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I N T R O D U C T I O N

The s tudy  of  obes i ty  in  re la t ion  to
d iseases  and  phys ica l  f i tness  i s  o f  major
concern to  those  in teres ted in  chi ld  heal th
and development (1), especially now a days

as  the  p reva lence  of  ch i ldhood  obes i ty  i s
increas ing  rap id ly  wor ldwide  (2 ) .  I t  i s
ex tens ive ly  assoc ia ted  wi th  coronary  hear t
d i seases  (CHD)  whose  mani fes ta t ions
appear  qu i te  l a te r  in  l i f e  though  r i sk
re la ted  behavior  pa t te rns  a re  ev iden t  in
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Abstract :  Childhood obesity is  increasing worldwide and may be l inked
to  Coronary  hear t  d iseases  tha t  appear  la ter  in  l i fe  but  i t s  r i sk  re la ted
behav iour  pa t t e rns  a re  ev iden t  dur ing  ch i ldhood  and  ado lescence .  The
present  s tudy aimed to evaluate the cardiorespiratory f i tness in terms of
maximum oxygen uptake (VO2max) in obese boys of West Bengal,  India.
Obese boys (N = 49) in the age range of 10–16 years were separated from
their  non-obese counterparts  (N = 70) according to internat ional  age-wise
cut  off  points  of  body mass index (BMI) and VO2max was evaluated by
Queen’s College Step Test (QCT). Lean body mass (LBM) was measured by
sk in fo ld  method .  Abso lu te  VO 2max  was  s ign i f i can t ly  h igher  (P<0 .001)
among obese boys because of higher values of body mass and LBM, which
in turn exhibited significant correlation (r = 0.82 and r = 0.93, respectively;
P<0.001) with VO2max. But VO2max per kg of body mass was significantly
higher  among non-obese  boys  but  the  VO2max per  uni t  of  body surface
area was significantly higher (P<0.001) in obese group. VO2max is largely
dependent  on  body mass  and LBM whereas  excess ive  fa t  mass  imposes
unfavourable  burden on cardiac  funct ion and oxygen uptake by working
muscles.  This indicates that  reduced oxygen uti l izat ion by adipose t issue
during exercise  reduces  the  overal l  VO2max.
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childhood and adolescence (3) .

Obesity is to a large extent the result of
reduced physical  act ivi ty  and is  f requent ly
observed to be associated with abundant as
wel l  as  i r regu la r  d ie t .  I t  may  lead  to
occur rence  of  hear t  d i seases  wi th  poor
card ioresp i ra to ry  f i tness  (3 ) .  The  la te r  i s
g loba l ly  eva lua ted  as  maximum oxygen
uptake  (VO 2max)  tha t  re f lec t s  the  amount
of  oxygen  u t i l i zed  by  work ing  mus lces
during maximal exercise (3, 4, 5, 6). VO2max
is  there fore  the  parameter  o f  immense
importance to be assessed especially in obese
chi ldren ,  as  they are  prone to  suffer  f rom
card iovascu la r  d i sorder .

VO 2max da ta  in  Ind ian  ch i ld ren  i s
lack ing .  The  presen t  s tudy  a imed  to
eva lua te  the  ca rd ioresp i ra to ry  f i tness  in
te rms  of  VO 2max in  obese  boys  of  Wes t
Bengal,  India and to compare the data with
the i r  non-obese  counte rpar t s .

METHODOLOGY

Selec t ion  o f  part ic ipants

119  seden ta ry  ru ra l  boys  be longing  to
the  age  group  of  10  to  16  years  f rom
the  same middle  c lass  soc io-economic
background were recruited for the study on
the  bas is  of  random sampl ing fo l lowed by
purposive sampling from different secondary
schools of West Bengal, India. The boys had
no h is tory  of  any  major  d i sease  and  were
not  under  any  phys ica l  condi t ion ing
program and  or  medica t ion .  The  e th ics
committee of University of Calcutta (Faculty
of  Sc ience) ,  school  au thor i t i es  and  the
parents provided permissions to conduct the
study after being thoroughly informed about

the  purpose ,  requ i rements  and  the
experimental  protocols of  the invest igation.
Al l  tes ts  were  performed in  the  respect ive
schools .

Age  of  the  par t i c ipan ts  was  ca lcu la ted
in  neares t  years  f rom the  date  of  b i r th  as
recorded in their  school  register  and obese
boys  were  separa ted  f rom the i r  non-obese
counterpar ts  according  to  the  in terna t ional
cu t  o f f  po in t s  o f  body  mass  index  (BMI)
according to the proposal of Cole et al (2),
as  tabula ted  be low :

Age 10 11 12 13 14 15 16
(Years)

BMI 24.00 25.10 26.02 26.84 27.63 28.30 28.28
(kg/m2)

To de te rmine  the  BMI,  body mass  and
body height were measured with a standard
weigh ing  machine  tha t  inc luded  a  he igh t
measur ing  s tand  (Avery  Ind ia  L td ,  Ind ia ) .
Body mass was measured to an accuracy of
± 0 .250  kg  and  he igh t  to  an  accuracy  of
± 0.5 cm. Body surface area was calculated
us ing  the  DuBois  equa t ion :  BSA (m 2)  =
(Body Weight) 0.425 × (Body Height) 0.725 ×
0 .007184 .  To  de te rmine  the  oxygen
uti l isat ion by unit  mass of  lean body mass
(LBM),  the  LBM was  de te rmined  f rom
skinfold method according to  Chat ter jee  e t
al (1).

Preparat ion  o f  vo lunteers  (5 ) :

The  vo lun teers  came to  the  l abora tory
in  the  morn ing  a t  the i r  convenience  a f te r
having light break fast at least 2 to 3 hours
pr io r  to  the  t es t  and  re f ra in ing  f rom any
ac t iv i ty  dur ing  tha t  pe r iod .  Par t i c ipan ts
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were  eva lua ted  in  p resence  of  the i r
paren ts  o r  guard ians  a f te r  exp la in ing  and
demons t ra t ing  the  exper imenta l  p rocedure
to  a l l ay  the i r  apprehens ion .

Predic t ion  o f  card ioresp iratory  f i tness  (VO 2max) :

Participants were asked to take complete
rest  for half  an hour before performing the
exercise  so  that  pulmonary vent i la t ion and
pulse  ra te  might  come down to  a  s teady
s t a t e .

The  Queen’s  Col lege  S tep  Tes t  (QCT)
which has been recommended as a valid and
re l iab le  ind i rec t  method  for  p red ic t ion  of
VO2max in this particular population (6) was
adopted in the present investigation.  Direct
es t imat ion  of  VO 2max i s  exhaus t ive ,
laborious and difficult experimental protocol
(4, 8).

In  b r ie f  the  s tep  tes t  was  per formed
using a stool of 16.25 inches (or 41.30 cm)
he igh t .  S tepp ing  was  done  for  a  to ta l
duration of 3 minutes at the rate of 24 cycles
per minute which was set  by a metronome.
After completion of the exercise, the subjects
were asked to remain s tanding comfortably
and  the  ca ro t id  pu lse  ra te  was  measured
f rom the  f i f th  to  the  twent ie th  second  of

the  recovery  per iod .  This  15  second pulse
ra te  was  conver ted  in to  bea t s  per  minute
and  the  fo l lowing  equa t ion  was  used  to
predic t  VO 2max.

VO 2max (ml /kg/min) = 111 .33  –  (0 .42  ×
pulse  rate  in  beats  per  min)

All  exper iments  were  per formed a t  a
room temp varying from 27–29°C and at  a
re la t ive  humid i ty  rang ing  be tween  70  and
85%.

Stat i s t i ca l  ana lys i s :

Unpai red  t - t es t  was  per formed to  t es t
the significance of difference between mean
va lues  and  Pearson’s  p roduc t  moment
cor re la t ion  was  adopted  to  es tab l i sh  the
re la t ionsh ip  be tween  two var iab les .

R E S U L T S

There was no significant variation in age
between obese  and  non-obese  par t ic ipants .
Though  body  he igh t  d id  no t  show any
s ign i f ican t  in te r -group  var ia t ion  bu t  body
weight  and LBM were  s igni f icant ly  h igher
(P<0.001)  in  obese  group ,  and  BMI score
was  a l so  s ign i f ican t ly  h igher  (P<0 .001)
among obese  boys .  BSA a l so  showed

TABLE I : Physical  and physiological  parameters  of  obese and non-obese boys.

VO 2max
Category Age Body Body B S A B M I QCT

(l /min) ( l / m 2 / ( m l / k g / ( m l / k g(years) mass height (m2) (kg /m 2) heart
min) min) L B M(kg) (cm) rate

/ m i n )(beats/min)

Obese 13.10 ± 1.05 63.70 ±4.65 153.80± 8.90 1.62± 0.12 26.92 ± 2.01 170.80± 9.26 2.50± 0.23 1.54 ± 0.28 39.60 ± 2.60 54.50± 3.60
(N=49)
Non-obese 13.00 ± 1.08 35.53 ±6.10* 149.00± 12.00 1.23 ± 0.11* 16.00 ± 1.50* 149.80 ± 6.29* 1.70± 0.16* 1.38 ± 0.21* 48.40 ± 1.80* 55.80 ± 2.70
(N=70)

Values  a re  expressed  as  Mean ± Standard  Devia t ion .
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s igni f icant ly  lower  (P<0.001)  va lue  in  the
non-obese  group  because  of  the i r
significantly lower body weight.  All  results
are  tabula ted  in  Table  I .

D I S C U S S I O N

VO 2max is  a  measure  of  the  funct ional
l imi t  o f  the  ca rd ioresp i ra to ry  sys tem and
the  s ing le  mos t  va l id  index  of  maximal
exerc i se  capac i ty .  VO 2max has  been
expressed e i ther  in  absolute  value ,  i .e . ,  in
liter per minute (l/min) or as relative values,
i .e . ,  ml  per  kg of  body weight  per  minute
(ml/kg/min) ,  ml  per  kg of  lean body mass
(ml/kg LBM/min) or liters per unit of body
sur face  a rea  per  minute  ( l /m 2/min) .  The
absolute value of VO2max is one of the best
indices  of  an individual’s  cardiorespiratory
f i tness  to  t ranspor t  oxygen  to  work ing
muscles (9).  Furthermore, i t  is  useful when
changes  in  maximal  ae rob ic  capac i ty  o f
chi ldren  are  assessed dur ing the  per iod  of
pre-puberty to adolescence (10). The VO2max
value  in  ml /kg  LBM/min  should  be
considered when we examine the performance
of  the  cardiorespi ra tory  f i tness .

Some boys  were  pre-puber ta l  whi le  o thers
were  pos t -puber ta l .  But  as  there  i s  no
significant difference in mean age (Table : I)
and distribution of proportionate number of
indiv idua ls  f rom each  age-group (Obese  =
24 & 25, Non-obese = 34 & 36 in the age
group  of  10–13  years  and  14–16  years ,
respect ively)  is  a lmost  same,  hence chance
of  pre-puber ta l  and post-puber ta l  inf luence
towards alteration of VO2max does not exist
in  the  cur ren t  s tudy .

Signif icant ly  higher  (P<0.001)  value  of

absolute  VO2max among obese boys in  the
presen t  s tudy  i s  con t rad ic to ry  to  o ther
findings (11, 12, 13) where absolute VO2max
did not vary significantly between obese and
non-obese  boys .  Whereas ,  o ther  per t inen t
studies (3, 14) reported that since body mass
was higher and so was absolute VO2max in
the  obese  group,  indica t ing  h igher  card iac
load  among obese  boys  dur ing  work ing
condi t ion .  In  th i s  s tudy ,  ex i s tence  of
s igni f icant  pos i t ive  cor re la t ion  of  VO 2max
(l/min) with body weight (r = 0.82, P<0.001)
and LBM (r = 0.93, P<0.001) also justifiably
suppor t  the  v iew.  S ign i f ican t ly  (P<0 .001)
higher  value of  peak heart  ra te  in  QCT in
obese  g roup  a l so  ind ica ted  the  g rea te r
card iac  load  among them.

In spite of having significantly (P<0.001)
h igher  va lue  of  VO 2max the  oxygen
consumpt ion  per  un i t  o f  body  mass  was
s ign i f ican t ly  l ess  (P<0 .001)  in  the  obese
group .  This  i s  p robably  because  of  the
excessive amount of body fat  that appeared
to  exer t  an  unfavorable  burden as  wel l  as
h inder ing  ac t ion  towards  card iac  func t ion ,
par t i cu la r ly  dur ing  exhaus t ing  exerc i se
when excessive hyperactive body musculature
fails to uptake sufficient amount of oxygen
due  to  depos i t ion  of  p ropor t iona te ly  h igh
amount  of  fa t  mass  (11,  12,  13) .  This  can
further  be supported with the f indings that
loss  of  fa t  weight  dur ing weight  reduct ion
program of  obese  chi ldren ,  increased the i r
re la t ive  VO 2max va lue  due  to  wi thdrawal
of  fa t  induced  inh ib i to ry  ac t ion  towards
oxygen util ization by body musculature (8).
S imi la r ly  Dempsy  e t  a l  (17)  found  excess
body fat  impairs cardiorespiratory functions
and  reduces  mechanica l  e f f ic iency  for  a
given work load.
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C O N C L U S I O N

The results indicate that the obese have
higher  abso lu te  VO 2max and  VO 2max
expressed per unit surface area as compared
to non-obese.  However ,  VO2max per  kg of
body weight was actually less in obese than
in non-obese (39.6 ± 2.6 vs 48.4 ± 1.8 ml/kg

/min)  ind ica t ing  reduced  aerob ic  capac i ty .
At  the  same t ime  VO 2max expressed  per
kg lean body mass was similar  in both the
groups  (54.5 ± 3.6  vs  55.8 ± 2.7  ml/kg lean
body mass/min :  obese vs non-obese).  This
may po in t  to  a  g ross ly  reduced  oxygen
utilization by adipose tissue during exercise
tha t  reduces  the  overa l l  VO 2max.
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