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Abstract : The study was aimed to establish prediction norms for maximal
oxygen uptake (VO2max) from age, body mass and body surface area (BSA)
in  young sedentary  subjects  of  Kolkata ,  India .  S tudents  of  20–24 years
(male = 40 and female = 40) were recruited by simple random sampling
from Univers i ty  of  Calcut ta ,  Kolkata .  Thir ty  par t ic ipants  f rom each sex
were further randomly alloted to the “study group” and rest 10 participants
to  the  “conf i rma to ry  g roup” .  Phys ica l  pa ramete r s  were  measured  and
VO2max determination comprised of incremental bi-cycle exercise followed
by  exp i red  gas  ana lys i s  in  Scho lander  mic ro -gas  ana lyze r .  S ign i f i can t
(P<0.001) correlation of VO2max existed with age, body mass, body height
and  BSA.  Predic t ion  of  VO 2max  in  the  conf i rmatory  groups  us ing  the
norms obtained from different  physical  parameters  depicted insignif icant
va r i a t ion  f rom the  d i rec t ly  measured  va lue  o f  VO 2max .  Among  these
equations VO2max prediction from BSA was considered as the most valid
one because of its highest correlation coefficient with VO2max in both the
sexes.  Mult iple  regression equat ion for  predict ion of  VO2max from body
mass and body height  was also computed.  The equation established from
BSA is recommended as the most reliable and valid to predict VO2max in
the  young sedentary  subjects  of  Kolkata ,  India ;  and mul t ip le  regress ion
equat ions  are  a lso  recommended for  cross-checking the  value .
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INTRODUCTION

Maximum oxygen  up take  (VO 2max)
re f lec t s  the  amount  o f  oxygen  u t i l i zed  by
working muscles and is a globally accepted
measure of  cardiorespiratory f i tness  (1) .  I t
also largely depends on physical parameters
(1).

Direct  measurement  of  VO 2max is  t ime
consuming ,  expens ive ,  l abor ious  and
requi res  h igh  sub jec t  mot iva t ion  (2–4) .
However, some indirect norms for prediction
of VO2max from different physical parameters,
espec ia l ly  f rom body  mass  a re  ava i lab le
(5–9) .  These  pred ic t ion  norms  a re  h igh ly
population specific and thus restricted their
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application. Every laboratory should have its
own reference standard. Previous studies did
not  p rov ide  comprehens ive  ana lys i s  on
re la t ionship  of  a l l  the  physica l  parameters
(viz, age, body mass, body height, BSA) and
VO 2max,  ra ther  they  emphasized on one or
two physical pa ramete rs  on ly  (5–13) .
Moreover ,  a t t empt  to  es tab l i sh  p red ic t ion
norms for  VO 2max in the form of  mult iple
regression analysis  is  not  avai lable .

The present  invest igat ion was therefore
undertaken to establish the prediction norms
for VO2max from physical parameters among
sedenta ry  young  hea l thy  male  and  female
univers i ty  s tudents  of  Kolkata ,  India .

M E T H O D S

Selec t ion  o f  Part ic ipant

80  seden ta ry  un ivers i ty  s tuden ts  (male
= 40, female = 40) belonging to age group of
20 to 24 years from the middle class socio-
economic  background  were  rec ru i ted  for
the  s tudy  on  the  bas i s  o f  s imple  random
sampling from the post-graduate sect ion of
the  Univers i ty  of  Calcut ta ,  Kolkata ,  India .
Out of the 40 participants in each group, 30
individuals were further separated by simple
random sampling method as “Study Group”
on which the experiments  were carr ied out
to set up the norms, Later on, the 10 remaining
participants, termed as “Confirmatory Group”,
were tes ted to  evaluate  the  val idi ty  of  the
norms obta ined  f rom the  Study Group.  To
avoid any bias in this later part of the study
each  sub jec t ’ s  phys ica l  parameters  were
measured by one author while VO2max was
determined by another of the three authors.
The  subjec t s  had  no  h i s tory  of  any  major
d i sease  and  were  no t  under  any  phys ica l
conditioning program and or medication. The

Eth ics  Commit tee  of  the  Univers i ty  o f
Calcutta (Faculty of  Science) had approved
the  s tudy  and  each  par t i c ipan t  p rov ided
informed consent.  All  the experiments were
performed in the Sports & Exercise Physiology
Laboratory of  Universi ty of  Calcut ta .

Age of each subject was calculated to the
nearest year from the date of birth obtained
from the University records. 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 India  Ltd . ,  India) ,
Body mass was measured to an accuracy of
± 0 .250  kg  and  he igh t  to  an  accuracy  of
± 0 .50  cm.  Body  sur face  a rea  (BSA)  was
ca lcu la ted  us ing  DuBois  equa t ion  (14) :
BSA (m 2)  = (Body Height ) 0.725 ×  (Body
Weight)0.425 ×  0 .007184.

Preparat ion  o f  Volunteers

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  ac t iv i ty
during that  period.  The entire experimental
procedure was explained to the subjects  to
a l lay  the i r  apprehens ion .

Determinat ion  o f  Cardioresp iratory  F i tness
( V O 2m a x )

Mulle r ’ s  magne t ic  b rake  b icyc le
ergometer  (model  o f  Max P lanck  Ins t i tu te
of Work Physiology) was used for the study.
All the subjects first performed a submaximal
exerc i se  a t  60  and  50  wat t  in tens i ty  fo r
males  and  females ,  respec t ive ly ,  fo r  5
minutes .  Immedia te ly  a f te r  per forming  the
submaximal  exerc i se  the  in tens i ty  was
increased to  the  f i rs t  incremental  in tensi ty
of 120 and 100 watt for males and females,
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respec t ive ly ,  and  thereaf te r  the  in tens i ty
was increased by 30 wat t  every 3  minutes
unti l  the subject  s topped due to exhaustion
(2) .  In  the  p resen t  s tudy  V0 2max was
considered to be achieved at the point where
hear t  ra te  was  grea te r  than  180  bea t s /min
and had leveled off. Subjects did not endure
more  than  8  minutes  o f  con t inuous ly
increasing intensi ty of  exercise .

Low res i s tance  h igh  ve loc i ty  Col l in ’s
triple “J type” plastic valve was used for the
collection of gas by open circuit method. The
valve was connected to a Douglas Bag (150 l)
with a standard corrugated rubber tube and
the  exp i red  gas  was  co l lec ted  in  the  l as t
minute of final intensity of exercise recognized
by signs of severe exhaustion and heart rate
grea te r  than  180  bea t s /min .  Gas  was
collected in the second minute of  the f inal
work load  i f  the  sub jec t  showed s igns  o f
severe  exhaus t ion .  No gas  co l lec t ion  was
made in  the  f i r s t  minute  of  the  workload .
The  expi red  gas  was  measured  in  a  wet
gasometer (Toshniwal, Cat No CG 05.10) and
the  a l iquots  of  gas  samples  were  analyzed
in a Scholander microgas analysis apparatus
fol lowing the s tandard procedure (15) .  The
peak heart rate was recorded manually from
the  t ime  taken  for  10  ca ro t id  pu lsa t ions

TABLE I : Phys ica l  pa ramete r s  and  VO 2max  of  seden ta ry  male  and  female  un ivers i ty  s tuden t s  in  Kolka ta .

Males Females

Parameters Study group Confirmatory group Study group Confirmatory group
(n=30) (n=10) (n=30) (n=10)

Age (years) 22.06± 1.35 21.86± 2.00 21.5± 1.55 21.80± 1.69
Body mass (kg) 55.50± 6.01 54.67± 7.03 48.93± 4.12 48.01± 5.68
Body height (cm) 165.10± 3.90 166.00± 4.61 156.76± 4.35 155.86± 5.61
BSA (m2) 1.61± 2.24 1.60± 2.67 1.47± 0.07 1.45± 0.09
Absolute VO2max (l/min) 2.20± 0.24 2.20± 0.36 1.61± 0.30 1.54± 0.41
Relative VO2max (ml/kg/min) 39.52± 2.91 40.31± 3.60 32.79± 3.90 32.15± 4.16

All values are expressed as mean±Standard Deviation.

immedia te ly  a f te r  cessa t ion  of  exhaus t ive
exerc ise .

Al l  exper iments  were  per formed a t  a
room temperature varying from 27 to 29°C
and at  a  relat ive humidity ranging between
70 and 85 per cent.

Stat i s t i ca l  ana lys i s

Unpaired t-test was performed to test the
s ign i f icance  of  d i f fe rence  be tween  mean
values of age, body weight, height, BSA and
VO2max obtained in male and female groups.
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 .  Bland  and  Al tman
approach  for  l imi t  o f  agreement  was  a l so
per formed (16) .  S imple  and  mul t ip le
regression analysis were adopted to establish
the  norm between physica l  parameters  and
VO 2max .

R E S U L T S

Age,  body mass,  body height ,  BSA and
VO 2max of  the  s tudy  and  conf i rmatory
groups  a re  shown in  Table  I .  P red ic t ion
equa t ions  fo r  VO 2max f rom cor responding
phys ica l  pa ramete rs  a re  t abu la ted  in
Table II.  Predicted values of VO2max based
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TABLE II : S imple  pred ic t ion  equa t ions  for  VO 2max f rom d i f fe ren t  phys ica l  parameters .

Independent Category Regression Constant Correlation S E E Level of
variable coefficient coefficient (r) significance

Age (yrs) Male 0.10 –0.006 0.55 0.03 P<0.001
Female 0.12 0.98 0.64 0.03 P<0.001

Body mass (kg) Male 0.03 0.54 0.81 0.02 P<0.001
Female 0.06 –1.33 0.76 0.02 P<0.001

Body height (cm) Male 0.04 –4.41 0.66 0.02 P<0.001
Female 0.06 –7.8 0.85 0.01 P<0.001

BSA (m2) Male 0.09 2.06 0.83 0.02 P<0.001
Female 4.15 –4.49 0.97 0.003 P<0.001

T A B L E I I I : VO 2max values obtained in confirmatory
groups  by  d i rec t  measurement  and
from prediction equations (i.e., the norms
es tab l i shed  in the study).

VO 2max
Category Procedure

l / m i n m l / k g / m i n

Males Direct 2.20±0.36 40.31±3.60
(n=10) measurement

From age 2.18±0.45 39.90±4.10
From body mass 2.18±0.31 39.90±3.91

From body height 2.23±0.32 40.80±3.46
From BSA 2.20±0.36 40.31±4.17

Females Direct 1.54±0.41 32.15±4.16
(n=10) measurement

From age 1.63±0.42 33.95±3.90
From body mass 1.55±0.37 32.30±4.51

From body height 1.55±0.39 32.30±4.68
From BSA 1.53±0.34 31.82±3.64

All values are expressed as mean±Standard Deviation.

the  p resen t  s tudy  body  mass  exh ib i ted
h igher  va lue  of  cor re la t ion  coef f ic ien t
(r=0.81) with VO2max than height (r=0.66 )
in  case  o f  males ,  whi le  females  dep ic ted
lower value of correlation coefficient (r=0.76)
be tween body mass  and  VO 2max than  tha t
of  be tween  he igh t  and  VO 2max ( r=0 .85) .
However ,  h ighes t  va lues  o f  cor re la t ion
coeff ic ient  were  obta ined between VO 2max
and BSA in both the sexes and hence BSA
was considered as the most valuable predictor
of VO2max among all the physical parameters
in  the chosen populat ion.  But  as  BSA was
computed from body mass and body height,
therefore, application of BSA as independent
variable for prediction of VO2max appeared
a bi t  complicated than using body mass or
he igh t  as  independent  parameter  fo r  the
same. The SEE of VO2max while predicting
from the currently es tab l i shed  norms ,  were
found  to  be  subs tan t ia l ly  smal l  enough  in
comparison with previous studies (5–13) to
cons ider  a l l  these  parameters ,  v iz . ,  body
he igh t ,  body  mass  and  BSA as  good
predictors of VO2max in the currently chosen
popu la t ion .

Moreover ,  in  conf i rmatory  groups ,
predicted VO2max values exhibited statistically
ins ign i f ican t  var ia t ion  f rom the  d i rec t ly

on  age ,  weigh t ,  he igh t  and  BSA d id  no t
vary s ignif icant ly  f rom their  corresponding
di rec t ly  measured  va lues  o f  VO 2max
(Table III) .

D I S C U S S I O N

All  the  phys ica l  parameters  were  wel l
correlated with VO2max indicating dependence
of the later on physical parameters. Previous
pertinent studies indicated body mass as the
best predictor of VO2max (5–7, 9–11). But in
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measured values of  VO 2max in both sexes.
Bland  and  Al tman’s  method  of  l imi t  o f
agreement  approach  a l so  depic ted  tha t  the
mean difference between direct ly  measured
and predicted values from BSA were small
enough  (0 .133±0.11  and  0 .075±0.031  in
males and females, respectively ) in both the
sexes (Fig. 1).

Comparison of our norms for prediction
of  VO 2max f rom body  mass  wi th  o ther
prev ious ly  ava i lab le  norms  dep ic ted  wide
range of variation in mean and SEE (Fig. 2).
Uth (3) and Uth et al. (4)  hypothesized that
VO 2max can  be  pred ic ted  f rom the  ra t io
be tween  res t ing  and  maximum hear t  ra te
among t ra ined  ind iv idua ls  and  body  mass
acted as a proportionality factor in-between
the  sexes  p robably  due  to  p ropor t iona te ly
higher fat percentage among females. Malek
et  al .  (8)  recommended one mult iple l inear
prediction equation for prediction of VO2max
from age, body mass, height,  training hours
per  week,  intensi ty  of  t ra ining and natural
logar i thm of  years  o f  t ra in ing  among
aerobically trained females of USA. Despite
cons ider ing  s ix  independent  var iab les ,  the
SEE (259  ml /min)  was  cons iderab ly  l a rge
enough .  Card ina l  (10)  p roposed  couple  o f

formulae  for  p red ic t ion  of  VO 2max in
epidemiological  s tudies  taking seven i tems
of  physical  act ivi ty  indices  as  independent
parameters  among Det ro i t i an  females  o f
USA. Verma et  a l .  (9 ,  11)  in  their  s tudies
proposed  tha t  phys ica l  charac te r i s t i cs  a re
good predic tors  of  maximal  oxygen uptake
in Indian males  and more important ly they
obta ined  h ighes t  va lue  o f  cor re la t ion
coefficient when body mass was considered
as  an  independent  parameter .  Th is  fac t
corroborates with the findings among males
of  p resen t  inves t iga t ion ,  bu t  the i r  SEE
(0 .204–0 .214  l /min)  was  more  than  the
cur ren t  observa t ion ,  and  thus  the  norms
es tab l i shed  in  the  cur ren t  s tudy  can  be
considered  to  have  bet ter  authent ic i ty .

Fig.  1 : Results of Bland and Altman’s analysis in the
s tud ied  popu la t ion .

Fig.  2 : Comparison of prediction equation for VO2max
from body mass  in  present  s tudy  wi th  o ther
s t u d i e s .
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As both body mass and body height were
highly correlated with VO2max in both the
sexes ,  hence  pred ic t ion  of  VO 2max f rom
these  two phys ica l  parameters  were  a l so
at tempted and revealed fol lowing norms in
the form of  mult iple  regression equat ion :

Males : VO2max (L/min) = 0.014 × Body Mass
+0 .073 × Body Heigh t  –  10 .627 ,  R = 0.50 ,
P<0.001,  SEE = 0.208

Females :  VO 2max (L/min)  =  0 .045 × Body
Mass +0.026 × Body Height – 4.076, R = 0.64,
P<0.001, SEE = 0.230

These mult iple  regression equat ions are
more complicated than the simple ones and
depic ted  h igher  va lues  of  SEE.  Therefore ,
in  bo th  the  sexes  the  s imple  p red ic t ion

equa t ion  for  VO 2max f rom BSA wi th
considerably low SEE was found to be most
rel iable  in  this  aspect .

C o n c l u s i o n

From the  presen t  inves t iga t ion  i t  may
be concluded that age, body mass, body height
and  BSA are  good  pred ic tors  o f
cardiorespiratory fi tness in young sedentary
subjec ts  of  Kolka ta ,  India  but  BSA is  the
bes t  among them.  Therefore ,  the  norm
established from BSA is recommended as the
most  re l iable ,  val id  and wel l  appl icable  to
predic t  VO 2max in  the  s tudied  popula t ion .
More  impor tan t ly  mul t ip le  regress ion
equat ions  are  a lso  recommended for  cross-
check ing  the  p red ic ted  va lue ,  whenever
neces sa ry .
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