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ABSTRACT

Background and Objectives : Many studies have established risk factors for cardiovascular diseases. The Duke
treadmill score has gained widespread acceptance for prognosis and diagnosis in cardiac diseases. Recently,
changes in heart rate during and after exercise have also been studied to predict the prognosis of cardiac diseases.
We examined the relationship between the incidence of cardiovascular events and exercise capacity, achievement
of 85% maximal predicted heart rate (MPHR) or heart rate recovery (HRR) after a routine exercise treadmill test.
Subjects and Methods @ We studied 88 patients with chest pain who were over the age of 30. They were re-
ferred for exercise treadmill test for assessment of chest pain and underwent symptom-limited, exercise test with
a cool down period of 30 seconds. HRR was defined as the difference in heart rate between peak exercise and 1
minute after exercise. Delta heart rate (DHR) was defined as the difference in heart rate between resting and peak
exercise. Other parameters in the exercise test were also measured. Results : Cardiovascular events were found
in 13 of the 88 patients. In the events group, age, peak heart rate in exercise, ST depression, maximal exercise ca-
pacity, HRR, DHR and achievement of 85% MPHR were all significant variables. There was a favorable pro-
gnosis in the patients with a value of HRR >22 beats/minute and a value of DHR >83 beats/minute. Even after
adjusting for age, sex, ST depression and left ventricular hypertrophy, the parameters of maximal exercise capacity,
HRR, DHR, and achievement of 85% MPHR remained predictive prognostic factors in cardiovascular events.
Conclusion : Parameters in exercise treadmill test, such as maximal exercise capacity, HRR, DHR and achieve-
ment of 85% MPHR, appear to provide additional information and are important variables associated with the
prediction of risk in cardiac events. (Korean Circulation J 2004:34(2):170-177)
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Table 1. Baseline characteristics of the subjects (n=88)

Variable Total number (%)
Age (years) 53+10
Sex (M/F) 58/30 (65/35%)
Diagnosis

Myocardial infarction 12 (13.6%)
Angina 26 (29.5%)
Atypical chest pain 48 (54.5%)
Heart failure 2 ( 2.3%)
ECG

Normal 47 (51.6%)
ST depression 12 (13.2%)
LVH 5 ( 5.5%)
Tinversion 18 (19.8%)
Abnormal Q 9 ( 9.9%)

Age is shown as means=®SD. LVH: left ventricular hyper-
frophy
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Table 2. Parameters obtained during exercise test by the absence or presence of cardiac events

Variable Absence of events Presence of events p
No. of patients 75 13

Age (years) 5110 58+40 0.026
Sex (n)

Male 48 10

Female 27 3

Diagnosis

Myocardial infarction 11 1 0.685
Angina 19 7 1.000
Atypical chest pain 44 4 1.000
Heart failure 1 1 0.275
Medication

Beta blocker use 17 7 1.000
NDHP Ca blocker use 12 6 0.516
Lipid lowering agent 6 2 1.000
Aspirin 21 11 0.139
ACE inhibitor use 9 3 1.000
Resting heart rate (bpm) 70+12 6790 0.476
Resting systolic BP (mmHg) 12619 134+24 0.186
Resting diastolic BP (mmHg) 78+10 80+ 14 0.415
Peak systolic BP (mmHg) 169+27 162+26 0.503
Peak diastolic BP (mmHg) 8617 78+10 0.788
Peak heart rate (bpm) 161+23 144+23 0.020
Delta heart rate (bpm) 91420 76+20 0.021
Heart rate recovery (bpm) 39+18 26+11 0.013
Failure of 85% MPHR(n) 20 9 0.003
Exercise capacites (METS) 10 8 0.006
Duke’s score 11 3 0.427
ST depression (mm) -0.37+£0.93 —1.06+1.51 0.028

Continuous variables are shown as means+SD, whereas categorical variables are shown as number. ACE: angio-
tensin converting enzyme, MPHR: maximal predicted heart rate, METS: metabolic equivalents, NDHP: nondihydro-
pyridine, Delta heart rate: differential rate between maximal heart rate during exercise and resting heart rate, Ca:
calcium, BP: blood pressure
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Table 3. Cardiac events during 50 months of follow-up

Diagnosis No. of patients
Coronary artery bypass graft 2
New onset of myocardial infarction 2

New onset of unstable angina 1

New onset of congestive heart failure 7
Death 1
[ Tevent (+) [ JEvent (-)
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Fig. 1. Numbers of events by DHR, HRR and 85% MPHR.
Delta heart rate (DHR) : differential rate between of ma-
ximal heart rate in exercise and resting heart rate. HRR:
heart rate recovery during the first recovery minute, MP-
HR: maximal predicted heart rate.
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Fig. 2. Kaplan-Meier curves for delta heart rate. Kaplan-
Meier curves for patient with delta heart rate of >83 or
=82 beats/min after an exercise test. The estimated cu-
mulative event free rate over 50-months period was 95%
in those with DHR of >83 beats during exercise and 68%
in those with DHR of =82 beats during exercise. Delta
heart rate (DHR): differential heart rate between maxi-
mal heart rate during exercise and resting heart rate.
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Fig. 3. Kaplan-Meir curves for heart rate recovery. Ka-
plan-Meier curves for patient with heart rate recovery
(HRR) of =21 or >22 beats/min after an exercise test. The
estimated cumulative event free rate over 50-months
period was 21% in those with HRR of >22 beats during
the first recovery minute and 63% in those with HRR of <
21 beats during the first recovery minute.
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Fig. 4. Kaplan-Meier curves for 85% MPHR. The estimated
cumulative event free rate over 50-months period was
93% in those over 85% maximal predicted heart rate
(MPHR) during exercise and 68% in those below 85%
MPHR.
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Table 4. Result of multivariable analysis

Variable B Hazard ratio (95% CI) P

Age 0.024 1.025 (0.957— 1.098) 0.487
Sex —1.652 0.192 (0.033— 1.118) 0.066
ST depression —0.250 0.779 (0.458— 1.326) 0.357
LVH 0.206 1.229 (0.103— 14.681) 0.871
Exercise capacity (METS) —0.432 0.649 (0.482— 0.875) 0.005
Heart rate recovery -0.079 0.924 (0.865— 0.987) 0.019
85% MPHR 2.867 17.578 (2.255—137.038) 0.006
Delta heart rate 0.082 1.085 (1.020— 1.155) 0.009

LVH : left ventricular hypertrophy. MPHR: maximal predicted heart rate, METS: metabolic equivalents, Delta heart
rate: differential rate between maximal heart rate during exercise and resting heart rate
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