COMPARATIVE MAXIMAL EXERCISE RESPONSE
OF MALAYSIA ETHNIC GROUPS

M T Duncan, S M Horvath

SYNOPSIS

Cardiorespiratory adjustments to maximal treadmili exercise were studied in young untrained Malaysia men represen-
tative of the three major ethnic groups in Malaysia and Singapore. Maximal values for oxygen uptake and cardiac perfor-
mance were essentially similar in the three groups and were comparable to those reported for other populations.

INTRODUCTION

Present knowledge regarding physiological adjustments in
man to exercise is extensive. Exercise stress testing has
become an essential component in the practice of sports
medicine. Assessment of patient findings in a stress test
includes evaluation of the degree of deviation from normal
standards. Maximal exercise responses indicative of func-
tional cardiopulmonary capacities for young adult popula-
tions with no known history of cardiovascular disease and
primary risk factors have been well established for Cauca-
sian subjects of European ancestry. However, information on
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maximal exercise responses of oriental populations in South-
East Asia is relatively limited.

The present study examines various cardiopulmonary
parameters during maximal exercise in representative sarm-
ples of healthy untrained adult males of Malay, Indian and
Chinese ethnic origin who are life-long residents of Malaysia.
Their responses are compared with those reported for other
populations.

METHODS
Experimental subjects were composed of ten Malays, ten

Table 1
ANTHROPOMETRIC AND PULMONARY PARAMETERS
(MEAN + SD WiTH RANGE IN Parenthesis)

Malay Indian Chinese
g 10 10 10 Xz F
Height {cm) 1638 + 38 1686 + 4.1 1688+ 4.0 0.05 5.16
(1575-1684) | (1625+1770) | (16201 1735)
Weight (k) 553+ 50 540453 56.7 +5.7 015 065
(46.1-61.8) {43.4-630) (516-69.6)
Body Surface 158+ 007 159+ 009 164 +008 054 . 153
Area (m2) (1.45-1.70) (1.431.74) (1.56-1,80)
Vital Capacity 3306 + 360 3270 + 521 3863+ 426 1.17 569
(ml) (2908-4097) {2770-4296) (3283-4599)
FEV,, (ml) 2683+ 279 2792 + 327 3528 +330 0.29 2158
(2311-3132) {2322-3380) (3154-4188)
Indians and ten Chinese, aged between 20 — 30 years old.
P!
FL“Ej:fJZ%‘;,Zz?;:;“e"‘ Basic anthropometric and pulmonary parameters are presen-
University of Malaya ted in Table 1. The subjects were drawn from a typical urban
Kuala Lumgpur, Malaysia community of middle socio-economic level with sedentary
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indoor occupants and had no history of participation in a
regular exercise training program.

Treadmill exercise was performed at an ambient tem-
perature of 26°C dry bulb, according to the following protocol:
treadmill speed at5.4 Km/h; treadmill grade increased every 4
min in steps of 4% to 20%; thereafter in steps of 2% until the
subject reached exhaustion. Additional criteria to establish
that the subject has reached maximal effortinclude aminimal
consecutive increase or no further increase in heart rate and
oxygen uptake with increasing work load, blood lactate levels



exceeding 7.7 mEg/ indicating severe anaercbic metabolism
and subject’s inability to continue.

Heart rate (HR) was monitored by EKG chest leads and
expired air was collected by the open-circuitmethod at the Jast
minute of each work level. Ventilatory volumes (\'!E) were
measured with a dry gas meter. Expired air was analyzed by
the Haldane gas analysis technique. The Highest rate of O,
consumption (VOg) attained during the exercise protocol was
taken to represent maximal Oz uptake or aerobic capacity
(VOz max). .

Cardiac output {Q) was determined by the CO; rebreath-
ing Intrapolation method.™” O, pulse was derived from (VOp)
divided by (HR).

Statistical analysis of ethnic differences in selected
parameters examined were tested with Bantelett's approxima-
tion to Chi-square (X2).9) If a significant F value was found,
Duncan’s multiple range test® was used to locate the signifi-

cant mean difference. Significance levels were set at 5%
{p < 005).

RESULTS

All 10 subjects from each ethnic group were able to complete
incremental work loads to the 20% grade. Thereafter, inability
to continue due to fatigue resulted in subject dropout. A
positive linear relation between O uptake (VO.) heart rate
(HR), pulmonary ventilation (V) and work level was apparent
untii the 20% grade for most individuals. As exercise intensity
increased further, the subjects showed greater variability in
the above responses.

Measurement of maximal O, uptake were obtained in 30
subjects whereas estimations of maximal cardiac cutput were
obtained in 15 subjects.

Table 2

MAXIMAL MEASUREMENTS IN MAXIMAL WORK CAPACITY TEST

(MEAN + SD WITH RANGE IN PARENTHESIS)

Maiay Indian Chinese Total X2 F
Vs 2319 2318 2.458 2365 2.24 040
(1/min) +0.299 +0501 + 0385 + 0395

(1.859-2.961) (1.712-3.138) (1.849-2.954) (1.712-3138)

(ml/kg/min) 407 +5 428+8 433+8 423+7 2.22 0.39

(3352 (3352) (31.55)

n=10 n=10 n=10 n =30
HR 1777 + 12 182.7+8 1889+ 10 1831 +1 1.38 312
(beats/min) (154-196) (176-200) (168-200) (154-200)

n=10 n=10 n=10 n =30
\./E 866+ 135 911 +211 101.4 + 141 930 + 169 222 209
{1/min) (61.4-108.9) (655-1188) (83.4-1237) (61.4-1237)

n=10 n=10 n=10 n =30
VENO, 408 +55 424496 438+ 90 423479 2.76 033

(286-46.2) (284-633) (32.2-62.7) (28.4-63.3)

n =10 n=10 n=10 n =230
O, pulse 130+ 8 132+27 131+22 131+241 1.39 0.01
(mifbeat) (105-155} {9.4-176) (10.3-17.3} (9.4-176)

n=10 n=10 n=10 n=230
é 201128 176+ 32 225+48 19.7+ 36
(1/min) (159-25.2) (14422 8) (195-28.0) (14.4-28.0)

n=7 n=>5 n=3 n=15
sv 131+ 30 123+ 23 19+ 23 126 £ 25
(mi/beat) (102-186) (104-160) {104-146) (102-186)

n=7 n=>5 n=3 n=15
(a-v)O, diff. 134+ 23 143+ 42 123+ 34 135+ 3
(mify {111-169) {(100-197) (84-148) (84-197)

n=7 n=>5 n=3 n=15

\702 = Oxygen uptake, HR = heartrate, VE = minute ventilation

\7Ell\702 = Ventilatory equivalent for Oxygen, O, pulse = Oxygen pulse

é = Cardiac output, SV = Stroke volume

{a-v) O,-diff = arterio-venous oxygen difference
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Maximal values for various physiological parameters
obtained during performance of the maximal O, uptake test
are presented in Table 2.

The combined values of all the subjects (n = 30) for V,,
max in 1/min were 2.36 + 0.39 (mean + SD), coefficient o
variation was 16.7%; Vo, max normalised for body weight
was equivalentto 42.3 + 7 milkg/min (mean + SD).

Maximal cardiac output (Gt max) for 15 subjects averaged
19.7 1/min; maximal stroke volume (SV) was 126 ml/beat and
maximal arterio-venous O, difference was (a-v) O; diff.) was
135 miA1. Cardiac Index (1.min". m?) and maximal Stroke
Index (mlfbeat m2 were 12.2 + 2.2 and 736 + 15 respectively
{mean £ SD).

Ethnic differences in the above responses were,evalua-
ted for statistical significance whenever the number of subject
in each ethnic groups reached 10 and found 1o be non-
significant (vaiues for X2 and F are presented in Table 2).

DISCUSSION

The importance of basic information on parameters of physi-
cal fitness with respect to cardiovascular and pulmonary
funetions in the field of sports medicine is well established.
Inview of the ethnic, socioeconomic and geographical simila-
rities between Malaysia and Singapore, the data obtained in
the present study can be taken to represent a pioneer attempt
to gather some of the above information from a representative
population resident in Malaysia and Singapore which can be
used by local physicians and exercise specialists.

An extensive listing of the aerobic capacity of various
populations, predominantly of Caucasians of European
stack, has been compiled by Andersent® and Taguchi et al.®
Table 3 presents a sample of published values for maximal:
02 uptake representative of various ethnic groups. Most of
the group means, including those of the Malaysians, were
between 40-50 mifkg/min, which would be assessed as being
fair to average with respect to cardiovascular fitness accor-
ding 1o a criterion set by Astrand.®

Comparisons of cardiac response during maximal exer-
cise are presented in Table 4. Available information is mostly
limited to data from Caucasian subjects. Maximal cardiac
outputs obtained in the present study were within the range
obtained by other investigators when normalized for anthro-
pometric characteristics (body surface area and body weight).

In conclusion, comparisons of selected parameters in
the present study suggest that ethnic differences in the popu-
lation examined in terms of maximal exercise response are
minimal. The present subjects were equivalent to other popu-
lations similarly examined with respect to physical fitness
levels and cardiopulmonary responses. However, Malaysians
would be less able to tolerate physical work with a fixed
metabolic demand because of a smaller total physical capa-
city (V,,, in 1/min) on account of a smaller total body mass.
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Table 3

COMPARISONS OF MAXMIAL OXYGEN UPTAKE OF UNTRAINED YOUNG MEN
Subject VO, max
Ethnic group No. mi/kg/min Reference
American White 50 554 Slonim et al.,@
British 23 485 Coles etal @
Swedish 42 5886 Astrand ®
American negro 14 499 Robinson et al.
Japanese 32 464 Taguchietal.,®
Lapps 16 560 Andersen et al..'"®
Arctic Indians 8 491 Andersen et al.,"
Peruvian Indians 8 518 Kollias et al.,"2
Asiatic Indians 9 276 Sengupta et al, "
Vietnamese 9 330 Skranc et al.,"
Malaysians 8 350 Duncan'
Malaysian Malays 10 407 Duncan, present study
Malaysian Indians 10 428 Duncan, present study
Malaysian Chinese 10 433 Duncan, present study
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