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Objective: To examine the cardiorespiratory response to exercise in healthy South Indian school
children. Design: Prospective study. Setting: Cardiopulmo nary Medicine Unit, Tuberculosis
Research Center, Ma dras. S ubjects: Data w as obtaine d on 47 girls an d 48 boys in the age group

7 to 14 years. Intervention: The children performed a graded maximal exercise stress test on a
compute rized treadmill system. Results : Maximum oxygen consumption (VO,max) increased
significantly at 11 years of age in both sexes b ut while boys showed a progressive increase beyond

11 years, girls did not. When corrected for weight , only boys at 14 years had a significant increase
in VO,max/kg. Boys had higher values of VO,max/kg than girls at all ages. Minute ventilation
and oxygen pulse values also increased in both sexes at 11 to 12 years. The VO,max of South
Indian children was lower than the predicte d values available for North American children w hen
prediction equations based on height were used. However, when regression equations based on
weight were used, the predicted values for North American and South Indian boys were similar,
though values for the Indian girls were still low. Conclusions: Nutritional and sociocultural
factors may play a role in determining VO,max of children from different pop ulations, rather than
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ethnic differences alone.
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ERCISE stress testing is used in the
evauation of physical fitness and car-
diopulmonary status of children(l,2). It
provides objective data regarding cardiac
and pulmonary function during exercise
and isuseful in differentiating between dis-
eases of the two systems. In recent years, it
has gained recognition as a vauable tool
for evaluating children with a variety of
health problems(3,4). A number of parame -
ters including aerobic capacity, cardiac and
ventil atory responses to exercise are stud-
ied and these could show variation with
age, sex, ethnic background and nutritional
status of the child. Several investigators
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have obtained aerobic and anaerobic exer-
cise data on male and femal e children but
most currently available studies have been
-conducted in Europe and North Ameri-
ca(5-8). To our knowledge, there is no data
on normal exercise measurements in
healthy Indian children.

Before one can apply the exercisetest t o
patients with cardiac or pulmonary diseas-
es, we need an underst anding of the nor-
mal response to exercise in child ren of sim-
ilar ethnicity. Our aim wast o study the car -
diorespiratory response to exercise and the
changes with growth in healthy untrained
South Indian school children.
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Subjects and Methods

Ninety five children (47 girls and 48
boys) in the age group 7 to 14 years from
two local schools were recruited. Six chil-
dren from each age group for both the sex-
es were studi ed. Informed written consent
was obtained from the parents. Children
with a history of pulmonary, cardiac and
other systemic diseases were excluded. On
the day of the test, a detailed history was
taken and clinical examination done to rule
out any obvious disease. Hemoglobin, tota
and differential cell counts, urine examina-
tion for albumin and deposi ts and a chest
X-ray were done on al the children. Chil-
dren with Hb below 9 g/dl or abnormal
chest X-rays were excluded from the study.

Pulmonary function and exercise stress
tests were then performed in the Cardio-
pulmonary Medicine Unit of the Tubercu -
losis Research Center. The vital capacity
and forced expiratory volume in 1 second
(FEV)) were measured from aforced exha-
lation into a dry spirometer (Morgan
Transfer Test Model C, Chatham, UK) to
ensure that study subjects had normal
baseline pulmonary function tests. The
child then performed a graded exercise test
on a computerized treadmil | system (Mor-
gan, Chatham, UK). Children were ex-
plained the procedure in detail and given
time to get used to the treadmill and all the
attachments. The child breathed through a
mouth piece and wore nose clips through -
out. Expired gas collection was performed
with a low resistance, small dead space
Rudolph valve. Ventilatory parameters
were measured with an intake turbine
ventilometer. Expired O, content was de-
termined with a Model QA 500 paramag-
netic analyzer and carbon dioxide content
was measured by a Model 901 infrared CO,
anayzer (PK Morgan Instrument Inc). Data
were supplied to a Magna 88 compuiter,
which prov ided 15-s averages of oxygen
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consumption, minute ventilation, tidal vol -
ume, respiratory rate, respiratory exchange
ratio and ventilatory equivaents for oxy-
gen and carbon dioxide. Anayzers were
calibrated with gases of known concentra-
tion before each testing session.

Heart rate and arterial oxygen satura-
tion were measured by a pulse oximeter
(Ohmeda model IVA) continuously during
the exercise stress test. Data were initially
obtained for 3 minutes at rest. The child
started walking at 2 km/h at 5 degrees
grade initially. Treadmil | speed was in-
creased by 1 km/h every minute and the
grade increased by 2.5 degrees every three
minutes until the child could not exercise
any further. The protocol for increase in
work load was designed to assure that ex-
ercise would last between 8 and 12 minutes
and maximal oxygen consumption would
be attained. Maximal exercise effort was
defined by fatigue, facia flushing, dyspnea
and unsteady gait in conjunction with res-
piratory exchange ratio (RER) over 1.00 or
achieving maximal heart rate (% predicted
+ 5%). Maximum oxygen consumption and
ventil atory parameters were taken as the
highest achieved during exercise. This
study was approved by the Institutional
Ethical Committee.

Statistical analysis: All the results are pre-
sented as mean = SD according to age and
sex. Comparison of multipl e means was
done by analysis of variance and multipl e
comparisons for grouping means was done
using Duncan's multiple range test. Linear
regression anaysis was carried out sepa-
rately for boys and girls to study the rela-
tionship between aerobic capacity and age,
height and weight. The regression slopes
were compared using two-tailed t test.
Appropriate transformation was used to
stabili ze variance wherever needed. Statis-
tical significance was taken at the p <0.05
level.
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Res ults

All the chi Idren studied were of normal
nutritional status as judged by their wei ght
for age and body mass index (BMI).
Baseline pulmonary function tests were
also within normal limits. The hemoglobin
levelswere similar fo r boys and girls at dif -
ferent age groups indicating that nutri tion-
al status was similar.

Table | shows the baseline cardiac and
venti latory data for boys and girls at rest.
The heart rate at rest, varied from a mean
of 97 to 115 and was not significantly dif-
ferent at various age groups or between the
2 sexes (p >0.1). The absolute oxygen con-
sumption (ml/min) increased with age in
both sexes but boys and girls had similar
resting values of VO,/kg (ml/min/kg)
from 7 to 14 years. Resting minute ventila-

CAKDI ORESPI KATORY RESPONSE TO EXERCISE

similar in boys and girls at all ages tested
and tended to increase with age as expect-
ed.

Data collected at peak exerciseiss hown
in Table Il. Peak heart rate ranged from a
mean of 193 to 222 indicating that the chil -
dren exercised maximally. Peak respiratory
rate did n ot vary much with age.

The maximal oxygen consumption (VO
max in ml/min) increased with age in both
sexes and boys had higher vaues than girls
a al ages (p <0.05). The VO,max/kg also
was significantly higher in the boys com-
pared to the girls (p <0.03). VO;max in-
creased in boys progressively and continu-
oudly from the age of 11 upwards (p <0.05).
In girls aso, the VO max showed a signifi-
cant increase at the age of 11 years
(p <0.05) but in contrast to the boys, there

tion and 0 xygen pu Ise values at rest were was no further significant increase in
TABLE I-Metabolic and Ventilatory Parameters at Rest (Boys and Girls)
Age HR RR VO, VO,/Kg VE O, Pulse
(vrs) {ml/min) (ml/min/kg) (Lit) {ml/min/beat)
7 (B) 103+ 20 29 + 5 124 = 19 59 = 1.0 59 £ 1.0 1.2 =02
(G) 108+ 7 29 =+ 3 125 + 27 64 + 1.2 53 + 1.0 11 + 02
8 (B) 101+ 9 27 = 3 149 = 25 64 = 03 62 = 0.7 14 =02
(G) 106+ 10 26 = 6 120 = 13 52 + 21 51 + 1.3 11 + 0.2
9 (B) 106+ 7 29 x= 10 163 + 31 66 =+ 1.2 7.3 £ 1.6 1.5 = 0.3
(G) 114+ 12 26 + 4 147 + 11 62 =+ 12 5.9 .07 1.3 =81
10 I“} 106+ 17 25 + 6 165 + 44 61 =+ 2.2 60 + 1.2 1.6 + (0.6
(G) 115+ 15 26 £ 7 150 + 31 69 + 14 70 £ 1.2 14 += 05
11 (B) 108+ 15 23 + 8 175 = 39 55 % 09 65 = 1.2 1.7 + 0.6
Q) 97 + 4 26 + 12 161 + 54 53 + 13 6.0 = 1.4 1.7 + 0.5
12 (B) 100+ 11 35 +10 169 + 32 52 + 1.0 93 & 2.7 17 =05
(G) 100+ 14 25 + 7 144 + 37 47 + 1.0 60 = 1.3 14 + 0.2
13 (B) 102+ 19 32 £ 11 221 = 74 64 + 39 9.5 + 2.6 22 + 1.
(G) 107 + 10 28 + 6 147 + 24 4.6 = 0.9 6.0 £ 1.1 1.4 + 0.2
14 (B) 97 +15 21 =+ 2 214 = 39 51 + 07 76 = 13 22 + 07
Q) 115+ 4 23 £ 2 179 + 17 47 = 07 68 =+ 1.0 1.5 = 0.2

B-Boys; G-Girls; HR-Heart rate; RR-Respiratory rate; VO,-Oxygen consumption, aerobic capacity;

VE-Minute ventilation.
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TABLE I1I-Metabolic and Ventilatory Parameters at Peak Exercise (Boys and Girls)

Age HR RR VO, VO,/Kg VE VE/VO, O, Pulse
(yrs) (ml/min) (ml/min/kg) (Lit) (ml/min/beat)
7 (B) 222+ 18 63 +13 824 + 78 39 +3.0 33+ 6 41+6 40x03
(G) 210+ 21 63+ 4 667 £175 34 +6.2 28+ 7 41+4 32«08
8 (B) 214+ 18 65 = 11 981 + 328 42 + 8.0 38 =14 39+3 4.0+15
(G) 198 + 14 58 + 15 649 + 47 32+15 24«14 34+5 3315
9 (B) 211+ 15 bd =+ 6 1079 + 217 14 + 8.0 41 =10 38 =4 50+08
(G) 200+ 16 63+ 7 839 + 176 34 +4.5 31+ 4 37+ 6 4.2+08
10 (B) 200+ 15 64 + 10 1149 + 264 41 + 8.0 42 + 8 47 + 4 6.0+1.1
(G) 205+ 25 63 = 1 735 + 264 34 +4.0 30+ 6 39+5 3.7 + 0.7
11 (B) 212+ 8§ 65+ 8 1358 + 320 43 +7.0 51+ 7 37 + 4 6.0+1.4
(G) 206+ 11 63+ 8§ 1139 + 252 36 +4.7 44 + 5 42 + 8 ».6+1.3
12 (B) 218+ 13 63 + 10 1588 + 297 48 + 6.0 60 12 37+2 80+17
(G) 196+ 10 60+ 7 1145 + 314 37 £6.2 45 +14 40 + 2 57+1.6
13 (B) 219+ 12 71 + 11 1714 + 384 46 +4.0 64 +14 37+2 80=x1.2
(G) 194 + 21 61 = 11 1118 +202 33 £2.7 4 + 5 39 +5 62+12
14 (B) 208+« 7 59 + 18 2150 +122 52 +4.0 74 =+ 11 34 +6 100+08
(G) 193+ 12 51+ 5 1182 +180 31+2.0 45 =12 36 6111

VE/VO,-Ventilatory equivalent for oxygen
footnate.

VO, max beyond 11 years.

Minute ventilation and oxygen pulse at
peak exercise increased significantly (p
<0.05) at age 12 and continued to increase
each year till theage of 14 yearsinboys. | n
girls, minute ventilation and oxygen pulse
values for ages greater than 11 years were
significantly higher (p <0.05) than for ages
less than 11 years. Peak minute ventilation
in boys was higher than in girls at most
ages studied (p <0.05). The ventil atory
equivalent for oxygen varied between 34
and 47 but did not change significantly
with age, in either sex and was aso not
different for boysand girls.

Fig. 1 shows grgphically the age related
trend in maximum O, consump tion for
boys and girls. The graph plots VO,/kg
against age which shows an increase in
boys (p <0.05 at age 14 year s only) whereas

consumption. For other abbreviations

refer to Table |

in girls there is an apparent decrease be-
yond 12 years (not statistically significant).
The graph clearly shows the developmen -
tal difference in VOJ/kg between boys and
girls, around p uberty.

Table 1lIl shows the aerobic capacity
(VO.max) of North American(6) and I ndian
children at 3 different arbitrarily chosen
heights and weights. These values were
calculated from the regression equati ons of
Cooper at al.(6) and those derived from our
own data (regression eguations given at the
bottom of Table I11) .

Discuss ion

We have measured aerobic capacity
and the cardiorespiratory response to exer-
cise in healthy South Indian school chil-
dren. We have aso studied the differences
in the patterns of response in boys and girls
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Fig 1. Relationship between age and aerobic capacity corrected for weight, for boys and givls aged 7 to 14 years.

aged 7 to 14 years. It iskn own that pulmo-
nary function measur ements show v aria-

TABLE II-Comparison of VO,max of North
American(6) and South Indian Chil-
dren Based on Height and Weight

Boys Girls
NA SI* NA 2

Height (cm)

120 680 710 860 640
149 1550 1370 1310 1040
160 2430 2030 1760 1440
Weight (kg)

20 760 835 858 587
30 1290 1335 1143 907
40 1820 1835 1428 1227

Regression equations:

VO, max (L/min)=3.33 Height (M)-3.25

* Boys:

\*’O-:ma){ (L/min)=0.05 Weight (Kg)-

0.165
** Girls: VO,max (L/min)=2.02 Height (M)-1.76

VO;max (L/min)=0.032 Weight (Kg)-

0.053
NA: North American, SI: South Indian
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tion with ethnic background and we were
interested in finding out if there are ethnic
differences in aerobic capacity and cardio-
respiratory responseto exercise as well.

We have demonstrated that oxygen
consumption at peak exercise increases at
the age of 11 years in Indian children of
both sexes but shows a continuous spurt in
boys beyond that age whil e plateauing in
girls. The fact that postpu bertal girls and
adult women actually have lower VO;max
than prepubertal girls has been demon-
strated(9,10). This may be due to the
change in body composition in girls at pu-
berty with more fat and less lean body
mass. Adolescent boys, on the other hand,
have an increase in muscle mass which
could account for the increase in VOsmax.
We have also shown that even during
childhood (at most of the ages studied),
boys had higher absol ute and per kg vaues
of VO,max than girls. This confirms the
earlier(8) findings and disproves the wi dely
accepted concept that maximal oxygen
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uptake of boys and girls is the same before
puberty. Hence, related to biological age,
there is a clear sex difference in VO;max in
prepubertal, pubertal and postpubertal
years.

The O, pulse is the amount of oxygen
removed from each stroke volume. It has
been suggested that the O, pulse in adults
is auseful index to evaluate aerobic fitness.
In healthy persons, O, pulse should contin-
ue to increase during exercise and if it lev-
els off early, indicates poor cardiovascular
fitness. Data regarding the normal values
for O, pulse in children are limited. The
values obtained by us at peak exercise are
dightly lower than those reported by
Washington et al.(7), especialy in girls and
this probably reflects the lower VO,max
achieved by South Indian children of the
same age. However O, pulse increased
continuously upto peak exercise and the in-
crease with age was statistically significant
in both sexes from the age of 11 upwards.
Hence, there appears to be a spurt proba-
bly relat ed to puberty at thea geof 11 years
in both boys and girls, asreflected by an in-
crease in VO max, VEmax and O, pulse at
this age. The pattern of increase in the two
sexes however, is different, with values in
boys showing a sustained increase beyond
11 years but plateauing in girls.

The ventilatory equivalent for oxygen
(VE/VOy) is a measure of breathing effi-
ciency and is known to be higher in chil-
dren than in adults. The values obtained in
our study were similar for boys and girls
and though there was a trend towards de-
creasing values, with increasing age, this
was not significant. At any age, higher than
expected values indicate abnorma pulmo-
nary limitation to exercise and therefore
knowledge of norma valuesisimp ortant.

Aerobic capacity of children varies with
age and sex, as shown here, and also wi th
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ethni ¢ back ground and nutritional status.
Severa studies have reported a range of
VO;max vaues in healthy children. Wash-
ington et al.(7) found that the VO,max val-
ues obtained by them in American children
were lower than in some European stud-
ies(8,Il) and speculated that this may be
due to a more active lifestyle and participa -
tion in regular organized sports activities
by the European children. Their study was
conducted at an altitude of 1600 meters
which could be another explanation for
the dlightly lower VO,max. Hence, there
are severa biological and environme ntal
factors which could &ffect the VOsmax
achieved by the study group. The other
technical factor that could explain the vari-
ation between studies is the use of a cycle
ergometer versus treadmill for perfor-
mance of exercise stress tests. Values ob-
tained on the cycle ergometer are usualy
about 10% lower than with the treadmil I,
because more muscle groups are involved
with the latter. Running is easier for chil-
dren as it comes naturaly and involves a-
most al muscle groups in the body, so this
was preferred by us.

We have compared our data on aerobic
capacity with data from North American
(86% Caucasian) children(6). Cooper et
al.(6) performed exercise stress tests on a
bicycle ergometer in 109 healthy children
aged 6-17 years. The VO,max of South In-
dian boys and girls at different heights (de-
rived from our regression equations) was
lower than the North American values ex-
cept for boys at 120 cm. The dif ference was
more pronounced for the girls and the
taller boys (160 cm). However, when the
VO;max was expressed as a function of
body weight, the South Indian boys had
similar values as the North American boys.
South Indian girls of the same weight still
had lower values of VO,max than North
American girls. This implies that for any
given body we ight the aerobi ¢ capacity of
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Caucasian and South Indian boys is the
same. The lower aerobic capacity of South
Indian children of similar height may be a
function of the lower body weight/muscle
mass in these children.

South Indian girls had lower aerobic ca-
pacities as compared to their North Ameri-
can counterparts both when expressed as a
function of height and weight. Since even
girls of the same weight could not perform
as well as their Caucasian counterparts (in
contrast to the boys), other factors must be
playing a role in addition to the nutritional
factor. In this study, the boys and girls had
similar BM| and hemoglobin values and
the sex differences cannot, therefore be re-
lated to nutritional factors or anemia. In the
sociocultura context, Indian girls live more
protected lives, are kept indoors and may
be less physically active than the boys. It is
known that regular physical exercise im-
proves the aerobic capacity and that a sed-
entary lifestyle tends to decrease it. It is dif-
ficult to postulate an ethnic difference for
the girls alone, hence environmental and
sociocultural factors probably play a more
important role here.

We have studied the developmental dif-
ferences in response to exercise in healthy
South Indian school children. Further stud-
ies are required taking children from differ-
ent sociocultural and nutritional groups to
understand the reasons for differences in
aerobic capacity.
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