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Indapamide SR Versus
Candesartan and Amlodipine in
Hypertension: The X-CELLENT Study
Gerard London, Rolland Schmieder, Carlos Calvo, and Rolland Asmar
Background: Reducing systolic blood pressure (BP)
is of major benefit to patients with isolated systolic hypertension, but lowering normal diastolic BP may be harmful
in terms of cardiovascular risk. Effects of different drugs
on systolic BP, diastolic BP, and pulse pressure are therefore of interest.
Methods: The NatriliX SR versus CandEsartan and amLodipine in the reduction of systoLic blood prEssure in
hyperteNsive patienTs study (X-CELLENT) was a randomized, double-blind, placebo-controlled study comparing the
effects of three drugs on these BP components. Patients with
systolic– diastolic or isolated systolic hypertension (n ⫽
1758) received indapamide (1.5 mg) sustained release (SR),
candesartan (8 mg), amlodipine (5 mg), or placebo once daily
for 12 weeks.
Results: Compared to placebo all active treatments
reduced all BP components significantly (P ⬍ .001). For
the patients with isolated systolic hypertension (n ⫽ 388),
the three treatments significantly reduced systolic BP, but
only indapamide SR did not change diastolic BP and thus

reduced pulse pressure significantly relative to placebo (P
⫽ .005). In an ancillary study using ambulatory BP monitoring (n ⫽ 576), all three treatments significantly reduced BP components during 24 h relative to placebo.
Changes in systolic BP and pulse pressure were similar
with the three treatments, but the reduction in diastolic BP
was significantly smaller, and therefore more favorable,
with indapamide SR compared with candesartan (P ⫽
.039). In patients with isolated systolic hypertension (n ⫽
106), indapamide SR reduced 24-h systolic BP significantly more than amlodipine (P ⫽ .037), and only indapamide SR reduced 24-h pulse pressure significantly relative
to placebo (P ⫽ .03). All three drugs were well tolerated.
Conclusions: This distinctive BP-lowering profile of
indapamide SR seems highly beneficial when compared to
the either of candesartan or amlodipine. Am J Hypertens
2006;19:113–121 © 2006 American Journal of Hypertension, Ltd.
Key Words: Indapamide SR, candesartan, amlodipine,
hypertension.

ypertension is well established as an important risk
factor for cardiovascular disease,1 and reducing
blood pressure (BP) has been shown to reduce the
risk of cardiac events and strokes.2,3 The relationship between BP and cardiovascular risk has been described as
continuous and independent.4 However, the relationships between risk and the different components of BP, including
systolic BP and diastolic BP and pulse pressure (PP), have
been the subject of much research interest. Traditionally, only
diastolic BP was considered a risk factor, but recent work has
highlighted the importance of systolic BP,5,6 and PP has
emerged as an independent cardiovascular risk factor7,8 in
both hypertensive and normotensive subjects.9
The roles of the different BP components have become
clearer with an improved appreciation of their evolution
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with aging. Systolic BP generally increases linearly throughout adult life. Diastolic BP shows an early increase and
late decrease, with a transition at 50 to 60 years.10,11 Pulse
pressure thus increases markedly in later life, and isolated
systolic hypertension (ISH) becomes the predominant
form of hypertension at more than 60 years of age.12 These
changes are accompanied by an age-related shift from
diastolic to systolic hypertension, and finally to high PP as
key predictors of coronary heart disease (CHD) risk.13
Importantly, from age 60 years, diastolic BP is negatively
related to CHD risk. In middle-aged and elderly subjects,
for any given level of systolic BP, those with lower diastolic BP have greater CHD and mortality risk.7,14 In a
meta-analysis of outcome trials in patients with ISH, the
benefit of treatment was overwhelmingly due to the reduc-
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tion in systolic BP rather than diastolic BP.1,14 Furthermore, in the Systolic Hypertension in the Elderly Program
(SHEP), a decrease of 5 mm Hg in diastolic BP was associated with significantly increased risk of stroke and cardiovascular disease.15 Furthermore, clinical trials and epidemiologic
studies have shown that control of systolic BP is more difficult to achieve than control of diastolic BP.16
Antihypertensive agents may have different effects on
the various components of BP. Agents that target systolic
BP could be of particular interest in improving the rates of
BP control, and in reducing morbidity and mortality attributed to systolic hypertension.17
The X-CELLENT study (NatriliX SR versus CandEsartan
and amLodipine in the reduction of systoLic blood prEssure in hyperteNsive patienTs) compared the effects of the
thiazide-type diuretic, indapamide (1.5 mg) sustained release (Natrilix SR, Servier, France) on systolic BP, diastolic
BP, and PP with those of candesartan, an angiotensin II
receptor blocker, and amlodipine, a long-acting dihydropyridine calcium channel blocker, in patients with either combined systolic– diastolic hypertension or ISH. The results of
X-CELLENT are reported in this article.

Methods
Patients
Patients were male and female outpatients, 40 to 80 years old,
with essential hypertension, having either systolic BP ⱖ150
to ⬍180 mm Hg and diastolic BP ⱖ95 to ⬍110 mm Hg or
systolic BP ⱖ160 to ⬍180 mm Hg and diastolic BP ⬍90 mm
Hg. Patients had no major cardiovascular complications related to hypertension at inclusion. In particular, patients with
a history of coronary artery disease, heart failure, stroke or
transient ischemic attack, left ventricular hypertrophy, diabetes mellitus (type 1 or type 2), and renal failure were not
included in the study.
Lipid-lowering and uricosuric agents, and low-dose
(⬍350 mg/d) aspirin were permitted; other treatments that
might affect BP were not allowed.
Study Design
This was a multicenter, multinational, randomized, double-blind, placebo-controlled study with four parallel treatment arms. After a 4-week selection and run-in placebo
period, patients were randomized to receive either placebo, indapamide (1.5 mg) SR (sustained release), candesartan (8 mg), or amlodipine (5 mg), all given once daily in
the morning. As the dosage of indapamide cannot be increased, neither dose titration nor combination were allowed
during the study, and patients with uncontrolled BP (diastolic
BP or systolic BP ⬎109/179 mm Hg) or poor treatment
tolerance had to be withdrawn from the study. The dosage of
candesartan and amlodipine were chosen according to respective monograph for the start of antihypertensive treatment in this type of hypertensive patients. The treatment

period was 12 weeks, with visits, including BP measurements, at randomization (week 0 [W0]), W4, and W12).
Efficacy was evaluated by office BP measurements using a validated automatic device, the Omron 705CP.18,19
Blood pressure was measured in the supine position after
a rest of 10 min, using an appropriate cuff size, in the
morning before drug intake (ie, at trough of drug activity).
Measurements were made in triplicate at 1-min intervals
and the mean value considered for analysis. For each
patient, measurements were taken using the same equipment on the same arm, and by the same investigator.
Safety and acceptability were assessed by adverse events
reported at each visit, and by clinical signs and examinations, including body weight, heart rate, and laboratory
tests (comprehensive at W0 and W12, simplified at W4).
Compliance to treatment was evaluated by direct questioning and tablet and capsule count at each visit.
A group of patients participated in an ambulatory BP
monitoring (ABPM) ancillary study. The ABPM was performed during 25 h, 4 (⫾3) days before the W0 and W12
visits and according to the European Society of Hypertension recommendations.4
The study protocol was approved by the responsible
Ethics Committees in each country and written informed
consent was obtained from each study participant.
Statistical Analysis
The main efficacy criterion was change in systolic BP
measured in the clinic by the Omron device. Secondary
efficacy criteria included changes in diastolic BP and PP. A
further secondary criterion was the number of responders,
defined as patients with BP ⬍140/90 mm Hg or a reduction
in systolic BP ⱖ20 mm Hg or in diastolic BP ⱖ10 mm Hg
in the main population. All BP changes were measured as
changes from baseline (W0) to the final value (W12 or last
value obtained). Analyses were performed in the intentionto-treat population, which consisted of all randomized
patients who received at least one dose of study drug and
for whom a baseline systolic BP value was available. A
prespecified subset analysis was performed in the group of
patients with ISH (systolic BP ⬎140 mm Hg and diastolic
BP ⬍90 mm Hg) at baseline. The safety set consisted of
all patients who received at least one dose of study drug.
The main statistical analysis was the comparison of indapamide SR versus candesartan and amlodipine on systolic
BP, analyzed by one-way analysis of covariance with treatment as a fixed factor and baseline value as a covariate.
Pairwise comparisons were performed using Dunnett’s test,
with indapamide SR as the control. As a secondary analysis,
the three active treatments were compared versus placebo
using the same methodology, with placebo as the control in
the pairwise comparisons. The ␣ threshold was 5% for all
analyses (two-sided). The sample size had the power of ␤ ⫽
83% to detect a difference of 3 mm Hg.
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Table 1a. Demographics and Clinical Characteristics of the Intention-to-Treat Population in the X-CELLENT
Study.*
Indapamide SR

Candesartan

Amlodipine

Placebo

n ⴝ 440

n ⴝ 435

n ⴝ 444

n ⴝ 439

58.4 ⫾ 10.3
219 (49.8)
429 (97.5)
27.0 ⫾ 3.1
70 (15.9)
66.0 ⫾ 75.1

59.4 ⫾ 10.3
224 (51.5)
425 (97.7)
27.1 ⫾ 3.2
58 (13.3)
58.5 ⫾ 67.4

58.9 ⫾ 9.9
230 (51.8)
431 (97.1)
26.8 ⫾ 3.2
62 (14.0)
66.4 ⫾ 72.3

59.0 ⫾ 10.1
217 (49.4)
435 (99.1)
26.8 ⫾ 3.1
62 (14.1)
61.8 ⫾ 69.3

263 (59.8)

264 (60.7)

279 (62.8)

259 (59.0)

n ⴝ 94

n ⴝ 100

n ⴝ 98

Main study population (N ⴝ 1758)
Age, years
Male, n (%)
Caucasian, n (%)
Body mass index, kg/m2
Current smokers, n (%)
Duration of hypertension, months
Previous antihypertensive
medication, n (%)

Patients with isolated systolic hypertension (N ⴝ 388)
n ⴝ 96
63.5 ⫾ 10.0
42 (43.8)
93 (96.9)

Age, years
Male, n (%)
Caucasian, n (%)

64.0 ⫾ 9.9
40 (42.6)
93 (98.9)

64.4 ⫾ 9.0
48 (48.0)
100 (100)

63.9 ⫾ 9.7
34 (34.7)
98 (100)

* Values are mean ⫾ SD, unless otherwise indicated.

Results
Main Study
The study was conducted at 392 centers in three countries. A
total of 1762 patients (50.7% men) were randomized, with a
mean age of 58.9 ⫾ 10.1 years. The intention-to-treat population consisted of 1758 patients, whose characteristics are
shown in Table 1a. The majority of patients were white
(97.8%), the mean duration of hypertension was 63.2 ⫾ 71.1
months, and most patients (60.6%) had received previous
antihypertensive medication. The four treatment groups were
well matched at baseline, for clinical, biological characteristics, as well as for cardiovascular risk factors. The disposition
of patients is shown in Fig. 1. Patients with ISH (n ⫽ 388)
were on average older (63.9 ⫾ 9.6 years) and had a higher
proportion of women (57.7%) than the main study population. Within this group, the treatment groups were also well
matched (Table 1a).

The mean duration of randomized treatment was 84.0
days, with only minor variation between treatment groups
(ranging from 81.9 days with placebo to 85.4 days with
indapamide SR). Overall compliance with treatment was
97.5%, with negligible variation between groups (ranging
from 97.4% with indapamide SR to 97.6% with placebo).
The three active treatments reduced clinic systolic BP,
diastolic BP, and PP significantly relative to placebo (P ⬍
.0001; Table 2). There were no significant differences
between the active treatment groups, although indapamide
SR tended to produce a slightly larger decrease in systolic
BP, and a slightly smaller decrease in diastolic BP than
candesartan or amlodipine. Consequently, indapamide SR
tended to reduce PP to a greater extent than the other
treatments, a difference that was close to significant compared with amlodipine (P ⫽ .073). The proportion of
responders was significantly higher with all active treat-

Table 1b. Demographics of the Intention-to-Treat Population in the X-CELLENT Ambulatory Blood Pressure
Monitoring Ancillary Study (N ⫽ 576).*
Indapamide SR
Main study population (N ⴝ 576)
n ⴝ 145
Age, years
Male, n (%)
Caucasian, n (%)

58.5 ⫾ 10.1
75 (51.7)
140 (96.6)

Candesartan

Amlodipine

Placebo

n ⴝ 142

n ⴝ 150

n ⴝ 139

59.0 ⫾ 10.1
57 (40.1)
139 (97.9)

59.3 ⫾ 10.1
84 (56.0)
144 (96.0)

58.8 ⫾ 10.1
68 (48.9)
138 (99.3)

n ⴝ 33

n ⴝ 22

Patients with isolated systolic hypertension (N ⴝ 106)
n ⴝ 31
n ⴝ 20
Age, years
Male, n (%)
Caucasian, n (%)

65.5 ⫾ 7.7
15 (48.4)
31 (100)

* Values are mean ⫾ SD, unless otherwise indicated.

65.9 ⫾ 8.3
6 (30.0)
20 (100)

66.2 ⫾ 8.0
20 (60.6)
33 (100)

63.4 ⫾ 10.2
5 (22.7)
22 (100)
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FIG. 1 Disposition of patients in the X-CELLENT trial.

ments (60.7%, 59.1%, and 61.0% for indapamide SR,
candesartan, and amlodipine, respectively) compared with
placebo (34.9%; P ⬍ .0001).

In patients with ISH, active treatments showed significant
and similar efficacy in reducing systolic BP (Table 3), and the
systolic BP reductions were similar to those observed in the

Table 2. Changes in Office Blood Pressures Measured Using the Omron 705CP Device, by Treatment Group
(N ⫽ 1758).

SBP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value
DBP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value
PP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value

Indapamide SR
n ⴝ 440

Candesartan
n ⴝ 435

Amlodipine
n ⴝ 444

Placebo
n ⴝ 439

164.4 ⫾ 8.4
⫺16.7 ⫾ 16.1

164.2 ⫾ 8.4
⫺15.9 ⫾ 16.7

164.6 ⫾ 8.4
⫺16.2 ⫾ 16.0

164.6 ⫾ 8.5
⫺7.3 ⫾ 16.8

⫺9.5 [⫺12.0; ⫺6.9]
⬍0.0001

⫺8.7 [⫺11.3; ⫺6.2]
⬍0.0001

⫺8.9 [⫺11.4; ⫺6.4]
⬍0.0001

⫺0.73 [⫺3.1; 1.7]
0.721

⫺0.56 [⫺2.9; 1.8]
0.821

96.5 ⫾ 8.4
⫺7.4 ⫾ 10.4
⫺3.8 [⫺5.3; ⫺2.4]
⬍0.0001

67.9 ⫾ 12.1
⫺9.3 ⫾ 13.9
⫺5.6 [⫺7.6; ⫺3.7]
⬍0.0001

96.7 ⫾ 7.9
⫺8.3 ⫾ 9.5

97.1 ⫾ 8.5
⫺8.9 ⫾ 10.3

⫺4.6 [⫺6.0; ⫺3.1]
⬍0.0001

⫺5.0 [⫺6.4; ⫺3.5]
⬍0.0001

0.72 [⫺0.7; 2.1]
0.397

1.11 [⫺0.3; 2.5]
0.127

67.5 ⫾ 11.7
⫺7.6 ⫾ 13.5

67.5 ⫾ 12.3
⫺7.3 ⫾ 13.4

⫺4.2 [⫺6.1; ⫺2.2]
⬍0.0001

⫺3.9 [⫺5.9; ⫺1.9]
⬍0.0001

⫺1.47 [⫺3.3; 0.4]
0.146

⫺1.73 [⫺3.6; 0.1]
0.073

96.3 ⫾ 8.7
⫺3.5 ⫾ 10.6

68.3 ⫾ 12.1
⫺3.8 ⫾ 14.0
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Table 3. Changes in Office Blood Pressures Using the Omron 705CP Device, in Patients With Isolated
Systolic Hypertension at Baseline (N ⫽ 388), by Treatment Group.

SBP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value
DBP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value
PP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value

Indapamide SR
n ⴝ 96

Candesartan
n ⴝ 94

Amlodipine
n ⴝ 100

Placebo
n ⴝ 98

166.0 ⫾ 6.4
⫺16.9 ⫾ 16.7

165.9 ⫾ 6.2
⫺16.3 ⫾ 18.4

166.9 ⫾ 6.8
⫺16.2 ⫾ 18.5

165.3 ⫾ 6.6
⫺9.1 ⫾ 15.7

⫺7.4 [⫺13.2; ⫺1.6]
0.007

⫺6.9 [⫺12.7; ⫺1.1]
0.015

⫺6.24 [⫺12.0; ⫺0.5]
0.028

⫺0.51 [⫺6.0; 5.0]
0.969

⫺1.15 [⫺6.6; 4.2]
0.850

83.5 ⫾ 4.9
0.5 ⫾ 7.6
⫺0.7 [⫺3.5; 2.0]
0.859

84.5 ⫾ 4.3
⫺2.6 ⫾ 9.1
⫺3.2 [⫺6.0; ⫺0.4]
0.018
2.45 [⫺0.1; 5.0]
0.067

82.5 ⫾ 8.4
⫺17.4 ⫾ 15.2
⫺6.6 [⫺11.5; ⫺1.7]
0.005

84.3 ⫾ 5.1
⫺3.0 ⫾ 9.2
⫺3.7 [⫺6.4; ⫺1.0]
0.004
2.96 [0.4; 5.5]
0.020

81.4 ⫾ 7.4
⫺13.7 ⫾ 14.9

82.6 ⫾ 8.2
⫺13.3 ⫾ 15.0

⫺3.5 [⫺8.4; 1.5]
0.232

⫺2.4 [⫺7.3; 2.4]
0.505

⫺3.11 [⫺7.8; 1.6]
0.241

⫺4.17 [⫺8.8; 0.4]
0.081

main study population. However, there were significant differences between the treatments in their effects on diastolic
BP in ISH patients. No significant changes in diastolic BP
were noted with indapamide SR, whereas candesartan and
amlodipine reduced diastolic BP significantly relative to placebo (P ⫽ .018 and P ⫽ .004, respectively). The difference
between indapamide SR and the other agents with respect to
the change in diastolic BP was significant for amlodipine
(P ⫽ .020) and close to significant for candesartan (P ⫽
.067). Moreover, indapamide SR produced a significant reduction in PP, relative to placebo (P ⫽ .005), whereas neither
candesartan nor amlodipine reduced PP (P ⫽ .232 and P ⫽
.505, respectively). Again, the difference in reduction in PP
between indapamide SR and amlodipine showed a clear trend
(P ⫽ .081).
Ambulatory BP Monitoring
Ancillary Study
The ABPM ancillary study was performed in 576 patients
whose demographic and clinical characteristics were similar to the main study population. The treatment groups
were again well matched at baseline (Table 1b).
All three active treatments produced highly significant

82.7 ⫾ 5.0
1.7 ⫾ 8.3

82.6 ⫾ 8.2
⫺10.9 ⫾ 15.0

reductions in 24-h systolic BP, diastolic BP, and PP relative to placebo (all P ⬍ .0001; Table 4). Changes in systolic
BP and PP were similar with the three treatments, but indapamide SR produced a significantly smaller decrease in diastolic BP than candesartan (P ⫽ .039; Table 4).
In those patients with ISH (Table 5), indapamide SR
produced a significantly larger decrease in 24-h systolic
BP than amlodipine (P ⫽ .037). None of the treatments
decreased 24-h diastolic BP significantly. Indapamide SR
was the only treatment to produce a significant reduction
in 24-h PP relative to placebo (P ⫽ .030). The change in
24-h PP with indapamide SR was significantly larger than
with amlodipine (P ⫽ .017).
Safety
All three drugs were well tolerated. The main emergent
clinical adverse events with obviously different frequencies among treatment groups were headache (more frequent in the placebo group than in the other groups), and
peripheral edema and hot flushes (more frequent in the
amlodipine group) (Table 6). No serious adverse events
were related to treatment. Two deaths occurred, one from
myocardial infarction in the indapamide SR group, and
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Table 4. Average Blood Pressures in the Ambulatory Blood Pressure Monitoring Ancillary Study, by Treatment Group (N ⫽ 576).

24-h SBP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value
24-h DBP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value
24-h PP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value

Indapamide SR
n ⴝ 145

Candesartan
n ⴝ 142

Amlodipine
n ⴝ 150

Placebo
n ⴝ 139

140.0 ⫾ 12.0
⫺8.0 ⫾ 9.7

140.3 ⫾ 13.4
⫺8.9 ⫾ 10.1

141.1 ⫾ 13.2
⫺8.0 ⫾ 9.2

140.6 ⫾ 12.7
0.2 ⫾ 9.1

⫺8.3 [⫺10.8; ⫺5.9]
⬍0.0001

⫺9.2 [⫺11.7; ⫺6.7]
⬍0.0001

⫺8.0 [⫺10.4; ⫺5.6]
⬍0.0001

0.85 [⫺1.4; 3.2]
0.619
84.7 ⫾ 8.7
⫺4.1 ⫾ 5.6

84.5 ⫾ 9.7
⫺5.5 ⫾ 6.1

⫺4.0 [⫺5.5; ⫺2.5]
⬍0.0001

⫺5.5 [⫺7.0; ⫺4.0]
⬍0.0001
1.48 [0.1; 2.9]
0.039

⫺0.34 [⫺2.6; 1.9]
0.923
85.4 ⫾ 9.3
⫺4.7 ⫾ 5.8
⫺4.5 [⫺6.0; 3.0]
⬍0.0001
0.49 [⫺0.9; 1.9]
0.655

55.3 ⫾ 9.9
⫺3.9 ⫾ 6.5

55.8 ⫾ 9.5
⫺3.4 ⫾ 5.2

⫺4.3 [⫺5.7; ⫺2.9]
⬍0.0001

⫺3.7 [⫺5.1; ⫺2.3]
⬍0.0001

⫺3.6 [⫺4.9; ⫺2.2]
⬍0.0001

⫺0.60 [⫺1.9; 0.7]
0.492

⫺0.74 [⫺2.0; 0.6]
0.343

one from cerebral hemorrhage in the amlodipine group,
not related to the study drugs according to the investigator’s opinion.
There were no clinically relevant differences between
groups with respect to the frequency of orthostatic hypotension, body weight changes, or heart rate. No unexpected biochemical or hematologic changes were observed
in any of the groups. In the indapamide SR treatment
group, the mean plasma potassium concentration decreased
from 4.29 ⫾ 0.37 mmol/L to 4.08 ⫾ 0.43 mmol/L; only 16
patients presented kalemia ⬍3.4 mmol/L, and no severe
hypokalemia (⬍3.0 mmol/L) was noted. There were no
significant differences between groups in plasma glucose
levels, or in total cholesterol, triglycerides, HDL or LDL
levels. Hepatic and renal function were not affected by any
of the treatments.

Discussion
In the present study, in which most patients had combined
systolic– diastolic hypertension, indapamide SR produced
reductions in systolic and diastolic BP similar to those of
candesartan and amlodipine. Indapamide SR showed a

84.7 ⫾ 9.0
⫺0.1 ⫾ 5.7

55.7 ⫾ 10.7
⫺3.3 ⫾ 4.9

55.9 ⫾ 10.4
0.2 ⫾ 4.7

tendency to reduce PP more than the other treatments, but
this only approached significance compared with amlodipine. Such specific effects have already been shown with
thiazide diuretics, which reduced more systolic BP and PP
than other antihypertensive agents.17,20 However, in the
subset of patients with ISH, indapamide SR produced
clearly different results from the other treatments. In ISH
patients, all three treatments produced similar reductions
in systolic BP. Candesartan and amlodipine both produced
significant decreases in diastolic BP, but indapamide SR
left diastolic BP values (which were in any case already
normal) unchanged in these patients. Indapamide SR was
also the only treatment that produced a significant reduction in PP in ISH patients.
The BP-lowering profile of indapamide SR revealed in
the present study is of particular interest in the light of
recent results concerning the relative importance of the
different components of BP in predicting cardiovascular
risk. In patients with combined systolic– diastolic hypertension, the predominant form in younger individuals,13
reduction in either or both components reduces cardiovascular risk. In patients with ISH (the predominant form in
older subjects), reducing systolic BP has been shown to be
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Table 5. Changes in 24-h Mean Blood Pressures in Patients with Isolated Systolic Hypertension, by Treatment Group (N ⫽ 106).

24-h SBP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value
24-h DBP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value
24-h PP (mmHg)
Baseline
Change from baseline
Difference vs placebo
[95% CI]
P-value
Difference vs
indapamide SR
[95% CI]
P-value

Indapamide SR
n ⴝ 31

Candesartan
n ⴝ 20

Amlodipine
n ⴝ 33

Placebo
n ⴝ 22

138.7 ⫾ 10.3
⫺9.8 ⫾ 9.2

138.9 ⫾ 11.7
⫺9.4 ⫾ 13.3

141.4 ⫾ 13.8
⫺5.3 ⫾ 8.2

139.5 ⫾ 13.6
⫺4.2 ⫾ 11.5

⫺5.9 [⫺12.0; 0.2]
0.061

⫺5.4 [⫺12.2; 1.4]
0.145

⫺0.40 [⫺6.4; 5.6]
0.997

⫺0.49 [⫺6.4; 5.5]
0.975

⫺5.50 [⫺10.7; ⫺0.3]
0.037

79.1 ⫾ 8.5
⫺4.3 ⫾ 4.6

77.2 ⫾ 9.4
⫺4.9 ⫾ 8.0

79.2 ⫾ 7.1
⫺2.9 ⫾ 4.3

⫺1.59 [⫺4.9; 1.7]
0.518

⫺2.9 [⫺6.6; 0.8]
0.160
1.27 [⫺2.0; 4.5]
0.590

⫺0.2 [⫺3.5; 3.1]
0.998
⫺1.41 [⫺4.2; 1.4]
0.433

59.6 ⫾ 8.5
⫺5.5 ⫾ 6.7

61.7 ⫾ 9.0
⫺4.5 ⫾ 5.7

⫺3.9 [⫺7.5; ⫺0.3]
0.030

⫺2.5 [⫺6.4; 1.5]
0.316

⫺0.3 [⫺3.8; 3.3]
0.996

⫺1.44 [⫺4.9; 2.1]
0.560

⫺3.63 [⫺6.7; ⫺0.6]
0.017

of major benefit,14 but lowering diatolic BP is probably of
no benefit, and may even be harmful.14,15
The results of the ABPM ancillary study were broadly
consistent with those of the main study. In patients with
ISH, indapamide SR was the only treatment to produce a
significant reduction in 24-h PP. In these patients, amlodipine reduced 24-h diastolic BP to only a small extent,
but this was matched by small decreases in 24-h systolic
BP and 24-h PP. The ABPM study also showed that all

77.4 ⫾ 7.9
⫺2.1 ⫾ 6.8

62.2 ⫾ 11.5
⫺2.4 ⫾ 4.8

62.1 ⫾ 12.3
⫺2.2 ⫾ 5.9

three treatments produced consistent reductions in BP
throughout the 24-h dosing interval. Indapamide SR is a
sustained-release formulation with a low dose of 1.5 mg.
After a single administration, this formulation shows a much
longer time to maximum plasma concentration (tmax), and a
much lower peak plasma concentration (Cmax) than the
former formulation, immediate-release indapamide 2.5 mg.
After repeated administration, the 24-h peak-to-trough fluctuation was fourfold lower with indapamide SR than with

Table 6. Emergent Clinical Adverse Events Occurring in ⬎4% of Patients, or at Obviously Different Frequencies, During the Study Period (N ⫽ 1760).*
Indapamide SR
n ⴝ 440
Headache
Peripheral edema
Back pain
Nausea
Diarrhea
Hot flushes
* Values are n (%).

7
0
6
3
1
0

(1.6)
(0)
(1.4)
(0.7)
(0.2)
(0)

Candesartan
n ⴝ 436
7
1
9
3
2
0

(1.6)
(0.2)
(2.1)
(0.7)
(0.5)
(0)

Amlodipine
n ⴝ 444
8
19
6
8
8
6

(1.8)
(4.3)
(1.4)
(1.8)
(1.8)
(1.4)

Placebo
n ⴝ 440
20
2
7
1
0
0

(4.5)
(0.5)
(1.6)
(0.2)
(0)
(0)
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the conventional, immediate-release formulation.21 It is
likely that the sustained-release formulation contributed to
the consistent 24-h efficacy seen with ABPM for indapamide SR in the present study. A smooth 24-h reduction in
BP has been shown to be beneficial in preventing target
organ damage.22
The main office BP measurements in the present study
were obtained using an automatic device, the Omron 705CP.
This device has been validated18 and is recommended by the
European Society of Hypertension.23 Similarly, for the 24-h
ABPM study, only devices recommended by the European or
national hypertension society were allowed.
The three active treatments were all well tolerated.
Apart from those related to the expected effects of diuretics on plasma electrolyte levels,24 indapamide SR showed
a similar adverse event profile to candesartan and placebo,
and avoided the peripheral edema associated with amlodipine. In particular, there were no differences between
treatment groups with respect to plasma glucose and blood
lipid levels, as already shown earlier.25 It may be that the
low-dose sustained release formulation, by limiting peak
drug levels, contributed to the absence of metabolic changes
and the low impact on biological parameters observed with
indapamide SR.26
A strength of this study was the inclusion of a placebo
group. This allowed the absolute sizes of the BP reductions to be interpreted reliably, and directly demonstrated
the assay sensitivity of the study. A disadvantage of this
design is that ethical concerns over the use of a placebo
group when treatments of proven benefit are available
meant that patients with severe hypertension or additional
risk factors could not be included. As a consequence, the
study population was relatively young (mean age 58.9
years) and only a minority of patients (22%) had ISH.
Some significant differences between treatment groups
were obtained for the ISH subset. It is possible that further
significant differences could have been found if more
patients with ISH had been included.
The recent large-scale Antihypertensive and LipidLowering Treatment to Prevent Heart Attack (ALLHAT)
study has confirmed diuretics as first-choice antihypertensive agents.27 This position is reflected in recent US guidelines, which described diuretics as virtually unsurpassed in
clinical trials in preventing cardiovascular complications
of hypertension, and recommend them as first-line therapy.4
This viewpoint has been intensively debated and is not
generally accepted according to the European guidelines.23 However, it is now widely accepted in both the US
and Europe that many hypertensive patients will require
two to four antihypertensive drugs to control hypertension,
and that one of these drugs should always be a diuretic.
The distinctive profile of indapamide SR in affecting different BP components may be particularly relevant in
preventing the increases in PP and in the prevalence of
ISH with aging, which are currently not effectively prevented by conventional antihypertensive therapy.28

Perspectives
Recent guidelines emphasize the importance of controlling
systolic BP, and in patients with ISH, reducing diastolic
BP may not be beneficial. In this study, indapamide SR
reduced systolic BP in all patients to the same extent as
two antihypertensive agents currently in wide use, candesartan and amlodipine. In patients with ISH, indapamide
SR, unlike the other agents, maintained diastolic BP in
those patients with normal diastolic BP. This distinctive
BP-lowering profile of indapamide SR seems highly desirable in the light of emerging concepts of the prognostic
value of systolic BP, diastolic BP, and PP and their evolution over time.
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