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ABSTRACT
Background: Several studies have shown that antihypertensive monother-

apy is commonly insufficient to control blood pressure (BP) in hypertensive
patients and that concomitant use of �2 drugs is necessary in ∼50% of these pa-
tients. The combination of an angiotensin-converting enzyme (ACE) inhibitor
and a diuretic, delapril plus indapamide (D�I), has been shown to be effective
and tolerable, with no interaction between the 2 components. Another widely
used combination of ACE inhibitor and diuretic is lisinopril plus hydrochlorothi-
azide (L�H).

Objectives: The aims of this study were to confirm the antihypertensive
efficacy and tolerability of the fixed combination of D�I in mild to moderate hy-
pertension, and to compare its therapeutic efficacy and tolerability with that
of L�H.

Methods: The antihypertensive efficacy and tolerability of a fixed combina-
tion of D�I (30-mg � 2.5-mg tablets once daily) or L�H (20-mg � 12.5-mg
tablets once daily) in patients with mild to moderate hypertension were com-
pared in a multinational, multicenter, randomized, 2-armed, parallel-group
study. Eligible patients were aged 18 to 75 years and had a diastolic blood
pressure (DBP) 95 to 115 mm Hg and a systolic blood pressure (SBP) �180 mm
Hg, both measured in the sitting position. After a single-blind, placebo run-in
period of 2 weeks, patients were randomized to receive 1 of the 2 treatments
for a 12-week period. The primary efficacy end point was the BP normalization
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rate (ie, the percentage of patients with a sitting DBP �90 mm Hg) after 12
weeks of treatment. Secondary end points were as follows: (1) the responder
rate (ie, the percentage of patients whose sitting DBP was reduced by �10 mm
Hg from baseline or had a DBP �90 mm Hg after 12 weeks of treatment), (2)
the percentage of patients with a DBP �85 mm Hg, and (3) changes in sitting
SBP and DBP after 4, 8, and 12 weeks of treatment.

Results: A total of 159 hypertensive patients (88 women, 71 men) were ran-
domized to receive D�I (44 women, 36 men; mean [SD] age, 53 [11] years) or
L�H (44 women, 35 men; mean [SD] age, 55 [10] years). No significant between-
group differences were found in any of the primary or secondary end points of
the study. Both combinations induced a significant reduction in sitting DBP and
SBP from baseline (P � 0.001 for both groups at week 12), without significant
differences between the groups. Five mild to moderate adverse drug reactions
(ADRs) occurred in each treatment group. No patient dropped out of the study
because of an ADR.

Conclusion: This study showed no difference between D�I and L�H in
terms of antihypertensive efficacy or tolerability in patients with mild to moder-
ate hypertension. (Curr Ther Res Clin Exp. 2003;64:290–300) Copyright � 2003
Excerpta Medica, Inc.

Key words: hypertension, delapril, indapamide, lisinopril, hydrochlorothia-
zide, combination therapy.

INTRODUCTION
Hypertension represents one of the most common risk factors for cardiovascu-
lar disease, the major cause of mortality and disability in industrialized coun-
tries. The results of 2 clinical studies1,2 have demonstrated that blood pressure
(BP) reduction provides benefits in terms of reduced cardiovascular mortality
and morbidity, and the scientific community recommends early diagnosis and
aggressive therapy for hypertension.3,4 The major goal in the treatment of hyper-
tensive patients should be normalization of BP; 1 trial5 also has shown that the
incidence of cardiovascular complications is often higher in treated hyperten-
sive patients than in matched normotensive subjects.

Several studies3,4,6 conducted to identify the ideal antihypertensive drug have
shown that monotherapy is commonly insufficient to control BP in hyperten-
sive patients and that concomitant use of �2 drugs is necessary in ∼50% of
these patients. Moreover, in addition to the superior therapeutic efficacy of this
approach, the concomitant administration of antihypertensive drugs with differ-
ent mechanisms of action allows dose decreases with the associated advantage
of reduction of adverse events (AEs).3,4

Among antihypertensive therapies, angiotensin-converting enzyme (ACE)
inhibitors have become widely used therapeutic agents; in particular, a common
approach is the combined administration of an ACE inhibitor and a diuretic.7
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The greater antihypertensive efficacy of the combination is due not only to the
antihypertensive effect of the single components but also to their complemen-
tary mechanisms of action. The ACE inhibitor blocks the counter-regulatory
increase in angiotensin II (AII) triggered by diuretic therapy, and the diuretic
appears to enhance the antihypertensive action of ACE inhibition, particularly
in patients with reduced activity of the renin–angiotensin system. Furthermore,
the modern fixed combinations of antihypertensive drugs have the advantages
of ease of use; convenience; improved compliance; and, in general, lower cost.

Delapril is an esterified nonsulfhydryl ACE inhibitor, characterized structur-
ally by the presence of an indanylglycine group. It is a prodrug that is well
absorbed after oral administration and widely metabolized in vivo to the active
metabolites M-I and M-III and the inactive metabolite M-II. Delapril has high,
protracted antihypertensive activity. This drug strongly inhibits ACE, is more
potent than captopril and enalapril in inhibiting vascular ACE, and differs from
these drugs in that it is specific to the C-site of human tissue ACE.8

Indapamide is a methylindoline derivative with diuretic activity that inter-
feres with vascular hyperreactivity in hypertensive patients, acting directly on
vascular smooth muscle. As with thiazide-like diuretics, the diuretic activity of
indapamide is limited to the cortical diluting segment of the nephron, and its
vasodilating activity is thought to be due to different mechanisms—antagonism
of norepinephrine, epinephrine, and AII vasoconstriction, reduction of trans-
membrane ionic exchange, and stimulation of prostaglandin E2 synthesis.
Compared with thiazide diuretics, indapamide appears to have less potassium-
depleting activity, and, in long-term therapy, it induces no negative effect on
lipid or glucose metabolism.9–11

Clinical trials12–17 of the combination of delapril plus indapamide (D�I)
showed, both in case of single administration and at steady state, no interaction
between the 2 components, and demonstrated its antihypertensive efficacy. The
efficacy of this combination therapy in comparative studies15,16 was significantly
higher than that of the single components and was superior to that of captopril
plus hydrochlorothiazide. The D�I combination was well tolerated,17 with a low
incidence of AEs, which were mainly neurologic (vertigo, headache), respiratory
(cough), gastrointestinal, and fatigue. Dermal and cardiovascular reactions were
found to a lesser extent. The systemic tolerability was confirmed by the results
of laboratory examinations. Another widely used combination of ACE inhibitor
plus diuretic is lisinopril plus hydrochlorothiazide (L�H).

The aims of this study were to confirm the antihypertensive efficacy and
tolerability of the fixed combination of D�I in mild to moderate hypertension,
and to compare its therapeutic efficacy and tolerability with those of L�H.

PATIENTS AND METHODS
Study Design
This was a multinational, multicenter, randomized, 2-armed, parallel-group
study with a 2-week, single-blind, placebo (matching D�I) run-in period followed
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by 12 weeks of treatment with a fixed combination of either D�I (30-mg � 2.5-mg
tablets once daily) or L�H (20-mg � 12.5-mg tablets once daily). The study was
approved by the ethics committee at each of the participating centers. After
written informed consent was obtained, the patients discontinued all existing
antihypertensive medications (if any) and entered the placebo run-in period.

Patients
Patients with mild to moderate hypertension and aged 18 to 75 years were
eligible. Patients had a diastolic blood pressure (DBP) 95 to 115 mm Hg and
a systolic blood pressure (SBP) �180 mm Hg, both measured in the sitting posi-
tion. Patients were excluded if they had any of the following: SBP �180 mm Hg;
secondary hypertension; orthostatic hypotension (decrease in SBP �30 mm Hg
on standing); heart failure; major arrhythmias; myocardial infarction, bypass
graft, coronary angioplasty, or cerebrovascular accidents in the preceding
6 months; severe peripheral arteriopathy; serum creatinine concentration
�1.5 mg/dL; severe hepatic, metabolic, hematologic, or immunologic disorders;
diseases of the gastrointestinal tract; psychiatric or neurologic disorders; known
hypersensitivity to the study drugs; poor compliance (�75% during the placebo
run-in period); or a history of alcohol or drug abuse. Patients also were excluded
if they were obese (body mass index, �32 kg/m2). Pregnant, possibly pregnant,
or lactating women also were excluded.

Methods
Patients who were eligible on the basis of the inclusion and exclusion criteria
were randomized to 1 of the 2 treatment groups. During the 12-week study,
each patient visited the clinic 5 times: 2 weeks before randomization; at random-
ization (week 0); and at 4, 8, and 12 weeks after randomization. SBP and DBP
were measured at each visit at 9:00 AM � 2 hours before drug administration.
BP was measured after the patient had been sitting comfortably at rest for 5
minutes. Three consecutive measurements were performed in the sitting posi-
tion (at 3-minute intervals), and the mean of the 3 measurements was used. BP
also was measured in the standing position after the patient had been standing
for 1 minute. Heart rate (HR) was measured at each visit in both the sitting and
standing positions after at least 5 minutes of comfortable rest.

The primary efficacy end point was the BP normalization rate (ie, the percent-
age of patients with a sitting DBP �90 mm Hg) after 12 weeks of treatment. Sec-
ondary end points were as follows: (1) the responder rate (ie, the percentage of
patients whose sitting DBP was reduced by �10 mm Hg from baseline or had
a DBP �90 mm Hg after 12 weeks of treatment), (2) the percentage of patients
with a DBP �85 mm Hg, and (3) changes in sitting SBP and DBP after 4, 8, and
12 weeks of treatment.

Tolerability analysis was performed by recording the occurrence of AEs,
changes in laboratory parameters (hematology, biochemistry, and urinalysis)
and physical signs, HR, and electrocardiographic abnormalities.
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Statistical Analysis
The analysis was carried out on both the intent-to-treat (ITT) population (ie,
patients who received �1 dose of the study drugs) and the per-protocol (PP)
population (ie, patients who completed the study without protocol violations). In
the ITT population, the last-observation-carried-forward method was applied to
manage missing data. Homogeneity of data was verified at baseline (chi-square
test, Mann-Whitney U test, and the Student t test), and normality of distribution
was tested at each study time point (Shapiro and Wilk’s W test). Comparisons
of normalized and responder patients between the 2 treatment groups were
performed using the chi-square test. Between-treatment differences in BP
changes were tested by the nonparametric Kruskal-Wallis test adjusted for
multiple comparisons (in case of nonnormal distribution of data) or by analysis
of variance for multiple comparison (in case of normal distribution of data).
Tolerability analysis was carried out on the ITT population using the chi-square
test. Data are expressed as mean (SD). P � 0.05 was used as the level of statistical
significance. The study provided an 80% power to detect a difference in BP
normalization rate of at least 12% between groups, with a hypothesis of 82%
of normalization in the L�H group and a significance level of 0.05. Thus, a total
of 156 patients was the target.

RESULTS
The study was conducted at 9 centers in Croatia, the Czech Republic, and
Slovenia. A total of 163 outpatients entered the run-in phase; of these, 159
(97.5%; 88 women, 71 men) were eligible for the active-treatment phase. Among
this sample, 80 patients (50.3%; 44 women, 36 men; mean [SD] age, 53 [11]
years) were randomized to the D�I group and 79 (49.7%; 44 women, 35 men;
mean [SD] age, 55 [10] years) to the L�H group (Table I). Two major protocol
violations occurred; therefore, the PP population comprised 78 patients (49.1%)
in the D�I group and 79 patients (49.7%) in the L�H group.

Patient demographic and clinical characteristics at baseline were comparable
in the 2 treatment groups.

The BP normalization rates were 82.5% [66/80] and 82.3% [65/79] in the
D�I and L�H groups, respectively (ITT analysis) (Figure 1). The PP analysis
showed normalization rates of 83.3% (65/78) and 82.3% (65/79) in the D�I
and L�H groups, respectively. No statistically significant differences were found
between the 2 groups.

The responder rate was 92.5% (74/80) in the D�I group compared with 91.1%
(72/79) in the L�H group (ITT analysis); the between-group difference was
not statistically significant. In the PP analysis, the responder rates were
93.6% (73/78) and 91.1% (72/79) in the D�I and L�H groups, respectively; no
significant between-group difference was found.

The percentage of patients who reached a sitting DBP �85 mm Hg was 63.8%
(51/80) in the D�I group and 60.8% (48/79) in the L�H group in the ITT analysis,
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Table I. Baseline demographic and clinical characteristics of the intent-to-treat study
population (N � 159).

Characteristic D�I (n � 80) L�H (n � 79)

Sex, no. (%)
Women 44 (55.0) 44 (55.7)
Men 36 (45.0) 35 (44.3)

Age, y
Mean (SD) 53 (11) 55 (10)
Range 24–73 23–72

Body weight, mean (SD), kg 79 (11) 79 (9)
Height, mean (SD), cm 170 (8) 170 (8)
Sitting DBP, mm Hg
Mean (SD) 101.6 (4.9) 102.2 (4.8)
Range 95–115 95–115

Sitting SBP, mm Hg
Mean (SD) 161.9 (11.5) 162.3 (13.1)
Range 127–180 135–180

HR, bpm
Mean (SD) 72.9 (9.7) 70.4 (7.4)
Range 55–98 56–88

Concomitant diseases, no. (%)
DM 14 (17.5) 9 (11.4)
Dyslipidemia 8 (10.0) 3 (3.8)
IHD 0 (0.0) 1 (1.3)

Previous antihypertensive treatment, no. (%) 31 (38.8) 33 (41.8)
ACE inhibitors 14 (17.5) 14 (17.7)
CCBs 9 (11.3) 7 (8.9)
Beta-blockers 5 (6.3) 7 (8.9)
Combination therapy 3 (3.8) 5 (6.3)

D�I � delapril � indapamide; L�H � lisinopril � hydrochlorothiazide; DBP � diastolic blood pres-
sure; SBP � systolic blood pressure; HR � heart rate; DM � diabetes mellitus; IHD � ischemic heart
disease; ACE � angiotensin-converting enzyme; CCBs � calcium channel blockers.

and 65.4% (51/78) and 60.8% (48/79) in the PP analysis. The between-group
differences were not statistically significant.

Sitting SBP was significantly reduced from baseline to study end with both
treatments (Table II). In the D�I group, the mean (SD) sitting SBP decreased
significantly, from 161.9 (11.5) mm Hg to 133.8 (12.2) mm Hg (P � 0.001). In the
L�H group, the mean (SD) sitting SBP significantly decreased from 162.4 (13.1)
mm Hg to 131.2 (11.6) mm Hg (P � 0.001). No significant between-group differ-
ences were found in changes in SBP or DBP at any visit (Figure 2).

In the D�I group, the mean (SD) sitting DBP after 12 weeks of treatment
significantly decreased, from 101.6 (5.0) mm Hg to 84.3 (6.7) mm Hg (P � 0.001).
Similarly, in the L�H group, mean (SD) sitting DBP decreased significantly, from
102.3 (4.9) mm Hg to 84.4 (7.1) mm Hg (P � 0.001).
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Figure 1. Normalization rate (sitting diastolic blood pressure [DBP]�90mmHg), responder
rate (sitting DBP �90 mm Hg or a reduction in sitting DBP from baseline �10 mm Hg),
and patients with sitting DBP �85 mm Hg in the delapril plus indapamide (D�I) and
lisinopril plus hydrochorothiazide (L�H) groups (intent-to-treat analysis) after 12 weeks of
treatment. No statistically significant between-group differences were found.

In normalized patients, mean (SD) SBP decreased from 162.0 (11.3) mm Hg
(range, 127–180 mm Hg) to 130.0 (10.3) mm Hg (range, 113–161 mm Hg) and
from 162.7 (12.9) mm Hg (range, 125–180 mm Hg) to 128.3 (10.4) mm Hg (range,
108–160 mm Hg) in the D�I and L�H groups, respectively. DBP decreased
from 101.3 (5.0) mm Hg to 82.2 (5.1) mm Hg (range, 65–90 mm Hg) in the D�I
group and from 101.7 (4.7) mm Hg to 81.9 (4.9) mm Hg (range, 70–90 mm Hg)
in the L�H group.

No significant change in HR was observed in either group throughout the
study (data not shown).

During the 12-week treatment period, 19 AEs were reported (10 AEs [52.6%]
in the D�I group; 9 AEs [47.4%] in the L�H group); these included fatigue and
malaise, dizziness, hypertriglyceridemia, hypercholesterolemia, and increase in
serum gamma-glutamyltransferase and alanine aminotransferase levels. Among
these 19 AEs, 10 [52.6%] were recorded as adverse drug reactions (ADRs). Five
ADRs (50%; 4 [80%] of mild severity and 1 [20%] of moderate severity) occurred
in the D�I group. In the L�H group, 5 ADRs (1 [20%] mild and 4 [80%] moderate)
occurred. No patient dropped out of the study because of an ADR. No clinically
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Table II. Sitting systolic blood pressure (SBP) and diastolic blood pressure (DBP) (mm Hg)
during the 12-week study period (intent-to-treat analysis).

Baseline Week 4 Week 8 Week 12

SBP
D�I (n � 80)
Mean (SD) 161.9 (11.5) 141 (14.4) 136.4 (12.7) 133.8 (12.2)*
Range – 110–180 110–166 113–172
Mean change – �20.9 �25.5 �28.1
90% CI of – �23.4 to �18.5 �27.9 to �23.1 �30.7 to �25.6
mean change

L�H (n � 79)
Mean (SD) 162.4 (13.1) 140 (12.4) 133 (10.3) 131.2 (11.6)*
Range – 119–175 106–155 108–160
Mean change – �22.4 �29.6 �31.2
90% CI of – �29.9 to �19.6 �31.2 to �26.7 �34.2 to �28.3
mean change

DBP
D�I (n � 80)
Mean (SD) 101.6 (5.0) 88.0 (8.2) 86.0 (7.2) 84.3 (6.7)*
Range – 67–105 62–101 65–104
Mean change – �13.6 �15.6 �17.3
90% CI of – �15.2 to �11.9 �17.0 to �13.8 �18.8 to �15.8
mean change

L�H (n � 79)
Mean (SD) 102.3 (4.9) 88 (4.4) 85 (7.5) 84.4 (7.1)*
Range – 70–108 65–100 70–100
Mean change – �14.3 �17.3 �17.9
90% CI of – �15.4 to �12.3 �18.7 to �15.8 �19.3 to �16.5
mean change

D�I � delapril � indapamide; L�H � lisinopril � hydrochlorothiazide.
*P � 0.001 versus baseline.

relevant changes were found in laboratory or electrocardiographic findings,
except for increased serum uric acid level (by 7.1% and 5.4% in the D�I and
L�H groups, respectively); the between-group difference was not significant. At
the final visit, no patient had a plasma potassium level �3 mEq/L, and only
4 patients (2.5%; all in the D�I group) had a potassium level �3.5 mEq/L, but
in 3 of these patients (75.0%), the potassium level had been �3.5 mEq/L
at baseline.

DISCUSSION
A combination of drugs with different, complementary mechanisms of action
can provide effective antihypertensive therapy while reducing ADRs, thereby
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Figure 2. Sitting systolic blood pressure (SBP) and diastolic blood pressure (DBP) during
the 12-week study period (intent-to-treat analysis) in the delapril plus indapamide (D�I) and
the lisinopril plus hydrochlorothiazide (L�H) groups. No statistically significant between-
group differences were found. *P � 0.001 compared with baseline.

increasing cardiovascular protection. A fixed combination ensures greater com-
pliance, simple administration, and lower cost, while reducing the risk for inap-
propriate associations.

Experimental and clinical data18 have demonstrated the antihypertensive
efficacy of the combination of an ACE inhibitor and a diuretic, with a response
rate �80%. The great efficacy of this combination has been shown to be due not
only to the combined antihypertensive effect of the single drugs, but also to their
reciprocal potentiation; in fact, the diuretic stimulates the renin-angiotensin
system, which increases the hypotensive effect of the ACE inhibitor and,
in turn, the ACE inhibitor prevents the production of AII, which tends to blunt
the hypotensive effect of the diuretic. In other words, the conditions are created
for the ACE inhibitor to act at its full potential and for the diuretic to maintain
its efficacy in chronic treatment.

The present results, within the limitations of an open study, demonstrated
no difference in the antihypertensive efficacy or in the tolerability profile of
the combination of D�I compared with that of L�H. Efficacy analyses14–17

demonstrate the capacity of D�I to significantly reduce SBP and DBP; in particu-
lar, the data of this study confirm the normalization rate (82.5%) and responder
rate (92.5%) observed in previous controlled trials for D�I. The results demon-
strate a similar antihypertensive efficacy of both combinations and showed
similar tolerability between treatments. Neither D�I nor L�H was associated
with serious AEs (ie, AEs that led to dropping out). The favorable tolerability
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profile is confirmed by the absence of abnormal findings on standard labora-
tory tests.

CONCLUSION
This study showed no difference between D�I and L�H in terms of antihyperten-
sive efficacy or tolerability in patients with mild to moderate hypertension.
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