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ABSTRACT

Background and Objectives : Many studies had established the risk factors for cardiovascular disease. The Duke
treadmill score has gained widespread acceptance for making the prognosis and diagnosis for patients with cardiac
disease. Recently, the changes in blood pressure during and after exercise have also been studied to predict the
prognosis of cardiac disease. We examined the relationship between the incidence of hypertension or cardiovascular
disease and the changes of blood pressure during a routine exercise treadmill test. Subjects and Methods : 256
men were screened, and they performed exercise treadmill tests from March to May, 2000. Those subjects with
histories of hypertension and ischemic heart disease or who were newly diagnosed with ischemic heart disease
were excluded. 109 subjects were selected for the final analysis. The follow up period was 78 months. Review of
medical records and telephone interviews were used for follow up. We defined clinical events as new onset hy-
pertension, ischemic heart disease, congestive heart failure, cerebrovascular accident, diabetes and atrial fibrillation.
The peak systolic blood pressure of 182.5mmHg had the highest specificity and sensitivity on the receiver operating
characteristic (ROC) curve of the systolic blood pressure for prediction of clinical events. We defined a hypertensive
response as a peak systolic blood pressure over 180 mmHg. Results = 43 (39.4%) of the subjects had a hypertensive
response on their exercise treadmill test. The mean exercise capacity was higher in the hypertensive response group.
No significant differences were found between the hypertensive and non-hypertensive response groups, in terms
of age, gender, body weight, height, body mass index and resting blood pressure. 18 (41.8%) of the hypertensive
response subjects had clinical events, while only 11 (16.6%) of the non-hypertensive response subjects had clinical
events. The hypertensive response group had more clinical events (p=0.006). 14 (32.5%) of the hypertensive
response subjects had hypertension, while only 10 (15.1%) of the non-hypertensive response group had hypertension.
The hypertensive response group had more hypertension (p=0.044). On the multivariate analysis, the hypertensive
response on the exercise treadmill test was an independent risk factor for hypertension and clinical events (odds
ratio=3.990, 95% confidence interval; 1.473-10.808, p=0.006). Conclusion : These results indicate that the
exercise blood pressure response seems to be a risk factor for hypertension and clinical events. Careful medical
care and close follow up may be needed for subjects with a hypertensive blood pressure response on the exercise
treadmill test. Further study is needed to understand the significance of an exaggerated blood pressure response
on the exercise treadmill test. (Korean Circulation J 2007;37:277—-282)
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Table 1. Baseline characteristics of subjects with and without cli-
nical events

Clinical events  Clinical event

(+) group (=) group p
(n=29) (n=80)
Age (years) 54.0£7.2 455*14.8  0.000
Sex (male/female) 44/36 14/15 0.538
Height (cm) 160.0%+9.3 161.3+204  0.738
Weight (kg) 62.3+8.0 62.2£11.3 0.955
BMI (kg/m?) 244+209 242+54 0.816
Exercise capacity (METS) 10.6 £3.1 11.5£3.0 0.186
Resting SBP (mmHg) 1284£13.6 1205%14.8 0.013
Resting DBP (mmHg) 81.0£10.4 77.0+11.2 0.163
Supine SBP (mmHg) 1244£12.1 1174+11.3 0.006
Supine DBP (mmHg) 81.3+6.3 79.3+8.4 0.235
Standing SBP (mmHg) 1356£133 122.6%£12.0 0.000
Standing DBP (mmHyg) 84.1+7.8 80.8+8.0 0.057
Peak SBP (mmHg) 181.9£20.1 165.1+17.7 0.000
Peak DBP (mmHg) 97.2£84 90.6£10.7  0.004

29 patients had newly clinical events (26.6%). Data are expressed
as the mean =SD. BMI: body mass index, SBP: systolic blood pre-
ssure, DBP: diastolic blood pressure, METS: metabolic equival-
ents for oxygen consumption
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Fig. 1. ROC curve of systolic blood pressure for the prediction of
clinical events. Peak systolic blood pressure of 182.5 mmHg had highest
specificity and sensitivity in this ROC curve (sensitivity=0.448, sp-
ecificity=0.887). We defined hypertensive response as peak systolic
blood pressure over 180 mmHg. ROC: receiver operating characte-
ristic, SBP: systolic blood pressure.
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Table 2. Demography and exercise parameters by blood pressure
response

Non-hypertensive Hypertensive
response group response group  p
(n=606) (n=43)
473+14.4 484+ 144 0.679
Sex (male/female) 31/35 27/16 0.108

Age (years)

Height (cm) 159.4 £21.8 1634199  0.265
Weight (kg) 60.8*£12.1 64.4+71  0.086
BMI (kg/m?) 2431£59 242+2.7 0923
Exercise capacity (METS) 10.7£2.9 120+3.1  0.029
Resting SBP (mmHg) 1204t 14.4 126.0£15.1 0.051
Resting DBP (mmHg) 774+10.1 79.1+£12.5 0.446

43 subjects had hypertensive response. data are expressed as the
mean =SD. BMI: body mass index, SBP: systolic blood pressure,
DBP: diastolic blood pressure, METS: metabolic equivalents for oxy-
gen consumption
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Fig. 2. Changes of BP and HR during the exercise treadmill test. Al changes of systolic blood pressure during the exercise treadmill test were
higher in the hypertenisve response group compared to the non-hypertensive. B: changes of diastolic blood pressure during the exercise
treadmill test were higher in the hypertenisve response group compared to the non-hypertensive. C: changes of heart rate during the exercise
treadmill test were not different in the hypertensive response group compared to the non-hypertensive. SBP: systolic blood pressure, St:
standing, Su: supine, S1-2: modified bruce stage 1-2, DBP: diastolic blood pressure, HR: heart rate, BP: blood pressure.

Table 3. Clinical events in hypertensive and non-hypertensive res-
ponse group

Non-hypertensive Hypertensive
response group — response group  p

(n=606) (n=43)
Ischemic heart disease 2( 3.0%) 2(4.6%) 0.664
Cerebrovascular disease 0( 0%) 2(4.6%) 0.160
Atrial fibrillation 0( 0%) 1(23%) 0323
Diabetes 0( 0%) 2(4.6%) 0.160
Hypertension 10 (15.1%) 14 (32.5%) 0.044

11 (16.6%) 18 (41.8%)  0.006

4 of 29 subjects had hypertension and one other cardiovascular dis-
ease. 18 of the hypertensive response subjects had clinical events,
while only 11 of the non-hypertensive. The hypertensive response
group had higher clinical events (p=0.006). 14 of the hyperten-
sive response subjects had hypertension , while only 10 of the non-
hypertensive. The Hypertensive response group had higher hyper-
tension (p=0.044)

Total clinical events

Table 4. Multivariate analysis for clinical events

Odds  95% confidence

ratio interval

1.473-10.808 0.006

Hypertensive BP response  3.990

Age 1.051 1.003- 1.102 0.037
BMI 0.960 0.864- 1.067 0.452
Exericse capacity 0.905 0.765- 1.071 0.245
Resting SBP 1.025 0.992- 1.059 0.136

In multivariate analysis, hypertensive response was independent
risk factor for clinical events (p=0.006). BP: blood pressure, BMI:
body mass index, SBP: systolic blood pressure
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Table 5. Multivariate analysis for hypertension

Odds  95% confidence

ratio interval

Hypertensive BP response ~ 2.998 1.103-8.147 0.031

Age 1.060 1.009-1.113 0.020
BMI 0.976 0.879-1.082 0.642
Exericse capacity 0.959 0.808-1.138 0.632

In multivariate analysis, hypertensive response was independent
risk factor for hypertension (p=0.031). BP: blood pressure, BMI:
body mass index, SBP: systolic blood pressure
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