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Abstract
Body composition (BC) estimations are strongly recommended in nutrition, metabolic and obesity research. It has an advantage over body mass index (BMI) in
quantifying the distribution of its components in the body. This investigation was designed to assess the prevalence of overweight/obesity and the risk groups that are
associated with excess body fat. Two hundred seventy seven (277), preclinical, 86 male and 191 female age matched students (mean 19.7 ± 1.9 years) were included
in the study. BMI, body fat, skeletal muscle mass and their bodily distribution were recorded by using an electronic body composition analyzer. The subjects were
divided into undernourished (UN=BMI<18.5 kg/m2), normal (N=BMI>18.5–22.9 kg/m2) and overweight/obese (ow/ob=BMI>23 kg/m2) groups based on BMI cut
off values for Asians. The data analyzed showed that 47.7% of the male (mean BMI =26.9 ± 0.5 kg/m2) and 31% of the female (mean BMI=27.1 ± 0.5 kg/m2) were
ow/ob. The total body fat was high at 23.9 ± 0.6% and 34.1 ± 0.5% in ow/ob males and females respectively as compared to other groups. The subcutaneous fat was
more in the arms and legs than in the trunk area in both males and females. The visceral fat was slightly high in the ow/ob males (mean; 10.6 ± 0.5) whereas ow/ob
females had normal levels at 7.1 ± 0.5. The skeletal muscle mass was about 32.5 ± 0.3% in ow/ob males and 24.4 ± 0.2% in ow/ob females which was slightly less than
the recommended values. The leg area had more muscle mass than other areas. The data supports the view that ow/ob is increasing as compared to previous reports
of 25% for the Malaysian population. The ow/ob male had developed more health risks as observed with higher visceral fat suggesting very strongly that the young
subjects follow poor health behavior and life style practices.

Introduction
Obesity which is now considered as a disease has become pandemic.
It is variously referred to as ‘globesity’ by WHO in 2001 to indicate
its widespread prevalence; ‘diabesity’ to describe its close relevance
to diabetes mellitus and as a mild chronic inflammatory state of the
adipose tissue [1,2]. Obesity was considered as one of the most serious
health risk factors but it has jumped to position one in the recent years.
Obesity threatens the well being of humans as it is responsible for
reducing the quality of life with increased incidence of cardiovascular
diseases and type 2 diabetes, and some type of cancers resulting in
greater burden on the health care cost [3].
Malaysia is ranked sixth among Asian countries with high
adult obesity rate and the number one in southeast Asian nations.
It was reported that one in every seven Malaysian is obese, and it is
more shocking when recent statistics showed that one in every three
Malaysian is obese [4]. Furthermore, the NHMS findings are worrying
as it revealed that 5.8 million Malaysians suffer from hypertension,
6.2 million have high blood cholesterol and 2.6 million are diabetics
that is generally associated with obesity (together termed as metabolic
syndrome) which are risk factors for heart failure. These factors have
contributed to over 22,000 deaths annually and thus considered as the
leading cause of death in Malaysia [5].
Good health is important for all and especially to medical students
and healthcare personnel who should be role models in terms of health
consciousness and sound life style practices. Obesity is common
among the medical students and health care personnel all over the
world including Malaysia [6-13]. A variety of factors are implicated as
contributing factors [14]. For example, medical students’ life is hectic,
strenuous and stressful that would necessitate changes in life style that
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may lead to the development of obesity and associated co-morbidities
[15]. However, most studies in Malaysia have depended exclusively
on BMI to evaluate obesity and cardiovascular and other health risks.
But the relevance of BMI is strongly questioned in recent years [16,17].
Therefore, in the present study we have, in addition to BMI, evaluated
the body fat and their regional distribution in the body since it is well
related to the co-morbidities of obesity. Such variables have not been
measured in previous studies.
Thus, the aims of the present study are a) to measure body
composition, particularly body fat and skeletal muscle mass and their
distribution in the body b) to evaluate the current ow/ob prevalence
based on BMI standards for Asians and compare with body fat defined
ow/ob and c) to address the risk groups that are associated with excess
visceral fat since it is associated with metabolic disturbances.

Material Methods
Two hundred and seventy seven (277) {male: 86 and female: 191},
age matched (mean 19.7 ± 1.9 years); preclinical students of UniKL
Royal College of Medicine, Perak, Malaysia were recruited for the
study. Institute’s research ethical committee approval and the verbal
consent from all the participants were obtained prior to the start of the
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study. Body height of each subject was measured by using a stadiometer
nearest to 0.5 cm. Body weight, BMI, body fat, skeletal muscle mass
and their distribution in different parts of the body and body age were
recorded using Body Composition Monitor–HBF- 362 model (Karada
Scan, Omron, Japan) that works on the principle of bioelectrical
impedance. A well trained operator recorded the body composition
variables of all subjects.
The subjects were divided into undernourished (UN=BMI<18.5
kg/m2), normal (N=BMI>18.5-22.9 kg/m2) and overweight/obese (ow/
ob=BMI>23 kg/m2) groups based on BMI cut off points for Asian
population [18]. Since we had limited number of overweight and obese
subjects, the two were combined as one groups in the present study.
SPSS version 17.0 was used for statistical anlysis of the numerical
data. ANOVA was applied for comprison of results from different
groups and Student’s t test was employed for analysing the differences
between genders. Level of significance was fixed at p<0.05. The results
are expressed as Mean ± SEM.

distribution of subjects also showed quite a variation especially in UN
group. The body weight of ow/ob male subjects was 76.9 ± 1.7 kg as
compared to 59.0 ± 0.9 kg and 49.2 ± 1.2 kg of N and UN subjects
respectively. The body weight of ow/ob female subjects was 66.8 ± 1.4
kg as compared to 50.4 ± 0.5 kg and 43.9 ± 0.8 kg of N and UN subjects
respectively. The average BMI of UN, N and ow/obsubjects was about
17.0 kg/m2, 20 kg/m2 and 27.0 kg/m2 respectively (Figure 1). All values
were are statistically significant from each other (p<0.05).
The results revelaed that 47.7% of the 86 male subjects were ow/ob
while the 31% of the 191 females fell in that category with an average BMI
of >27 kg/m2. The total body fat as measured by the body composition
analyzer was 24.3% in the ow/ob male and 33.6% in the ow/ob female
subjects (Figure 1). On the basis of body fat defined grouping, body
fat was very high at 28% in the obese males (n:16) and was about 38%
in the obese females (n:22) whereas the overweight males had 22% fat
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Table 1 represents the frequency of BMI defined (for Asians and
International standard) distributionof the subjects along with BMI
related body fat%. It also shows the body fat measured by the body
composition analyzer and graded from low to very high levels (can be
related to UN, N and ow/ob groups)as well as the number of subjects
in each category. As per the BMI standards for Asians, of the 86 male
subjects, UN were 10, N were 35 and the rest 41 belonged to ow/ob
group. Similraly, among the 191 females, 28 were UN, 104 were N and
59 were ow/ob subjects (Table 1). As compared with the international
standards of BMI, the subjects distribution was different in each
category, particularly in the N and ow/ob groups. Body fat based
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Figure 1. Bodymass index of N, UN and ow/ob subjects.

Table 1. Asian and International standard BMI related body fat% and body composition analyser (BCA) estimated body fat% in UN, N and ow/ob subjects.
BMI criteria

Male Mean ± SD

Female Mean ± SD

Asians

Body fat%

n

%

Body fat%

n

%

<18.5 (UN)

13.2 ± 4.6

10

11.6

23.5 ± 4.0

28

14.7

18.5 – 22.9 (N)

15.0 ± 3.7

35

40.7

27.7 ± 3.2

104

54.4

>23 (ow/ob)
International

23.7 ± 4.1

41

47.7

33.6 ± 3.8

59

30.9

>18.5 (UN)

13.2 ± 4.6

10

11.6

23.5 ± 3.9

29

15.2

18.5-25 (N)

16.8 ± 4.5

47

54.7

28.6 ± 3.4

128

67.0

>25 (ow/ob)
BCA Body fat (%) Male

25.0 ± 3.9

29

33.7

35.8 ± 3.9

34

17.8

5-10 Low (UN)

Female
9.38 ± 1.0

05

05.8

18.4 ± 1.1

08

04.2

10-20 Normal (N) 20-30

14.7 ± 2.8

38

44.2

26.6 ± 2.6

104

54.4

20-25 High (ow/ob) 30-35

24.3 ± 3.5

43

50.0

33.6 ± 3.4

79

41.4

-

-

-

-

25-50 Very high

5-20

35-50

(ow/ob)

Body fat% was significantly different among the groups (p<0.05).
Table 2. Regional distribution of subcutaneous fat and skeletal muscle in N, UN and ow/ob male and female subjects.
Variable Subcutaneous fat (SCF)
Skeletal muscle (SM)

Male

Female

N

UN

ow/ob

N

UN

ow/ob

Trunk SCF

9.2 ± 0.4

7.9 ± 0.8

15.5 ± 0.5

19.4 ± 0.2

14.9 ± 0.5

26.8 ± 0.6

Leg SCF

16.2 ± 1.0

14.2 ± 2.1

23.5 ± 0.7

36.1 ± 0.4

31.0 ± 0.8

45.3 ± 0.9

Arm SCF

17.2 ± 0.9

15.4 ± 1.8

23.7 ± 0.7

40.5 ± 0.5

36.0 ± 1.2

48.7 ± 0.8

Trunk SM

30.4 ± 0.6

32.2 ± 1.0

25.6 ± 0.4

21.9 ± 0.1

23.9 ± 0.3

18.5 ± 0.3

Leg SM

53.2 ± 0.4

54.6 ± 0.5

49.6 ± 0.6

38.4 ± 0.2

38.4 ± 0.5

37.2 ± 0.3

Arm SM

41.7 ± 0.3

43.5 ± 0.4

38.3 ± 0.3

30.4 ± 0.2

33.6 ± 0.5

23.7 ± 0.6

As summary of Figures 1-5,BMI, total body fat, visceral fat, subcutaneous fat and skeletal muscle mass of normal, (N), undernourished (UN) and overweight/obese (ow/ob) male and female
subjects. All values were significantly different (p<0.05) within the group and between geeders.
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Figure 2. Total body fat% of N, UN and ow/ob subjects.
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Figure 4. Subcutaneous fat% of N, UN and ow/ob subjects.

(n:27) and overweight females had 32% (n:56). The UN male had about
9% and the normal subjects had about 15% body fat while the female
UN had about 18% and the normal had about 26% body fat. In general,
the visceral fat was high in ow/ob subjects but slightly higher in ow/ob
males (10.6) whereas the other groups had normal levels at <10. (Figure
2). The subcutaneous fat was higher in the females than the males and
more in the arms and legs than in the trunk area in both males and
females (Figure 3, Table 2). The skeletal muscle mass constituted about
33% in the ow/ob males and 25% in the ow/ob females which was
slightly less than the recommended values. Understandably, the UN
and N groups had higher skeletal muscle mass% (Figure 4). The leg area
had more muscle mass than arm and trunk areas (Table 2). The other
details of regional distribution of subcutaneous fat and skeletal muscle
are shown in Table 2.
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The obesity pandemic has also spread its tentacles to Malaysia
and its prevalence is increasing as years pass by. A number of studies
and a few timely reviews reported from Malaysia support this view
[Mohamud, W.N.W., Musa, K.I., Khir, A.S.M., Ismail, A.A.S., et al.
2011; [20-30].

Figure 3. Visceral fat of N, UN and ow/ob subjects.
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The Institute for Public Health under the Ministry of Health,
Malaysia, conducted the first National Health and Morbidity Survey
(NHMS) in 1986 and carries out similar surveys once in every ten years.
Based on these reports, the prevalence of BMI defined overweight and
obesity in subjects >18 years of age has escalated from 16.6% and 4.4%
in 1996, to 29.1% and 14.0% in 2006 [23]. For example, a recent study
in 2011 on 4428 adults aged >18 years from 5 different regions of
Malaysia reported a prevalence of overweight and obesity to be 33.6%
and 19.5% respectively. The study also reported that 22.5% of their
female subjects and 14.1% of males were obese. And, more than 43%
of the younger subjects in the study below 30 years of age were either
overweight (20%) or obese (13.9%). The same group also noted a 3 fold
increase in the prevalence diabetes and impaired glucose tolerance and
poor blood pressure control [19]. Even the BMI defined prevalence of
overweight (34.2%) and obesity (20.4%) in MySoN study was higher
than that observed in previous Malaysian studies [27].
Health care profession is a great attraction from different viewpoints.
Obesity related studies on medical students are rare but some studies show
that obesity is a problem even in this population. For example, a Japanese
study has reported an increasing trend in obesity from 1979-1991. Another
report from Greece has shown that 4% men and 23% women had BMI >25
kg/m2. The study also revealed that 33% male and 22% female subjects had
central obesity [8]. Similarly, a study from Sicily has shown that 13% male
13.6% female subjects were obese [10]. A recent study from Malaysia has
recorded 30% ow/ob subjects among their medical students with a BMI
over 23 kg/m2 [11]. It was earlier reported that overweight students in
Malaysia was about 21% in 2001 which might reach 26.5% in 2015 whose
predictions [28] have become true as supported by some recent reports
including our study. Though, our findings agree with other studies on
the increasing trend in ow/ob it differs with the findings that females had
a higher rate of ow/ob than males. Our study points out that the ow/ob
males were more in number as compared to females that is in agreement
with another report [30]. Data on body age of the ow/ob male and female
subjects in our study indicated that metabolic changes had already began
at 20 years of age that would have occurred normally around 40 years of
age. Such premature changes in metabolic status can probably be ascribed
to higher body fat levels.
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Though, BMI is considered as a surrogate measure of body fat, it
can not predict the metabolic consequences, cardiovascular and other
health risks associated with obesity [16]. Secondly, BMI cut-off values
are different for Asians. Therefore, by considering the limitations of
BMI, there is a need to gradually evolve beyond BMI towards standards
based on actual measurements of body fat mass since BC is the final
product of life style or health behavior and other related factors [31,32].
Hence, we resorted to study the ow/ob prevalence in our subjects by
measuring the body composition, particularly body fat levels, in
addition to BMI. Our study has revealed an astonishing level of 47.7%
and 31% of ow/ob male and female subjects respectively as defined by
BMI for Asians. Though, our data shows a very high prevalence of ow/
ob as compared to 30% in Boo et al. study (2010), the figures of 30%
overweight and 19% obesity as measured by body composition analyzer
is comparable to another recent study [19]. Though, differences may
arise because of the different methods of assessing overweight or obesity
(BMI alone or body composition analysis), the results of the present
study and other obesity related studies from Malaysia have to be given
a more serious attention.This is particularly so where reports point out
that the prevalence of obesity is higher in developing countries with
cardiovascular diseases as the leading cause of death [World Health
Organization (WHO)., 2000; [33] contributing to about 30% of deaths
among adults in Malaysia [34]. Under the current situation, it is also
to be noted that the WHO has estimated that in 2030, Malaysia would
have a total number of 2.48 million diabetics compared to 0.94 million
in 2000 which is another major risk associated with obesity [35].
These findings clearly reflect that there is an alarming growth of
Malaysian adults who are over weight or obese over the years. The
reasons that may be ascribed to this condition are rapid industrialization,
urbanization, and marked socio-economic advancement in Malaysia
over the last two decades that has brought about significant changes
in life style and nutrition transition of communities. These include
changes in the dietary patterns e.g. an increase in consumption of
fats, oils and refined carbohydrates and a decreased intake of complex
carbohydrates [36]. One should remember that the positive energy
balance required for obesity to develop is just 10 calories per day in
excess of what the body requires for weight maintenance will produce
one pound (1Kg = 2.2 lbs) weight gain over one year [37]. And, the
increase in obesity prevalence has also been related to an increasing
sedentary lifestyle with less physical activities which occur not only in
affluent countries, but also in developing countries [36]. If the problem
can be addressed early and effectively, it not only ensures good health,
quality of life for the individuals but also less financial burden on the
government and improves the human capital and work force for the
nation. The best way to achieve the goal in our experience is to adopt
a policy of ‘push-n-pull’ regarding exercise (push oneself to more
physical activity) and diet (pull away from calorie rich and junk foods)
and any other means that keeps the mind and body healthy.
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