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Response of Blood Pressure to Maximum Exercise in
Hypertensive Patients under Different Therapeutic Programs
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Obijective -To evaluate the behavior of blood pressu- The purpose of treatment of blood pressure is curren-
re during exercise in patients with hypertension control- tly to reduce morbidity and mortality by the least invasive
led by frontline antihypertension drugs. manner possible, which may be achieved either by changes

in lifestyle, such as weight loss, exercising, reduction in so-
Methods -From 979ergometric tests we retrospecti- dium and alcohol intake, or by association with a pharmaco-
vely selected 49 hipertensive patients (19 males). The agelogical treatment?.
was 53+12 years old and normal range rest arterial pres- Moderate exercise, such as walking, biking, and swim-
sure €140/90 mmHg) all on pharmacological monothe- ming, done regularly, has been shown to be an important al-
rapy. There were 12 on beta blockers; 14 on calcium anta- ly in the reduction of blood pressure levels in hypertensive
gonists, 13 on diuretics and 10 on angiotensin converting persons.
enzyme inhibitor. Abnormal exercise behhavior of blood Ambulatory blood pressure monitoring in hypertensi-
pressure was diagnosed if anyone of the following criteria ve patients, has showed higher the percentage of measure-
was detected: peak systolic pressure above 220 mmHg, ments above the normal values within the 24 hours (pres-
raising of systolic pressuee 10 mmHg/MET; or increase sor load) as a result, for instance, of exercise, work, and the
of diastolic pressure greater than 15 mmHg. act of awaking greater the damage to the target organ or the
incidence of medical events associated with hypertefision
Results Physiologic response of arterial blood pres- It is therefore expected that antihypertensive drugs should
sure occurred in 50% of patients on beta blockers, the best be able to control blood pressure not only at rest, but also
one (p<0.05), in 36% and 31% on calcium antagonists and during physical activity.
on diuretics, respectively, and in 20% on angiotensin con- Because a physical activity program is part of the
verting enzyme inhibitor, the later the leastr one (p<0.05). treatment, the behavior of blood pressure during exercise
provides indispensable data for the therapeutic evaluation
Conclusion -Beta-blockers were more effective than  of hypertensive individuaks. It is more difficult to obtain
calcium antagonists, diuretics and angiotensin-converting reliable measurements by means of ambulatory blood
enzyme inhibitors in controlling blood pressure during pressure monitoring during the patients’ activity, which ma-
exercise, and angiotensin converting enzyme inhibitors the kes evaluation by means of a exercise test neceSsary
least effective drugs. The objective of our study was to evaluate whether
any differences existed among the various groups of fron-
Keywords: stress test, arterial hypertension, antihyper- tline drugs for the treatment of hypertension, regarding
tension therapy their capacity to control blood pressure during physical
activity.

Methods

Nine hundred and seventy-nine exercise tests perfor-
med at the Treadmill Stress Test Serviddaspital Univer-
Hospital Universitario Antonio Pedro - Universidade Federal Fluminense sitario Antdnio Pedrdetween January 1996 and Septem-
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Arajo. 54 — 22765380 - Rio de Janeiro, RJ ber 1997 were retro_spectn/_ely eyaluated, and we selected
that belonged to patients with primary hypertension under
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regular pharmacological treatment with frontline an- the Chi-square test was used to compare proportions
tihypertension drugs, with blood pressure at rest below or (tensional response). Values of p<0.05 were considered sta-
equal to 140/90mmHg when being tested, and no other tistically significant.

cardiovascular disease. Forty-nine patients (19 males) with

mean ages (+SD) of 53+12 years met the selection criteria. Results
Twenty-four percent of patients (n=12) were using antihy-
pertension medication belonging to the beta-blockers The groups were similar in age and systolic and dias-

group, 29% (n=14) used calcium antagonists, 27% (n=13) tolic blood pressure at rest (Table Il). The mean systolic
diuretics, and 20% of the patients (h=10) were using medica- pressure upon maximum exercise was lower in the patients
tion belonging to the group of angiotensin-converting enzy- using beta-blockers than in the other groups (p<0.05), the
me inhibitors (Table I). Mean systolic and diastolic blood values being the following: 179+20mmHg for the beta-blo-
pressure at rest and mean ages were similar in all groups (Ta-ckers, 198+32mmHg for the calcium antagonists, 204+22mm-
ble I1). The behavior of blood pressure under stress was Hg for the diuretics and 203+17mmHg for the angiotensin-
considered abnormal, if one of the following three criferia  converting enzyme inhibitors. No difference occurred
existed: systolic pressure on the peak of stress higher thanamong the four groups regarding the mean values of dias-
220mmHg, variation in diastolic pressure under stress tolic pressure upon maximum exercise (p>0.05) (Table I1).
higher than 15mmHg, or variation of systolic pressure/MET No significant difference existed in the blood pressure
(metabolic equivalent) higher than or equalto 10mmHg. All  response to exercise between the groups of patients using
tests were performed on a treadmill, following the Bruce or diuretic drugs and those using calcium antagonists. Thirty-
modified Bruce protocols, and symptom-limited. Blood pres- one percent of the patients in the group with diuretics and
sure was measured in a noninvasive manner by means of a36% of the patients in the group with calcium antagonists
mercury-column device (Tycos, USA), whereby the blood showed a physiological response in blood pressure
pressure at rest was obtained on the left arm, the patient (p=0.40). In the group of patients using beta-blockers, 50%
being in an orthostatic position on the treadmill. showed a physiological response of blood pressure to
Statistical analysis was based on ANOVA. Once signi- exercise, this difference being statistically significant as
ficance was reachegpst-hocanalysis was made using  compared with that in the other three groups (p<0.05). Inthe
Student’d test with the Bonferroni correction for variables  group of patients using angiotensin-converting enzyme
having a normal distribution (age, systolic blood pressure). inhibitors, we found that only 20% had a physiological res-
For variables that did not have normal distribution (diasto- ponse of blood pressure to exercise, which was significan-
lic blood pressure), the Mann-Whitney test was used, and tly lower as compared with that in the other drug groups
(p<0.05) (Fig. 1).

Table | — List of most used drugs in each group Discussion

Beta-blockers Calcium ACEI Diuretics

antagonists Some authors have shown that the use of the angio-

tensin-converting enzyme inhibitor captopril does not re-

83% propranolol 65% phenylalkilamines 70% captopril  62% hctg duce blood pressure under maximum s&skanhem et
17% atenolol 35% dihydropyridines 30% others ~ 38% clort 10 . . . .
al%studied the effect of captopril on catecholamines, renin
Hetz- hydrochlorothiazide; clort- chlorthalidone; ACEI- angiotensin activity, angiotensin Il, and aldosterone in plasma during
converting enzyme inhibitors.
#%
Table Il - Age and blood pressure (BP) in each drug group. Systolic N
blood pressure under maximum stress was significantly lower in the : ;
group of beta-blocker users (*p<0.05) as compares twith that in 60 : % .
the other 3 groups. No significant differences occurred between i
groups with regard to the other variables. 50
0
Variables Beta Calcium ACEI Diuretics 40%
antagonists 30¥
Age (years) 5113 5211 54x12 5414 20%
SBP rest (mmHg) 13148 125+10 13249 134+9 1 00/
DBP rest (mmHg) 83+7 8310 8015 85+7
SBP stress (mmHg) 179+20* 198+32 203+17 204+22 00/
DBP stress (mmHg) 92+11 84+15 8717 90+19 BETA CALCIUM DIUR. ACEI

Beta- beta-blockers; ACEI- angiotensin-converting enzympe
inhibitors; SBP- systolic blood pressure; DBP- diastolic blood
pressure; stress- maximum under stress. Data are presented as mgan +
standard deviation.

Fig. 1 - Physiological response of blood pressure to stress. Values of p are significant
between groups, except for the calcium antagonists and diuretics groups. Beta- beta-
blockers; Calcium- calcium antagonists; Diur.- diuretics; ACEI- angiotensin-
converting enzyme inhibitors. *p<0.05; **p<0.001; NS- p>0.05.
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physical exercise in hypertensive patients and concluded consequence of the fact that 65% of the patients in the cal-
that, despite a pronounced decrease in angiotensin Il forma-cium antagonist group were using phenylalkilamines
tion, captopril did not change the response of blood pres- therefore possibly reflecting a cardiac output decrease as-
sure to exercise. In our study, the group of angiotensin-con- sociated with a decrease in peripheral vascular resistance in
verting enzyme inhibitors was the least effective one in a significant number of patients.

controlling blood pressure under stress. However, we noti- Thiazide diuretics reduce blood pressure at the begin-
ced that 70% of patients were using captopril, soitis possi- ning of treatment through the reduction of volemia and,
ble that different kinds of responses might occur with other consequently, of cardiac output. However, after 4 to 6 wee-
angiotensin-converting enzyme inhibitors, as in the study ks, their mechanism of action involves mainly the decrease
of Kinugawa et al'with the angiotensin-converting enzy-  in peripheral vascular resistari¢dn our study, the time of

me inhibitor alacepril, where a decrease in blood pressure treatment was not determined, so variations might occur in
under stress was observed. the diuretics’ mechanism of action.

Kostis et al® evaluated the different effects of capto- Although the time that elapsed between drug intake
pril and nadolol during exercise and showed that both and performance of the exercise test was not properly con-
drugs reduce the increase of diastolic blood pressure du- trolled, all patients included in this study had a controlled
ring exercise. However, although the systolic blood pressu- blood pressure at rest, which allows us to assume that ade-
re at rest was lower after captopril use, under stress it was lo- quate use of anti-hypertension medication occurred.
wer with nadolol than with captopril. These data are con- Blood pressure measurements, mainly of diastolic
sistent with those obtained in our study, where a signifi- pressure, during exercise tests may be difficult because of
cantly lower systolic blood pressure under exercise was the noise coming from the treadmill and of muscle move-
observed in the patients treated with beta-blockers, and di- ment. Nevertheless, Pickering et&ound a close correla-
astolic blood pressure was similar in all four groups. These tion between systolic and diastolic blood pressure for a cer-
different responses to exercise seem to be related to thetain heart rate obtained by ambulatory blood pressure moni-
antihypertensive mechanism of action of each drug. The toring and those obtained during exercise testing. Itis worth
decrease in blood pressure after angiotensin-converting pointing out that several authors have evaluated systolic
enzyme inhibitor use is associated with the decrease in pe-and diastolic pressures under exercise through indirect mea-
ripheral vessel resistance, without any interference in cardiac surements, in different clinical and therapeutic situations,
output®whereas the use of beta-blockers reduces blood thus undeniably contributing to a better understanding of

pressure by reducing cardiac outfut the mechanisms involving the behavior of blood pressure
In our study, no significant difference occurredinblood during exercis&?!? 1415.19.20
pressure control during exercise between the group using The evaluation of hemodynamic responses of hyper-

calcium antagonists and the group using diuretics. The tensive patients during a stress test can provide important
calcium antagonists reduce blood pressure through direct data for the therapeutic choice, considering that the purpose
vasodilative action on the smooth vascular muscles, with a of the treatment is adequate control of blood pressure, not
reduction in peripheral vascular resistance as a conse- only atrest, but also during daily activities and exercise. Our
quence®“ However, they constitute a heterogeneous data suggest that, in hypertensive patients with an excessive
group of drugs, because phenylalkilamines have a negative response of blood pressure to exercise, the use of beta-blockers
effect on chronotropism and inotropism, whereas dihydro- may provide greater benefits in the control of blood pressure

pyridines do not significantly alter cardiac outsuiRo- than the use of angiotensin-converting enzyme inhibitors.
berts et al®did not find any difference in blood pressure at

rest or after exercise between captopril and nifedipine. Yet, Acknowledgements

our results showed a better control of blood pressure in the

group using calcium antagonists than in the group using To Prof. Antonio Claudio Lucas da Nobrega for the

angiotensin-converting enzyme inhibitors. This may be a collaboration and suggestions.

References

1. ManciaG, Fratolla A, GropelliA, etal. Reducéo da press&o arterial e danoaos or- 6. Jardim PCBY, Souza ALL. Determinag&o da presséo arterial: histéria, métodos e

gaos alvo na hipertenséo. J Hypertension 1994; 12: S35-S42. limitagdes. HiperAtivo 1997; 4: 6-11.
2. The Sixth Report of the Joint National Committee on prevencion, detectionand 7. Rudd P, Hagar W. Hypertension: mechanisms, diagnosis and therapy. In: Topol

treatment of high blood pressure. Arch Inter Med 1997; 157: 2413-45. EJ. Textbook of Cardiovascular Medicine. Philadelphia: Lippincott-Raven,
3. Il Consenso Brasileiro de Hipertenséo arterial. Rev Soc Bras Hipert 1998; 1998: 109-44.

1(supl): 1-38. 8. LimaEG, Marsaro EA. Ergometria e hipertens&o arterial. In: Amodeo C,
4. Oigman W, Neves MFT. Hipertenséo arterial. Rev Bras Med 1998; 54: 97-111. Lima EG, Vasquez EC. Hipertensao Arterial. Sdo Paulo: Sarvier, 1997:
5. Critérios para solicitagcdo de exames complementares do aparelho cardiovascu- 187-90.

lar. Arq Bras Cardiol 1997; 68: I-1X. 9. Kostis JB, Shindler DM, Moreyra AE, et al. Differential exercise effects of captopril

287



Carreira et al
Blood pressure response to maximum stress

10.

11.

12.

13.

14.

and nadolol in patients with essential hypertension. J Vasc Disease 1992;
August: 647-52.

Manhem P, Bramnert M, Hulthén UL, Hokfelt . The effect of captopril on catecho-
lamines, renin activity, angiotensin Il and aldosterone in plasma during physical
exercise in hypertensive patients. Eur J Clin Invest 1981; 11: 389-95.
Kinugawa T, Kitamura H, Ogino K. Effect of alacepril on blood pressure and neu-
rohumoral factors at rest and during dynamic exercise in patients with essential
hypertension. Br J Clin Pharmac 1992; 34: 366-9.

Botura AL, Russo AK, Barros Neto TL, et al. Efeito do propranolol e metoprolol
nas respostas cardio-respiratérias e metabolicas ao exercicio. Arq Bras Cardiol
1991; 57: 459-64.

Ferruci A, Marcheselli A, Strano A, et al. Perfis da presséo arterial de 24 horas em
pacientes portadores de hipertenséo tratados com amlodipina ou nifedipina
GITS. Clin Drug Invest 1997; 13(suppl 1): 67-72.

15.

19.

20.

Grossman E, Messerli FH, Oren S, et al. Disparate cardiovascular response to stress

tests during isradipina and fosinopril therapy. Am J Cardiol 1993; 72: 574-9.

288

Arq Bras Cardiol
volume 75, (n° 4), 2000

Schmieder RE, Bahr M, Langewitz W. Efficacy of four antihipertensive drugs
(clonidine, enalapril, nitrendipine, oxprenolol) on stress blood pressure. Am J
Cardiol 1989; 63: 1333-8.

Roberts DH, Tsao Y, Linge K. Double-blind comparison of captopril with nifedi-
pine in hypertension complicated by intermittent claudication. J Vasc Disease
1992; September: 748-56.

Brand&o AP, Branddo AA, Pozzan R. Farmacologia clinica de diuréticos e blo-
queadores alfa adrenérgicos. HiperAtivo, 1995; 2: 16-23.

Pickering TG, Harshfield GA, Kleinert HD, et al. Blood pressure during normal
daily activities, sleep and exercise. JAMA 1982; 247: 992-8.

Palatini P, Bongiovi S, Mario L, et al. Effects of ACE inhibition on endurance
exercise haemodynamics in trained subjects with mild hypertension. Eur J Clin
Pharmacol 1995; 48: 435-9.

Handa K, Sasaki J, Tanaka H, et al. Effects of captopril on opioid peptides
during exercise and quality of life in normal subjects. Am Heart J 1991; 122:
1389-94.



