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Abstract : Incidence of obesity in early life is increasing nowadays because
of faulty food habits and lack of exercise. This study was aimed to find out
whether  obesi ty  affects  cardiorespira tory  eff ic iency of  young adul ts .  As
VO2max is the most accepted indicator of cardiorespiratory efficiency it was
compared in 30 obese and 30 non-obese subjects aged around 18-20 years.
VO2max was estimated by Queen’s college step test. Various other parameters
measured  and  ca lcu la ted  a re  we igh t ,  he igh t ,  BMI ,  sk in  fo ld  th ickness ,
percentage body fat ,  lean body mass ,  fa t  mass .  The resul ts  showed that
cardiorespiratory efficiency (absolute VO2max & VO2max/kg lean body mass)
was  not  a f fec ted  (P>0.05)  in  obese  group in  both  sexes .  Abi l i ty  to  do
exhausting work (VO2max/kg body weight) was less in obese group (P=0.001)
compared to non-obese group & in obese males (P<0.01) as compared to
non-obese  ma les .  Pe rcen tage  body  fa t  ( r = –0 .416) ,  t r i ceps  sk in  fo ld
th ickness  ( r = –0.427)  and  ca l f  sk in  fo ld  th ickness  ( r = –0.381)  s t rongly
correlate  to  VO2max/kg body weight .  Therefore the exercise programs can
be best designed to increase caloric expenditure and thus to decrease body
fat  ra ther  than to  improve aerobic  f i tness .
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INTRODUCTION

Modern  seden ta ry  l i fe  s ty le  and  fau l ty
food habi t s  a re  leading  to  development  of
ear ly  l i fe  obesi ty  (1) .  People  are  prone to
deve lop  card iovascu la r  d i seases  and  o ther
chronic diseases at  young age of  their  l i fe

because of early life obesity (2). The journey
from early life obesity to cardiovascular disease
will  be evident by slow regression of their
cardiorespiratory efficiency. Cardiorespiratory
ef f ic iency  re fe rs  to  the  ab i l i ty  o f  the
circulatory and respiratory system to supply
oxygen to skeletal muscles during sustained
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2 ) Height –  I t  was  measured  to  the
nearest  1  cm without  footwear

3 ) BMI was  ca lcu la ted  us ing  Quet le t ’ s
index as weight (kg) over height (m2).

4 ) Percentage body fat  was ca lcula ted
by a formula (7)

For Boys % body fat = 0.735 (Tskf + calf
skin fold thickness) + 1.0;

For  Gir ls  in  whom (Tskf  + Sskf)  <  35
millimeter % body fat = 1.33 (Tskf + Sskf)
–0.013 (Tskf + Sskf)2 – 2.5;

For  Gir ls  in  whom (Tskf  + Sskf)  >  35
mil l imeter  % body fat  = 0.546 (Tskf  +
Sskf) + 9.7;

where Tskf,  Triceps skin fold thickness
and Sskf, Subscapular skinfold thickness

5 ) Fat  mass  (FM)  was  ca lcu la ted  in
kilograms by a formula, (8) FM (kg) =
(% body fat 7100) x body weight (kg)

6 ) Fat  Free  mass  (FFM)/ l ean  body
mass  (LBM) was  ca lcu la ted  in
kilograms, (8) FFM (leg) = body wt.
(kg) – body FM (kg)

7 ) Estimation of VO2max by Queen College
Step Test (9) – It was performed using
stepping bench of 16.25 inches height.
Stepping was done for total  duration
of 3 minutes at  the rate of  24 steps
ups /min  for  boys  and 22 Steps  ups /
min  for  g i r l s ,  which  was  se t  by  a
met ronome.  Af te r  comple t ion  of
exerc i se  sub jec t s  were  a l lowed  to
remain  s tand ing  comfor tab ly  and
carotid pulse rate was measured from

phys ica l  ac t iv i ty .  VO 2max i s  the  maximum
capac i ty  to  t ranspor t  and  u t i l i ze  oxygen
during incremental exercise. It is also known
as aerobic capacity,  which reflects physical
fitness of a person. As VO2max is an accepted
measure  of  cardiorespi ra tory  ef f ic iency (3 ,
4, 5, 6), it is used in this study to estimate
the same. This study was aimed to find out
whether  obes i ty  a f fec t s  ca rd ioresp i ra to ry
efficiency of young adults or not. This will
alert  them at proper t ime to take necessary
action and will also help to plan the type of
exercise  sui table  for  their  heal th  need.

METHODS

Thir ty  (30)  obese  and  th i r ty  (30)  non-
obese  vo lun teers  aged  be tween  18  and  20
years were selected. They were classified as
obese  and  non-obese  accord ing  to  obes i ty
classification based on Body Mass Index (BMI)
(Center for Disease Control and Prevention,
USA) (WHO)

Inclusion criteria for both groups

1) Hea l thy  young  adul t s  aged  be tween
18-20 yrs, 2) Sedentary life style.

Exclusion criteria for both groups

1) Subjects with history of cardiopulmonary
disease, 2) Chronically ill, 3) Medication
for  long durat ion,  4)  History of  any
major  surgery  (ca rd iac ,  pu lmonary ,
abdominal) related to study, 5) Subjects
undergoing any physical  condit ioning
p r o g r a m .

The fol lowing Parameters  were s tudied,

1 ) Weight –  I t  was  recorded  to  the
nearest  0.5 kg with clothing using a
s tandard  sca le .



190 Pa tka r  and  Josh i Ind ian  J  Phys io l  Pharmaco l  2011 ;  55(2 )

va lues  o f  VO 2max o f  obese  and  normal
weight group, to test the significance of
difference between mean values of VO2max

in  obese  females  and  normal  weigh t
females  and  to  t es t  the  s ign i f icance
of  d i f fe rence  be tween  mean  va lues  o f
VO2max in obese males and normal weight
m a l e s .

2) Pearson’s correlation test is used to find
out  corre la t ion  between VO2max/kg  body
wt and body weight, lean body mass, %
body fat ,  fat  mass,  skinfold thickness.

RESULTS

TABLE I : Anthropomet r i c  & o the r  pa ramete r s  o f  sub jec t s  o f  normal  & obese  g roups .

P a r a m e t e r Normal  (n=30) Obese  (n=30) P - v a l u e

B M I 20 .875± 1 .8224 2 7 . 2 3 9 7± 2 .8584 <0 .01

Heigh t  ( cm) 167 .33± 9 . 2 2 164 .65± 9 . 3 2 0 .267

Weigh t  (kg) 58 .70± 7 . 9 3 73 .93± 11 .10 <0 .01

Tr iceps  sk in  fo ld  th ickness  (mm) 14 .547± 5 .325 21 .320± 5 .977 <0 .01

Subscapu la r  sk in  fo ld  th ickness  (mm) 15 .757± 5 .105 24 .017± 6 .595 <0 .01

Cal f  sk in  fo ld  th ickness  (mm) 15 .160± 6 .413 21 .317± 7 .708 <0 .01

Basa l  HR 79 .53± 4 . 7 8 82 .07± 5 . 2 4 0 .055

Hear t  r a t e 142 .80± 16 .14 154 .53± 15 .98 <0 .01

Percen tage  body  fa t 22 .678± 7 .1085 3 1 . 8 4 2 7± 8 .6436 <0 .01

Lean  Mass  (kg) 45 .332± 6 .840 5 0 . 3 7 4 7± 9 . 5 1 8 8 0 . 0 2

Fa t  Mass  (kg) 13 .368± 5 .039 2 3 . 5 5 5 3± 7 .8569 <0 .01

Abso lu te  VO 2max (ml /min) 2 8 3 6 . 3 3± 6 5 8 . 6 6 3 0 5 4 . 7 1± 6 1 6 . 1 6 0 .190

V O 2max/kg  body  we igh t  (ml /min /kg) 47 .906± 7 .2870 41 .342± 6 .5455 0 .001

V O 2max/kg  l ean  body  mass  (ml /min /kg) 62 .05± 8 . 5 2 61 .18± 9 . 9 8 0 .717

Normal  Males Obese  Males

V O 2max/kg  body  we igh t  (ml /min /kg) 5 0 . 6 9 7 3± 6 . 1 7 6 2 4 4 . 0 3 6 7± 6 . 1 6 5 2 0 .002

Normal  Males Obese  Males

V O 2max/kg  body  we igh t  (ml /min /kg) 40 .230± 3 .7047 37 .300± 4 .9500 0 .171

Data  p resen ted  as  Mean±SD.

5th  to  20th  sec .  of  recovery per iod.
This  15  sec .  pu l se  ra te  counted  to
beats/min. and the following equations
(9) used to predict VO2max.

For males – VO2max (ml/kg/min.) = 111.33–
(0.42 × pulse rate  in beats/min)

For females – VO2max (ml/kg/min) = 65.81–
(0.1847 × pulse rate in beats/min)

S ta t i s t i ca l  Ana lys i s  was  done  us ing
following tests ,

1) Unpai red  t - t es t  was  used  to  t es t  the
significance of difference between mean
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DISCUSSION

Absolute VO2max indicates an individual’s
cardiorespiratory fitness to transport oxygen
to working muscles (10).  The present study
shows that there is no significant difference
in  absolute  VO2max of  obese  and non-obese
group indicating there is no extra stress on
cardiorespira tory  sys tem because  of  excess
fa t .  Buskirk  and Taylor  (11) ,  Davies  e t  a l
(12) ,  and Anne-Carol ine Norman et  a l  (1) ,
a lso have s imilar  f indings in  their  s tudies .
In a recent study conducted by Wood et  al
(13)  in  overweigh t  and  obese  adu l t s  a l so
found  resu l t s  suppor t ing  presen t  s tudy .  In
their study comparison of VO2max in non-obese
and obese was not  done but  they observed
tha t  VO 2pla tue  was  reached  in  85% of
overweight and obese adults after performing
cont inuous  incrementa l  exerc i se  and  some
tes t s  fu l f i l l ing  c r i t e r ia  fo r  reach ing
VO 2pla tue .  Cha t te r jee  e t  a l  (10)  have
cont rad ic to ry  f ind ing ,  in  which  abso lu te
VO2max is  higher  in  obese indicat ing higher
cardiac load during working.

According to Table I ,  the present  study

TABLE I I : Corre la t ion  Coef f ic ien t  be tween  VO 2max/
kg  body  we igh t  & o the r  pa ramete r s .

Normal (n=30) Obese (n=30)
Parameter

r-value P-value r-value P-value

B M I 0.073 0 .702 – 0 . 2 9 2 * 0 .118
H e i g h t 0 . 5 1 5 * * 0 .004 0 .245 0 .192
W e i g h t 0 .434* 0 .017 –0 .026 0 .891
T r i c e p s –0 .336 0 .069 –0 .427** 0 .019
S u b s c a p u l a r – 0 . 3 7 8 * 0 .039 – 0 . 2 5 1 0 .181
C a l f –0 .528** 0 .003 –0 .381** 0 .038
B H R –0 .250 0 .183 –0 .130 0 .493
Hear t  r a t e –0 .606** <0 .01 – 0 . 3 0 9 * 0 .097
% body fa t –0 .510** 0 .004 –0 .416** 0 .022
Lean  mass 0 . 6 7 5 * * <0 .01 0 .257* 0 .170
Fa t  mass –0 .233 0 .214 –0 .349 0 .059

* Cor re la t ion  i s  s ign i f i can t  a t  the  0 .05  l eve l .
* * Cor re la t ion  i s  s ign i f i can t  a t  the  0 .01  l eve l .

shows  h igh ly  s ign i f ican t  lower  va lues  o f
mean VO 2max/kg  body  weigh t  o f  obese
par t ic ipants  as  compared to  normal  weight
par t i c ipan ts .  Th is  p robab ly  ind ica tes  tha t
ability to perform exhausting work is less in
obese individuals.  Buskirk and Taylor (11),
Cha t te r jee  e t  a l  (10)  a l so  observed  tha t
VO2max/kg body weight was less in obese than
non-obese .  Thus  the  obese  ind iv idua l  i s
under  a  subs tan t ia l  handicap  in  phys ica l
per formance  requ i r ing  exhaus t ing  work
because of the load of fat ,  which does not
contribute to his performance, which he must
carry  wi th  h im.

Ideal  reference for  the VO2max as  a  tes t
o f  ca rd iovascu la r - resp i ra to ry  per formance
might well be the weight of muscles actually
per forming  the  work .  In  th i s  s tudy  VO 2max

per kg lean body mass shows no significant
difference in obese and normal weight group
ind ica t ing  same card ioresp i ra to ry
performance in  both the groups.  Chat ter jee
e t  a l  (10)  and  Dempsey  (14)  a l so  found
similar  resul ts  in  their  s tudy.  Davies  e t  a l
(12) found contradictory result .

In  th i s  s tudy  there  i s  no  s ign i f ican t
difference in VO2max/kg body weight in females
of obese and normal weight group. But there
is significantly low value in obese males as
compared  to  normal  weigh t  males .  The
reason  for  th i s  gender  d i f fe rence  can’ t  be
expla ined .  Less  number  of  females  in  th is
s tudy  may be  one  of  the  poss ib i l i t i e s
Accord ing  to  Table - I I ,  in  normal  weigh t
group strongest positive correlation to VO2max

per  kg  body  weigh t  was  observed  to  l ean
body  mass .  S imi la r  resu l t s  were  found  in
study reported by Welch (15),  Buskirk and
Taylor (11), Chatterjee (10). In obese group
strongest  negative correlat ion was observed
for VO2max/kg body weight to triceps skin fold
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thickness. In both the groups strong negative
correlat ion was observed for  VO2max per  kg
body  weigh t  to  percen tage  body  fa t .  Th is
indicates that as severity of obesity increases
VO2max/kg body weight decreases.

In conclusion cardiorespiratory efficiency
was not affected in obese group as compared
to  normal  weigh t  g roup ,  however  ab i l i ty
to  do  exhaus t ing  work  was  less  in  obese
group .

There  was  no  de t r imenta l  e f fec t  o f
obes i ty  on  ca rd ioresp i ra to ry  e f f ic iency  in
both  sexes .  However  de t r imenta l  e f fec t  o f
obesity was seen on ability to do exhausting
work in obese males when compared to normal
weight males .

– Percen tage  body  fa t ,  t r i ceps  sk info ld
thickness and calf skinfold thickness showed
s t rong  nega t ive  cor re la t ion  wi th  VO 2max/kg
body weight in obese.

Considering these findings of the study,
therapeu t ic  exerc i se  p rograms  for  obese
young adults can be best designed to increase
caloric expenditure and thus to decrease body
fa t  ra ther  than to  improve aerobic  f i tness .
Thus incorporation of activities need not be
a t  h igh  sus ta ined  in tens i t i es .  Th is  wi l l
inc rease  the i r  compl iance  fo r  exerc i se
programs .  In  add i t ion  accura te  gu idance
regarding the type of food consumption will
increase the tolerance for maximum exercise
and reduce the incidence of obesity related
health hazards in later  years of  l i fe.
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