired glucose tolerance and it can be prevented by 

appropriate lifestyle management. The drawbacks of this 

study is that BIA though used widely there are 

discrepancies on the international standards as it is based 

on the amount of TBW.  

The amount of TBW increases with the amount of 

adiposity as 15to 30% of TBW is present in the adipose 

tissue. Also BIA is affected by the amount of body fat, 

age and ethnic differences in the arm span proportion. 

Hence population specific equations need to be 

developed. Hence future research needs to be done 

validating BIA population wise. 
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