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Most hypertensive patients require more than one 
drug for adequate blood pressure (BP) control. The 
seventh report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment 
of High Blood Pressure recommends starting 
treatment with a thiazide diuretic or, when BP is 
>20/10 mm Hg above goal or in patients with dia-
betes, using two different antihypertensive agents. 
Searches of MEDLINE, EMBASE, and BIOSIS 
databases identified four similarly designed, ran-
domized, factorial studies comparing various doses 
of angiotensin II receptor blockers with hydrochlo-
rothiazide as monotherapy and in combination. 
The methodology and results of these studies were 
compared. The primary efficacy end point in these 
studies was a decrease from baseline in mean dia-
stolic BP after 8 weeks of therapy. All currently 
available angiotensin I receptor blocker/hydro-
chlorothiazide combinations evaluated (irbesartan, 
olmesartan medoxomil, telmisartan, and valsartan 
plus hydrochlorothiazide) produced significant sys-
tolic BP and diastolic BP reductions. Olmesartan 

medoxomil/hydrochlorothiazide 40 mg/25 mg pro-
vided the largest mean reduction in absolute and 
placebo-corrected systolic BP/diastolic BP. For all 
angiotensin II receptor blocker/hydrochlorothiazide 
combinations evaluated, ≥63% of patients achieved 
a diastolic BP response (diastolic BP <90 mm Hg 
or ≥10- mm Hg reduction). In conclusion, the com-
bination of an angiotensin II receptor blocker and 
hydrochlorothiazide produces more substantial BP 
responses than monotherapy with either component. 
(J Clin Hypertens. 2004;6:569–577)  
©2004 Le Jacq Communications, Inc.

The prevalence of hypertension is increasing in 
the United States, with almost 29% of the adult 

population (58.4 million individuals) estimated to 
have been hypertensive in 1999–2000.1 Adequate 
control of high blood pressure (BP) is therefore of 
paramount importance because as BP increases, so 
does the risk of developing myocardial infarction, 
heart failure, stroke, and kidney disease.2

The Seventh Report of the Joint National Committee 
on Prevention, Detection, Evaluation, and Treatment of 
High Blood Pressure (JNC 7) recommends a goal BP of 
<140/90 mm Hg for the general hypertensive popula-
tion and <130/80 mm Hg for patients with diabetes or 
chronic kidney disease.2 Although BP control rates are 
improving, they are still far from ideal. In 1999–2000, 
only an estimated 58% of known hypertensive patients 
were receiving BP medication. Of those receiving treat-
ment, 53% achieved BP control consistent with JNC 7 
definitions at that time.1 Hence, there is a clear need for 
more aggressive treatment of hypertensive patients.
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For stage 2 hypertensives (systolic BP [SBP] ≥160 
mm Hg or diastolic BP [DBP] ≥100 mm Hg), JNC 
7 guidelines recommend treatment that includes 
a thiazide diuretic either alone or in combination 
with another class of drug having a complementary 
mode of action as initial therapy.2 Initial com-
bination therapy for these patients has included 
a diuretic in combination with an angiotensin-
converting enzyme (ACE) inhibitor, β blocker, or 
angiotensin receptor blocker (ARB).3,4 

Studies have established that the addition of a thia-
zide-type diuretic, such as hydrochlorothiazide (HCTZ), 
to ARB therapy enhances BP lowering ability and 
increases the proportion of patients who achieve goal 
BP.5–8 However, despite the proven efficacy and increased 
utilization of ARB and HCTZ combinations, there are 
few direct head-to-head comparisons of the different 
formulations in the published literature.9–12 Those that 
have been conducted provide incomplete information 
regarding comparative dose-related BP lowering efficacy 
of such combinations in clinical practice.

Factorial studies (sometimes referred to as matrix 
studies) are designed to evaluate whether a specific 
combination therapy is more effective than either of 
the individual agents used as monotherapy. These 
studies are commonly used in regulatory submissions 
to the Food and Drug Administration because they 
provide data that would otherwise require multiple 
trials.13 The factorial study design is not intended to 
evaluate a dose response relationship between differ-
ent combinations, but rather is statistically powered 
to evaluate safe and effective doses of combination 
therapy. In such studies, every level of any variable or 
intervention is paired with each level of every other 
variable or intervention. These studies have been 
used with a number of agents, such as ACE inhibitors 
and β blockers, with HCTZ and have demonstrated 
greater efficacy with the combinations in comparison 
with their monotherapy components.14–21

To date, factorial studies have been published for 
four of the ARBs currently available on the market—
irbesartan, olmesartan medoxomil (olmesartan), telmis-
artan, and valsartan.22–25 All four studies used a similar 
design and patient population. Recent evidence from 
published meta-analyses suggests that indirect compari-
son of agents may be valid when the data come from 
studies of similar design in comparable patient popula-
tions and with the same comparator (e.g., placebo).26 
Given the similarities of these four factorial studies, we 
conducted a comparative review to derive information 
about the relative efficacy of these ARB/HCTZ combi-
nations and their constituent components. This review 
may provide clinicians with pertinent information in 
the absence of direct comparisons.

DESIGN AND METHODOLOGY
A search was undertaken on the MEDLINE 
(National Library of Medicine), EMBASE, and 
BIOSIS databases to identify factorial-design, ran-
domized, controlled trials with available ARBs 
and HCTZ. Four studies were identified, involving 
the following ARBs: irbesartan,22 olmesartan,23 
telmisartan,24 and valsartan.25 The results presented 
in this review from the above mentioned studies 
were previously published in their entirety.22–25 All 
were multicenter, randomized, double-blind, pla-
cebo-controlled studies of 8 weeks’ duration. Study 
design and methodology of the four studies are sum-
marized in Table I. Inclusion criteria were similar 
across the four studies, with only slight variations 
in the BP cutoff points used (Table I).

Patients were randomized to receive placebo, 
ARB or HCTZ monotherapy (doses of ARB and 
HCTZ monotherapy used in each study are shown 
in Table I) or ARB/HCTZ combination therapy. 
Patients received all possible combinations of dos-
ages used in the monotherapy groups. These proto-
cols allowed ARB/HCTZ combination therapy to 
be compared with monotherapy with the ARB and 
HCTZ components and also with placebo.

The primary efficacy end point in all studies was 
the change from baseline in mean DBP. Other efficacy 
end points reported in these studies included change 
from baseline in mean SBP23–25 and the proportion of 
patients responding to treatment (defined as DBP <90 
mm Hg or a ≥10-mm Hg reduction in DBP).22–25

Seated BP measurements were used in three 
of the four factorial studies, while one study 
(the telmisartan study24) used supine readings. 
In all studies, BP measurements were performed 
approximately 24 hours after the last dose of the 
investigational drug was taken (trough values).

RESULTS
Patients
The number of patients randomized to treatment 
ranged from 502 to 871 across the four factorial 
studies. In general, the demographic and baseline 
characteristics of the study populations were similar 
(Table II). The mean age of participants across all 
studies was 52–55 years, and the percentage of male 
patients was 56%–65%. The percentage of white 
participants was 74%–85% for three of the stud-
ies, and in one study (the telmisartan study24) 27% 
of participants were black and the remainder were 
non-black (this category included white, Hispanic, 
and other racial groups). Mean baseline BP was sim-
ilar across the studies and ranged from 100–104.4 
mm Hg for DBP and 151–156.6 mm Hg for SBP.
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Efficacy
Three of the four studies presented data for the intent-
to-treat populations23–25 using the last observation 
carried forward for patients who either discontinued 
or were lost to follow-up. The study by Kochar et 
al.22 (irbesartan) presented data for the population of 
patients who completed the study or who discontinued 
treatment but had BP readings taken at Week 8.

In these four studies, placebo was generally associ-
ated with reductions in mean DBP of approximately 
3.5–4.1 mm Hg compared with baseline after 8 weeks 
(Table III).22,24,25 The exception is the olmesartan study, 
in which the mean reduction in DBP at 8 weeks in the 
placebo group was 8.2 mm Hg.23 The impact of pla-
cebo on mean SBP was more consistent, with reductions 
of 1.9–3.3 mm Hg recorded in all four studies.

For monotherapy with HCTZ 12.5 mg, the mean 
absolute DBP reduction ranged from 6.2 mm Hg22 
to 10.2 mm Hg,23 and the mean placebo-corrected 
DBP reduction ranged from 2.0 mm Hg23 to 3.5 mm 
Hg24 (Table III). The magnitude of SBP changes from 
baseline was somewhat higher, with a range of abso-
lute decreases of 6.9 mm Hg24 to 9.6 mm Hg23 and 
placebo-adjusted decreases of 4.0 mm Hg24 to 6.6 mm 
Hg22 (Table III). Across the three studies that provided 
data on HCTZ 25 mg, the mean absolute decrease in 
DBP was 10 mm Hg (placebo-corrected 5.0 mm Hg) 
and the mean absolute decrease in SBP was 13.5 mm 
Hg (placebo-corrected 11.2 mm Hg).22,23,25

In all studies, combination therapy with an ARB 
and HCTZ produced more marked lowering of DBP 
than did monotherapy with the component agents 
(Table IV). For most combinations, the absolute reduc-
tion in DBP exceeded 10 mm Hg (the exception was 
irbesartan 37.5 mg with either HCTZ 6.25 mg or 12.5 
mg, which resulted in absolute DBP reductions of 8.1 
mm Hg and 9.0 mm Hg, respectively). The placebo-
corrected DBP decrease exceeded 5 mm Hg for all 
combinations except irbesartan 37.5 mg/HCTZ 6.25 
mg. Although not a primary end point, the reductions 
in SBP were also greater with the combination of 
ARB/HCTZ than with either agent given alone. Three 
of the studies (involving irbesartan, olmesartan, and 
telmisartan) used the global average test27 to determine 
whether at least one combination was more effective 
than each of its components, and this was proven to 
be the case in all three of these studies.22–24 The other 
study used two-sided t tests to compare the combi-
nation of valsartan/HCTZ with every monotherapy 
component, and these showed statistically significant 
superiority with each combination (p<0.01).25

Although the telmisartan study included 20 separate 
treatment groups, the published report on telmisartan 
focused on only two dose levels of telmisartan (40 mg 

and 80 mg) and on one dose level of HCTZ (12.5 mg),24 
these doses being the commercially available ones. The 
other studies reported on a wider range of doses, includ-
ing some that are not marketed. Figures 1 and 2 present 
the change from baseline to Week 8 in mean absolute 
BP and placebo-corrected BP, respectively, for the maxi-
mal marketed doses of the ARB/HCTZ combinations 
to provide a clinically relevant comparison. The greatest 
absolute reduction in both mean DBP and SBP was seen 
with maximal doses of olmesartan and HCTZ (40 mg 
and 25 mg, respectively) (Figures 1 and 2). This also 
held true when the absolute data values were placebo 
corrected (Figures 3 and 4).

In clinical practice, a second antihypertensive agent 
is usually added when the response to initial mono-
therapy is inadequate. In the factorial studies under 
assessment, the combination of HCTZ and ARB 
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Figure 1. Mean absolute change from baseline in dia-
stolic blood pressure (DBP) in subjects with hyperten-
sion treated at maximal marketed doses of an angioten-
sin receptor blocker plus hydrochlorothiazide (HCTZ) 
for 8 weeks. *highest dose reported in the published 
paper; †ITT population not reported in this study

Figure 2. Mean absolute change from baseline in sys-
tolic blood pressure (SBP) in subjects with hypertension 
treated at maximal marketed doses of an angiotensin 
receptor blocker plus hydrochlorothiazide (HCTZ) for 
8 weeks. *highest dose reported in the published paper; 
†ITT population not reported in this study
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produced incremental increases in the magnitude of 
mean BP reduction compared with ARB monotherapy 
(Table V). In addition, the combination of HCTZ 25 
mg plus ARB was almost invariably associated with 
a greater change in mean BP than the combination 
of HCTZ 12.5 mg plus ARB. For example, the mean 
absolute (and placebo-corrected) DBP decrease at 8 
weeks was 9.4 (5.3) to 14.6 (6.4) mm Hg with maxi-
mal doses of ARB monotherapy, 13.5 (9.4) to 17.3 
(9.1) mm Hg with the same dose of ARB + HCTZ 
12.5 mg, and 14.4 (10.9) to 21.9 (13.7) mm Hg 
with the same ARB dose + HCTZ 25 mg. However, 
an exception was the change in mean DBP between 
irbesartan 300 mg/HCTZ 12.5 mg and irbesartan 
300 mg/HCTZ 25 mg; no incremental increase was 
seen with the higher dose of HCTZ in these combi-
nations. In fact, the mean placebo-corrected change 

in DBP with irbesartan 300 mg/HCTZ 25 mg was 
slightly lower than the change with irbesartan/HCTZ  
300 mg/12.5 mg (–10.9 mm Hg with HCTZ 25 mg 
and –11.5 mm Hg with HCTZ 12.5 mg).

Three of the factorial studies reported the propor-
tion of patients in each treatment group who were 
considered responsive to therapy (DBP <90 mm Hg or 
a ≥10-mm Hg reduction from baseline).23–25 Placebo 
response rates ranged from 24%22 to 38.1%.23 For 
combination therapy, the lowest marketed doses 
produced absolute (and placebo-corrected) response 
rates of 63% (34%) to 77% (39%), and the highest 
marketed doses produced absolute (and placebo-cor-
rected) response rates of 79% (50%) to 92% (54%). 
The highest absolute and placebo-corrected response 
rate was seen with olmesartan/HCTZ 40 mg/25 mg 
(92% and 54%, respectively).23

Safety
The combination of ARB/HCTZ was generally well 
tolerated in the factorial studies evaluated in this 
review, with the incidence of adverse events being 
similar to ARB monotherapy. The rate of withdrawal 
due to the occurrence of adverse events in the ARB/
HCTZ combination groups was ≤5% across all stud-
ies. Most adverse events were mild to moderate and 
transient. The most common adverse events reported 
in these studies included dizziness, headache, and 
upper respiratory tract infection. The combination of 
an ARB with HCTZ appeared to attenuate the potas-
sium loss normally associated with HCTZ therapy.

DISCUSSION
Randomized, controlled, direct comparisons of ARB/
HCTZ combinations are currently lacking in the pub-
lished literature. Most studies of these agents employ 
a design in which HCTZ is added to the treatment 
regimen only after there is an inadequate response to 
ARB monotherapy and consequently provide clini-
cians with little information about the magnitude of 
BP reduction that can be expected from ARB/HCTZ 
compared with either agent alone.

In contrast, factorial-design studies provide a 
unique opportunity to compare the efficacy of a 
combination therapy with the efficacy of each com-
ponent of the combination in a single study. The fac-
torial studies identified for this analysis used a similar 
methodology, design, and primary efficacy variable, 
and all end-of-treatment BP measurements were 
taken 24 hours after the last dose (at trough). Given 
these similarities, it seemed reasonable to undertake 
a cross-study comparison of these trials to evalu-
ate the efficacy results with different ARB/HCTZ 
combinations. This approach is supported by recent 
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Figure 3. Mean placebo-adjusted change from baseline in 
diastolic blood pressure (DBP) in subjects with hyperten-
sion treated at maximal marketed doses of an angioten-
sin receptor blocker plus hydrochlorothiazide (HCTZ) 
for 8 weeks. *highest dose reported in the published 
paper; †ITT population not reported in this study

Figure 4. Mean placebo-adjusted change from baseline in 
systolic blood pressure (SBP) in subjects with hyperten-
sion treated at maximal marketed doses of an angioten-
sin receptor blocker plus hydrochlorothiazide (HCTZ) 
for 8 weeks. *highest dose reported in the published 
paper; †ITT population not reported in this study
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evidence from published meta-analyses showing that 
the results of adjusted indirect comparisons from 
comparable studies are similar to the results of direct 
randomized comparisons.26

This review of published factorial studies of ARB/
HCTZ combinations has shown that such combina-
tions are more effective than the corresponding dose 
of either HCTZ or ARB when given as monotherapy. 
All of the currently available combinations of ARB 
and HCTZ evaluated in these factorial studies pro-
duced significant lowering of both DBP and SBP vs. 
baseline. The effects on BP lowering were reported 
to be additive for all doses of ARB/HCTZ combi-

nations when compared with monotherapy with 
either the constituent ARB or HCTZ. At maximal 
marketed doses, olmesartan 40 mg plus HCTZ 25 
mg provided the largest absolute reductions in both 
mean DBP and SBP (–21.9 mm Hg and –26.8 mm 
Hg, respectively) compared with baseline, as well as 
the largest placebo-corrected reductions (–13.7 mm 
Hg and –23.5 mm Hg, respectively). In addition to 
measuring the mean reduction in DBP and SBP, some 
of the factorial studies in the current analysis assessed 
the proportion of patients achieving a DBP response 
(defined as DBP <90-mm Hg or a ≥10-mm Hg 
reduction in DBP). For the studies in which this end 

Table I. Study Design and Methodology of the ARB/HCTZ Factorial Studies

DRUG COMBINATION STUDY DESIGN ENTRY CRITERIA
TREATMENT ARMS/ 
DRUG DOSES

PRIMARY EFFICACY 
ENDPOINT

Irbesartan/HCTZ22 Multicenter, 
randomized, double-
blind, placebo-
controlled, 4 × 4 
factorial design 

SeDBP 95–110 mm 
Hg at Weeks 3 and 
4 of placebo run-in 
period 

Placebo
Irbesartan 37.5, 100, or 

300 mg
HCTZ 6.25, 12.5, or 

25 mg

Δ from baseline in mean 
SeDBP at Week 8

Olmesartan/HCTZ23 Multicenter, 
randomized, double-
blind, placebo-
controlled, 4 × 3 
factorial design

SeDBP 100–115 mm 
Hg at Weeks 3 and 
4 of placebo run-in 
period

Placebo
Olmesartan 10, 20, or 

40 mg
HCTZ 12.5 or 25 mg

Δ from baseline in mean 
SeDBP at Week 8

Telmisartan/HCTZ24 Multicenter, 
randomized, double-
blind, placebo-
controlled, 4 × 5 
factorial design*

SuDBP 95–114 mm 
Hg during last 2 
weeks of 4-week 
placebo run-in 
period

Placebo
Telmisartan 20, 40, 60, 

or 80 mg
HCTZ 6.25, 12.5, or 

25 mg

Δ from baseline in mean 
SuDBP at Week 8

Valsartan/HCTZ25 Multicenter, 
randomized, double-
blind, placebo-
controlled, 3 × 3 
factorial design

SeDBP 95–115 mm 
Hg after a 2- to 4-
week placebo run-in 
period

Placebo
Valsartan 80 or 160 mg
HCTZ 12.5 or 25 mg

Δ from baseline in mean 
SeDBP at Week 8

ARB=angiotensin receptor blocker; HCTZ=hydrochlorothiazide; SeDBP=seated diastolic blood pressure; Δ=change; SuDBP=supine 
diastolic blood pressure; *although the factorial study had 20 treatment groups, the published paper reports results from only six 
treatment groups (placebo, HCTZ 12.5 mg, telmisartan 40 mg, telmisartan 80 mg, telmisartan 40 mg/HCTZ 12.5 mg, telmisar-
tan 80 mg/HCTZ 12.5 mg)

Table II. Demographic and Baseline Characteristics of Patients in the ARB/HCTZ Factorial Studies

DRUG COMBINATION

NO. OF PATIENTS 
RANDOMIZED TO 

TREATMENT
MEAN AGE 

(YEARS) GENDER ETHNICITY
MEAN BASELINE BLOOD 

PRESSURE (MM HG)
Irbesartan/HCTZ22 683 55 65% Male 85% White SBP/DBP=151/100
Olmesartan/HCTZ23 502 53 56% Male 74% White SBP=151.9–156.6

DBP=102.6–104.4
Telmisartan/HCTZ24 818 53 60% Male 27% Black

73% Non-black*
SDP/SBP=154/101

Valsartan/HCTZ25 871 52 58% Male 75% White SBP=152.0–155.9
DBP=100.4–101.5

ARB=angiotensin receptor blocker; HCTZ=hydrochlorothiazide; SBP=systolic blood pressure; DBP=diastolic blood pressure; 
*patients included those of white, Hispanic, and other racial groups
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point was reported, the ARB/HCTZ combinations 
at commercially available doses were associated with 
absolute DBP response rates of 63% (with telmisar-
tan 40 mg/HCTZ 12.5 mg) to 92% (with olmesar-
tan 40 mg/HCTZ 12.5 mg). This is consistent with 
data from a meta-analysis of ARB/HCTZ random-
ized controlled trials showing that 68% of patients 
achieve a BP response across all combinations.6 At 
maximal marketed doses, placebo-adjusted response 
rates were ≥50% for all ARB/HCTZ combinations. 
Hence, available data suggest that the majority of 
hypertensive patients achieve a DBP response with 
ARB/HCTZ combination therapy.

An important finding of this review is the 
consistency of the mean reductions in BP associ-
ated with placebo and HCTZ monotherapy. For 
example, the difference between the lowest and 
highest mean change in SBP with placebo was only 
1.5 mm Hg across these four studies. The mean 
placebo-corrected reductions in DBP associated 
with 12.5 or 25 mg of HCTZ in the ARB factorial 
studies in this analysis were similar in magnitude 
to those achieved in similar factorial studies with 
ACE inhibitors and HCTZ.14–17 The consistency 
of the reductions in BP with HCTZ and placebo 
in the four factorial studies and in other factorial 
studies supports the validity of comparing results 
from separate but similar studies.

In addition to describing the effects of ARB/
HCTZ combination therapy, this comparison also 

provided information on the comparative efficacy of 
ARB monotherapies. The findings for the antihyper-
tensive effect of ARB monotherapy in this analysis 
are comparable to those reported in published meta-
analyses. For example, in a meta-analysis by Conlin 
et al.,6 the mean absolute DBP reduction with val-
sartan 80 mg was –8.8 mm Hg (data derived from 
1455 patients in randomized controlled trials). In 
the factorial study, the mean reduction was –8.6 mm 
Hg.25 Similarly, in a pooled analysis, the weighted 
average reduction in DBP (placebo-corrected) in 
four valsartan studies was –4.2 mm Hg with val-
sartan 80 mg and –5.2 mm Hg with valsartan 160 
mg.28 This compares with corresponding placebo-
corrected reductions of –4.5 mm Hg and –5.3 mm 
Hg, respectively, in the factorial study.25

At the maximal tested doses, ARB monotherapy 
produced similar reductions in mean BP across all 
four factorial studies. However, the JNC 7 guide-
lines note that most patients with hypertension will 
require more than one drug to achieve BP goals.2 
In these circumstances, it is recommended that the 
patients receive an additional agent from a separate 
class.2 Administering a combination of agents that 
have complementary modes of action can produce 
clinical benefits not associated with merely increas-
ing the dose of a single agent. These benefits may 
include better compliance rates and quicker BP 
control.29,30 Thiazide diuretics, recommended as 
initial therapy for most patients with uncomplicated 

Table III. Reductions in Mean SBP and DBP Observed After 8 Weeks of Treatment With HCTZ Monotherapy  
in the Factorial Studies*

FACTORIAL STUDIES HCTZ DOSES 

MEAN ABSOLUTE CHANGE IN 
BP (MM HG)

MEAN PLACEBO-CORRECTED 
CHANGE IN BP (MM HG)

DBP SBP DBP SBP
Irbesartan22 Placebo –3.5 –2.3 … …

6.25 mg –5.1 –4.6 –1.6 –2.3
12.5 mg –6.2 –8.9 –2.7 –6.6
25 mg –8.3 –11.5 –4.8 –9.2

Olmesartan23 Placebo –8.2 –3.3 … …
12.5 mg –10.2 –9.6 –2.0 –6.3

 25 mg –12.9 –17.1 –4.7 –13.8
Telmisartan**24 Placebo –3.8 –2.9 … …
 12.5 mg –7.3 –6.9 –3.5 –4.0
Valsartan25,41 Placebo –4.1 –1.9 … …

12.5 mg –7.1 –7.3 –3.0 –5.4
25 mg –9.3 –12.7 –5.2 –10.8

SBP=systolic blood pressure; DBP=diastolic blood pressure; HCTZ=hydrochlorothiazide; BP=blood pressure; *data are mean changes 
in DBP and SBP at end point (or last observation carried forward) in the intent-to-treat population for studies involving olmesartan, 
telmisartan, and valsartan; the irbesartan study provided data on the population of patients who completed the study and/or had Week 
8 BP readings; **the telmisartan study used supine BP measurements and the other studies used sitting BP measurements.
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hypertension, promote salt elimination and stimulate 
the renin-angiotensin-aldosterone system via intra-
renal mechanisms, thereby making BP more depen-
dent on angiotensin II.31 Thus, the antihypertensive 
effects of ARBs, β-blockers, and ACE inhibitors are 
enhanced in the presence of thiazide diuretics.3,31–33

For patients who fail to respond adequately to 
ARB monotherapy, the addition of HCTZ produces 
additional decrements in BP.8,34–36 The factorial stud-
ies in this review support this approach, showing that 
the combination of ARB plus HCTZ produces greater 
mean decreases in BP than does ARB monotherapy. 
The effect is generally greater with 25 mg of HCTZ 
than with 12.5 mg of HCTZ, suggesting that clinicians 
can try increasing the dose of HCTZ if 12.5 mg fails 
to achieve the target BP for ARB/HCTZ combinations 
when both the 12.5-mg and 25-mg dose forms are 
available. Notwithstanding, the dose-response effect 
was not seen in all the studies, and there were differ-
ences in the magnitude of BP reductions achieved with 

the different ARB/HCTZ combinations. For example, 
irbesartan 300 mg/HCTZ 25 mg produced a mean 
placebo-corrected decrease in DBP that was no great-
er than that seen with irbesartan 300 mg/HCTZ 12.5 
mg. In addition, the magnitude of BP reductions with 
the olmesartan/HCTZ combinations was greater than 
with the other ARB/HCTZ combinations.

For some patients, the use of a combination 
product may be preferable to increasing the dose of 
their monotherapy. A combination may allow the 
use of lower doses of component drugs, which may 
decrease the risk of adverse events and potentially 
improve patient adherence.29,30,37,38 In fact, a meta-
analysis of combination antihypertensive therapy has 
shown that, although the BP-lowering efficacy of two 
agents is additive, the prevalence of adverse events 
is less than additive.30 The combination of an ARB 
with HCTZ was well tolerated in all of the facto-
rial studies in this review, with most adverse events 
being mild to moderate in intensity and transient in 

Table IV. Reductions in Mean SBP and DBP Observed After 8 Weeks of Treatment: Results From the Factorial Studies for the 
Fixed-Dose Combinations of ARBs With HCTZ*

DRUG COMBINATION DOSES 

MEAN ABSOLUTE CHANGE IN 
BP (MM HG)

MEAN PLACEBO-CORRECTED 
CHANGE IN BP (MM HG)

DBP SBP DBP SBP
Irbesartan/HCTZ22 37.5 mg/6.25 mg –8.1 –10.2 –4.6 –7.9

100 mg/6.25 mg –10.0 –11.9 –6.5 –9.6
300 mg/6.25 mg –13.2 –17.2 –9.7 –14.9
37.5 mg/12.5 mg –9.0 –14.7 –5.5 –12.4
100 mg/12.5 mg**†† –11.9 –14.9 –8.4 –12.6
300 mg/12.5 mg†† –15.0 –15.9 –11.5 –13.6
37.5 mg/25 mg –11.7 –16.8 –8.2 –14.5
100 mg/25 mg –13.8 –21.5 –10.3 –19.2

Olmesartan/HCTZ23 
300 mg/25 mg†† –14.4 –23.1 –10.9 –20.8

10 mg/12.5 mg –13.5 –17.4 –5.3 –14.1
20 mg/12.5 mg†† –16.4 –20.1 –8.2 –16.8
40 mg/12.5 mg†† –17.3 –20.6 –9.1 –17.3
10 mg/25 mg –17.1 –23.0 –8.9 –19.7
20 mg/25 mg –20.0 –27.1 –11.8 –23.8

Telmisartan/HCTZ†24
40 mg/25 mg†† –21.9 –26.8 –13.7 –23.5
40 mg/12.5 mg†† –12.6 –18.8 –8.8 –15.9

Valsartan/HCTZ25,41
80 mg/12.5 mg†† –14.9 –23.9 –11.1 –21.0
80 mg/12.5 mg†† –11.8 –16.5 –7.7 –14.6

160 mg/12.5 mg†† –13.5 –17.7 –9.4 –15.8
80 mg/25 mg –15.3 –21.1 –11.2 –19.2

160 mg/25 mg†† –15.3 –22.4 –11.2 –20.5

SBP=systolic blood pressure; DBP=diastolic blood pressure; ARB=angiotensin receptor blocker; HCTZ=hydrochlorothiazide; 
BP=blood pressure; *data are mean changes in DBP and SBP at end point (or last observation carried forward) in the intent-to-
treat population for studies involving olmesartan, telmisartan, and valsartan; the irbesartan study provided data on the population 
of patients who completed the study and/or had Week 8 BP readings; **the dose combination evaluated in the irbesartan factorial 
study was 100 mg/12.5 mg; however, the marketed combination is 150 mg/12.5 mg; †the telmisartan study used supine BP mea-
surements and the other studies used sitting BP measurements; ††approved US dosages
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nature. Consistent with other studies,30 the incidence 
of adverse events with ARB/HCTZ combination 
therapy in the factorial studies was similar to that 
with ARB monotherapy.

Combining an ARB with HCTZ may also have 
the additional benefit of blunting, or even preventing, 
the adverse metabolic effects associated with diuretic 
stimulation of the renin-angiotensin-aldosterone sys-
tem, such as hypokalemia and hyperuricemia.22,39,40 
Indeed, the combination of an ARB with HCTZ was 
reported to attenuate the potassium loss normally 
associated with HCTZ therapy in most of the factorial 
studies in this review.22,24,25

While the data in the factorial studies evaluated in 
this review appear to be comparable with those in the 
published literature, it is important to acknowledge 
the limitations inherent in this analysis. First, despite 
the marked similarities between the factorial studies, 
there were some differences. For example, the telmis-
artan study used supine BP measurements, whereas 
the other studies used seated BP measurements. This 
study also included a higher percentage of black 
patients compared with the other trials.

The irbesartan study reported data on the popula-
tion of patients who completed the study and/or had BP 
readings at Week 8; however, the other studies presented 
data from the intent-to-treat populations, with the last 
observation carried forward. This may result in a slight 
overestimation of irbesartan efficacy relative to the other 
ARBs in this review. In addition, the differences between 
treatments in terms of BP-lowering ability were numeric 

only, which had been identified from independent studies 
of different patient populations. Results were not subject 
to statistical analysis and are not reflective of direct com-
parisons via clinical trials. Therefore, the findings of this 
comparative review should ideally be substantiated in a 
well designed head-to-head comparison. Such a compari-
son would also provide evidence to support the validity 
of indirect comparisons of factorial studies.

CONCLUSION
The results of this review support the rational use of ARB/
HCTZ combination therapy for the treatment of patients 
with hypertension. All of the ARB/HCTZ formulations 
evaluated resulted in significant lowering of both DBP 
and SBP compared with baseline. Comparison of the 
currently available marketed combinations of an ARB 
plus HCTZ evaluated in these factorial studies revealed 
that olmesartan plus HCTZ at the maximal dosage of 
40 mg/d and 25 mg/d, respectively, provided the greatest 
placebo-corrected reduction in mean DBP and SBP. The 
findings from this review should be substantiated in a 
carefully designed comparative study.
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