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Objective — To compare blood pressure response to
dynamic exercise in hypertensive patients taking trando-
lapril or captopril.

Methods — We carried out a prospective, randomized,
blinded study with 40 patients with primary hypertension
and no other associated disease. The patients were divided
into 2 groups (n=20), paired by age, sex, race, and body mass
index, and underwent 2 symptom-limited exercise tests on a
treadmill before and after 30 days of treatment with captopril
(75 to 150 mg/day) or trandolapril (2 to 4 mg/day).

Results — The groups were similar prior to treatment
(p<0.05), and both drugs reduced blood pressure at rest
(p<0.001). During treatment, trandolapril caused a
greater increase in functional capacity (+31%) than cap-
topril (+17%, p=0.01) did, and provided better blood
pressure control during exercise, observed as a reduction
inthe variation of systolic blood pressure/MET (trandola-
pril: 10.7+1.9 mmHg/Uvs 7.4+1.2 mmHg/U, p=0.02; cap-
topril: 9. 1+1.4 mmHg/Uvs 11.4+2.5 mmHg/U, p=0.35), a
reduction in peak diastolic blood pressure (trandolapril:
116.8+3.1mmHgvs 108.1£2.5 mmHg, p=0.003; captopril:
118.2+3.1 mmHg vs 115.8+3.3 mmHg, p=0.35), and a re-
duction in the interruption of the tests due to excessive ele-
vation in blood pressure (trandolapril: 50% vs 15%,
p=0.009; captopril: 50% vs 45%, p=0.32).

Conclusion — Monotherapy with trandolapril is more
effective than that with captopril to control blood pressure
during exercise in hypertensive patients.
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Regular physical activity hasbeen established asan
important adjuvant inthetreatment of hypertension based
on the 3 following fundamental aspects: 1) aerobic and
strength training reducesblood pressureat rest X; 2) regu-
lar aerobic exercises may help in controlling the risk
factorsfor hypertension 2, such as hyperinsulinemiaand
overweight; 3) risk factorsfor coronary heart disease,
such as sedentary lifestyle, high cholesterol levels and
hyperglycemia, are fought by regular physical activity,
whichreducestherisk of coronary eventsin hypertensive
patients!. Based on this, the pharmacol ogical treatment
of hypertensive patients should aim at controlling blood
pressure not only at rest, but also during exercise, and
should not interfere with their physical capacity *.
Because blood pressure behavior cannot be predicted
during exercise through measurements at rest or other
variables®, exercise testing should be included in the
clinical assessment of hypertensive patients®.

Angiotensin-converting enzymeinhibitorsareeffec-
tivedrugsin controlling blood pressureat rest. During exer-
cise, theseinhibitorsdid notinterferewith theelectrocardio-
graphic variables, chronotropic response, functional capa-
city, and cardiac arrhythmias”®. Inregardto blood pressure
response during exercise, however, previous studies °°
showed that captopril, asulfhydryl angiotensin-converting
enzymeinhibitor, doesnot reduce peak systolic or diastolic
blood pressurein hypertensive patients. Other angiotensin-
converting enzymeinhibitorswith modified chemical struc-
ture have been devel oped. Thealterationsin thechemical
structure provided different characteristics, such asgreater
lipophilia, alonger timeof action, and amorestable24-hour
control of blood pressure™. However, it hasnot been deter-
mined whether different angiotensin-converting enzyme
inhibitors have different effects on blood pressure res-
ponseto exercise. This study aimed at comparing blood
pressure responseto dynamic exercisein hypertensivepa
tientstaking captopril or trandol april, along-term nonsul -
fhydryl angiotensin-converting enzymeinhibitor.
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Methods

Adults of both sexes diagnosed with primary arterial
hypertension and with an indication for pharmacol ogical
treatment® wereinitially selected. The exclusion criteria
wereasfollows: presence of other systemic diseases; inabi-
lity to undergo exercisetesting; el ectrocardiographic altera
tionsinterfering with the analysis of the ST segment (I eft
bundle-branchblock, left ventricul ar hypertrophy, conduc-
tionabnormdlities); frequent or complex arrhythmiasat rest or
during exercise; systolic blood pressureat rest3 200mmHg
or diastolichlood pressureat rest 3 1220mmHg, or both.

We carried out a prospective, randomized, blinded
study. The patientsunderwent physical examination, el ec-
trocardiography at rest, echocardiography, fundoscopy,
and laboratory blood tests. The patientsincluded in the
study underwent exercisetesting after awash-out period of
at least 3 days, depending on the time of action of the pre-
vioudly used drug. After thefirst test, the patientswereran-
domizedinto 2 groupsof treatment for 30 daysasfollows:
captopril (group C-initial dosage of 75 mg/day dividedinto
3doses/day) or trandol april (group T - initial dosageof 2mg/
day inasingledose). Thepatientswerefollowed upweekly,
and the doses were increased when necessary to 150 mg/
day (C) or4mg/day (T) accordingtothefollowing criteria:
systolic blood pressure 3 180 or diastolic blood pressure
3 120mmHg, or both, inthefirst 2weeks, and systolic blood
pressure 3 150 mmHg or diastolic blood pressure 3 100
mmHg, or both, inthethird week. After 30 daysof treatment
and dose adjustment, the pati entsunderwent asecond exer-
cisetest whilethey were taking captopril or trandolapril.
Thelongest interval s between the last dose of the angio-
tensin-converting enzymeinhibitors and the exercise test
were6 hours(C) and 12 hours(T). Therefore, each patient
underwent 2 exercise tests (1 with no medication and the
other with captopril or trandolapril) using the same protocol
and in the same period of the day. The study protocol was
approved by the Committee on Ethics and Research of the
Universidade Federal Fluminense, and all patientssigned
theinformed written consent before entering the study.

Exercisetesting was performed on atreadmill accor-
dingtotheBrucetreadmill protocol oritsmodified version,
thechoicebeing determined by ageand theusual activities.
Blood pressurewas measured on theleft arm according to
theauscultatory method with amercury-column sphygmo-
manometer, with the patient standing and at rest, every mi-
nuteduring exerciseand at thefirst, second, third, and fifth
minutesof recovery. Systolic and diastolic blood pressures
weremeasured based onthel andV Korotkoff sounds, res-
pectively. Theelectrocardiogram wascontinuoudly monito-
redwitha3-lead system (M C5, av F, andV 2). Exerciseconti-
nued until exhaustion, which wasidentified asthe tenth
level of theBorgtreadmill exertionscale (0-10). Inregardto
the criterion of excessive elevation of blood pressure, the
exercisewasinterrupted when systolic blood pressurewas
3 250 mmHg or diastolic blood pressure was3 130 mmHg.
Functional capacity was determined based on the aerobic
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functional deficit, considering the relation between the
maximumV O, reachedandthemaximumV O predictedfor age,
thenegativeval uesdetermining thebest functional capacity.
Theresultswere expressed asmean + standard devia-
tion. Thestatistical analysiswashbased onthe2-way analy-
sisof variance (ANOV A) for repeated measurements, in
whichthemajor factorswere drug (captopril and trandola-
pril) andtime(pre- and postdrug at rest, in different level sof
exertion and recovery), accompanied by post hoc analysis
with the Bonferroni test. Because diastolic blood pressure
washot normally distributed, it wasanalyzed withanonpa:
rametric method using the Wilcoxon test for paired samples
and the Mann-Whitney test for independent samples. In
theanalysisof proportions, the normal test wasused. The
significancelevel of p<0.05wasadopted for dataanaysis.

Results

One hundred and eight patients consecutively refer-
red to our laboratory wereinitialy recruited, 40 of whom
completed the study. Twenty patients were excluded after
theinitial evaluation, 21 patientswere excluded after the
first exercisetest, 23 during thefollow-up at the outpatient
careunit, and 4 patientswereexcluded after thetest withthe
angiotensin-converting enzyme inhibitor. The most
common causes of exclusion were asfollows: presence of
another associated cardiovascul ar disease (n=10); complex
arrhythmia(n=7); mildarterial hypertensionthat normalized
with exercise(n=5); blood pressure at rest3 200/120 mmHg
(n=4); electrocardiographic aterationsat rest (n=3); and ad-
verseeffectsof the angiotensin-converting enzymeinhibi-
torsprescribed (n=3). Thirteen patientsvoluntarily dropped
out of the study.

The2groups(Cand T) weresimilar inrespect to age,
sex, race, body massindex, andtimeelapsed sincethediag-
nosis, aswell asin respect to al variables obtained in the
firsttest, ie, prior totreatment (tab. ).

Three patients were excluded from the study dueto
drugintolerance. Onepatient in each group had cutaneous
hypersensitivity to the angiotensin-converting enzyme
inhibitor, which wasreverted after the drugswere suspen-
ded and adequate therapy initiated. Three patients had a
cough after receiving captopril, whichrequiredinterruption
of the treatment in 1 patient due to the intensity of the
symptom.

Inbothgroups(Cand T), 55% of the patientshad nor-
mal blood pressurelevel s(<140/90 mmHg) after treatment.
No difference in blood pressure at rest was observed in
either group (SBP—T: 135+4 mmHg; C: 1364 mmHg;
p=0.75; DBP-T: 83+2mmHg; C: 90+ 2mmHg; p=0.59).

With the use of angiotensin-converting enzyme
inhibitors, systolic blood pressurewiththepatientintheor-
thostatic positiondiminishedingroup T (pre: 159+4 mmHg,
post: 145+2 mmHg; p=0.003), but notingroup C (pre: 161+4
mmHg, post: 150+1 mmHg; p=0.10; fig. 1). On the other
hand, diastolic blood pressurein the orthostatic position di-
minishedinboth groups(T —pre: 1072 mmHg, post: 98+3
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Table I — Characteristics of the patients and results of exercise testing
prior to treatment

Variables Trandolapril ~ Captopril P
Patients (n) 20 20 1.00
Malesex (%) 45 50 0.76
White race (%) 40 50 0.54
Age (years) 55+ 2 56 + 2 0.79
Body mass index (kg/m?) 274+07 27+09 0.75
Normal fundoscopy (%) 56 40 0.10
Time of diagnosis (years) 72 72 1.00
Heart rate (bpm)

Pre-test 82+3 78+3 0.34

Peak 138+ 6 139+ 6 0.91
Systolic BP (mmHg)

Pre-test 159+ 4 161+ 4 0.75

Peak 210+ 4 215+ 4 0.34

Recovery (5 min) 159 + 4 157+ 4 0.80
Diastolic BP (mmHg)

Pre-test 107 £ 2 105+ 1 0.20

Peak 117+ 3 118+ 3 0.80

Recovery (5 min) 102 + 2 102 + 2 0.83
Double product
(x 20° mmHg.bpm)

Pre-test 132+ 0.7 125+ 0.6 0.60

Peak 285+ 14 20.7+12 0.55
MET (units) 6.2+0.8 75+08 0.27
DSBP/MET (mmHg/U) 107+ 19 91+14 0.51

Values are mean + SD; BP- blood pressure; MET- metabolic equivaent;
DSBP- variaion in systolic blood pressure. P values comparing trandolapril
and captopril.

mmHg; p=0.005; C—pre: 1051 mmHg, post: 98+3mmHg;
p=0.04). Both drugs increased functional capacity as
follows: a31%increaseingroup T (pre: +21.3+9.6%, post: -
15.7+7.7%; p=0.0006) and only a17%increaseingroup C
(pres +4.4+9.3%, post: -11.5+9.6%; p=0.03), and thisdiffe-
rence was significant (p=0.001). Peak systolic blood
pressure increased in group C (pre: 2154 mmHg, post:
224+5mmHg; p=0.03), but did not changeingroup T (pre:
210+4mmHg, post: 206+6 mmHg; p=0.40; fig. 1). However,
systalic blood pressure/MET did not changein group C
(pre: 9.1+1.4mmHg/U; post: 11.4+2.5mmHg/U; p=0.41), but
diminishedingroup T (pre; 10.7£1.9mmHg/U, post: 7.4+1.2
mmHg/U; p=0.02; fig. 2). Peak diastolic blood pressurewas
reducedingroup T (pre; 117+3mmHg, post: 108:3 mmHg;
p=0.003), but notingroup C (pre: 118+3mmHg, post: 116+3
mmHg; p=0.27; fig. 1). During the test with angiotensin-
converting enzyme inhibitors, limiting blood pressure
occurredlessfrequently ingroup T (pre: 50% vspost: 15%,
p=0.009) thaningroup C (pre: 50% vspost: 45%, p=0.32).

Discussion

The results showed that trandol april, along-lasting
angiotensin-converting enzymeinhibitor, produced better
blood pressure control during exercise than captopril, a
short-lasting angiotensi n-converting enzymeinhibitor, did.

Captopril and trandol april normalized blood pressure
at rest in 55% of the patients. Although similar effects of
captopril and trandol april wereprevioudy shown by Richer
et a ?in spontaneously hypertensiverats, theseresultsdo
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not agree with those obtained in aclinical study with 180
patients with light to moderate hypertension **, in which
captopril waslesseffectivein controlling blood pressureat
rest (44% with normal blood pressure after treatment) than
trandolapril was (61% with normal blood pressure after
treatment). However, inthat study, captopril wasadministe-
red at the dosage of 50 mg only twice aday, while our pa-
tientsreceived 50 mg 3timesaday. Thesedifferent dosages
may explainthecontrasting results.

Although the drugswere similar in controlling blood
pressureduring theoutpatient careunit follow-up, trandola
pril, but not captopril, reduced blood pressureinthe orthos-
tatic position, immediately beforeexercisetesting. Thisdif-
ference may be dueto agreater capacity of trandolapril to
control blood pressure during situations of mental stress,
such asthemoments preceding an exercisetest. Inaccordan-
cewith this hypothesis, Paran et al **showed that atenolol
inhibited blood pressure response to mental stress, in con-
trast with enalapril, which was not effectivein controlling
blood pressure alterations due to mental stress. Similarly,
Grossman et a  did not report changesin blood pressure
responseto mental stressin hypertensive patients treated
withfos nopril, anangiotensin-converting enzymeinhibitor.

Trandolapril provided better control of systolic and
diastolic blood pressureduring exerciseand allowed agrea
ter number of patientsto continue exercising and reach a
greater intensity of exertion. On the other hand, captopril
did not control the excessive increase in blood pressure
duringexercise, leadingtoasimilar number of interruptions
duetoanincreasein blood pressureprior to and after treat-
ment. Similar resultswere obtained by Knugawaet a *in
hypertensive patients treated with alacepril, an angioten-
sin-converting enzymeinhibitor of the same pharmacol o-
gical group ascaptopril. Although alacepril reduced mean
blood pressure at rest and during exercise, the number of
patientswithlimiting blood pressureduring exercisewassi-
milar prior to and after trestment with alacepril.

Inour study, both groups C and T showed anincrease
intolerancefor exertion, identified asagreater work load;
trandolapril, however, had a more pronounced effect. In
regard to trandolapril, this effect was partially due to a
smaller number of patientswhoseexertion wasinterrupted
dueto an excessive el evation in blood pressure after treat-
ment. Thework load, however, increased in patientswho
reached exertion using trandolapril, suggesting aspecific
effect of thedrug on tolerancefor exertion. Themechanism
involved may be related to adecrease in total peripheral
vascular resistanceand to abetter perfusion of the skel etal
muscul ature, as previously showninrats*2.

In our study, peak systolic blood pressure increased
after treatment with captopril, but did not change in the
group treated with trandol april. Thismay havebeen dueto
anincreaseinwork load, becausethevariationin systolic
blood pressure/MET did not change after treatment with
captopril and diminished after treatment with trandol april .
Theseresults differ from those of previous studies, which
showed that the use of captopril did not change or reduce
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Fig. 1—Systolic (upper) and diastolic (lower) blood pressure prior to (pre) and after (post) treatment with trandolapril (n=20, l&ft) or captopril (n=20; right) at rest (Rest), peak exer-
tion, and 5 minutes after exertion (Rec). Valuesare mean + SD; * p<0.05 vsprior to the samedrug.

blood pressure at peak exertion %1, Handaet al ¢ assessed
normotensiveindividual swithergometers, making thecom-
parisonwith our resultsdifficult. Thestudy by Kostiset a *°
reported areductioninsystolic blood pressureat peak exer-
tionusing asimilar methodology, ie, hypertensivepatients
exercising on atreadmill according to the Bruce protocol.
The authors, however, reported that the patients did not
reach maximum exertion, unlike our study, in which all
patientsreached maximum exertion, whichwasidentified
with thesubjectiveexertion scale (Borg treadmill exertion
scale), except when the exercisewasinterrupted by an exag-
gerated blood pressure response.
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The studies about trandolapril and exercise are very
few. Predd et a V" assessed healthy well-trainedindividuals,
and concluded that 2mg of trandol april do not ater toleran-
cefor exertion or blood pressure response to exercise. Our
datadiffer from theseresults, especially inregard to dias-
tolic blood pressure, which significantly decreases after
treatment with trandolapril . A direct comparison between
these 2 studiesis difficult dueto the different characteris-
tics of theindividuals (healthy trained vs hypertensive
nontrained).

The mechanismsinvolved in better blood pressure
control during exerciseproduced by trandol april ascompa-
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Fig. 2—Variationin systolic blood pressure (DSBP) corrected by work load at peak
exertion (MET) prior to (pre) and after (post) treatment with trandolapril (n=20) or
captopril (n=20). Valuesare mean + SD; * p=0.02 vs pre trandol april.

red with that produced by captopril have not beenwell un-
derstood. A basic difference between these 2 drugsislipo-
philia, whichisgreater withtrandol april. Thegreater degree
of thedrug’ slipophiliacausesasmaller variability in blood
pressurein 24 hours®®. Inaddition, greater lipophiliaresults
inabetter capacity to penetratethe cell membranes, inclu-
ding that of thetarget tissue of theangiotensin-converting
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enzyme, causing amoreeffectiveinhibition of therenin-an-
giotensin system?®,

Aldigier et al ? reported that the inhibitory effect of
captopril onthe plasmalevelsof angiotensin at rest disap-
pears with exercise, probably due to the production of
angiotensin || by other enzymesthat are not blocked by the
drug. Studiesontrandolapril arerequired to determineits
capacity toblock angiotensin |1 during exercise.

Becausetrandol april and captopril havedifferent times
of action and food intake interferes with the absorption of
captopril, changesin the plasmalevels of the drugs may
haveoccurred during exerciseand may partially explainthe
different effects on blood pressure response. However, we
observed that the maximal interval between the last dose
andtest performancewas6 hoursfor captopril and 12 hours
for trandolapril. Inaddition, patientswereinstructed totake
captopril 1 hour before meals, minimizing, therefore, the
interferencesresulting from variationsin the plasmacon-
centration of thedrug duringthetest. Many other angioten-
sin-converting enzymeinhibitorsareavail ablewithinter-
mediate degrees of lipophiliaand times of action, and we
cannot extend our resultsto these other compounds.

Physical exerciseis part of daily life activity and
should be formally prescribed to hypertensive patients.
Lack of blood pressure control during exercisein these
patients may lead to lesionsin target organs, as shown by
ambulatory blood pressure monitoring 2. Although
trandol april wasmoreeffectivethan captopril in controlling
blood pressureduring exercise, larger longitudinal studies
arerequiredto confirmthesefindings.
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