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Effect of Losartan and Hydrochlorothiazide on Exercise Tolerance in Exertional
Hypertension and Left Ventricular Diastolic Dysfunction

William C. Little, MDa,*, Michael R. Zile, MDb, Allan Klein, MDc, Christopher P. Appleton, MDd,
Dalane W. Kitzman, MDa, and Deborah J. Wesley-Farrington, RN, BSN, CCRCa

A randomized, double-blind study of 6 months of losartan 50 mg or hydrochlorothiazide
(HCTZ) 12.5 mg was performed in 40 subjects with left ventricular diastolic dysfunction
(mitral flow velocity E/A ratio <1), exercise systolic blood pressure (BP) >200 mm Hg,
systolic BP at rest <150 mm Hg, ejection fraction >50%, and no ischemia. Before
treatment, exercise systolic BP was 213 � 13 mm Hg (mean � SD) in the 19 patients
randomized to losartan and 209 � 11 mm Hg in the 21 patients who received HCTZ. After
6 months, exercise systolic BP was similarly reduced in patients who received losartan (197 �
23 mm Hg, p <0.01) and HCTZ (191 � 11 mm Hg, p <0.01). With losartan, treadmill exercise
time increased from 894 � 216 to 951 � 225 seconds (p � 0.011), and quality of life improved
from 15 � 12 to 7 � 10 (p � 0.015) without a change in oxygen consumption (1,895 � 470
to 1,954 � 539 ml/min, p � 0.30). With HCTZ, exercise time (842 � 225 to 872 � 239
seconds, p � 0.32) and quality of life (19 � 21 vs 19 � 24, p � 0.43) did not change,
whereas oxygen consumption decreased from 2,144 � 788 to 1,960 � 706 ml/min (p �
0.022). In conclusion, in patients with diastolic dysfunction and hypertensive responses to
exercise, 6 months of losartan and HCTZ blunted systolic BP during exercise. Only losartan
increased exercise tolerance and improved quality of life. © 2006 Elsevier Inc. All rights

reserved. (Am J Cardiol 2006;98:383–385)
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ur previous studies of the effect of treating left ventricular
LV) diastolic dysfunction and exertional hypertension with
ngiotensin receptor blockers evaluated only 2 weeks of
herapy.1,2 The effect of longer term treatment has not been
tudied. Hydrochlorothiazide (HCTZ) is an effective anti-
ypertensive agent that is used as initial therapy for systolic
ypertension. Because HCTZ does not diminish (and may
ncrease) the activity of the renin-angiotensin system, we
ypothesized that long-term therapy with an angiotensin
eceptor blocker would be more effective than HCTZ in
hese patients. Accordingly, this randomized, double-
linded study was undertaken to determine the effects of 6
onths of treatment with losartan and HCTZ on exercise

olerance in patients with mild LV diastolic dysfunction and
ypertensive responses to exercise.
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ubjects were recruited from patients who underwent exer-
ise testing for the evaluation of coronary artery disease as
cause of exertional dyspnea. Entry criteria included an

bnormal Doppler mitral valve flow velocity pattern, with
eak E-wave velocity less than peak A-wave velocity (E/A
atio �1.0), a LV ejection fraction �0.50 by 2-dimensional
chocardiography, no evidence of myocardial ischemia on
tress testing, no significant valvular heart disease, systolic
lood pressure (BP) at rest of �150 mm Hg, and peak
ystolic BP �200 mm Hg during exercise. Patients taking
n angiotensin II receptor blocker or HCTZ were excluded,
nd patients taking other medications were included. Pa-
ients with other disorders that could limit exercise tolerance
ere excluded.
Each subject provided written informed consent to the

rotocol, which was approved by the respective institutional
eview boards. All baseline medications were continued
uring the study. Baseline serum electrolytes, 2-dimen-
ional echocardiography at rest, and Doppler measurements
f mitral valve flow velocities were obtained. Quality of life
QOL) was assessed with the Minnesota Living With Heart
ailure Questionnaire,3 modified to assess symptoms over

he preceding 2 weeks. The subjects then underwent base-
ine treadmill exercise tests using the modified Bruce pro-
ocol.4 BP was measured using a sphygmomanometer at the
nd of each 3-minute stage. The subjects were encouraged to
xercise to exhaustion. Expired gas was continuously moni-
ored to determine maximum oxygen consumption
MVO2max).5 The patients were randomly assigned to receive
osartan 50 mg or HCTZ 12.5 mg in identical gelatin capsules

ach evening. The investigators and subjects were unaware of

www.AJConline.org
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he assignment. After 12 weeks and again after 24 weeks, the
readmill exercise tests and other studies were repeated. Exer-
ise tests were performed from 9:00 to 10:00 A.M.

All echocardiograms were obtained in a core laboratory
y a single technician. LV volumes and ejection fractions at
est were measured from the apical 4-chamber view using
he modified Simpson’s rule method.5,6 LV mass was cal-
ulated using the area–length method. The transmitral flow
elocity was measured using pulse-wave Doppler with
he sample volume positioned between the mitral leaflet
ips during diastole, as previously described.1 The E- and
-wave peak velocities, the ratio of E- to A-wave peak
elocity (E/A ratio), E-wave deceleration time, and isovolu-
ic relaxation time were determined as the medians of
easurements of 3 separate beats.
The study was analyzed as prespecified at 24 weeks, with

he last measurement carried forward if the 24-week obser-
ations were missing. Data are expressed as mean � SD.
he effects of losartan and HCTZ were compared with
aseline values using paired Student’s t tests. The change
rom baseline of losartan and HCTZ were compared using
tudent’s t tests. Because the QOL score is not normally
istributed, the scores were compared using Wilcoxon’s
est. The level of significance was considered p �0.05.

Forty subjects provided informed consent to participate
n this study. Their baseline characteristics are listed in
able 1.

A total of 5 subjects did not complete the study. Two
ubjects assigned to receive losartan did not complete the
ntire protocol: 1 dropped out before the 12-week visit
ecause of increased creatinine, and 1 dropped out after the
2-week visit because of the development of unstable an-
ina. Three patients assigned to HCTZ dropped out: 2 sub-
ects withdrew consent before the 12-week study, and 1
ubject dropped out after the 12-week study.

The baseline Doppler echocardiographic findings were
imilar in the patients randomized to HCTZ and losartan
Table 2). The only significant change after 24 weeks of
reatment with either agent was a decrease in the E/A ratio with
osartan. There was a tendency for LV volume to increase with
CTZ that did not reach statistical significance.
Systolic and diastolic BP at rest were similar in the 2

able 1
atient characteristics

haracteristic HCTZ Losartan
(n � 21) (n � 19)

ge (yrs) 60 � 9 63 � 6
omen/men 7/14 6/13
ypertension 15 (71%) 9 (48%)
ngiotensin-converting enzyme-1 10 (48%) 5 (26%)
Blocker 8 (38%) 3 (16%)

alcium channel blocker 4 (19%) 1 (5%)
tatin 8 (38%) 6 (31%)
roups before treatment (Table 3). Systolic BP tended to t
ecrease with HCTZ and losartan. The changes with HCTZ
nd losartan were similar (p � 0.43).

At the baseline visit, systolic BP during peak exercise
as 213 � 13 mm Hg in the 19 patients randomized to

osartan and 209 � 11 mm Hg in the 21 patients who
eceived HCTZ (Table 3). There were no significant
hanges in BP at rest after 6 months. However, systolic BP
uring peak exercise was similarly reduced in patients who
eceived losartan and HCTZ. With losartan, exercise time
ncreased, and QOL improved, without a change in MVO2max.
n contrast, with HCTZ, there was no significant improve-
ent in exercise time or QOL, whereas MVO2max de-

reased. The response of MVO2max to HCTZ and losartan
as significantly different.

• • •
e studied patients with Doppler echocardiographic evi-

ence of diastolic dysfunction and marked systolic hyper-
ension during exercise. The “impaired relaxation pattern”
f LV filling in our subjects is an early manifestation of
bnormal LV diastolic performance7,8 and was caused by
ypertension, LV hypertrophy, and/or the normal aging
rocess.9 The patients had normal LV ejection fractions, and
one of the patients had evidence of exercise-induced myo-
ardial ischemia. All of our patients were asymptomatic at
est but had dyspnea with exertion, and thus may be con-
idered to have functional class I or II diastolic heart failure.

We found that 6 months of treatment with HCTZ and
osartan were equally effective at reducing exercise systolic
P. However, only the addition of losartan to the patients’
edications improved their ability to walk on a treadmill by

pproximately 1 minute using the modified Bruce protocol.
he improvement in treadmill exercise time was also man-

fest as an increase in QOL as measured by the Minnesota
iving With Heart Failure Questionnaire.3 These improve-
ents occurred despite relatively good exercise tolerance

nd mild symptoms at baseline. In contrast, treatment with
CTZ, which was equally effective in blunting systolic BP
uring exercise, did not improve exercise time or QOL,
hereas MVO2max decreased.
Our results with 6 months of treatment with losartan are

imilar to our previous findings with short-term therapy
ith losartan1 and candesartan.2 Setaro et al10 found that 5
eeks of therapy with verapamil improved treadmill exer-

ise time in patients with symptomatic heart failure and
ormal LV ejection fractions. The effect of verapamil on
ystolic BP during exercise was not measured in their study.
imilarly, short-term verapamil therapy increased exercise

olerance in patients with diastolic dysfunction due to hy-
ertrophic cardiomyopathy.11 Finally, intravenous vera-
amil reduced arterial and ventricular stiffness in elderly
atients and increased the anaerobic threshold.12

We measured exercise tolerance using the modified
ruce protocol of treadmill exercise.4 The duration of ex-
rcise in our study may have been influenced by the pa-

ients’ motivation and subjective interpretation of their
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ymptoms during exercise. These confounding effects
hould have reduced our ability to observe a benefit from
herapy. Alternatively, the lower exercise systolic BP during
herapy may have influenced the examiners to push the
ubjects further. Because we studied only 40 patients, dif-
erences in the baseline characteristics and medications may
ave influenced our results.
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