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Efficacy and safety of early versus late titration of fixed-dose
irbesartan/hydrochlorothiazide: ACTUAL study
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Abstract
Hypertension management guidelines recommend titrating antihypertensive drugs stepwise every 4–6 weeks. We compared
efficacy and safety of early versus late titration after 10 weeks’ treatment with irbesartan/hydrochlorothiazide. Hypertensive
patients uncontrolled on monotherapy were randomized into two groups. In the early titration group (E), patients received
irbesartan/hydrochlorothiazide 150/12.5 mg for 2 weeks; uncontrolled patients were up-titrated to 300/25 mg at weeks 2
and 6. In the late titration group (L), patients received 150/12.5 mg for 6 weeks; uncontrolled patients were up-titrated to
300/25 mg at week 6 (W6). The change of mean systolic (SBP) and diastolic blood pressure (DBP) from baseline to week
10 (W10) were studied using a covariance analysis model. The percentage of controlled patients at W10 was compared
between groups using Fisher’s exact test. Of 833 patients enrolled from 14 countries, the intent-to-treat (ITT) population
included 795 (mean age 58 ⫾ 12 years, female 60%, obesity 38%, diabetes 22%). At W6, mean SBP decrease was: E ⫺ 28.8
mmHg vs L ⫺ 26.3 mmHg (p ⫽ 0.02). At W10, there was similar mean SBP decrease: E ⫺ 29.5 mmHg vs L ⫺ 31.0 mmHg
(p ⫽ 0.14). The control rate at W10 was 58% (E) and 64% (L), p ⫽ 0.06. Serious adverse events were more frequent in E
(2.5% vs 0.7%, p ⫽ 0.044). Both early and late titration regimens provide similar BP decrease and control rate.
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Introduction
Hypertension is a major health concern, affecting
approximately one billion people worldwide –20%
of the adult population (1). Despite increased awareness and availability of many antihypertensive compounds, the blood pressure (BP) goals set by
hypertension management guidelines, i.e. ⬍140/90
mmHg in uncomplicated hypertension or ⬍130/80
mmHg in type 2 diabetes or kidney disease, are not
achieved in a high proportion of patients. Recent
surveys indicate that in Europe only 50% of those
regularly taking antihypertensive treatments are at
the BP goal, while in the USA this figure is as high
as 70% (2). This raises concerns and allows asking
the question whether the recommended strategy in
antihypertensive management should be modified.
Major hypertension management guidelines recommend the initiation of antihypertensive drugs in
all patients with systolic BP (SBP) ⱖ 140 mmHg

and/or diastolic BP (DBP) ⱖ 90 mmHg, and to
adjust the treatment to ensure that patients remain
below these values. The European Society of Hypertension (ESH)/European Society of Cardiology
(ESC) guidelines indicated that initial treatment can
make use of monotherapy with a subsequent increase
in drug doses or number, if needed (3). The initiation monotherapy strategy was challenged in the
2007 ESH/ESC guidelines in subjects with initial
BP in the grade 2 or 3 range or in those with high/
very high cardiovascular risk because of the presence
of organ damage, diabetes, renal disease or a history
of cardiovascular disease (3). In these patients, a
combination of two antihypertensive drugs was recommended for treatment initiation, although no evidence from morbidity/mortality trials was provided.
In the majority of subjects, antihypertensive
treatment is initiated as monotherapy, and if monotherapy is insufficient to achieve BP goal, a two-drug
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combination is prescribed. In several cases, a fixeddose combination (FDC) is decided, but a vast choice
of dosages is available, in particular in the case of
addition of a diuretic to an angiotensin receptor
blocker (ARB). The use of an FDC containing the
lowest dosage of hydrochlorothiazide (HCTZ) is recommended at this step and adjustment of doses for
one or both components is eventually realized after
4–6 weeks of follow-up. However, to achieve BP goal
more promptly, a quicker adjustment of doses of the
FDC after only 2 weeks of follow-up should be realized.
The ACTUAL study was designed to test this
hypothesis. The study was conducted in hypertensive
subjects unsuccessfully controlled with monotherapy
and switched to irbesartan/HCTZ 150/12.5 mg as
first step, and then to irbesartan/HCTZ 300/25 mg
in fixed doses combined.
The aim of this study was to evaluate the efficacy
and safety of two hypertension management strategies: a conservative strategy with a late stepwise titration after 6 weeks of follow-up; and an early strategy
with a rapid stepwise titration after 2 weeks of follow-up. The primary objective was to compare
the antihypertensive efficacy of the two strategies.
Secondary objectives were to determine the incidence and severity of adverse events (AEs) and to
compare the antihypertensive efficacy of the two
strategies in the sub-group of obese patients and in
the population of patients with type 2 diabetes.
Methods
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parallel-group, prospective study. The first strategy
used was a late titration regimen based on a decision
to titrate the antihypertensive regimen (by doubling
initial dosage) after 6 weeks of follow-up. The second
was an early titration regimen based on a decision to
double the initial dosage after only 2 weeks of
follow-up (Figure 1). Patients who fulfilled inclusion/
exclusion criteria and signed informed consent were
randomized using an interactive voice response system. Ethics committee approval was sought and
granted for all centers in the participating countries.
Study population
Outpatients ⱖ18 years of age were enrolled if they
had established essential hypertension treated for
at least 4 weeks by antihypertensive monotherapy,
had uncontrolled BP (defined as SBP ⱖ 160 mmHg
and/or DBP ⱖ 100 mmHg in patients without diabetes or SBP ⱖ 150 mmHg and/or DBP ⱖ 90 mmHg in
patients with diabetes) and if they signed the written
informed consent.
Patients were excluded if they had any of the following: SBP ⱖ 180 mmHg and/or DBP ⱖ 110 mmHg
at baseline visit (V1); known or suspected causes of
secondary hypertension; associated cardiovascular
conditions that do not allow stopping the current
antihypertensive drug; known hypersensitivity or
contraindications to the study drugs; administration
of any other investigational drug within 30 days prior
to study entry.

Study design

Study treatments and concomitant medications

This international study was carried out at 89 centers
in 14 countries (Algeria, Argentina, Brazil, Colombia,
Ecuador, Egypt, Lebanon, Mexico, Morocco, Peru,
Saudi Arabia, Tunisia, United Arab Emirates and
Venezuela). Two hypertension management strategies were compared in a randomized, open-label,

The investigational products: irbesartan/HCTZ
(CoAprovel®) 150 mg/12.5 mg and 300 mg/25 mg
were supplied by the sponsor. Irbesartan/HCTZ
150/12.5 mg was administered orally, once daily
in the morning, from the day following V1 (W0).
Thereafter, treatment continuation/titration at

Figure 1. Study design. HTN, hypertension; V, visit; W, week; R, randomized.
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each visit was as per the study design (Figure 1).
Concomitant antihypertensive drugs were not
permitted during the study.
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Study assessments
Office BP measurement was taken manually using
OMRON® 7 series (OMRON Healthcare, Kyoto,
Japan) – a printer-equipped, semiautomatic, digitized, validated electronic device – provided to the
investigator at the beginning of the study. BP measurements were made between 07:00 and 11:00
with no treatment taken on the morning of the visit.
All BP measurements were obtained in a seated position after 5 min rest. Mean SBP and DBP were
calculated based on three measurements made at
1-min intervals.
Laboratory assessments of serum sodium, potassium and creatinine values were done by a local
laboratory at least 3 days prior to V2 (W2), V3 (W6)
and V4 (W10).
Statistical analysis
Sample size was calculated using nQuery Advisor®
6.01 (Statistical Solutions Ltd, Cork, Ireland). Using
a two-group t-test with a two-sided significance level
of 0.05, a sample size of 296 in each group would
have 80% power to detect a clinically relevant difference of 3 mmHg between the means of SBP between
the groups, assuming that the common standard
deviation (SD) is 13 mmHg. To take into account an
attrition rate of 10%, 658 patients (329 per study
arm) were to be randomized.
Efficacy analyses were carried out in intentto-treat (ITT) population. AEs were described by
treatment groups in the full analysis set. Continuous
variables were summarized using number of documented patients, number of missing data, mean,
SD, minimum, maximum and median. Categorical
variables were summarized using numbers and percentages. The change of mean SBP and mean DBP
between V1 (W0) and V4 (W10) was studied in a
covariance analysis model (ANCOVA), adjusted by
SBP or DBP at randomization, respectively. The
treatment effect test was a two-sided one with a
Type-I error equal to 5%. The percentage of controlled patients at W10 was compared between the
groups using the Fisher’s exact test. Same analyses
were conducted for the BP changes between V1 (W0)
and V3 (W6) and for the percentage of controlled
patients at V3 (W6).

Results
Baseline and demographic characteristics
Between June 16, 2008 and April 14, 2009,
832 patients were randomized. Demographics and

baseline characteristics of ITT population (n ⫽ 795)
are presented in Table I. About 54.6% patients were
less than 60 years old. The most common comorbidities were dyslipidemia and type 2 diabetes. The
most commonly prescribed previous antihypertensives were angiotensin-converting enzyme (ACE)
inhibitors, ARBs and calcium-channel blockers.
Change in BP from baseline to week 6 and week 10
On average, SBP decreased by 31.0 mmHg in
the late and 29.5 mmHg in the early titration
group, between W0 and W10. Results of ANCOVA
showed an adjusted mean difference of 1.48 mmHg
(95% CI ⫺ 0.50 to 3.45), which was not significant
(p ⫽ 0.14).
On average, DBP decreased by 14.5 mmHg
in the late and 14.1 mmHg in the early titration
group, between W0 and W10. Results of ANCOVA
showed an adjusted means difference of ⫺0.12
mmHg (95% CI ⫺ 1.27 to 1.02), which was not
significant (p ⫽ 0.83).
Whereas changes in SBP and DBP at W6 were
statistically significant, no significant difference
was noted in the change of SBP or DBP at W10
(Table II).
Similar results were seen in per-protocol (PP)
population.
BP control at week 6 and week 10
The proportion of controlled patients (BP ⬍ 140/90
mmHg) at W6 was 56.5% in the late and 65.4% in
the early titration group (p ⬍ 0.05). The proportion
of controlled patients at W10 was 70.9% in the late
and 66.2% in the early titration group. Table III
shows the proportion of controlled patients, taking
into account the recommended goal for subjects with
diabetes (SBP ⬍ 130 mmHg and DBP ⬍ 80 mmHg).
Similar results were seen in the PP population.

Antihypertensive efficacy of irbesartan/HCTZ
combination in obese patients and patients
with diabetes
Between W0 and W10, mean SBP decreased by
29.6 mmHg in obese (BMI ⬎ 30 kg/m2) and
30.6 mmHg in non-obese (BMI ⱕ 30 kg/m2) patients
(p ⫽ 0.48, ANCOVA), whereas mean DBP decreased
by 14.6 mmHg in obese and 14.1 mmHg in nonobese patients (p ⫽ 0.06, ANCOVA). The proportion of controlled patients (SBP ⬍ 140 mmHg and
DBP ⬍ 90 mmHg) at W10 was 69.8% in obese and
67.7% in non-obese patients. The proportion of
controlled patients at W10, taking into account the
recommended goal for subjects with diabetes (SBP ⬍
130 mmHg and DBP ⬍ 80 mmHg), was 59.7% in
obese and 61.5% in non-obese patients.

Early/late titration of irbesartan ⫹ HCTZ
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Table I. Baseline and demographic characteristics of the intent-to-treat population.
Late titration group, n ⫽ 405
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Parameter
Age in years, mean (SD)
Males, n (%)
Weight in kg, mean (SD)
BMI in kg/m2, mean (SD)
WC in cm, mean (SD)
Abdominal obesity, n (%)
Vital signs
Systolic BP in mmHg, mean (SD)
Diastolic BP in mmHg, mean (SD)
Heart rate in beats/min, mean (SD)
Cardiovascular risk factors and comorbidities, n (%)
Angina
Atrial fibrillation/flutter
Current smoking (ⱖ5 cigarettes/day, ⱖ6 months)
Dyslipidemia
Myocardial infarction
Peripheral arterial disease
Stroke/transient ischemic attack
Type 2 diabetes
Previous antihypertensive treatment, n (%)
ACE inhibitors
Angiotensin II receptor blocker
Calcium-channel blocker
Beta blocker
Diuretic
Renin inhibitor
Others
Missing

57.60
152
77.45
29.44
99.47
278

Early titration group, n ⫽ 390

(11.79)
(37.5)
(16.92)
(4.85)
(12.48)
(69.2)

57.89
168
79.02
29.87
100.83
251

162.44 (8.97)
95.87 (8.20)
75.92 (11.56)

(12.08)
(43.1)
(15.65)
(5.17)
(13.33)
(65.0)

162.12 (9.16)
95.00 (8.99)
75.31 (11.33)

All, n ⫽ 795
57.74
320
78.22
29.65
100.13
529

(11.93)
(40.3)
(16.32)
(5.01)
(12.91)
(67.1)

162.28 (9.06)
95.44 (8.60)
75.62 (11.44)

13
6
32
121
5
5
11
83

(3.2)
(1.5)
(7.9)
(29.9)
(1.2)
(1.2)
(2.7)
(20.5)

15
5
21
114
4
5
14
95

(3.8)
(1.3)
(5.4)
(29.2)
(1.0)
(1.3)
(3.6)
(24.4)

28
11
53
235
9
10
25
178

(3.5)
(1.4)
(6.7)
(29.6)
(1.1)
(1.3)
(3.1)
(22.4)

146
99
77
64
17
0
1
1

(36.0)
(24.4)
(19.0)
(15.8)
(4.2)
(0.0)
(0.2)
(0.2)

155
78
75
56
23
1
1
1

(39.7)
(20.0)
(19.2)
(14.4)
(5.9)
(0.3)
(0.3)
(0.3)

301
177
152
120
40
1
2
2

(37.9)
(22.3)
(19.1)
(15.1)
(5.0)
(0.1)
(0.3)
(0.3)

SD, standard deviation; BMI, body mass index; WC, waist circumference; BP, blood pressure; ACE, angiotensin converting enzyme.

Mean SBP decreased by 26.0 mmHg in patients
with diabetes and 31.5 mmHg in patients without
diabetes, between W0 and W10 (p ⬍ 0.001,
ANCOVA). Mean DBP decreased by 11.8 mmHg in
patients with diabetes and 15.0 mmHg in patients
without diabetes, between W0 and W10 (p ⫽ 0.30,
ANCOVA). The proportion of controlled patients at
W10, was 31.7% in patients with diabetes, taking
into account the recommended goal for subjects with
diabetes (SBP ⬍ 130 mmHg and DBP ⬍ 80 mmHg)
and 69.4% in patients without diabetes (p ⬍ 0.0001).
Similar results were seen in the PP population.
Safety evaluation
The safety population included 804 patients (408 in
the late and 395 in the early titration group). The

mean laboratory values of serum sodium, potassium
and creatinine remained stable between W2 and W10
in both groups.
At least one treatment-related AE (TRAE) was
reported in 177 (22.0%) patients. Of these, 30 (3.7%)
had at least one TRAE leading to permanent discontinuation of the study drug (27 AEs, two lack of efficacy, one lost to follow-up), and 57 (7.1%) had at
least one TRAE possibly related to the study drug
(31 in the late vs 26 in the early titration group).
There were no significant differences between the
groups for TRAEs. TRAEs reported by at least 0.5%
of the safety population are presented in Figure 2.
Sixteen serious AEs (SAEs) were reported in 13
(1.6%) patients, with a significantly higher proportion in the early (10, 2.5%) than in the late titration
group (3, 0.7%) (p ⬍ 0.05). The most frequent

Table II. Change in BP (ANCOVA model) from baseline in the intent-to-treat population.

Parameter
SBP change from W0 to W6 (LOCF)
DBP change from W0 to W6 (LOCF)
SBP change from W0 to W10 (LOCF)
DBP change from W0 to W10 (LOCF)

Late titration group,
n ⫽ 405
⫺26.34 (17.37)
⫺11.68 (10.32)
⫺31.02 (16.15 )
⫺14.46 (10.18)

Early titration group,
n ⫽ 390
⫺28.78
⫺13.43
⫺29.51
⫺14.12

(15.45)
(10.38)
(15.80)
(10.06)

Adjusted means of estimated BP
difference between early and late
titration groups

p-value
(ANCOVA)

⫺2.50
⫺2.20
1.48
⫺0.12

0.0204
0.0004
0.1423
0.8313

BP, blood pressure; ANCOVA, analysis of covariance; SBP, systolic blood pressure; W0, week 0; W6, week 6; LOCF, last observation
carried forward; DBP, diastolic blood pressure; W10, week 10. Adjusted means difference=Adjusted mean SBP or DBP change for early
titration−Adjusted mean SBP or DBP change for late titration. The following factors were included in the model: treatment group, SBP
or DBP at W0, pulse pressure at W0 in class and the region as fixed effects, and the centre as random effect.

26

X. Girerd et al.

Table III. BP control at week 6 and week 10 in the intent-to-treat population.

Parameter
At W6, n (%)
All patientsa
Taking BP goal for diabetes into accountb
Controlled patients at W10, n (%)
All patientsa
Taking BP goal for diabetes into accountb

Controlled patients
in the late titration
group, n ⫽ 405

Controlled patients
in the early titration
group, n ⫽ 390

Odds ratio

95% Wald
confidence
interval

p-value

229 (56.5)
208 (51.4)

255 (65.4)
214 (54.9)

1.451
1.149

(1.081–1.947)
(0.866–1.525)

0.0132
0.3350

287 (70.9)
259 (64.0)

258 (66.2)
225 (57.7)

0.774
0.757

(0.568–1.057)
(0.566–1.012)

0.1068
0.0600
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BP, blood pressure; W6, week 6; W10, week 10. aAll patients’ BP goal: SBP ⬍ 140 mmHg and DBP ⬍ 90 mmHg. bPatients without diabetes
BP goal: SBP ⬍ 140 mmHg and DBP ⬍ 90 mmHg; patients with diabetes BP goal : SBP ⬍ 130 mmHg and DBP ⬍ 80 mmHg.

SAEs belonged to the following system organ classes:
cardiac disorders and nervous system disorders.
No deaths were reported.

Discussion
The ACTUAL study showed that in hypertensive
subjects uncontrolled with monotherapy and switched
to irbesartan/HCTZ combination, after 10 weeks
of follow-up, an early regimen with titration after
2 weeks provides similar BP decrease and control
rate to a late regimen with titration after 6 weeks.
Both strategies achieved target BP in about 60%
patients; however, because serious adverse effects
were observed more frequently with early titration,
to double the dosage of a FDC after 2 weeks of
follow-up seems unreasonable.
Our primary objective was to evaluate the antihypertensive efficacy of a stepwise titration strategy
using irbesartan/HCTZ FDC in hypertensive

subjects uncontrolled by monotherapy. Our results
highlight that the mean decrease in SBP/DBP at
W10 was ⫺31.0/⫺14.5 mmHg in the late and
⫺29.5/⫺14.1 mmHg in the early titration group.
This antihypertensive effect is higher than the
mean decrease in SBP/DBP described in studies of
irbesartan/HCTZ FDC in patients failing on monotherapy (4–11). In an Asian study, patients received
FDC irbesartan/HCTZ 150/12.5 mg for 2 weeks,
with rapid titration to 300/12.5 mg (after 2 weeks)
and 300/25 mg (after 4 weeks), if required. After 8
weeks, the mean reduction was 22.0/16.1 mmHg
(12). Thus, our results confirm the efficacy of irbesartan/HCTZ combination in patients failing on
monotherapy, and favor the implementation of current hypertension management guidelines indicating
monotherapy as the initial treatment for mild BP
elevation followed by combination therapy if the BP
goal is not achieved (3).
The ACTUAL study was designed to evaluate
the efficacy and safety of an early titration regimen

Figure 2. Treatment-related adverse events by system organ class and preferred term according to randomization group – safety population.
∗One patient with missing randomization group. TRAE, treatment-related adverse events.
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based on a decision to titrate the antihypertensive
regimen (by doubling initial dosage) after 2 weeks of
follow-up. Our results indicate that in the ITT population, both groups had similar mean decrease of
BP and proportion of controlled patients at W10.
However, the mean BP decrease was significantly
higher at W6 in the early than in the late titration
group and the proportion of controlled patients at
W6 was significantly higher in the early than in the
late titration group (65.4% vs 56.5%). Thus, our
results suggest that early titration enables earlier BP
decrease and BP control, although the final BP
decrease and BP control are comparable with late
titration. Our results are not consistent with another
study in which participants were randomized either
to a fast (every 2 weeks) or slow (every 6 weeks) drug
titration. Results indicated that slower dose escalation of an ACE inhibitor provided higher BP control
rates than more rapid drug dose escalation (13).
The safety records of the effects of an early titration strategy based on the doubling, after 2 weeks of
follow-up, of the initial dosage of irbesartan/HCTZ
150/12.5 mg combination is an important result of
our study. In this population, at least one TRAE was
reported in 22.0% patients, though there were no
significant differences between early and late groups
for TRAEs. Sixteen SAEs were reported in 13 (1.6%)
patients, with a significantly higher proportion in the
early (2.5%) than in the late titration group (0.7%)
(p ⬍ 0.05). The global rate of SAEs in the ACTUAL
study (1.6%) was similar to that described in the
INCLUSIVE study (1.0%) (7). Our results are
consistent with the study in which participants
were randomized either to a fast (every 2 weeks) or
slow (every 6 weeks) drug titration (13). A similar
proportion of patients in the two groups experienced
AEs (10.8% in slow vs 10.7% in fast group). Nevertheless, the frequency distribution of AEs differed
by severity between the two treatments groups and
the slow group experienced fewer severe (21% vs
12%) and more mild (52% vs 39%) AEs than the
fast titration group.
Safety and tolerability are of paramount importance, as aggressive antihypertensive drug therapy
can be associated with hypotension, syncope, headache and hypokalemia. Higher doses (25 mg/day) of
HCTZ may provide additional BP control but may
be associated with increased incidence of AEs, especially metabolic effects (14). However, irbesartan
tends to ameliorate the dose-related biochemical
abnormalities associated with HCTZ alone (15). In
the current study, no clinical side effects or significant metabolic changes were observed after 10 weeks.
Studies of FDCs of other ARBs with high-dose
(25 mg/day) HCTZ have also shown better efficacy
of the combinations without compromising the safety
(16,17).
The early strategy evaluated in the ACTUAL
study of assessing BP responses after 2 weeks and,
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if the BP reduction is inadequate, to double the
drug dose, is not supported by our findings. Irrespective of our findings, however, it is imperative to deliberate on the following question: what is the benefit
of more rapid BP lowering? Most patients with
hypertension, especially those having stage 1 or 2 BP
elevations, are at risk of BP-related complications
over the years. Additionally, the benefits of rapid BP
lowering/normalization have not been well defined.
The 2007 ESH/ESC guidelines recommend achieving the BP goal more promptly in hypertensive
patients who have high initial BP or are classified as
being at high/very high cardiovascular risk (3). This
recommendation is justified by a post hoc analysis of
the VALUE trial (18), but these data obviously are
not compelling enough to establish the advantage of
early BP control, because there is a possibility that
the immediate responders were at a lower cardiovascular risk, and hence, had a more prompt reduction
in BP with treatment. To validate the benefit of rapid
BP lowering, an appropriate morbidity–mortality
trial should be conducted comparing earlier BP
control to later control. Although, the ACTUAL
study is not a morbidity–mortality trial, our results
are suggestive of a slower drug escalation strategy, as
recommended in the guidelines, until valid benefits
of rapid (over a few weeks) reduction of BP are
established.
The ACTUAL study has some limitations.
Despite randomization, patients of the early titration
arm presented slightly more severity criteria than
the late titration arm. These small differences may
have an impact on the mean decrease of SBP/DBP
and on the proportion of controlled patients.
The active treatment period was relatively short
(10 weeks), allowing only short-term evaluation of
efficacy and tolerability.
In conclusion, our findings suggest that in
hypertensive subjects uncontrolled with monotherapy and switched to irbesartan/HCTZ combination, a rapid drug dose titration strategy not
only does not yield tangible improvements in BP
control after 10 weeks of treatment, but rather is
associated with less desirable outcomes on potentially important safety profile parameters. While
the ACTUAL study does not permit any definitive
conclusions to be drawn, our results suggest, in
the absence of any proven benefit from rapid BP
lowering accomplished over a few weeks, a slower
drug dose titration strategy as recommended in the
guidelines seems reasonable.
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