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Objective- To evaluate the behavior of blood pressu-
reduring exercisein patients with hypertension control -
led by frontline antihypertension drugs.

Methods- From 979ergometric testswer etrospecti-
vely sel ected 49 hipertensive patients (19 males). Theage
was 53+12 yearsold and normal rangerest arterial pres-
sure (< 140/90 mmHg) all on phar macol ogical monothe-
rapy. Therewere 12 on beta blockers; 14 on calciumanta-
gonists, 13 on diuretics and 10 on angiotensin converting
enzyme inhibitor. Abnormal exercise behhavior of blood
pressurewasdiagnosed if anyone of thefollowing criteria
was detected: peak systolic pressure above 220 mmHg,
raising of systolic pressure> 10 mmHg/MET; or increase
of diastolic pressuregreater than 15 mmHg.

Results- Physiologic response of arterial blood pres-
sure occurred in 50% of patients on beta blockers, the best
one (p<0.05), in 36% and 31% on cal ciumantagonistsand
on diuretics, respectively, and in 20% on angiotensin con-
verting enzymeinhibitor, thelater theleastr one (p<0.05).

Conclusion - Beta-blocker s were mor e effective than
calcium antagonists, diuretics and angiotensin-converting
enzyme inhibitorsin controlling blood pressure during
exer cise, and angiotensin converting enzymeinhibitorsthe
least effectivedrugs.

Keywords stresstest, arterial hypertension, antihyper-
tension therapy

Hospital Universitario Anténio Pedro - Universidade Federal Fluminense
Mailing address: MariaAngelaM. Queiroz Carreira— Rua Soldado Jo&o de Deus
Araujo, 54 — 22765-380 - Rio de Janeiro, RJ

The purpose of treatment of blood pressureiscurren-
tly to reduce morbidity and mortality by theleastinvasive
manner possi ble, which may beachieved either by changes
inlifestyle, such asweight | oss, exercising, reductionin so-
dium and alcohol intake, or by associationwith apharmaco-
logical treatment -3,

M oderateexercise, such aswalking, biking, and swim-
ming, doneregularly, hasbeen shownto beanimportant al-
ly inthereduction of blood pressurelevelsin hypertensive
persons?.

Ambulatory blood pressuremonitoring inhypertensi-
ve patients, has showed higher the percentage of measure-
ments above the normal valueswithin the 24 hours (pres-
sor load) asaresult, for instance, of exercise, work, andthe
act of awaking greater the damageto thetarget organ or the
incidence of medical eventsassociated with hypertension.
Itistherefore expected that antihypertensive drugs should
be ableto control blood pressure not only at rest, but aso
during physical activity.

Because a physical activity program is part of the
treatment, the behavior of blood pressure during exercise
providesindispensable datafor the therapeutic evaluation
of hypertensiveindividuals5®. Itismoredifficult to obtain
reliable measurements by means of ambulatory blood
pressuremonitoring duringthepatients’ activity, whichma-
keseval uation by meansof aexercisetest necessary .

The objective of our study wasto evaluate whether
any differences existed among the various groups of fron-
tline drugsfor the treatment of hypertension, regarding
their capacity to control blood pressure during physical
activity.

Met hods

Nine hundred and seventy-nine exercisetests perfor-
med at the Treadmill StressTest Serviceof Hospital Univer-
sitario Antdnio Pedro between January 1996 and Septem-
ber 1997 wereretrospectively evaluated, and we selected
that bel onged to patientswith primary hypertension under
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regular pharmacological treatment with frontline an-
tihypertension drugs, with blood pressure at rest below or
equal to 140/90mmHg when being tested, and no other
cardiovascul ar disease. Forty-nine patients(19 mal es) with
mean ages (+SD) of 53+12 yearsmet the selection criteria.
Twenty-four percent of patients(n=12) wereusing antihy-
pertension medication belonging to the beta-blockers
group, 29% (n=14) used cal cium antagonists, 27% (n=13)
diuretics, and 20% of the pati ents(n=10) wereusing medica-
tion bel onging tothe group of angiotensin-converting enzy-
meinhibitors (Tablel). Mean systolic and diastolic blood
pressureat rest and mean agesweresimilarinall groups(Ta
blell). The behavior of blood pressure under stresswas
considered abnormal, if oneof thefollowingthreecriteria®
existed: systolic pressure on the peak of stress higher than
220mmHg, variation in diastolic pressure under stress
higher than 15mmHg, or variation of systolic pressure/MET
(metabolicequival ent) higher than or equal to 10mmHg. Al
testswere performed on atreadmill, following the Bruce or
modified Bruceprotocols, and symptom-limited. Blood pres-
surewas measured in anoninvasive manner by meansof a
mercury-column device (Tycos, USA), whereby the blood
pressure at rest was obtained on the left arm, the patient
being in an orthostatic position onthetreadmill.

Statistical analysiswashbased on ANOVA. Oncesigni-
ficance was reached, post-hoc analysis was made using
Student’ st test with the Bonferroni correctionfor variables
having anormal distribution (age, systolic blood pressure).
For variablesthat did not have normal distribution (diasto-
lic blood pressure), the Mann-Whitney test was used, and

Table| —List of most used drugsin each group

Beta-blockers Calcium ACEI Diuretics
antagonists

83% propranolol  65% phenylalkilamines 70% captopril ~ 62% hctz
17% atenolol 35% dihydropyridines  30% others  38% clort

Hctz- hydrochlorothiazide; clort- chlorthalidone; ACEI- angiotensin-
converting enzyme inhibitors.

Tablell - Ageand blood pressure (BP) in each drug group. Systolic
blood pressure under maximum stress was significantly lower in the
group of beta-blocker users (*p<0.05) as compar ed te with that in
the other 3 groups. No significant differences occurred between
groupswith regard totheother variables.

Variables Beta Calcium ACEl Diuretics
antagonists

Age (years) 51+13 52+11 54412 54+14

SBPrest (mmHg) 131+8 125+10 132+9 134+9

DBPrest (mmHg) 83+7 83£10 80+5 85+7

SBP stress (mmHg) 179+20* 198+32 20317 204+22

DBP stress (mmHg) 92+11 84+15 87+17 90+19

Beta- beta-blockers; ACEI- angiotensin-converting enzyme
inhibitors; SBP- systolic blood pressure; DBP- diastolic blood
pressure; stress- maximum under stress. Data are presented as mean +
standard deviation.
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the Chi-square test was used to compare proportions
(tensional response). Valuesof p<0.05wereconsidered sta-
tistically significant.

R=uts

The groupsweresimilar in ageand systolic and dias-
tolic blood pressure at rest (Table11). The mean systolic
pressure upon maximum exercisewaslower inthe patients
using beta-blockersthan in the other groups (p<0.05), the
valuesbeingthefollowing: 179+20mmHgfor thebeta-blo-
ckers, 198+32mmHgfor thecal ciumantagonists, 204+22mm-
Hgfor thediureticsand 203+17mmHgfor theangiotensin-
converting enzyme inhibitors. No difference occurred
among the four groups regarding the mean values of dias-
tolic pressureupon maximum exercise(p>0.05) (Teblell).

Nosignificant differenceexistedintheblood pressure
response to exercise between the groups of patientsusing
diuretic drugsand those using cal cium antagonists. Thirty-
one percent of the patientsin the group with diureticsand
36% of the patientsin the group with calcium antagonists
showed a physiological response in blood pressure
(p=0.40). Inthegroup of patientsusing beta-blockers, 50%
showed a physiological response of blood pressure to
exercise, thisdifference being statistically significant as
comparedwiththat intheother threegroups(p<0.05). Inthe
group of patients using angiotensin-converting enzyme
inhibitors, wefound that only 20% had aphysiological res-
ponse of blood pressureto exercise, whichwassignifican-
tly lower as compared with that in the other drug groups

(p<0.05) (Fig. 1).
D scussi on

Some authors have shown that the use of the angio-
tensin-converting enzymeinhibitor captopril doesnot re-
duceblood pressureunder maximum stress®*°, Manhem et
al .’ studied theeffect of captopril on catecholamines, renin
activity, angiotensin |1, and aldosteronein plasmaduring
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Fig. 1- Physiological responseof blood pressureto stress. Va uesof paresignificant
between groups, except for the cal cium antagoni stsand diureticsgroups. Beta- beta-
blockers; Calcium- calcium antagonists; Diur.- diuretics; ACEI- angiotensin-
converting enzymeinhibitors. * p<0.05; **p<0.001; NS- p>0.05.
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physical exercisein hypertensive patients and concluded
that, despiteapronounced decreaseinangiotensinl forma-
tion, captopril did not change the response of blood pres-
suretoexercise. Inour study, thegroup of angiotensin-con-
verting enzyme inhibitors was the least effective onein
controlling blood pressure under stress. However, wenoti-
cedthat 70% of patientswere using captopril, soitispossi-
blethat different kindsof responsesmight occur with other
angiotensin-converting enzymeinhibitors, asin the study
of Kinugawaet a . *'with the angi otensin-converting enzy-
meinhibitor alacepril, where adecreasein blood pressure
under stress was observed.

Kostiset a. ° evaluated the different effects of capto-
pril and nadolol during exercise and showed that both
drugs reduce theincrease of diastolic blood pressure du-
ring exercise. However, although thesystolic blood pressu-
reat rest waslower after captopril use, under stressitwaslo-
wer with nadolol than with captopril. These dataare con-
sistent with those obtained in our study, where asignifi-
cantly lower systolic blood pressure under exercise was
observedinthepatientstreated with beta-blockers, and di-
astolic blood pressurewassimilar inall four groups. These
different responses to exercise seem to be related to the
antihypertensive mechanism of action of each drug. The
decrease in blood pressure after angiotensin-converting
enzymeinhibitor useis associated with the decreasein pe-
ripheral vessdl resi stance, without any interferenceincardiac
output *whereas the use of beta-blockers reduces blood
pressure by reducing cardiac output 2.

Inour study, nosignificant differenceoccurredinblood
pressure control during exercise between the group using
cal cium antagonists and the group using diuretics. The
cal cium antagonists reduce blood pressure through direct
vasodilativeaction onthe smooth vascular muscles, witha
reduction in peripheral vascular resistance as a conse-
guence *4, However, they constitute a heterogeneous
group of drugs, because phenylalkilamineshaveanegative
effect on chronotropism and inotropism, whereasdihydro-
pyridines do not significantly alter cardiac output®®. Ro-
bertset al. * did not find any differenceinblood pressureat
rest or after exercisebetween captopril and nifedipine. Yet,
our results showed abetter control of blood pressureinthe
group using cal cium antagonists than in the group using
angiotensin-converting enzyme inhibitors. Thismay bea
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consequence of thefact that 65% of the patientsin the cal-
cium antagonist group were using phenylalkilamines
therefore possibly reflecting a cardiac output decrease as-
sociated withadecreasein peripheral vascular resistancein
asignificant number of patients.

Thiazidediureticsreduceblood pressureat thebegin-
ning of treatment through the reduction of volemiaand,
consequently, of cardiac output. However, after 4to 6 wee-
ks, their mechani sm of actioninvolvesmainly thedecrease
in peripheral vascular resistance?’. In our study, thetimeof
treatment wasnot determined, so variationsmight occur in
thediuretics' mechanism of action.

Although the time that elapsed between drug intake
and performance of the exercisetest wasnot properly con-
trolled, all patientsincluded in this study had a controlled
blood pressure at rest, which allows usto assumethat ade-
quate use of anti-hypertension medication occurred.

Blood pressure measurements, mainly of diastolic
pressure, during exercise tests may be difficult because of
the noise coming from the treadmill and of muscle move-
ment. Nevertheless, Pickering et a. **found aclosecorrel a-
tion between systolicand diastolic blood pressurefor acer-
tain heart rate obtai ned by ambul atory blood pressuremoni-
toring and those obtai ned during exercisetesting. Itisworth
pointing out that several authors have evaluated systolic
and diastolic pressuresunder exercisethroughindirect mea-
surements, in different clinical and therapeutic situations,
thus undeniably contributing to abetter understanding of
the mechanismsinvolving the behavior of blood pressure
duri ng exerci %9-12, 14,15,19,20_

The evaluation of hemodynamic responses of hyper-
tensive patients during a stresstest can provide important
datafor thetherapeutic choice, considering that the purpose
of thetreatment is adequate control of blood pressure, not
only at rest, but al soduring daily activitiesand exercise. Our
datasuggest that, in hypertensive patients with an excessive
responseof blood pressureto exercise, theuse of beta-blockers
may provide grester benefitsin the control of blood pressure
than the use of angiotensin-converting enzymeinhibitors.
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