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Abstract 

Nutrition is a critical part of human health and development. However, overweight and obesity prevalence are rising 

worldwide, with associated diabetes, cardiovascular diseases and other diet-related conditions. Body mass index 

(BMI) is an index of weight-for-height that is commonly used to classify overweight and obesity in adults. The skin-

fold measurement method is the most widely used body fat composition testing method for assessing body fat      

percentage. The objective of the study was to measure the body weight and body fat of medical students of Sabah, 

Malaysia by using different types of nutritional assessment methods. A cross-sectional study among the selected 

Year 2 medical students of School of Medicine, University Malaysia Sabah was conducted using different types of 

nutritional assessment. The average BMI and mean body fat percentage measured by body fat analyzer of the re-

spondents were 21.95±0.59 kg/m2, and 16.98±1.37% respectively. The mean body fat percentages calculated by 

different skinfold thickness were: abdominal 24.13±1.11%, supra-iliac 20.35±1.35%, subscapular 21.83±1.01%, and 

alternative three-site 19.46±1.02%. In reliability testing, results are variable between male and female – internal 

consistency of the alternative three-sites skinfold calculation for body fat percentage showed male (excellent) and 

female (acceptable), and skinfold reading for body fat percentage for triceps, abdomen, sub-scapular and supra-iliac 

showed male (good) and female (poor to acceptable). Our findings could be used in obesity awareness promotion 

among Malaysian youth. However, further investigation about the determinants of obesity and body fat, including 

age, sex, race, nutrition, and changes over time, is needed.  
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Nutrition is important in human health and development.1 

It is a major contributor to health, disease and early 

death.1,2 Nutrition is usually related to chronic health 

problems so that nutritional problems in childhood may 

continue into adult life.2 Furthermore, better nutrition is 

vital for child and maternal health, stronger immune   

systems, reduced risk of non-communicable diseases i.e. 

diabetes and cardiovascular  and increase longevity.2,3 

Moreover, people with adequate nutrition are not only 

more productive but also more efficient in breaking the 

cycles of poverty and hunger.3  

 

Nowadays, a double burden of malnutrition is affecting 

the whole world that includes both under nutrition and 

overweight.3 There is much evidence for over nutrition 

worldwide, seen in rising overweight and obesity,        

diabetes, cardiovascular diseases and other diet-related 

problems.4 Overweight and obesity are the abnormal and 

excessive fat accumulation in the body. Obesity is        

preventable; however, according to the World Health    

Organization (WHO), overweight and obesity are the fifth 

leading risk for global deaths in 2013; 2.8 million adults 

die as a result of being overweight or obese.4 In addition, 

44% of the diabetes burden, 23% of the ischemic heart 

disease burden and 7-41% of certain cancer burdens are 

attributable to overweight and obesity.4  

Introduction 

Practice Points 

 BMI is an index of weight-for-height that is 

commonly used to classify overweight and   

obesity in adults. The skinfold measurement 

method is the most widely used body fat      

composition testing method for assessing body 

fat percentage. 

 The average BMI and body fat of the           

respondents was 21.95±0.59 kg/m2, and 

16.98±1.37% respectively. 

 The body fat percentages in relation to skinfold 

thickness were: abdominal 24.13±1.11%, supra-

iliac 20.35±1.35%, subscapular 21.83±1.01%, 

and alternative three-site 19.46±1.02%. 

 Body fat percentage measurements had an    

excellent to good internal consistency and 

greater reliability for male students when     

compare with female counterparts. 

 Further research about the determinants of    

obesity and body fat, including age, sex, race, 

nutrition, and changes over time, is needed. 
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Body mass index (BMI) is an index of weight-for-height 

for categorizing overweight and obesity in adults.4-6 It is 

calculated as a person’s weight in kilograms divided by 

the square of his height in meters (kg/m2). WHO       

classify overweight and obesity as a BMI greater than or 

equal to 25 and 30 respectively; however, BMI may not 

correspond to the same degree of fatness in different 

individuals.4,6,7 

 

The measurement of the human body, in terms of the 

dimensions of bone, muscle, and adipose (fat) tissue, is 

the study of anthropometry.5 The United States National 

Health and Nutrition Examination Survey [(Center for 

Disease Control and Prevention (CDC)]5 used           

anthropometric measurement data to evaluate: body 

composition changes that occur over the adult lifespan, 

health and dietary status, and disease risk. Generally, 

CDC used the following anthropometry measures for 

nutritional assessment: weight, head circumference, 

recumbent length, standing height, upper leg length, 

upper arm length, arm circumference, abdominal (waist) 

circumference, and skinfolds.5  

 

Skinfold measurement is a widely used body            

composition testing method for assessing body fat     

percentage (BFP).5 A skinfold caliper is used for      

measuring thickness of skin and transformed or        

computed into body fat composition in percentage.    

Different type of skinfold caliper measures a double 

layer of skinfold thickness in mm, mostly from three to 

nine different anatomical sites around the body.5,6  

 

The health risks associated with obesity are not always 

constant. Some literature argues about the relationship 

between health risks and a lower BMI in Asian         

populations, as evidenced by a high prevalence of type 2 

diabetes mellitus and cardiovascular risk factors that 

occur at a BMI below 25 kg/m2.8 Furthermore, there is 

also evidence of a higher percentage of body fat among 

Asian subjects at a similar BMI cut-off point compared 

to Caucasian subjects, indicating the risk of obesity-

related diseases among Asians increases from a lower 

BMI of 23 kg/m2.8-10 Obesity statistics in Malaysia as 

reported by the National Health and Morbidity Survey 

1996 were: adult males 15.1% were overweight and 

2.9% obese and adult females 17.9% were overweight 

and 5.7% obese.11 Furthermore, there was little          

difference between rural and urban populations and  

racial variation; Malays were more obese than Indians 

and Indians were more obese than Chinese.11 Healthcare 

costs for obesity can be both direct – preventive,       

diagnostic and treatment services – and indirect – costs 

refer to the value of salary lost by people unable to work 

because of illness or disability, as well as the value of 

future earnings lost by premature death and ultimately 

the quality of life lost to society.12 

 

The objective of the present study was to explore body 

weight and body fat in Year 2 medical students of     

Sabah, Malaysia by using different types of nutritional 

assessment methods. The study would also report on the 

prevalence of obesity, average BMI and body fat      

composition among the medical students, and examine 

the reliability and accuracy of different types of         

anthropometric measurement tools.  

 

Materials and Methods 

This cross-sectional study was conducted among Year 2 

medical students of School of Medicine, University 

Malaysia Sabah to analyze anthropometric parameters 

in relation to height, weight, skinfold and BMI, and 

predicting body fat percentage. All students of year 2 

were included when they were attending a nutritional 

practical class on the day of survey.   

 

Students were thoroughly explained and demonstrated 

the different types of nutritional measurements.         

Students conducted the examination in pair and they 

measured each other’s anthropometric parameters. For 

consistency, only the right side of the body was used to 

measure the skinfold thickness. The student pinched the 

skin at the appropriate site and raises the double layer of 

skin and the underlying adipose tissue, but not the    

muscle. Skinfold measurements immediately after 

physical activity were not allowed because there might 

be a possible fluid shift to the skin and incorrect        

estimates.13 As per CDC guidelines for measurement, 

the calipers were applied (1 cm) below and at right    

angles to the pinch, and a reading in millimeters (mm) 

taken two seconds later.5 To prevent measurement error, 

we measured twice and the mean of two measurements 

was taken or a third measurement was done (if two        

measurements differed greatly), then the median value 

taken.  

 

Three standard measurement tools were used: TANITA 

Body Composition Analyzer (SC 330 model, Max 

270kg, Min 2 kg, e=0.1 kg, T=10 kg, Body Fat %; 

Range 3–75%, Increment 0.1%), SECA Height and 

Weight Scale, and Accu-Measure for Skinfold        

measurement available at the School of Medicine,     

Universiti Malaysia Sabah.5,7,14-16 Proper instruction and 

a demonstration had been given before the assessment. 

Four site skinfold thickness, namely triceps, abdomen, 

supra-iliac and sub-scapular was measured and body fat 

composition calculated by Accu-Measure and Lab A6-3 

alternative skinfold measurement formula using three 

sites skinfold (Abdomen, Supra-iliac, Triceps)17; Male 

{(0.39287 × sum of three skinfolds) – (0.00105 × [sum 

of three skinfolds]2) + (0.15772 × age)– 5.18845} and 

Female {(0.41563 × sum of three skinfolds) – (0.00112 

× [sum of three skinfolds]2) + (0.03661 × age) + 

4.03653}.  

 

Data analyses have been done using statistical package 

SPSS 21 available in the Universiti Malaysia Sabah. 

Descriptive statistics for baseline indicators and skinfold 

thickness and body fat composition were shown for all 

students. Regression analysis for BMI, weight, height 

and skinfold body fat was done. Obesity was calculated 

according to the Malaysia Obesity Classification: under 

nutrition (<18.5 kg/m2), normal (18.5-22.9 kg/m2), over 

weight (≥23 kg/m2), and obese (≥27.5 kg/m2).10        

Reliability tests for body fat composition measurements: 

skinfolds — triceps, abdomen, supra-iliac, sub-scapular 

and three sites — and body analyzer have been done.   
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The ethical permission of the study was granted by the 

Ethical Committee, School of Medicine, University 

Malaysia Sabah, Sabah State, Malaysia.  

 

Results 
Anthropometric data was collected from 40 students. 

The mean age of the students was 20.18 years. In   

analysis, mean of baseline anthropometric                

measurements were: weight 59.39±2.10 kg, height 

1.63±0.01 m, BMI 21.95±0.59 kg/m2; and skinfold 

thickness in four sites were: triceps 20.37±1.14 mm, 

abdominal 23.04±1.23 mm, supra-iliac 17.44±1.24 mm 

and         sub-scapular 19.22±1.11 mm. Furthermore, the 

mean body fat percentages calculated by different skin-

fold thickness were: abdominal 24.13±1.11%, supra-

iliac 20.35±1.35%, subscapular 21.83±1.01%, and alter-

native three-site 19.46±1.02% (Table 1).  

According to the Malaysia Obesity Classification,10 

students’ BMI was classified into underweight (male 

10%, female 21%), normal weight (male 57%, female 

63%), pre-obese/overweight (male 24%, female 11%), 

and obese (male 10%, female 5%) (Table 2).   

In reliability testing, body fat percentages in different 

methods were compared with standard body fat analyzer 

(TANITA) readings and following readings were found 

(Table 3): 

 

 Three-site skinfold thickness calculation        

reliability test (Cronbach’s alpha); male 0.906 

(excellent internal consistency) and female 0.67 

(acceptable internal consistency)   

 Reading for skinfold thickness in millimeters 

(Body Fat Interpretation Chart) reliability test 

(Cronbach’s alpha); 1) Triceps – male 0.888 and 

female 0.504, 2) Abdomen – male 0.887 and 

Female 0.565, 3) Supra-iliac – male 0.855 and 

female 0.609, and 4) sub-scapular –  male 0.861 

and female 0.634.    
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Table 1: Descriptive statistics: skinfold measurement and selected baseline indicators (n = 40)  

Variables Mean Std. Error Minimum Maximum 

Age 20.18 0.07 19.00 21.00 

Weight (kg) 59.39 2.10 41.00 94.30 

Height (m) 1.63 0.01 1.50 1.80 

Body Mass Index (BMI kg/m2) 21.95 0.59 16.90 35.50 

Mean Body Fat % measured by Body       

Composition Analyzer  
16.98 1.37 3.10 42.10 

Triceps Skinfold Thickness (mm) 20.37 1.14 5.00 41.00 

Abdominal Skinfold Thickness (mm) 23.04 1.23 6.40 40.00 

Supra-iliac Skinfold Thickness (mm) 17.44 1.24 4.40 36.00 

Sub-scapular Skinfold Thickness (mm) 19.22 1.11 9.00 41.00 

Body Fat % by Triceps Skinfold 22.60 1.29 3.90 35.20 

Body Fat % by  Abdominal Skinfold 24.13 1.11 6.20 35.20 

Body Fat % by Supra-iliac Skinfold 20.35 1.35 3.90 35.20 

Body Fat % by Sub-scapular Skinfold 21.83 1.01 9.50 35.20 

Body Fat % by Three site Calculation 19.46 1.02 3.91 33.43 

Gender Obesity Classification Frequency (%) BMI Range 

Male 

Underweight (BMI<18.5) 2 (10%) 16.95–17.75 

Normal Weight (BMI 18.5 - 22.9) 12 (57%) 18.89–22.88 

Pre-Obese (BMI 23.0 - 27.4) 5 (24%) 24.47–26.86 

Obese (BMI ≥ 27.5) 2 (10%) 27.78–30.12 

Female 

Underweight (BMI<18.5) 4 (21%) 17.01–18.31 

Normal Weight (BMI 18.5 - 22.9) 12 (63%) 19.33–22.76 

Pre-Obese (BMI 23.0 - 27.4) 2 (11%) 23.15–24.62 

Obese (BMI ≥ 27.5) 1 (5%) 35.49 

Total: Male and Female 40 16.95–35.49 

Table 2: BMI classification of Year 2 medical students  

Reliability Models Cronbach’s alpha 

Male Female 

BFP Alternative three site Calculation and  Body Fat Analyzer 0.906 0.670 

BFP by Skinfold Thickness (Triceps) and  Body Fat Analyzer 0.888 0.504 

BFP by Skinfold Thickness ( Abdominal ) and  Body Fat Analyzer 0.887 0.565 

BFP by Skinfold Thickness ( Supra-iliac ) and  Body Fat Analyzer 0.855 0.609 

BFP by Skinfold Thickness ( Sub-scapular ) and  Body Fat Analyzer 0.861 0.634 

Table 3: Reliability test for different methods of body fat percentage  
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Discussion 

Based upon the Malaysia Obesity Classification, the 

study showed a higher prevalence of overweight (24%) 

and obese (10%) among male students and a lower 

prevalence of overweight (11%), and obese (5%) among 

female students. Male students were found to be obese 

than the national level when compared with findings of 

the Malaysia National Health and Morbidity Survey 

1996,11 which reported that 2.9% obese among adult 

males, and 5.7% obese among adult females.11 As    

reported by many studies, BMI is commonly used to 

determine overweight and obesity in clinical and field 

research settings.18,19 However, there is some debate 

about the relationship between BMI and body fat; three 

studies have highlighted that BMI does not distinguish 

between lean and fat body mass.19-20 Moreover, Peltz et 

al. reported that BMI is neither reliable nor sufficient 

for identifying individuals with obesity and the          

incidence of obesity based solely on BMI has the poten-

tial to be substantively biased.21 

 
On the other hand, some studies reported that             

distribution of body fat acts as a predictor of metabolic 

disturbances, cardiovascular disease, cancers, and      

premature mortality.19,22-23 There are various methods 

which  can estimate body adiposity. The most            

commonly used method, the skinfold thickness       

measurement – which assesses body fatness through the 

use of calipers at particular body sites – has shown a 

strong correlation with reference methods.24,25 Another         

assessment method, the body composition analyzer 

which measures body fatness through bioelectrical     

impedance analysis (BIA) – is widely used in clinical 

and research settings.26,27 BIA has been widely used as a 

validated measurement of body adiposity when        

compared to reference methods such as underwater 

weighing (UWW) and dual energy X-ray                   

absorptiometry (DEXA).26-28 In our study, body fat    

percentage (BFP) measured by different methods were: 

body composition analyzer (16.98 ± 1.37%), triceps 

skinfold (22.6±1.29%), abdominal skinfold 

(24.13±1.11%), supra-iliac skinfold (20.35±1.35%), sub

-scapular skinfold (21.83±1.01%) and the alternative 

three-site calculation formula (19.46±1.02%), but there 

was no consistency between the methods. Some studies        

suggested that, age, gender, ethnicity, and physical     

activity level are also recommended to be considered for 

greater precision in the BIA and skinfold equation.29,30  

 
Measurement reliability is the most essential factor in 

every research. It is directly related to data quality.   

Generally, probability of any relationships among     

variables of the study could be increased by reducing 

errors in the measurement. Lohman and colleagues’ 

standardization of measurement techniques in            

anthropometry, developed by late 1980s, could be used 

as a guide and reference for reliable anthropometric 

measurements.31,32 However, there is still a problem in 

the uniformity of method when collecting reliable data 

and reporting the statistics of a reliability                   

assessment.31,33-35 

 

This study also calculated reliability test for different 

measurements of body fat percentage (BFP).           

Cronbach’s alpha is commonly accepted for describing 

measurement of internal consistency by George and 

Maller Simple Guide;  ≥0.90 (excellent), 0.7≤ – <0.9 

(good), 0.6≤ – < 0.7 (acceptable), 0.5 ≤ – < 0.6 (poor) 

and < 0.5 (unacceptable).36,37 The reliability test for the 

alternative three-sites skinfold calculation for body fat 

percentage (BFP)17 showed excellent and acceptable 

internal consistency – Cronbach’s alpha; male 0.906 and 

female 0.67. The test of BFP from reading the skinfold 

thickness for triceps, abdomen, sub-scapular and supra-

iliac showed good to poor internal consistency where 

male were good and female were poor to acceptable – 

Cronbach’s alpha for four sites; male (0.888, 0.887, 

0.855, 0.861) and female (0.504, 565, 609, 634). The 

body fat percentage of females, our BFP findings had a 

lower reliability power compared to the males. There is 

a similar report about the difference between the sexes 

regarding fat deposit – women have greater abdominal 

subcutaneous fat and far less intra-abdominal fat than 

men – and body fat mass – different formula for male 

and females’ BMI/body fat and skinfold thickness rela-

tionship.30   

 

There are some limitations in this study. This is a cross-

sectional observation and provides an association      

between variables. Unlike a longitudinal observation, a 

cross-sectional study could not verify changes in the 

effects of the variables. Next, the measurements were 

taken by the students themselves who followed the     

instructions provided by the researcher. Finally, in this 

purposive and one-point cross-sectional study neither 

other important variables (e.g. BMI, such as race, 

height, age, and sex) nor changes throughout life were 

able to be analyzed. 

Conclusion 

Our study showed a higher level of overweight and   

obesity among male medical students than the           

Malaysian national standard. This is important because 

overweight and obesity are preventable but are the fifth 

leading cause of global deaths in 2013. Moreover, they 

are risk factors for diabetes, heart diseases and cancers. 

Furthermore, body fat percentage measurements had an 

excellent to good internal consistency and greater      

reliability for male students – skinfold thickness reading 

and alternative three-sites skinfold calculation – and a 

relatively acceptable to poor internal consistency and 

lower reliability for female students, but lower than the 

male students’ results – skinfold thickness reading and 

alternative three-sites skinfold calculation. Finally, the 

relatively lower internal consistency and reliability for 

the measurement of skinfold thickness and body fat 

composition among female students will need more 

facts and further studies about the differences in body 

fat distribution among female students and subsequent 

effects on measurements are recommended.   
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