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Our purpose is to report on the epidemiological variables and their association
with the results of the exercise tolerance test (ETT) in the series of patients referred
for standard diagnostic ETT at Seremban Hospital during the year 2001. ETT is
widely performed, but, in Malaysia, an analysis of the associations between the
epidemiological data and the results of the ETT has not been presented. All patients
referred for ETT at Seremban Hospital who underwent exercise treadmill tests
for the year 2001 were taken as the study population. Demographic details and
patients with established heart disease (i.e. prior coronary bypass surgery,
myocardial infarction, or congestive heart failure) were noted. Clinical and ETT
variables were collected retrospectively from the hospital records. Testing and
data management were performed in a standardized fashion with a computer-
assisted protocol. This study showed that there was no significant predictive
epidemiological variable on the results of the ETT. However, it was found that
there was statistically significant difference between the peak exercise time of males
and females undergoing the ETT.
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Introduction

Exercise, a common physiological stress, can
elicit cardiovascular abnormalities that are not
present at rest, and it can be used to determine the
adequacy of cardiac function.(1) Three types of
muscular contraction or exercise can be applied as
a stress to the cardiovascular system: isometric
(static), isotonic (dynamic or locomotor), and
resistance (a combination of isometric and
isotonic).(2, 3)

Oxygen uptake quickly increases when
dynamic exercise is begun or increased.(4) During
staged exercise testing, oxygen uptake usually
remains relatively stable (steady state) after the
second minute of each intensity of exercise below
the ventilatory threshold. Maximal oxygen
consumption (VO2 max) is the greatest amount of
oxygen a person can take in from inspired air while
performing dynamic exercise involving a large part
of total muscle mass.(5)

There are many different exercise protocols

available and the Bruce protocol is the most
frequently used protocol in Seremban hospital. The
advantages of the Bruce protocol are its use in many
published studies and the value of 3-minute stages
to acquire submaximal data. Its disadvantages are
large inter-stage increments in work that can make
estimation of VO2 max less accurate and a fourth
stage that can be either run or walked, resulting in
different oxygen costs. Some subjects are forced to
stop exercising prematurely because of
musculoskeletal discomfort or an inability to tolerate
the high workload increments thus increasing those
with inconclusive ETT results.(1, 17)

Exercise tolerance testing (ETT) is often
considered the opening gambit in the diagnosis of
ischaemic heart disease. The purpose of this report
is to provide an overview of relevant
epidemiological background of patients who have
undergone ETT and its correlation with their results
in the setting of an average government hospital in
Malaysia. To date there has been no data in Malaysia
on this subject and we feel that it provides the
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Table 1 :  Demographic data of patients in the study
Number of Positive ETT | Negative ETT | Enconclusive
patients (% of ETT
total)
Total 609 (100%) 173 (28.4%) 325 (53.4%) 111 (18.2%)
Race
Chinese 149 (24.5%) 52 (34.9%) 72 (48.3%) 25 (16.8%)
Female 54 (36.2%) 18 (33.3%) 26 (48.1%) 10 (18.5%)
Male 95 (63.8%) 34 (35.8%) 46 (48.4%) 15 (15.8%)
Indian 231 (37.9%) 55 (23.8%) 133 (57.6%) 43 (18.6%)
Female 56 (24.2%) 10 (17.9%) 23 (41.1%) 23 (41.1%)
Male 175 (75.8%) 45 (25.7%) 110 (62.9%) 20 (11.4%)
Malay 229 (37.6%) 66 (28.8%) 120 (52.4%) 43 (18.8%)
Female 78 (34.1%) 22 (28.2%) 35 (44.9%) 21 (26.9%)
Male 151 (65.9%) 44 (29.1%) 85 (56.3%) 22 (14.6%)
Gender
Female 188 (30.9%) 50 (26.6%) 84 (44.7%) 54 (28.7%)
Male 421 (69.1%) 123 (29.2%) 241 (57.2%) 57 (13.5%)
Referrals
Clinics 584 (95.9%) 167 (28.6%) 311 (53.3%) 106 (18.2%)
Wards 25 (4.1%) 6 (24.0%) 14 (56.0%) 5(20.0%)

examiner a fresh perspective of what to expect from
patients referred for ETT.

Methods

Population

There were 701 patients who underwent ETT
at Seremban Hospital for the year 2001 and all were
selected for the study. Patients who were subjects
in using the modified Bruce protocol (7 patients)
were not considered in the analysis. The other 85
patients were excluded due to incomplete
information and unavailability of results. The
remaining 609 patients who were included as the
study population. Referrals were from the clinics
and the wards.

Data collection

Results of the ETT conducted were recorded
by the hospital staff in a central log-book. Each
patient referred to cardiology lab for ETT had his or
her name, age, sex, race and registration number
noted. Also included were the source of referral
(ward or clinic), the attending physician responsible
for the referral, reason for referral and the protocol
used in the ETT. The duration of the test was noted
upon completion of the ETT. This log-book was used
as the reference of patients used in the study. Data
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was cross-referenced with patient records for
verification to rule out any error in data recording.

Exercise testing

Patients underwent a standardized ETT using
the Bruce protocol. The tests were conducted in the
presence of trained allied health personnel with the
results being interpreted by medical officers of the
Internal Medicine Department of Seremban
Hospital. The equipment used for the exercise stress
tests include a Max-1 Marquette Advanced Exercise
System by Marquette Electronics Incorporated and
an Accuson Manual Standing sphygmomanometer.

Statistical Analysis

SPSS for Windows Release 9.0.0 was used
for all statistical analysis after the data was
transferred from an EXCEL (Microsoft)
Spreadsheet. Data is presented as mean + standard
deviation. Two-tailed Student t-test was used to
compare the peak exercise time between genders in
different races and 2 age groups (above 50 years
and below 50 years of age). The results are deemed
significant when the p value was less than 0.05.

Results

Population demographics
The mean age of the subjects were 53 .4 (+



Table 2 :
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Gender distribution of performances in ETT

Age (in years) Positive ETT | Negative ETT | Enconclusive
(Mean + SD) ETT
Total 534 +10.2 56.0 £9.4 51.8 £10.0 54.1+11.2
Race
Chinese 55.9 £9.0 575 +£79 54.1 £9.2 57.6 £10.0
Female 572 +7.9 599 £7.0 549 +7.9 58.1 £9.3
Male 55.1 +£9.5 56.2 +8.1 53.6 £9.9 58.1 £10.8
Indian 52.2 +10.9 55.4 £10.7 50.6 +10.7 527 £11.1
Female 51.9 £9.3 56.0 +10.5 514 +£8.2 50.6 £ 9.8
Male 522 £11.4 553 £10.8 50.5+11.2 55.1 £12.2
Malay 53.1 +£10.1 552 +94 51.7 £9.6 535 £11.8
Female 52.0 £9.8 54.0 £9.1 51.8 £8.5 50.2 £9.5
Male 53.6 +£10.6 55.9 £9.6 51.7 £10.1 56.6 £ 13.2
Gender
Female 53.4 +9.1 56.5 £8.9 52.6 £8.2 51.8 £9.9
Male 534 +10.7 55.7 £9.6 51.5 £9.6 56.3 £12.1

10.2) years. 69.1% (421) were males and 30.9%
(188)were females. There were 37.9% Indians,
37.6% Malay and 24.5% Chinese. Out of these,
95.9% were referrals from the clinics and 4.1%
referrals from the wards.

ETT results

There were 53.4% negative results of the ETT
and 26.4% Positive results and the remaining 18.2%
inconclusive results. (Table 1) Three hundred and

thirty (54.2%) of the patients were referred for ETT
for a cardiac assessment. Two hundred and seventeen
(35.6 %) were referred for assessment of IHD. Other
reasons include assessment for post myocardial
infarction, assessment of angina, and assessment for
post coronary artery bypass grafting,
hyperlipidaemia and others which all add up to the
remaining 10.2% of referrals.

The mean peak exercise time of ETT is 518 +
180 seconds (8 minutes 38 seconds + 3 minutes).

Table 3:  Race, Gender and Age Distribution in length of time tolerated in ETT
Variable Time (in second) | Positive ETT | Negative ETT | Enconclusive
(Mean £ SD) ETT
Total 518.4+179.8 4979 +£162.6 601.4+128.2 307.6+ 151.6
Race
Chinese 519.1 £161.8 486.3 + 164.8 597.0+£119.6 | 3629+ 124.5
Female 457.0+ 1304 442.2 £135.5 509.5 + 88.8 347.3+142.1
Male 554.4+£167.8 509.7 + 174.6 509.5 +106.1 373.3+£115.3
Indian 538.7+181.9 531.2+143.8 646.5 £ 106.1 291.8+162.0
Female 404.8 +182.8 4333+ 1233 542.6 £95.8 254.7 £156.0
Male 581.5+159.9 552.9 £ 140.1 6381+116.4 334.5+162.0
Malay 497.5+185.9 4792+ 173.4 581.5+140.7 | 291.3+150.9
Female 446.1 + 140.9 467.4 £ 144.5 508.0 £ 76.0 320.5 + 144.6
Male 524.2 £ 202.0 485.2 +187.5 611.8£150.1 263.5+154.8
Gender
Female 436.9+£152.6 451.5+136.4 517.9 +£86.0 297.4+151.3
Male 554.8£179.2 516.7 £169.0 630.4+127.9 | 317.3+152.7
Age groups:
>= 50 years 490.5+173.2
<50 years 569.9 + 180.7
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There is no statistically significant correlation seen
in the age of the patient and the peak exercise time
of ETT. There was no correlation between peak
exercise time and the different results (inconclusive,
negative or positive) of the ETT. There were no
difference between the peak exercise time in the
different races (Chinese, Malay or Indian) and
between the different gender. However, the peak
exercise time of males is greater than that of females
and males tend to have a greater range of time
(spending longer time undergoing the ETT) than
females. Comparing the peak exercise times of the
two sexes and the races show that males tend to have
a higher peak exercise time (555 + 179 seconds)
than females (437 + 153 seconds) in general (not
statistically significant). The t test comparing the
average times of patients of different age groups
shows that there was no statistical difference
between the age group greater or equal to 50 years
old and the age group less than 50 years old.

43.7 % of the patients reached stage 4 Bruce
protocol. There was no statistically significant
difference in the races and the stages reached. On
further analysis, it was found that the mean
difference of stages among the males and females
was only different in the Indian subjects, where the
males reached an average of one stage higher (stage
4) than their female counterpart (stage 3).

Discussion

Background
ETT is widely performed, but an analysis of

the associations between the epidemiological data
and the results of the exercise stress test has not been
presented for a large number of consecutive tests
performed on patients referred for assessment of
cardiac disease in Malaysia. As with any non-
invasive tests of cardiovascular function, this test is
not very sensitive and is subjected to pre-test and
post-test bias as compared with the gold standard of
coronary angiography. (10, 11, 13) However, it is
highly specific in a given population and provides
incremental gain in estimating disease likelihood in
individual patients. There are also gender-based
differences in the accuracy of test results, which
suggest that test results must be analyzed in a gender-
specific fashion and that the decision to proceed to
invasive tests must take into account gender-based
differences in measures of test accuracy. (6,7,8,9,
14, 15) We intend to find out if there is any
epidemiological data that would in any way
influence the results of the ETT and in knowing such
recommend these as guidelines for ETT referrals to
increase the sensitivity of the ETT.

Population Demographics

Malaysia is a multi-racial country. It presents
itself in a unique position to see if there is any
difference in results of the ETT in different races.
The sample from our population has a good balance
of the three major races in Malaysia all of which
contributes to the significance of this study.
Surprisingly, majority of the referrals were from the
clinics and very few are from the wards.

Table 4 :  Race and Gender Distribution of Achievement in Stage of ETT
Variable Stage Reached Positive ETT Negative ETT | Inconclusive
(Mean £ SD) ETT
Stage Reached 3.5+1.05 34+0.99 4.0+0.72 2340093
Race
Chinese 3.5+0.95 3.35+1.03 3.97+0.67 2.68 £0.75
Female 3.20+£0.81 3.11+0.83 3.54 +0.58 2.5+0.85
Male 3.73+£0.97 347+ 1.11 4.22 £0.59 2.8 +0.68
Indian 3.6+ 1.09 3.62 +0.89 4.09+£0.75 2.19+0.93
Female 2.88+1.10 3.10£0.74 3.65+0.78 2.00 £ 0.85
Male 3.86 £0.97 3.73 +0.89 4.18+£0.72 24+0.99
Malay 34+1.06 3.29+1.02 3.86 +0.70 2.16 £0.97
Female 3.10£ 091 3.18 £0.80 3.54+0.51 2.29+1.01
Male 3.52+1.11 3.34+1.12 3.99 +0.73 2.05+£0.95
Gender
Female 3.1+0.95 3.14+£0.78 3.57+£0.61 2.20+0.92
Male 3.7+1.03 3.52+1.04 4.12+0.71 2.37+0.94
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ETT Results

It was found that there was no statistically
significant effect of time in the two genders, and
the time was not a good predictor of the results of
the ETT. However, it was shown that the patients
who had inconclusive ETT results generally did not
spend enough time on the test (did not achieve target
heart rate). Patients with positive ETT results had
to undergo the test for a longer time (until the target
heart rate is reached) before knowing that the result
is positive or negative.

Males tend to be able to undergo the ETT for
a longer period of time as compared with the female
counterpart. We found that there was evidence to
show that males and females had different average
times by means of a t-test. This is true for the Indians
and Malays, but not for the Chinese. The results from
the ETT stage attained showed a similar picture.
Because both results are based on the same thing,
and the time taken being more sensitive, these results
serve to confirm our previous results rather than add
to it. The t-tests done showed that the average time
between the two were not statistically significant
for either group (arbitrarily split at 50 years).

Limitations

The major limitation of our study is that much
of the data was not standardized. (16) Many
physicians interpreted the results of different patients
and we made the assumption that they followed the
standard guidelines for interpreting the results of the
ETT. Much of the personal data of the individual
patients were not available, thus some factors that
could potentially affect the results of the stress test
were possibly excluded from the study. These factors
could be the BMI of the patient, the dietary habits
of the patient, whether or not the patient exercises
frequently, the variation in room humidity and
temperature and so on. (1, 12) Another limitation
was setting the objectives too wide. The objectives
could have been narrowed down to patients in of a
certain gender in a certain age group with certain
characteristics and then comparing each with each
other. This was not possible due to the limited
number of patients and also some information not
being present. This problem could have been
addressed by using multiple centres. Having said
all that, this being a pilot study, it is good to have
identified potential problems that can arise from
such a project and steps to correct these problems
can be taken in the future. While not giving
substantial authoritative information about our
objective of finding whether there is a relationship

between the patients referred for ETT and the
epidemiologic data, it has served its purpose in
finding out some of the potential problems and
results that might arise if a similar project on this
subject would be planned on a greater scale.

Conclusion

This study has shown that there was no
significant predictive epidemiological variable on
the results of the ETT. However, it showed that males
were able to reach a longer exercise time on the
Bruce protocol compared with their female
counterpart.

Acknowledgements

The authors of this study would like to
acknowledge the assistance given by Mr. Chiang,
senior medical assistant of Seremban Hospital
Cardiology Laboratory, and his staff who assisted
in the data collection. We would also like to
acknowledge the management and staff of Seremban
Hospital for kindly allowing us the opportunity to
conduct this study in their premises.

Correspondence :

Dr Abdul Latiff Mohamed M.D. (Malaysia),
MR.CP.(UK.) Ph.D. (Leeds)

Associate Professor & Head

Department of Internal Medicine

International Medical University Clinical School
Jalan Rasah, 70300, Seremban

Negeri Sembilan.

Tel : 06767 7798 Fax : 06 — 767 7709

e-mail : latiff@imu.edu.my

References

1. Gerald F. Fletcher, Gary J. Balady, Ezra A. Amsterdam,
Bernard Chaitman, Robert Eckel, Jerome Fleg, Victor
F. Froelicher, Arthur S. Leon, Ileana L. Pifia, Roxanne
Rodney, Denise A. Simons-Morton, Mark A. Williams,
and Terry Bazzarre. Exercise Standards for Testing and
Training: A Statement for Healthcare Professionals
From the American Heart Association. Circulation 104:
1694-1740, doi:10.1161/hc3901.095960

2. Rowell LB, ed. Human Circulation: Regulation During
Physical Stress. New York: Oxford University Press;
1986.

3. MacDougall J. Blood pressure responses to resistive
static and dynamic exercise. In: Fletcher G, ed.
Cardiovascular Response to Exercise. Mount Kisco,
NY: Futura Publishing Co, Inc; 1994: 155-173.

63



Abdul Latiff Mohamed, Chan Chee Nee, Ahmed Azzad

4.

10.

64

K Wasserman. The Dickinson W. Richards lecture.
New concepts in assessing cardiovascular function.
Circulation 78: 1060-1071

Cohn JN, ed. Quantitative exercise testing for the
cardiac patient: the value of monitoring gas exchange:
introduction. Circulation. 1987; 76(suppl VI):VI-1-
VI-2.

Pamela S. Douglas. Is Noninvasive Testing for
Coronary Artery Disease Accurate? Circulation 95:
299-302.

Morise AP, Diamond GA. Comparison of the
sensitivity and  specificity of exercise
electrocardiography in biased and unbiased populations
of men and women. Am Heart J 1995 Oct; 130(4):741-
7.

Veronique L. Roger, Patricia A. Pellikka, Malcolm R.
Bell, Charles W.H. Chow, Kent R. Bailey, and James
B Seward. Sex and Test Verification Bias: Impact on
the Diagnostic Value of Exercise Echocardiography
Circulation 95: 405-410.

Begg CB, Greenes RA. Assessment of diagnostic tests
when disease verification is subject to selection bias.
Biometrics 1983; Mar; 39(1): 207-15.

RF Wilson, ML Marcus, BV Christensen, C Talman,
and CW White. Accuracy of exercise
electrocardiography in detecting physiologically
significant coronary arterial lesions. Circulation 83:
412-421.

Rozanski, A, Diamond, GA, Berman, D, Forrester, JS,
Morris, D, Swan, HJ. The declining specificity of
exercise radionuclide ventriculography. N Engl J Med
1983; 309: 518-522.

12.

13.

14.

15.

16.

17.

Gerald F. Fletcher, Gary Balady, Steven N. Blair, James
Blumenthal, Carl Caspersen, Bernard Chaitman,
Stephen Epstein, Erika S. Sivarajan Froelicher, Victor
F. Froelicher, Ileana L. Pina, and Michael L. Pollock.
Statement on Exercise: Benefits and Recommendations
for Physical Activity Programs for All Americans: A
Statement for Health Professionals by the Committee
on Exercise and Cardiac Rehabilitation of the Council
on Clinical Cardiology, American Heart Association.
Circulation 94: 857-862.

DD Waters, J Szlachcic, R Bonan, DD Miller, F Dauwe,
and P Theroux. Comparative sensitivity of exercise,
cold pressor and ergonovine testing in provoking

attacks of variant angina in patients with active disease.
Circulation 67: 310-315.

LD Fisher, JW Kennedy, BR Chaitman, TJ Ryan, C
McCabe, D Weiner, F Tristani, M Schloss, and HR
Warner, Jr. Diagnostic quantification of CASS
(coronary artery surgery study) clinical and exercise
test results in determining presence and extent of
coronary artery disease. A multivariate approach.
Circulation 63: 987-1000.

Leslee J. Shaw, Eric D. Peterson, Linda K. Shaw, Karen
L. Kesler, Elizabeth R. DeLong, Frank E. Harrell, Jr,
Lawrence H. Muhlbaier, and Daniel B. Mark. Use of
a Prognostic Treadmill Score in Identifying Diagnostic
Coronary Disease Subgroups. Circulation 98: 1622-
1630.

J Myers, and VF Froelicher. Optimizing the exercise
test for pharmacological investigations. Circulation 82:
1839-1846.

K Wasserman. The Dickinson W. Richards lecture.
New concepts in assessing cardiovascular function.
Circulation 78: 1060-1071





