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This 12-week, open-label, multicenter study assessed
the efficacy and safety of losartan/hydrochlorothiazide
(HCTZ), alone or in combination with other antihyper-
tensive agents, in the treatment of patients with severe
systemic hypertension. Treatment began with once-daily
losartan/HCTZ 50/12.5 mg. The dose was increased to
100/25 mg, if required, to achieve blood pressure (BP)
control (sitting diastolic BP <95 mm Hg); felodipine (ex-
tended release) and/or atenolol could be added if target
sitting diastolic BP was not achieved with losartan/HCTZ
alone. Mean sitting systolic BP of the 131 patients en-
rolled was 165.3 mm Hg at baseline and 139.8 mm Hg
at final visit (reduction 225.4 mm Hg; p <0.01). Mean
sitting diastolic BP was 111.9 mm Hg at baseline and
93.6 mm Hg at final visit (reduction 218.4 mm Hg; p
<0.01). After 2 weeks of treatment, 63.8% of patients

(83 of 130) were taking losartan/HCTZ 50/12.5 mg
alone. By the final visit, one third of patients (35.1%;
46/131) were still only taking losartan/HCTZ. Most pa-
tients (48.1%; 63 of 131) were taking losartan/HCTZ
100/25 mg plus felodipine (extended release) at the
final visit. Losartan/HCTZ was well tolerated. Drug-re-
lated adverse experiences occurred in 30 patients
(22.9%). Only 2 patients (1.5%) had a serious adverse
experience; 6 patients (4.6%) discontinued the drug be-
cause of an adverse experience. In conclusion, losartan/
HCTZ, alone or as part of a regimen with other standard
antihypertensive agents, is effective and well tolerated
in the treatment of patients with severe hypertension.
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Angiotensin II antagonists were introduced in 1994
for the treatment of hypertension. They offer the

benefits of other established antihypertensive agents in
terms of blood pressure (BP) control, with an im-
proved safety profile. Losartan potassium, a highly
selective angiotensin II AT1 receptor antagonist,1 was
the first angiotensin II antagonist to be introduced for
the treatment of hypertension. A single daily dose
blocks the angiotensin I- and angiotensin II-induced
pressor response, thereby eliciting a reduction in
BP.2,3 Hydrochlorothiazide (HCTZ) is a diuretic agent
that increases the excretion of sodium, chloride, and
water, and therefore reduces BP initially through a
reduction in plasma volume. The decrease in plasma
volume triggers a reactive increase in plasma renin
activity, with 2 important implications. First, the an-
tihypertensive effects of the diuretic are, to some
extent, blunted. Second, activation of the renin angio-
tensin system allows for complementary and additive
effects of losartan in combination with HCTZ. HCTZ,

by activating the renin-angiotensin axis, augments the
response to losartan, whereas losartan, by blocking the
AT1 receptor, enhances the antihypertensive effect of
HCTZ. Therefore, the concomitant use of losartan
should allow for the use of lower doses of HCTZ, and
thus minimize the potential for dose-dependent ad-
verse reactions and metabolic alterations (e.g. hypo-
kalemia, hyperuricemia). This study was designed to
further evaluate the potential benefits of the concom-
itant use of losartan and HCTZ in a fixed dose formu-
lation in patients presenting with either severe, un-
treated hypertension or a history of severe hyperten-
sion inadequately controlled by current therapy.

METHODS
Patients: Men and women eligible for participation

in the study had either (1) an untreated sitting diastolic
BP of 115 to 125 mm Hg, or (2) a documented history
of severe hypertension, with a currently treated sitting
diastolic BP of 100 to 125 mm Hg. At least 50% of
patients enrolled at each site had to have a sitting
diastolic BP of 115 to 125 mm Hg immediately before
the first dose of losartan/HCTZ. If patients had been
previously treated, sitting diastolic BP must have re-
mained at$100 mm Hg and not increased by.15
mm Hg 48 hours after discontinuation of prior ther-
apy.

Eligible patients were between 18 and 75 years of
age, with no other concurrent medical problems (other
than essential hypertension) that might affect BP, and
no clinically significant abnormalities on prestudy lab-
oratory screening.

Patients were excluded if they had been previously
treated with losartan, if they had any known sensitiv-
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ity to HCTZ, if they were taking any medication that
might lower BP, if they were pregnant or lactating,
and if they had evidence of malabsorption syndrome
or gastrointestinal resection. The concomitant use of
major psychotropic agents, oral steroids, or adreno-
corticotropic hormones was not permitted. Patients
were excluded if they had poorly controlled diabetes
mellitus, severe disease that might preclude participa-
tion or survival (e.g., neoplasm), bleeding or platelet
disorders, the absence of 1 kidney, alcohol or sub-
stance abuse in the past 2 years, and mental or legal
incapacitation. The following cardiovascular condi-
tions were also among the reasons for exclusion: sec-
ondary hypertension, malignant hypertension, sitting
systolic BP.220 mm Hg, history of cerebrovascular
accident or transient ischemic attack, and myocardial
infarction in the past year.

Study design: This was a 12-week, open label,
multicenter study. All patients began treatment with a
once-daily, single dose of losartan/HCTZ 50/12.5 mg.
The dose was increased to losartan/HCTZ 100/25 mg,
as required, to achieve BP control; felodipine ex-
tended release (ER) and/or atenolol could also be
added later in the treatment schedule. The treatment
goal was a sitting diastolic BP,95 mm Hg (although
a target BP,90 mm Hg could be used at the inves-
tigator’s discretion). Study design and dosing sched-
ules are summarized in Figure 1.

BP, heart rate, and body weight were measured at
each clinic visit. Sitting and standing BP and heart rate

were measured at trough, and 22 to 26 hours after the
previous day’s dose of study medication (i.e., at the
start of each study visit). BP was measured 3 times at
1-minute intervals; all 3 measures, in addition to the
means of the measurements, were recorded as the
sitting and standing BPs for that visit. Heart rate was
measured over$30 seconds, and was assessed after 5
minutes sitting or 2 minutes standing, immediately
before measurement of BP.

Patients were monitored throughout the study for
the occurrence of clinical and laboratory adverse ex-
periences. All adverse experiences were classified ac-
cording to intensity (mild, moderate, severe), serious-
ness, and relation to study medication. Laboratory
specimens (for hematology, blood chemistry, and uri-
nalysis) were collected at study entry and treatment
end. A full physical examination was performed and
an echocardiogram recorded at study entry and treat-
ment end. A chest x-ray was obtained at the start of the
study, if one had not been obtained over the previous
6 months.

The study conformed to all local guidelines regu-
lating the participation of patients in biomedical re-
search.

Data evaluation and statistical analysis: The study
was powered so that if$100 patients completed the
study, there would be.99% power to detect a 5-mm
Hg reduction in sitting diastolic BP as significant
(assuming an SD#9 mm Hg for changes from base-
line in sitting diastolic BP, and a 5% level of signifi-

FIGURE 1. Study design and dosing schedule. *Previous antihypertensive medication withdrawn, and losartan/hydrochlorothiazide
therapy started 48 hours later (untreated patients started therapy immediately). †If the patient could not tolerate felodipine ER, ateno-
lol could be substituted (50 or 100 mg once daily). ‡If the patient was not controlled with losartan/hydrochlorothiazide 100/25 mg
and felodipine ER 10 mg, atenolol could be added as a fourth agent (50 mg titrated to 100 mg, once daily).
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cance for a 2-sided test). An all-patients-treated ap-
proach was used in the analysis of efficacy and safety,
whereby patients with at least 1 treatment period mea-
surement were included in the final visit analysis.
One-samplet tests (2-sided, 5% level of significance)
were used to evaluate the changes from baseline in
BP.

Efficacy was assessed as change from baseline in
trough sitting and standing diastolic BP after 2, 4, and
8 weeks, and the final visit (usually, but not always,
week 12). Changes in BP were also evaluated in a
subset of the population with baseline sitting diastolic
BP $115 mm Hg, and compared with those with
baseline sitting diastolic BP 105 to 114 mm Hg and
100 to 104 mm Hg.

Safety was evaluated by summarizing the inci-
dence of clinical and laboratory adverse experiences,
comparing final visit with baseline values. The ther-
apy a patient was taking on the day of an adverse
experience determined the therapeutic regimen to
which that adverse experience was assigned. If the
adverse experience occurred when the patient was not
taking the drug, then the reaction was assigned to the
therapeutic regimen taken previously (within 14
days). The proportion of patients exceeding clinically
meaningful, predefined values for laboratory parame-
ters was also assessed.

RESULTS
Patient population: One hundred thirty-one patients

were enrolled into the study. Baseline patient charac-
teristics are summarized in Table 1. Most patients
(n 5 125; 95%) had at least 1 other diagnosis, the
most frequent being retinopathy (n5 46; 35%) and
headache (n5 23; 18%). Most patients (n5 122;
93%) were taking some form of therapy before study

entry; 110 patients (84.0%) were taking medication
associated with cardiovascular disorders.

Of the 131 patients entered into the study, 103
(78.6%) completed the 12-week treatment schedule.
Reasons for discontinuation were protocol deviation
(n 5 7), clinical adverse experiences (n5 6), lost to
follow-up (n 5 4), patient withdrawal (n5 4), inef-
fective therapy (n5 3), noneligibility (n 5 1), labo-
ratory adverse experiences (n5 1), patient incarcer-
ation (n5 1), and noncompliance (n5 1).

Blood pressure reduction: The mean sitting systolic
BP of the 131 patients enrolled was 165.3 mm Hg at
baseline and 139.8 mm Hg at final visit, a significant
reduction of 25.4 mm Hg (p#0.01). Similarly, sitting
diastolic BP was 111.9 mm Hg at baseline and 93.6
mm Hg at final visit, a significant reduction of 18.4
mm Hg (p #0.01). Changes from baseline in sitting
systolic and diastolic BP are shown in Figure 2.

The BP reductions from baseline were statistically
significant (p#0.01) at each time point measured, i.e.,
at weeks 2, 4, and 8 as well as the final visit. Figure 3
illustrates the changes in sitting systolic and diastolic
BP, and reflects the changing composition of the treat-
ment regimens over time.

After 2 weeks of treatment, 63.8% of patients (83
of 130) were taking losartan/HCTZ 50/12.5 mg,
whereas 33.8% (44 of 130) had titrated to the higher
dose (100/25 mg). By week 4, most patients (53.7%;
65 of 121) were taking losartan/HCTZ 100/25 mg, and
by the eighth week 58.5% (62 of 106) were taking
losartan/HCTZ 100/25 mg plus felodipine ER. At the
final visit, one third of patients (35.1%; 46 of 131) was
taking losartan/HCTZ only. The largest therapeutic
group (48.1%; 63 of 131) was taking losartan/HCTZ
100/25 mg plus felodipine ER. An additional 11.4% of
patients (15 of 131) was taking this regimen plus
atenolol as a fourth antihypertensive agent.

Sixty-one patients (46.6%) had a sitting diastolic
BP $115 mm Hg at baseline. In this subgroup, mean
baseline sitting diastolic BP was 118.5 mm Hg, and
was reduced with treatment to 95.6 mm Hg (change
222.9 mm Hg). Similarly, sitting systolic BP was
reduced from a mean 173.0 mm Hg at baseline to
141.6 mm Hg at final visit (change231.4 mm Hg).
These changes in BP, as well as the changes at weeks
2, 4, and 8, were statistically significant (p#0.01). By
comparison, sitting systolic/diastolic BP changes from
baseline to final visit in the 105- to 114-mm Hg and
100- to 104-mm Hg groups were223.6/215.6 and
215.7/212.9 mm Hg, respectively; all changes were
statistically significant (p#0.01).

Of the 131 patients enrolled in the study, 47
(35.8%) had a category I BP response (sitting diastolic
BP ,90 mm Hg at the final visit) and 62 (47.3%) a
category II response (sitting diastolic BP$90 mm Hg
at final visit but with a reduction of 10 mm Hg or
more), giving an overall responder rate of 83.1%. A
similar response pattern was seen in the subgroup of
patients with a sitting diastolic BP$115 mm Hg at
baseline, although there were slightly more responders
to treatment overall (Figure 4).

TABLE 1 Baseline Patient Characteristics (n 5 131)

Baseline Characteristic Number (%)

Sex
Women 30 (23%)
Men 101 (77%)

Age (yrs)
,35 4 (3%)
35–44 22 (17%)
45–54 43 (33%)
55–64 46 (35%)
65–74 16 (12%)
Mean 6 SD 53.0 6 9.9
Median (range) 53.0 (29–74)

Racial origin
Caucasian 88 (67%)
Black 41 (31%)
Hispanic 1 (1%)
Indian 1 (1%)

Duration of primary diagnosis (yrs)
,1 5 (4%)
1–5 20 (15%)
5.01–10 37 (28%)
.10 69 (53%)
Mean 6 SD 13.9 6 9.8
Median (range) 12.0 (0.08–45)
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Safety: In all, 102 patients (77.9%) had$1 clinical
adverse experience. These were considered drug re-
lated in 30 patients (22.9%), serious in 2 (1.5%), and
resulted in withdrawal from the study in 6 (4.6%). A
summary of the adverse experiences is presented in
Table 2. The most frequently reported adverse expe-
riences (.10% of patients) were upper respiratory
infection (21 of 131; 16.0%), asthenia/fatigue (18 of
131; 13.7%), and headache (16 of 131; 12.2%). Ede-
ma/swelling was seen in 7 patients (5.3%).

The overall incidence of laboratory adverse expe-
riences was 14.8%. Of these, 6.3% were considered
drug related, 0.8% serious (1 patient with elevated
prostate-specific antigen), and 0.8% resulted in patient
withdrawal from the study (1 patient with elevated
serum creatinine). There were no clinically important
changes in laboratory safety measures. More than
77% of patients were within the predefined limits of
change for each of the 16 laboratory parameters eval-
uated. Measurement of mean (6 SD) changes in lab-
oratory values revealed a slight increase in serum
glucose with HCTZ administration (16.15 6 20.15
mg/dl), in line with predicted changes for HCTZ.
Serum uric acid levels decreased despite HCTZ ad-
ministration (20.266 1.04 mg/dl).

Across all patients, mean (6 SD) pulse rate at the
final visit was within 1 beat/min of the baseline mean
(change in standing pulse rate10.7 6 10.3, sitting
pulse rate21.0 6 10.7 beats/min). Average (6 SD)
weight gain was#2 lbs over the course of the study
(1.6 6 5.0 lbs).

DISCUSSION
A fixed combination of losartan/HCTZ, once-daily,

produced a statistically and clinically significant re-
duction in BP in patients with severe hypertension,
whether administered alone or in combination with
other antihypertensive agents. By the final visit, pa-
tients had experienced a mean reduction in sitting BP
of 225.4/218.4 mm Hg (p#0.01). Overall, 83.1% of

patients had a sitting diastolic BP
,90 mm Hg or a decrease of$10
mm Hg at the end of treatment,
indicative of a clinically important
reduction in BP in most patients.

A clinically meaningful and sta-
tistically significant reduction in
sitting BP (212.5/210.1 mm Hg)
was seen as early as week 2, when
most patients (97.7%) were being
treated with losartan/HCTZ alone.
This suggests that the losartan/
HCTZ combination is effective in
the initial treatment of patients with
severe hypertension. The magni-
tude of early response is encourag-
ing, particularly for patients with
severe hypertension, because these
patients frequently have multiple
mechanisms underlying their hy-
pertension. As the study pro-
gressed, dose adjustment and the

addition of other antihypertensive agents was required
for a subset of the patients, as might have been pre-
dicted for a patient population with severe hyperten-
sion. At the final visit, the percentage of patients
treated only with losartan/HCTZ still accounted for
approximately one third of patients (35.1%).

A similar trend was seen in the 12-week, open-
label study reported by Dunlay et al.4 In this study,
patients with severe hypertension began treatment
with losartan 50 mg, the dose was titrated to 100 mg,
HCTZ was added (12.5 mg titrated to 25 mg), plus
other antihypertensive therapies as required. At the
end of the treatment period, 30% of patients were still
receiving losartan and HCTZ only. Another study of
similar design in patients with severe hypertension
was reported by Ruff et al.5 Losartan and enalapril
were given as initial therapy, with subsequent dose
titration and the addition of other antihypertensive
therapy (HCTZ, atenolol, a dihydropyridine, or an
alternative) as required. Results demonstrated that lo-
sartan and enalapril in combination with other antihy-
pertensive agents effectively lowered BP. At the end
of the 12-week treatment period, 21% of patients (16
of 75) remained on losartan/HCTZ alone. Ninety-
eight percent of patients assigned to losartan and
100% of patients assigned to enalapril had a satisfac-
tory response (diastolic BP,90 mm Hg or a reduction
in BP of $10 mm Hg).

Subgroup analysis in the present study revealed
that patients with a particularly high BP at baseline
(sitting diastolic BP$115 mm Hg) had a numerically
superior response to treatment (change from baseline
222.9 mm Hg) than patients with baseline sitting
diastolic BP of 105 to 114 mm Hg (change215.6 mm
Hg) or 100 to 104 mm Hg (change212.9 mm Hg).
This is a well known phenomenon, often described as
the law of initial values, or the “parachute” effect.
Patients with the most severe hypertension were also
seen to have the best overall response to treatment;

FIGURE 2. Mean change (6 SD) from baseline to final visit in trough sitting systolic and
diastolic BP: all patients (n 5 131; *p <0.01).
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86.9% had a BP response in category I or II (compared
with 83.1% of the total study population).

This was an open-label study, but the efficacy and
safety data are consistent with a recently published
placebo-controlled trial of another angiotensin II an-
tagonist, candesartan (8 to 16 mg)/HCTZ (12.5 mg).6

Published data for combination therapy are also avail-
able from double-blind, placebo-controlled trials in
patients with mild-to-moderate hypertension.7–11

These studies have shown repeatedly that the antihy-
pertensive effects of an angiotensin II antagonist/
HCTZ combination are additive relative to the indi-
vidual components. A meta-analysis by Conlin et al12

evaluated 43 published, randomized controlled trials

with losartan, valsartan, irbesar-
tan, and candesartan, alone and in
combination with low-dose
HCTZ. Across 11,281 patients,
responder rates for angiotensin II
antagonist monotherapy ranged
from 48% to 55% (absolute
weighted average diastolic BP re-
duction 8.2 to 8.9 mm Hg); anti-
hypertensive efficacy was compa-
rable across all agents. With the
addition of HCTZ 12.5 mg, re-
sponder rates increased to 56% to
70% (reduction 9.9 to 13.6 mm
Hg), indicating a substantial po-
tentiation of the antihypertensive
efficacy.

The losartan/HCTZ combina-
tion was well tolerated in the
present study. The open-label
study design does not allow com-
parison with placebo, but other
studies have shown the safety pro-
file of losartan/HCTZ to be simi-
lar to losartan alone, and to pla-
cebo. In an analysis of 2,900 hy-
pertensive patients published by
Goldberg et al,13 a similar number
of drug-related adverse experiences
was seen in patients treated with
losartan (15.3%), losartan/HCTZ
(14.8%), and placebo (15.5%).
These 8- to 12-week data are sup-
ported by a published report of
long-term safety,14 which showed
the long-term safety of losartan and
losartan/HCTZ to be in line with
that of the short-term studies (losar-
tan drug-related adverse events
13.4%, losartan/HCTZ 14.7%).

A recently reported double-
blind study in patients with moder-
ate to severe hypertension suggests
improved tolerability of losartan/
HCTZ 100/25 mg compared with
enalapril/HCTZ 10/25 mg.15 BP
was significantly reduced (p
,0.001) relative to previous ther-

apy, and tolerability improved with each combination.
However, the losartan/HCTZ combination was more tol-
erable than enalapril/HCTZ. Overall, 16.5% of patients
taking losartan/HCTZ and 21.4% patients taking enala-
pril/HCTZ experienced drug-related adverse experi-
ences. The incidence of respiratory adverse experiences
was significantly higher (p5 0.042) with enalapril/
HCTZ than with losartan/HCTZ, a reflection of the
higher incidence of cough (10.4% with enalapril/HCTZ;
4.0% with losartan/HCTZ).

In the present study, there were no clinically rele-
vant changes in any laboratory safety measures. How-
ever, serum uric acid levels decreased in the presence
of HCTZ, even though thiazide diuretics are known to

FIGURE 3. Mean reductions in trough sitting systolic and diastolic BP for all patients.
Lines on the bars represent the percentage of patients on a particular treatment regimen
at a particular point in time. Other 5 100 mg losartan/25 mg HCTZ/feldopine ER/
atenolol; or 100 mg losartan/25 mg HCTZ/atenolol; or 50 mg losartan/12.5 mg HCTZ/
felodipine; or off drug.
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increase serum uric acid.16 This points to the previ-
ously reported uricosuric properties of losartan.17,18 It
also highlights the potential for an improved safety
profile of HCTZ at lower doses, and the particular
benefits of a losartan/HCTZ combination. Edema/
swelling was only seen in 7 patients (5.3%), despite
this being a well documented effect of dihydropyri-
dine calcium antagonists such as felodipine. Presumably,
the addition of HCTZ to the losartan/felodipine regimen
alleviated any edematous effects of felodipine.

In conclusion, once-daily losar-
tan/HCTZ, alone or in combination
with other antihypertensive agents,
is well tolerated and effective in the
treatment of patients with severe hy-
pertension.
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FIGURE 4. Categories of antihypertensive response at the final visit in the total study
population (n 5 131) and in the subpopulation of patients (n 5 61) with a sitting dia-
stolic BP >115 mm Hg at baseline. Category I 5 patients with a final sitting diastolic
blood pressure <90 mm Hg; category II 5 patients with a final sitting diastolic BP
>90 mm Hg, but with a reduction from baseline of >10 mm Hg.

TABLE 2 Summary of Clinical Adverse Experiences*

Combined
(n 5 131)

Losartan/Hydro-
chlorothiazide

(n 5 131)

Losartan/Hydrochlo-
rothiazide/Other

(n 5 89)

Number of patients (%)
With $1 adverse
experiences

102 (77.9%) 70 (53.4%) 59 (66.3%)

With serious adverse
experiences

2† (1.5%) 2 (1.5%) 0

Discontinued due to
adverse experiences

6‡ (4.6%) 4 (3.1%) 2 (2.2%)

Who died 0 0 0
With drug-related
adverse experiences

30 (22.9%) 17 (13.0%) 16 (18.0%)

*The number of adverse experiences in the treatment regimens may not add up to the number in the
combined group, because the same patient may have received different treatments at different times, and
these could be counted more than once.

†One patient with prostate cancer (not drug related, treatment continued), 1 patient with mild chest
pain (possibly drug related, treatment withdrawn)

‡In 5 of the 6 patients, adverse experiences were considered possibly drug related, and included
dizziness, chest pain, palpitation, tremor, diarrhea, pain (wrist, chest, and elbow), tremor, asthenia/
fatigue, somnolence, nausea, depression, nervousness, hypersomnia, and headache.
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