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Original Article

adult male, 15% fat, 18% protein and related substances,
7% mineral and 60% water contribute to total body
weight.  The females have a higher fat content.  FFM
includes water, protein and minerals1.

The body weight of an individual does not reveal
the contents of the body.  Individuals with same body
weight may have a low or high body fat (BF).  But, low
or excess BF beyond the normal limits has negative health
implications2.  Obesity is a condition recognized by ex-
cess BF that is far more than the normal leading to risks
of physical and psychosocial health and adverse meta-
bolic consequences3.  Obesity is considered as the 5th
major health risk factor affecting all sections of society
worldwide in the face of briskly growing enormous eco-
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with less fat (within the physiologic range) had higher physical fitness scores and better ranking even

when compared to normal controls. The overweight subjects with higher body fat contents had a low
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Introduction

The human body is primarily made up of water, fat
and fat free mass (FFM).  Some times, FFM is also re-
ferred to as lean body mass (LBM), although they are
different in the strict sense.  In an average young, healthy,
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nomic and nutrition transition.  Of late, obesity has
emerged into epidemic proportions and the WHO has
stressed its relevance with a new fancy terminology “
Globesity” to express its concerns.  Cardiovascular ab-
normalities are well recognized in the obese subjects.
Abnormalities related to left ventricular diastolic filling,
decreased work capacity and other related functions have
been reported in the obese subjects4,5.  Similarly, the
undernourished humans with low BF and low body mass
index (BMI in kg/m2) have been reported to develop
metabolic adaptations and altered autonomic functions6.

The physical fitness levels are generally assessed by
anthropometric measurements such as the body weight,
height, chest size and so on even for recruiting candi-
dates to army, police and other security services.  Though,
physical work performance is expected to be better in
the lean or normal individuals than the obese, the same
is not generally quantified in relation to the BF or FFMù
which is not only relevant but also important.  There-
fore, the present study was undertaken with the objec-
tive to investigate the relationship between BF and physi-
cal fitness that was assessed by a standard exercise in three
groups of individuals belonging to normal controls (N),
underweight (UW) and overweight/obese (OW/Ob)
groups with different levels of BF content and BMI.

Materials and methods
The approval for the study was obtained from the

research ethical committee of the institution.  Eighteen
normal healthy, male subjects aged between 20 and 25
years, free from any form of illness were recruited for the
study.  The subjects were clearly briefed on the proce-
dures and protocol of the study and verbal consent was
obtained for their participation.  They were classified into
normal control (N), underweight (UW) and overweight/
obese (OW/Ob) groups.  Each group consisted of six
subjects.  The classification was based on the BMI (kg/
m2) according to WHO recommendations; N = 18.5 -
24.9, UW = < 18.5, OW/Ob = > 25.0.  Body weight,
height were recorded using a stadiometer and BMI of
each subject was calculated.  BF was assessed by skin-
fold caliper (Fat-O-Meter - Novel Products Inc, USA).
Reliability and validity of this caliper is reported else-
where7.  Physical fitness efficiency based on heart rate
recovery - cardiac recovery index (CRI), was evaluated
by Harvard step test8.

Body fat measured by skin-fold caliper (Fat-O-Meter)
All the measurements were taken on the right

side of the body.  Subjects were standing and relaxing
and the skin-fold sites were marked with water soluble
ink.  With the thumb and index finger of the left hand
two to three inches apart, the skin fold was grasped and
pulled away from body.  The caliper jaws were opened
with the right hand and placed over the skin fold.  The
caliper head was placed in the middle and perpendicular
to the skin fold.  While the caliper pressure was applied
gently, the pinch with the thumb and index finger was
maintained.  Three to four seconds time was allowed for
the caliper reading to stabilize.  When completed, each
site was re-measured and the average score was recorded.

The following sites were selected for skin fold
thickness measurement to evaluate the BF content as rec-
ommended in the user manual.

1. Biceps - A length wise pinch halfway down
the front of upper arm from the bony protuberance of
the shoulder.  2.  Triceps - A vertical fold on the poste-
rior midline of the upper arm over the triceps muscle,
halfway between the acromion and olecranon processes.
3.  Suprailiac - A diagonal fold just above and in front of
the iliac crest.  The fold will follow a natural 45o angle of
the iliac crest.  4.  Subscapular - A diagonal fold taken 1-
2 cm below the tip of the scapula.  5.  Thigh - A vertical
fold taken in the middle of the thigh, halfway between
the top of the thigh and the knee cap.

The BF (%) values were derived from i) Con-
version chart of Durnin & Womersley9 by using the skin
fold thickness values from biceps, triceps, subscapular and
suprailiac areas.  ii) Nomogram (supplied with Fat-O-
Meter) using skin fold thickness from the thigh and sub-
scapular areas.  The FFM(%) was calculated as the differ-
ence of 100 - BF (%).

Harvard step test for assessing physical fitness
The Harvard step test was developed by the

Harvard Fatigue Laboratory.  The test involved stepping
up and down on a 45" bench continuously for 5 min-
utes at a rate of 30 steps/minute or until exhaustion or
until the person can no longer maintain the stepping rate.
The exercise was started with one foot and the same foot
was used for the ùstep upû throughout the exercise.  A
metronome was used to maintain the rate (120 counts
on a metronome).  After termination of stepping exer-
cise, changes in the heart rate per minute was recorded
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using the PowerLab/4ST at three different time points
namely, 60, 90 and 120 seconds (Pulse 1,2,3 respectively).
This indicates how quickly the person’s heart rate re-
turns towards the normal resting value after the exercise.
The subjects were refrained from talking or making un-
necessary movements when heart rates were being re-
corded since any activity can skew the heart rate and in-
fluence the results.

The Harvard Step Test score (%) was calculated
using the formula given below.

Score (%) = Test duration in seconds x 100/ pulse
1 + pulse 2 + pulse 3

The Harvard Step Test score is given a rank/grade
as shown below.

Male > 90 80 - 89 65 - 79 55 - 64 < 55
Female >86 76-86 61-75 50-60 <50
Rank/Grade Excellent Good High Low Poor

average average

Statistics
Data was analysed for statistical differences of sig-

nificance among the groups using SPSS.  ANOVA test
was used.  P < 0.05 was considered significant.

RESULTS
The overweight subjects were slightly older than

the other two groups.  Mean values of body weights and
BMI were significantly different among the groups.

The mean BF and FFM derived from the nomo-
gram respectively was, N = 15.7%, 84.3%; UW = 10.8%,
89.2%; and OW/Ob = 27.8%, 72.2%.  These values were
very similar to ones obtained from the conversion chart
of Durnin and Womersley.  The %BF was lowest in the
UW group and the OW/Ob group had significantly
higher% BF than the other groups.  On the contrary, the
fitness score was poor in the OW/Ob subjects as com-
pared to N or UW groups.  Very interestingly, the UW
subjects scored the highest ranking even when compared
to N group who had a high average score.

DISCUSSION
The two most prominent factors that influence heart

rate both during exercise and after are the sympathetic
and parasympathetic nervous systems.  Sympathetic
stimulation increases the heart rate through norepineph-
rine and other effects.  The parasympathetic stimulation
releases acetylcholine which causes a decrease in the heart

Table 1 Physical characteristics of the subjects.

Normal Underweight Overweight/obese
Variable F and p value

(n=6) (n=6) (n=6)

Age ( yr ) 20.3 ± 0.5 20.2 ± 0.4 23.0 ± 2.5* F= 3.5, p=0.044

Body weight (kg) 59.8 ± 5.9 48.1 ± 1.9* 83.3 ± 6.5* F= 71.7, p = 0.0001

BMI ( kg/m2 ) 21.5 ± 2.4 17.6 ± 0.5* 29.1 ± 1.1* F=89.4, p=0.0001

*significant difference between BMI = Body mass index and n = number of subjects

Table 2 Body fat (BF %), fat free mass (FFM %) derived from the conversion chart and fitness score/ranking of the subjects.

Normal Underweight Overweight/Obese
Variable F and p values

(n=6) (n=6) (n=6)

BF % 16.1 ± 3.7 10.4 ± 2.4* 27.5 ± 1.2* F= 66.0, p=0.0001

FFM % 83.9 ± 3.7 89.6 ± 2.4* 72.5 ± 1.2* F= 66.4, p=0.0001

Fitness score % 78.9 ± 9.1 85.9 ± 3.3* 33.9 ± 7.1* F= 99.3, p=0.0001

Ranking High average Good Poor
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activity.  Therefore, the parasympathetic nervous system
acts as a braking system to slow down heart rate after
exercising.  Thus, a major contributing factor to heart
rate recovery is the autonomic nervous system activity10.

The hypothesis for this work was based on the pre-
sumption that cardiac recovery efficiency will be low in
both UW and OW/Ob subjects as compared to normal
control group.  This is because, the energy consumed is
more to lift heavier body mass in the OW/Ob individu-
als and therefore, their heart has to work more to pro-
vide the blood supply to exercising muscles by increas-
ing the cardiac output through higher heart rates as the
stroke volume is generally less in obese individuals.  They
get exhausted fast and cannot perform exercise for longer
duration of time which is also a determining factor for
cardiac recovery index.  The lower physical fitness score
in the OW/Ob group may be primarily due to the ex-
cess body fat.  It could also be due to altered autonomic
nervous system activity (increased sympathetic activity
or decreased parasympathetic activity) or low motivation.
On the other hand, the underweight subjects have less
energy source which would be limiting the exercise en-
durance.  Furthermore, the autonomic nervous system
status of these individuals also can influence the heart
rate recovery after the exercise.

Salvodori and his group5 in their study on obese
male and female subjects has reported that obese sub-
jects had for the same work load, a similar cardiac out-
put, a greater oxygen consumption, a greater arterio-
venous oxygen difference and a smaller stroke volume.
The estimated ratio of blood flow to fat free body mass
was higher at any submaximal work load in non-obese
compared to obese subjects.  The obese subjects had in-
creased myocardial oxygen consumption, a decreased
working capacity as compared to non-obese controls.  In
the absence of medical problems, the obese may be re-
garded as less fit individuals, probably with a reduced
cardiac efficiency at heavier workloads.

For young men who exercised regularly, time spent
in physical activity related inversely to body fat level the
more exercise, the less body fat.  This indicates that both
UW and NW subjects are physically active and thus have
less body fat, while obese subjects and to have sedentary
lifestyle.

The average BF in a normal, young healthy man is
10-20% and in woman is about 17-27%.  BF for optimal

fitness tends to be lower than normal, because excess fat
may hinder physical performance and activity.  Although
BMI correlates well with BF in most people, it is a good
practice to quantify fat as several simple, inexpensive, easy
and reliable techniques are available for body composi-
tion estimations11.

Harvard step test, one of the oldest and simple tools
for assessing physical fitness was used in the present study.
The test is based on the premise that someone with a
higher fitness level will have a smaller increase in heart
rate and a faster recovery time.  The values are strongly
correlated (0.6 to 0.8) with VO2 max but the test score
in itself is not an actual measurement of VO2 max.  A
disadvantage of Harvard step test is that there is some
variation in the demands of the test based on the height
of the step and the height of the person.  Various step
heights are quoted in the literature (40 cm, 45 cm, and
50 cm).  However, it is obvious that it will require more
energy for a 5 feet tall person to step up 50 cm than for
a 6 feet person.  Also, the body weight makes a differ-
ence so that a heavier person does more work than a
lighter person slightly skewing the results.  Treadmill ex-
ercise, stationary bikes, walking, and other aerobic ac-
tivities are other ways to determine physical fitness by
measuring maximal oxygen uptake.

CONCLUSION
It is very clear from this study that body fat and

physical fitness are negatively correlated.  The reason for
choosing young overweight/obese subjects for the study
was that they have more chances of becoming obese in
later life, if adequate care is not taken to control the body
weight.  Though, the body fat is expected to increase
with aging, an unpublished data from Muralidhara and
group has suggested that the older age group individu-
als had in fact low body fat content that may be due to
chronic limited energy intakes and higher physical activ-
ity levels.  Furthermore, regular exercise is well known
to bring vital effects to various organ systems of the body
resulting in a holistic benefit to body and mind.  Any
form of exercise or physical activity is quite effective in
decreasing body fat by burning off extra calories.  It has
been shown that regular practice of yoga for about 12
weeks had improved the physical fitness levels in young
male adults(12).  Therefore, it becomes important to fol-
low good lifestyle practices such as regular exercise, proper
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diet and other psychosocial values to limit the risks of
health related problems to remain fit.  These observa-
tions have prompted us to further explore the mecha-
nisms of energy metabolism, cardiovascular functions and
other related areas of fitness.
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