
 
Abstract—Background: Worldwide, at least 2.8 million people 

die each year as a result of being overweight or obese, and 35.8 
million (2.3%) of global DALYs are caused by overweight or 
obesity. Obesity is acknowledged as one of the burning public health 
problems reducing life expectancy and quality of life. The body 
composition analysis of the university population is essential in 
assessing the nutritional status, as well as the risk of developing 
diseases associated with abnormal body fat content so as to make 
nutritional recommendations. Objectives: The main aim was to 
determine the prevalence of obesity and overweight in University 
students using Anthropometric analysis and BIA methods. Material 
and Methods: In this cross-sectional study, 283 university students 
participated. The body composition analysis was undertaken by using 
mainly: i) Anthropometric Measurement: Height, Weight, BMI, waist 
circumference, hip circumference and skin fold thickness, ii) Bio-
electrical impedance was used for analysis of body fat mass, fat 
percent and visceral fat which was measured by Tanita SC-330P 
Professional Body Composition Analyzer. The data so collected were 
compiled in MS Excel and analyzed for males and females using 
SPSS 16. Results and Discussion: The mean age of the male (n= 153) 
studied subjects was 25.37 ±2.39 years and females (n=130) was 
22.53 ±2.31. The data of BIA revealed very high mean fat per cent of 
the female subjects i.e. 30.3±6.5 per cent whereas mean fat per cent 
of the male subjects was 15.60±6.02 per cent indicating a normal 
body fat range. The findings showed high visceral fat of both males 
(12.92±3.02) and females (16.86±4.98). BMI, BF% and WHR were 
higher among females, and BMI was higher among males. The most 
evident correlation was verified between BF% and WHR for female 
students (r=0.902; p<0.001). The correlation of BFM and BF% with 
thickness of triceps, sub scapular and abdominal skin folds and BMI 
was significant (P<0.001). Conclusion: The studied data made it 
obvious that there is a need to initiate lifestyle changing strategies 
especially for adult females and encourage them to improve their 
dietary intake to prevent incidence of non-communicable diseases 
due to obesity and high fat percentage. 
 

Keywords—Anthropometry, bioelectrical impedance, body fat 
percentage, obesity. 

I. INTRODUCTION 

LMOST all countries are facing obesity endemic, 
although great variation exists between and within 

countries. Sedentary lifestyle and high fat (high caloric) diet 
have increased globally as a result of industrial, urban and 
mechanic changes of developing countries. Improved 
economic status promotes the obesity and metabolic syndrome 
in all age groups particularly young adults. Thus, obesity is a 
vexing problem in the developed economies [1], [2].  

 
Vinti Davar is with Department of Home Science, Kurukshetra University, 

Kurukshetra 136119, India (e-mail: vintidavar@gmail.com).  

Obesity is defined as abnormal or excessive fat 
accumulation that may impair health. It is acknowledged as 
one of the burning public health problems reducing life 
expectancy and quality of life. It becomes the most glaring 
outward sign of the changing face of malnutrition in 
developing countries; increase the chances of a person falling 
prey to the other non-communicable diseases. It has been 
reported that with each surge in weight, there is an increase in 
the risk for coronary heart disease, type 2 diabetes, cancer 
(endometrial, breast, and colon), hypertension, dyslipidaemia, 
stroke, sleep apnoea, respiratory problems, osteoarthritis, and 
gynaecological problems as menstrual irregularities and 
infertility [3]. 

Kastorini et al. report that worldwide, at least 2.8 million 
people die each year as a result of being overweight or obese, 
and 35.8 million (2.3%) of global DALYs are caused by 
overweight or obesity [4]. It is predicted in 2030 globally an 
estimated 2.16 billion adults will be overweight, and 1.12 
billion will be obese. The WHO Expert Consultation on 
Obesity held in 1997 warned of an escalating epidemic of 
obesity that would put the populations of most countries at 
risk of developing non-communicable diseases (NCDs) and a 
greater future burden of obesity and diabetes will affect 
developing countries, and the projected numbers of new cases 
of diabetes run into the hundreds of millions within the next 2 
decades [5].  

 Blood pressure and heart diseases are found to be more 
than twice among overweight individuals than normal weight 
ones. The adult onset diabetes could be predicted and linked to 
childhood obesity, imposing them at risk of a wide range 
disorders like blindness, nerve damaging, kidney disease and 
cardiovascular diseases, musculoskeletal disorders, cancer, 
and premature death. These effects are created by the medical 
implications associated and precipitated by excess adiposity 
and weight. 

Changes in diet for the past 30 years have been significant 
in terms of more fat, more meat, added sugars and bigger 
portion sizes. “Nutrition transition,” termed as a combination 
of improved access to food, decreased physical activity level 
(PAL) has been identified to be the prime risk factor for the 
increasing prevalence of overweight and chronic metabolic 
diseases in the developing countries [6]. The implications of 
these trends for health, quality of life, productivity, and health 
care costs are staggering. 

Therefore, the primary goal of assessing obesity is to 
determine the proportion of fat mass relative to lean body 
mass. Fat mass comprises essential fat and storage fat, the 
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former being the fat necessary to sustain normal physiological 
function and the latter consisting primarily of adipose tissue. 
Lean body mass, on the other hand, includes several 
components, including muscle, water, bone, connective tissue 
and internal organs. Field techniques, include skinfolds, 
anthropometric measurements (e.g., body mass index [BMI], 
waist circumference and waist-to-hip ratio and bioelectrical 
impedance analysis (BIA), which are usually simpler and less 
expensive. 

As BMI measurement is not the only predictor of obesity, 
other simple alternative anthropometric measures as waist 
circumference (WC), either alone or in combination with other 
anthropometric measurements is considered more useful for 
identifying individuals at increased cardio metabolic risk than 
BMI [7]-[9]. However, WC has not been widely adopted in 
clinical practice both because it is inconvenient for patients 
and health professionals, and the variability introduced by 
different measurement sites and imprecision of measurement 
leads to poor reproducibility [10]. Poor reproducibility is 
particularly important if dichotomous cut-points are used to 
define at risk groups for further assessment [11], [12]. 

The limitations of BMI and WC, coupled with a need for 
quick and accurate measurements in clinical practice, have led 
to renewed interest in alternative measurements of body 
composition, such as bioelectrical impedance analysis (BIA). 
BIA works by determining the electrical impedance of a small 
constant alternating current passing through the body [11] and 
can be measured by a variety of devices. Population-specific 
models have been created to use an individual's impedance 
value to estimate percentage body fat (%BF) [13], [14]. 

BIA is a common method used to assess body composition 
in healthy adults. It offers the advantages of being non- 
invasive and relatively easy to perform. However, because 
BIA is based on several assumptions regarding the human 
body that are inaccurate, and because it requires adherence to 
strict pre-test guidelines, the accuracy of the results has been 
questioned. To improve accuracy, BIA measurements have 
been taken in a fasting state after 10 minutes in a supine 
position. In addition to BIA, anthropometric methods such as 
BMI and circumference measurements appear to be suitable 
alternatives for assessing body composition in obese persons. 
These methods are not only simple but can be used to predict 
risk of disease and disability, which is usually a primary 
concern for these individuals. 

II.MATERIAL AND METHODS 

A cross-sectional study, nested in a cohort study, was 
conducted in the health centre, Kurukshetra University, 
Kurukshetra, in September 2013. This cohort study is 
prospective in nature and, aiming to determine the prevalence 
of obesity and overweight in University students using 
Anthropometric analysis and BIA methods. A total of 283 
university students, 153 males and 130 females participated. 
The body composition analysis was undertaken by using 
mainly: 

i) Anthropometric Measurement: Height, Weight, BMI, 
waist circumference, hip circumference and skin fold 
thickness  

The height was taken barefoot in centimetres using a 
stadiometer. It was recorded to the nearest 1cm. The weight 
was measured in kilogram without shoes using Omron 
weighing machine having precision of 0.5 kg. Checks on the 
scale were made routinely before recording the weight of each 
student and the pointer was adjusted to zero using the screw 
provided. The body weight was recorded when the display of 
the body weight became stabilized. The BMI defined as 
weight (kg)/ height (m)² was used to assess the nutritional 
status of the subjects. If an individual has a BMI from 25 to 
less than 30, he or she is overweight. Having a BMI of 30 or 
more means an individual is obese. The risk of chronic 
diseases has been reported to increase as BMI escalated 
resulting in obesity. Thresholds of body mass index (BMI) are 
used worldwide to identify people who are normal weight, 
overweight or obese. Although it is recognised that obesity, 
defined by a BMI ≥30 kg/m2, is a cause of impaired health and 
disease, BMI does not provide information on fat mass or 
percentage, or fat distribution. Along with this other indices, 
such as waist and hip circumference measure different aspects 
of body composition and fat distribution which have 
independent and often opposite effects on cardiovascular 
disease risk factors [15]. Waist circumference is a relatively 
simple and convenient measure and can be used to assess the 
quantity of abdominal fat. Hip measurements provide 
additional valuable information about gluteofemoral muscle 
mass and bone structure [16] hip circumference is negatively 
associated with health outcomes in women [17]. The waist- to- 
hip ratio (WHR) may therefore be a useful measure, since it 
also includes the accumulation of fat on the hips; such an 
accumulation may be beneficial for health [15]. 

Skinfold measurement was obtained using a Lange Skinfold 
Callipers, with a 0-60 mm scale, 1 mm accuracy and three 
repetitions. The sum of the four skinfolds (BSF, TSF, Sub 
scapular and abdominal fat enabled the indirect calculation of 
percentage body fat and body fat (%GC) and body fat in 
kilograms (Kg) [18]. Skinfold measurement is most popular 
because of the method's low cost and practicality [19].  
ii) Bio-electrical impedance was used for analysis of body 

fat mass, fat percent and visceral fat which was measured 
by Tanita SC-330P Professional Body Composition 
Analyzer. The data so collected were compiled in MS 
Excel and analyzed for males and females using SPSS 16. 

III. RESULTS AND DISCUSSION 

Of the 283 subjects in the study, 153 (56.42%) were males 
and 130 (46.42%) were females. The mean age of the male 
studied subjects was 25.37±2.39 years and females (n=130) 
was 22.53 ±2.31. The data revealed that mean normal weight 
of males was 57.6±5.4 and of females was 52.0±3.8 Kg. 
Almost 52 per cent subjects were deemed normal weight. 
Body weight reflects height and body composition, which 
comprises lean body mass (muscle, bone and water) and fat 
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(adipose tissue). Gibson opines that weight is a better indicator 
of short-term nutritional status, whereas height reflects longer 
term nutritional status. If the weight centile is substantially 
lower than the height centile, this difference may indicate 
acute nutritional problems [20].  

BMI is considered to be a gauge of obesity and fitness in 
various cultures and narrates incidence and prevalence of 

obesity with regard to mortality and morbidity rates in ethnic 
populations [21]. From the studied data, it was observed that 
according to BMI classification, 34 (12.14%) subjects turned 
out to be underweight, 80 (28.42%) as overweight and 75 
(26.57%) were obese. Maximum number of male students 
(90.76%) was found to be normal weight whereas only 42.11 
per cent females were normal weight (Table I).  

 
TABLE I 

DISTRIBUTION OF SUBJECTS ON THE BASIS OF BODY WEIGHT AND BMI 

Parameters  N 
Underweight Normal Weight Overweight Obese 

Per 
Cent 

Mean ±S.D. Per Cent Mean ±S.D. Per Cent 
Mean 
±S.D. 

Per Cent Mean ±S.D. 

Weight (Kg) 
Male 153 0.89 49.3±9.5 69.05 57.6±5.4 11.89 63.1±5.3 17.37 69.2±6.8 

Female 130 7.98 40.2±6.8 46.72 52.0±3.8 24.26 58.4±3.8 21.04 63.1±4.2 

BMI 
Male 153 2.08 16.4±1.5 90.76 22.8±2.6 4.01 27.3±2.9 3.15 38.8±6.9 

Female 130 10.06 15.7±2.8 42.11 20.6±4.7 24.41 26.4±1.5 23.42 35.3±7.1 

 
TABLE II 

DISTRIBUTION OF SUBJECTS ON THE BASIS OF BODY FAT, BODY FAT % AND VISCERAL FAT MEASURED BY BIO ELECTRICAL IMPEDANCE 

Parameters  N 
Underweight Normal Weight Overweight Obese 

Per Cent Mean ±S.D. Per Cent Mean±S.D. Per Cent Mean±S.D. Per Cent Mean ±S.D. 

Body Fat 
Male 153 1.78 43.7±11.2 64.09 55.1±4.3 14.82 58.9±6.4 19.31 64.4±2.9 

Female 130 17.95 41.6±2.4 11.54 57.5±3.9 46.42 68.1±5.8 24.09 72.8.±15.9 

Body Fat% 
Male 153 8.96 13.6±3.0 58.84 16.8±3.5 18.73 21.0±6.6 13.47 29.9±5.2 

Female 130 21.53 18.3±3.7 23.07 26.7±5.8 32.33 32.5±2.6 23.07 35.7±4.2 

Visceral Fat 
Male 153 19.63 5.92±3.02 48.02 6.3±3.1 20.61 10.5±2,9 11.74 18.2±5.4 

Female 130 36.84 4.86±4.98 24.85 7.6±2.2 16.85 19.4±3.7 21.46 16.3±6.8 

 
TABLE III 

WAIST AND HIP RATIO OF UNIVERSITY STUDENTS 

Parameter  Min. Max. Mean± S.D. 

Waist Circumference (cm) 
Male 73.6 135.7 94.8±11.2 

Female 61.2 105.8 73.5±10.5 

Hip Circumference (cm) 
Male 92.5 148.1 113.4±7.7 

Female 83.9 131.7 102±16.1 

Waist-to-Hip Ratio 
Male 0.79 0.91 0.7±0.15 

Female 0.72 0.79 0.6±0.9 

 
TABLE IV 

CORRELATION BETWEEN ANTHROPOMETRIC CHARACTERISTICS 

Groups BMI BF% BFM WHR Triceps Biceps Sub scapular Abdominal 

Males 

BMI 1 0.79 0.76 0.65 0.63 0.68 0.65 0.63 

BF% 0.73 1 0.68 0.62 0.83* 0.75 0.88* 0.85* 

BFM 0.62 0.69 1 0.57 0.87* 0.67 0.84* 0.89* 

WHR 0.55 0.78 0.67 1 0.65 0.56 0.74 0.73 

Triceps 0.49 0.65 0.69 0.62 1 0.49 0.68 0.59 

Biceps 0.48 0.58 0.59 0.37 0.57 1 0.70 0.48 

Sub scapular 0.68 0.45 0,49 0.31 0.48 0.53 1 0.55 

Abdominal 0.64 0.73 0.73 0.69 0.62 0.58 0.68 1 

Females 

BMI 1 0.69 0.69 0.58 0.60 0.61 0.69 0.56 

BF% 0.63 1 0.66 0.90* 0.86* 0.46 0.81* 0.87* 

BFM 0.68 0.70 1 0.56 0.82* 0.37 0.80* 0.89 * 

WHR 0.59 0.68 0.63 1 0.38 0.40 0.79 0.78 

Triceps 0.47 0.38 0.44 0.43 1 0.34 0.60 0.74 

Biceps 0.50 0.33 0.47 0.38 0.39 1 0.57 0.49 

Sub scapular 0.61 0.47 0.52 0.42 0.44 0.41 1 0.51 

Abdominal 0.77 0.65 0.71 0.54 0.62 0.59 0.68 1 

*Correlation is significant at the 0.01 level 
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There is no single ideal percentage of body fat for everyone. 
Levels of body fat are epidemiologically dependent on sex and 
age [22]. Different authorities have developed different 
recommendations for ideal body fat percentages. It is a 
measure of fitness level, since it is the only body measurement 
which directly calculates a person's relative body composition 
without regard to height or weight. Here, the Body Fat% 
classification emphasises, 28 (21.53%) female subjects were 
underweight, 30 (23.07%) normal weight, 42 (32.31%) were 
overweight and 30 (23.07%) were obese whereas only 18.73 
per cent male subjects were overweight and 13.47 per cent 
were obese. The body fat per cent of a human or other living 
being is the total mass of fat divided by total body mass; body 
fat includes essential body fat and storage body fat. Essential 
body fat is necessary to maintain life and reproductive 
functions. The percentage of essential body fat for females is 
greater than that for males, due to the demands of childbearing 
and other hormonal functions. The average fat per cent is 8-
19.9 per cent in males and 21–32.9 per cent in females of age 
20-39 years [23]. Fat per cent below the average is associated 
with malnutrition and above average may lead to diseases 
associated with obesity. Many studies have found that high 
BF% was associated with increased cardiovascular risk 
regardless of BMI whose categorisation resulted in an 
underestimation of subjects with cardiovascular risk factors 
[24]-[26]. It was observed that a higher percentage of females 
were obese [24.09%, 23.07%, 21.46%] as compared to their 
male [19.31%, 13.47%, 11.74%) counterparts on the basis of 
BFM, BF % and visceral fat respectively as indicated in Table 
II. 

Visceral fat, or abdominal fat, is a type of body fat that 
exists in the abdomen and surrounds the internal organs. 
Everyone has some, especially those who are sedentary, 
chronically stressed, or maintain unhealthy diets have high 
levels of visceral fat. In fact, excessive deposits of visceral fat 
are thought to be closely linked to increased levels of fat in the 
bloodstream, which can lead to common diseases such as 
hyperlipidemia and diabetes, that impairs the ability of insulin 
to transfer energy from the bloodstream and using it in cells. 
In order to prevent or improve conditions of common diseases, 
it is important to try and reduce visceral fat levels to an 
acceptable level. People with high visceral levels tend to have 
large stomach. However, this is not always the case and high 
visceral fat levels can lead to metabolic obesity. Metabolic 
obesity (visceral obesity with normal weight) represent fat 
levels that are higher than average, even if a person's weight is 
at or below the standard for their height. The data reveals that 
mean visceral fat of overweight male and female subjects were 
10.5±2.9 and 19.4±3.7 respectively. Whereas, mean visceral 
fat of obese male subjects was observed 18.2±5.4 and of 
female subjects was 16.3±6.8. 

Table III depicts that male subjects have a waist 
circumference of 94.8±11.2, hip circumference of 113.4±7.7 
and waist-to-hip circumference ratio 0.7±0.15, while females 
waist-to-hip circumference ratio was 0.6±0.9 with mean waist 
circumference 73.5±10.5 and mean hip circumference 
102±16.1. The difference in the prevalence of obesity based 

on body fat percent was statistically significant between males 
and females 

As shown in Table IV, the most evident correlation was 
verified between BF% and WHR for female students (r=0.902; 
p<0.001). The correlation of BFM and BF% with thickness of 
triceps, sub scapular and abdominal skin folds and BMI was 
highly significant (P<0.001). Amani reported a similar 
correlation between BF% and BFM obtained from BIA 
method and BMI (r=0.86 and 0.77 respectively) [27]. Females 
have a higher amount of body fat than men. In another 
investigation by Pecoraro et al. a significant correlation was 
detected between BFM measured by BIA and BMI 
(r=0.92) [28]. 

 It is opined that further research into the value of %BF 
measured by BIA as a marker of metabolic health would be 
beneficial.  

IV. CONCLUSION 

The studied data made it obvious that there is a need to 
initiate lifestyle changing strategies especially for adult 
females and encourage them to improve their dietary intake to 
prevent incidence of non-communicable diseases due to 
overweight, obesity and high fat percentage. More research is 
needed in this area. A continued analysis of increasing body 
fat trends of university and college students is needed to 
determine the health risks of the population. In addition, an in 
depth look into how and why students set their nutrition and 
physical activity goals would give greater insight into the 
types of programs that could be developed to improve their 
nutritional and health status.  
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