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Summary: A comparison of 10 top Indian athletes and 10 non-athlete Indian soldiers has been made
on their lung functions, maximum oxygen uptake, maximum exercise ventilation and maximum heart
rate. No significant difference has been found between the lung volumes of athletes and nonathletes.
The athletes, however, have significantly higher VO. max (p<0.001) and show a trend for higher
YE max. The maximum heart rate is significantly lower in the athletes (p<0.05). Comparison of
Indian athletes with the world-class athletes shows that the Indians have lower VO. max and VE max.
In maximum heart rate and maximum lactic acid build-up, there is no difference.
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A number of studies have been made on champion athletes of different countries to
correlatetheir performance with various physiological parameters. Astrand (1), Saltin and
Astrand(15), and Ekblom and Hermansen (8) have made studies on the Swedish champion
athletes; Robinson et al (14) and Costil (6) on American athletes; Bannister et al (2) and

ewman et al (12) on British athletes; Cerretelli and Radovani (5) on 40 athletes of Rome
Olympicsand Pampero et al (13) on 161 athletes from Mexico Olympics. No such studies
havebeen reported on Indian top athletes.

The performance of Indian athletes is steadily improving, but it is still far below the
world standard. Record of gold medals won in the Olympics by various countries shows
thata majority of these have gone to U.S.A., U.S.S.R., West Germany, U.K., etc. Even
inthe Asian Games, the majority of gold and silver medals are won by smaller countries
likeJapan and Korea, as compared to India. It was, therefore, considered desirable to know
thephysiological causes for the comparatively poor performance of the Indian athletes. For
thispurpose, Indian athletes undergoing pre-selection training for the 1968 Mexico Olympics
wereselected for their physiological assessment. This paper presents the results of these studies.

MATERIALSANDMETHODS

Experimental Subjects: The test subjects consisted of lO top Indian athletes comprising
of4 middle-distance runners (1500 m and 5000 m), 3 long-distance runners (marathon) and
3walkers, who were either National or State champions. For comparison, 10 healthy moderately
trainednon-athlete Indian soldiers of comparable age, height and weight were also taken for
study. The subjects reported to the laboratory in the morning after a light breakfast and, after
onehour's rest, they were administered the following physiological tests :-
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Respiratory function tests: Each subject was given two trial runs and three test runs
for each test and the best of the three test readings was taken as his score. The tests con-
sisted of-

(i) Forced vital capacity (FVC) and Forced expiratory volume in one second (FEVl)

recorded in sitting position in a Godart Pulmotest.

(ii) Expiratory peak flow (EPF) in standing position recorded with Wright's Peak Flow
meter; and

(iii) Maximum voluntary ventilation (MVV) estimated by making the subjects breathe
through a collins 2-way plastic 'J' valve into a thin rubber balloon for 15 seconds
at a high frequency (above 50) with maximum tidal volume maintained at that
frequency.

Maximum oxygen uptake capacity (V02 maxy : This was determined by giving the
subjects graded exercise on a bicycle ergometer. The work rates were increased until there
was no further increase in oxygen consumption with successive increase in work rate. Each
exercise lasted for four minutes and expired air was collected during the last minute and was
analysed for oxygen and carbon-dioxide content using Scholander microgas analyser, The
oxygen consumption was plotted against the work rate and the flattening of the oxygen curve
was taken as the maximum oxygen uptake copacity of the subject.

Maximum exercise ventilation (VE max): Maximum ventilation during maximal exercise
on the bicycle ergometer.

Maximum heart rate (Max HR): was recorded during the maximal exercise on the
bicycle ergometer, mostly by means of an E.C.G. On a few occasions, palpation method was
resorted to by well-trained workers.

Maximum blood lactate (Max LA): Was estimated five minutes after the maximal
exercise, by the method of Barker and Summersen (3).

RESULTS

The mean age of the athletes was 27.3 years and that of the non-athletes 26'3 years.
The mean height and weight of the athletes were 174.2 cm and 60.1 kg as against 173.4 cm
and 60.6 kg respectively for non-athletes. The body surface area of both the groups was
1'72 m2 (Table I). The two groups were thus homogeneous and comparable.

The mean values for FVC, FEVl and MVV in athletes were about 4.56, 3.70 and
152.94 litres respectively, whereas in the non-athletes the corresponding values were 4.14,
3.66 and 157.33 litres. The difference between the two groups is not significant. The mean
values for FEV} as percentage of FVC were 81.04% in the athletes and 89'16% in the non

Vclume16
Number 1

TABLE I: Age
rru

-----------
Athletes

Subject Age Height
(yr)

(CIIl)

JS 30 172.7
SS 29 180.3
ES 2S 170.1
AS 28 175.3
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TABLE I: Age and physical characteristics of top Indian athletes and
moderately trained non-athletic Indian soldiers

Athletes Nail-Athletes
-------~-----~--~---- --------------------

Subject Age Height Weight Body Body
(yr) SI//"- SI/b- Age Height Weight Surface

(cm) (kg) face jeet (yr) (cm) (kg) area(m!)
area (m2)

J5 30 172.7 63.5 1.756 KS 22 175.9 58.5 1.719
SS 29 180.3 66.5 1.848 HS 30 168.2 56.3 1.636
ES 25 170.1 46.5 1.521 PS 27 168.4 58.8 1.669
AS 28 175.3 58.0 1.707 MS 22 178.4 65.8 1.825
ZS 22 175.3 60.5 1.738 MP 29 175.8 64.6 1.792
H5 32 170.1 55.0 J .633 PS 27 174.5 58.7 1.710
JS 30 172.7 63.8 1.766 SR 26 178.9 61.0 1.770
PS 29 175.3 57.0 1.694 PS 28 168.4 54.6 1.617
BS 22 172.7 57.0 1.677 CS 27 169.4 60.1 1.691
K.S 26 177 .8 73.0 1.903 LS 25 176.3 68.0 1.835

MEAN 27.3 174.2 60.1 1.724 26.3 173.4 60.6 1.726
SD '"' 3.43 3.23 7.21 0.107 2.67 4.35 4.27 0.076

athletes (Table II). The difference between the two is statistically significant (P < 0.001).
The mean EPF values in athletes were 619.5 1 as against 593.0 1 in non-athletes. The
differencebetween the two values is not significant. It thus shows that there is no difference
invarious lung functions between the top Indian athletes and moderately trained non-athlete
soldiers.

The mean V02 max values in non-athletes were found to be 2'53 l/min and when
expressed in relation to body weight it amounted to 41'6 ml/kg/min (Table II). Their mean
VEmax was found to be 85.8 l/min and the max HR to be 190 beats/min. The corresponding

values in the Indian athletes were : V02 max 3'29 l/min or 54.5 ml/kg/min, VE max
100.3 l/min. and max HR 182 beats/mm (Table II). The V02 max values in athletes are
comparatively much higher than the non-athletes and are significant statistically (P < 0.001).
Themax HR is significantly lower in the athletes than in the non-athletes (P < 0.05). The
YE max is, however, not significantly different (P > 0.05).

The best timings of the Indian athletes in the track events and their values for some
physiological parameters are compared with those of the corresponding world-class athletes

in Table Ill. It is seen that the values of V02 max and VE max in the world-class athletes

are decidedly higher than those of the corresponding Indian athletes. The V02 max values
ofthe three Indian middle-distance runners (1500 m) range between 48.4-63'5 ml/kg/min as
against 74'4 and 75'5 m l/kg/min of the world-class athletes. The 5000 m Indian runners had
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TAillE 1I: Comparison of mean lung' volumes (at RTPS) and other parameters of top Indian athletes
with moderately trained non-athlete Indian soldiers

Siguificau
NOIl-

Parameters Athletes Athletes Difference 't'
(N-lO) (N =10)

-_._----_.
FVC 4.56 4.14 0.42 1.689
(lit.) ,,=0.59 *0.51

FEVl 3.70 3.66 0.04 0.153
(lit.) ±0.50 ±0.52

FEVl 81.04 89.16 -8.12 -3.974
-- X 100 ±3.58 ±5.09
FVC
MVV 152.94 157.33 -4.39 -0.427
(lit.) *19.60 ±25.98

EPF 619.50 593.00 26.50 0.969
(lit.) ±54.08 ±67.50

V02 max. 3.29 2.53 0.76 -4.316
Cl/min) *0.48 ±0.27

VO. max. 54.48 41.62 12.86 5.926
(ml/kg/min) ±5.84 ±3.71

VE max 100.26 85.68 14.48 1.969
(l jmin BTPS) ±19.12 ± 13.23

Max H.R. 181. 90 190.40 --8.50 -2.410
(Beats/ruin) ±7.72 ±8.04

---------
Values are means ± S.D.
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Event

TABLEIII

Subject

P>O.IO -- -----------

1500 III run
P>0.80

P<O.OOI
5030 m run

Marathon
P>0.60

P>0.30 20 km walk

P<O.OOI 50 km walk

P<O.OOI

P>O.05

P<O.05

V02 max value of 63.1 m lfkg/min as against 77.1 and 82.0 m l rkg/min of the world-class
athletes. In the marathon runners also, similar difference is found in the V02 max values wbicn
ranged between 52.4-60.2 m lrkg/rnin for Indians and 70.8-74.3 m ljkg/min for the world
athletes (Table Ill). Among the Indian athletes themselves, the V02 max values are lower
in walkers as compared to runners, the range being 47.2-53.5 mljkg/min in the former and
48.4-63.6 ml/kg/min in the latter. Similar finding has been observed by Saltin and Astrand
(15).

Regarding maximum exercise ventilation, the values for the Indian middle-distance
runners (1500 m) range between 70.8-116.4 Ijmin as against 153.8 and 155.4 l/min for world
athletes. The value for the 5000m Indian runner is 103.3 Ijmin as against 117.6 and 151.0
l/min for the two corresponding world-class athletes. Again, the values for the Indian
marathon runners are 94.8-128.0 l/min as against 144.8-157.8 l/min for the world-class

1500 m run(l)

JS
SS
ES

AS

ze;
HS
JS

PS
BS

KS

MEAN
...SD

(B,

BT
KO

5000 m run SL
KK

Marathon (2) Kerney
Burfoot
Higdon
Castag

MEAN
*SD

A Versus B

(1) Data from Saltin & Astrand (J

athletes (Table Ill). The I

for the world-class athletes
significant (P < 0.001).
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TABLE IU

Isent Subject

1500 m run JS
SS
ES
AS
Z')
HS
JS

PS
BS

KS
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Comparison of physiological functions and best performance
between Indian and world-class athletes

VD.
1/lIlin /Ill/kg/Ill ill

(STPD) (STPD)

(A) Indian Athletes

4.03
3.58
2.25

3.66

3.39
3.05
3.39

3.20
2.91

3.42

3.29
,;:0.48

5.27
5.63

4.78
4.92

4.92
4.71
4.56
4.70

4.94
,e0.35

63.5
53.8
48.4

63.1

60.2
52.7
52.4

53.5
50.0

47.2

54.48
±5.84

(B) World-Class Athletes

Max
H.R.

186
J81
183

173

J88
192
170

172
189

185

J81.~0
,;:7. n -

181
173

193
195

188
198
J63
184

184.38
.11.86

VE /Ilax
(1 mill

BTPS)

116.4
84.1
70.8

103.3

128.0
97.1
94.8

114. R
76.1

J 17.2

Max LA

104.7

93.9
61.5

90.5
86.5

69.0

Best
Perform-
allce

3 :43.0
3:50.4
3 :52.4

14:44.4

143:32.8
144:48.6
150:40.4

96:52.2
89 :22.4

273:34.6

100.26

,;:19.12
84.35

,;:16.16

J53.8
155.4

147.6
115.0

157.8
144. g,
151. 7

155.2

148.41
,;:13.05

. l'
J03.5
144.9

138.6
87.3

94.0
104.0
86.0
70.0

103.54

,;:25.99

3:39.1
3:42.6

J3:49.2
13:24.2

154:48.0
. 134:28.0

141:55.0
137:55.0

MEAN
,;:SD

A Versus B Sig*

50~O III run

Mirathon

20 km walk

50 km walk

MEAN
±SD

1500 m run(l) BT
KO
SL
KK

74.4
75.5

77 .1
82.0

n.3
74.3
70.8
73.7

75.01
,;:3.40

Sig* N.S. Sig*

5000 m run

Marathon(2) Kerney
Burfoot
Higdon
Cas tag

.S.

*P<O.OOl
(I) Data from Saltin & Astrand (1967). (2) Data from CostilI (1970)

athletes (Table Ill). The mean values for the VE max in Indian athletes were 100.2 1 and
for the world-class athletes, these were 148.41 1. The difference between the two is highly
significant (P < 0.001).
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The maximum lactic acid build-up (Max LA) in the two Indian marathon runners wa
61.5 and 93.9 mg% as compared to 70.0 to 104.0 mg% in the world-class athletes. Amont
the Indian middle-distance runners. Max La has been measured only in one subject which wa\
found to be 104.7 mg%. The corresponding values for the worldclass athletes are 103.5 and
144.9 mg%. The mean values of max LA in Indian athletes were 84.35± 16.16 mg% .
against 103.54~ 25.98 mg % for world-class athletes. The difference between the two is not sign-
ficant (P > 0.1). The individual values of max LA of the world-class athletes show wide
differences and do not seem to be related to their performance.

The maximum heart rate in the Indian middle-distance runners range between 173 to
186 beats/rnin as compared to 173 to 195 beats/ruin in corresponding world-class athlet
(Table Ill). In the Indian marathon runners, the maximum heart rate ranged between 17010
192 as compared to 163 to 198 in the world-class athletes. The mean values in the two
groups were 181.9±7.72 and 184.38±11.89 respectively.

DISCUSSION

In physical characteristic, the top Indian athletes and the non-athlete Indian soldier'
considered in this study, are comparable. So, the differences found in various phy iological
parameters can be attributed mainly to the effect of strenuous physical training for athletes.
When compared with the western athletes, the Indian athletes are slightly smaller in body size.
The average body weight, height and body surface area of the we tern athletes, reported by
Saltin and Astrand (1967), are 71.0 kg, 181.4 cm and 1.907 m2 a compared to 60.1 kg,
174.2 cm and 1.724 m2 respectively for Indian athletes.

The mean values for different respiratory function tests, i.e., FVC, FEVl, MVV and
EPF have not shown any difference between the Indian athletes and the non-athletes. It
shows that these tests are not influenced by athletic status or physical training. These results
support the findings of Gordon et al (10), ewman et al (12) and Stuart and Collings (17).
The FEVl values as percentage of the vital capacity have been found to be higher in non·
athletes. than the athletes. In most of the athletes the values are below 83 %, the value
commonly considered as normal. Similar findings have been obtained by Shapairo and
Patterson (16) in their studies on U.S. naval divers during rigorous physical training pro-
granlll1e" designed to build endurance. Ekblom and Hermansen (8) have al 0 measured lung
volumes in eight top athletes belonging to the Swedish National teams and have found that
FEVl as percentage of FVC in four of the eight athletes was below 80%. Amongst the Indian
athletes, value as low as 72.5 % has been found in one of the marathon runners and 79.2 % in
a middle-distance runner. It thus appears that the resting respiratory volumes do not help
to distinguish between the athletes and the non-athletes. It is the measurement of dynamic
physiological functions during maximum physical effort which are important in this regard.

The "02 max values of the Indian athletes are significantly higher than the non-athletes,
both in absolute values as well as when expressed as per kg of body weight, the mean values

Volume 16
umber I

for the athletes being 54.5 m Ilk'

among t the Indian athletes al
their re pective events.

The other parameter
athlete and the non-athlete
than the non-athletes. Similai
al (12).

The mean VE max is lij
mean values being 100.3 and 8j
statistically (P > 0.05), there
Ekblum (9) has observed no
training for 22 weeks. Still
towards better performance.

On comparison of thes

athlete, it is found that V02 m
cantly higher than the Indian:
world athletes is al 0 corre por
between the two groups. Th
Olympic athletes are compara
aerobic capacity of the cham
and higher cardiac output
acid values in Indian athlet
indicating thereby that the anal
the champion runners.

The limitation of Indian
They cannot bring it to the
due to the smaller lung volu

reported by Cotes and Malhi

quate training. It is known I
It is necessary for the prosp

age as it requires several year
individual. These studie ha,
of the athletes lasting for at
competition. Thi probably i
which, in turn. is responsible
events.

The authors are thankfi



January J 972
Ind. J. Physiol. Pharrnac.

vo Indian marathon runners was
e world-class athletes. Among
d only in one subject which was
rldclass athletes are 103.5 and
es were 84.35±16.16 mg% as
rice between the two is not signi-
world-class athletes show wide

: runners range between 173 to
rresponding world-class athletes
ieart rate ranged between 170 to

The mean values in the two

the non-athlete Indian soldiers,
s found in various physiological
IS physical training for athletes.
Ire slightly smaller in body size.

western athletes, reported by
107 m2 as compared to 60.1 kg,

i.e., FVC, FEVl, MVV and
iletes and the non-athletes. It
hysical training. These results

and Stuart and Collings (17).
en found to be higher in non-
alues are below 83 %, the value
en obtained by Shapairo and
rigorous physical training pro-
n (8) have also measured lung
ral teams and have found that
low 80 %. Amongst the Indian
narathon runners and 79.2 % in
espiratory volumes do not help
s the measurement of dynamic
re important in this regard.

ly higher than the non-athletes,
f body weight, the mean values

Volume 16
Number J

Physiological Assessment of Tndian Athletss 61

forthe athletes being 54.5 ml/kg/min and for the non-athletes 41.6 m l/kg/min. A comparison

amongst the Indian athletes also shows that those with higher \102 max have better timings in
their respective events.

The other parameter which has shown a significant difference between the Indian
athletes and the non-athletes is the maximum heart rate. In athletes, the max HR is lower
than the non-athletes. Similar observation has been reported by Ekblom (9) and Newman at
al (12).

The mean VE max is slightly higher in the Indian athletes than the non-athletes, their
mean values being 100.3 and 85.8 l/min respectively. Although this difference is not significant
statistically (P > 0.05), there is a trend towards higher value in the athletes. However,
Ekblom (9) has observed no such change in the VE max values as a result of endurance
training for 22 weeks. Still VE max can be considered as a possible contributing factor
towards better performance.

On comparison of these parameters between the Indian athletes and the world-class

athletes, it is found that V02 max and VE max values of the world-class athletes are signifi-
cantlyhigher than the Indian athletes for al\ events (Table Ill). The track performance of the
worldathletes is also correspondingly much better. As regards max HR, there is no difference
between the two groups. Though the maximum heart rates of the Indian athletes and the
Olympic athletes are comparable, there is a great difference in V02 max. This increased
aerobic capacity of the champion athletes is likely to be due to increased stroke volume
and higher cardiac output and greater a-v oxygen difference (4). The maximum lactic
acid values in Indian athletes are also comparable with the other world-class athletes,
indicating thereby that the anaerobic capacity of Indian athletes was not different from those of
the champion runners.

The limitation of Indian athletes is primarily in the capacity to increase their ventilation.
They cannot bring it to the level of the world-class athletes. Lowered VEmax values are
due to the smaller lung volumes of Indians as compared to western people, as has been

reported by Cotes and Malhotra (7). Their low V02max values can be attributed to inade-

quate training. It is known that V02max can be increased considerably with proper training.
It is necessary for the prospective good athletes to start training at a comparatively young

ageas it requires several years of training before V02 max reaches the highest value for an
individual. These studies have been done almost at the conclusion of the training programme
of the athletes lasting for about 2 months. This training was not sufficient for the Olympic
competition. This probably is the main factor for their low maximum oxygen uptake capacity
which, in turn, is responsible for the poorer performance in long-distance running and walking
events.
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