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ABSTRACT

This study was undertaken to evaluate the effects on blood pressure of
hydrochlorothiazide (HCTZ) 12.5 mg added to valsartan 160 mg or to olmesar-
tan 20 mg in hypertensive patients. After a 2-wk placebo period, 130 patients,
aged 35 to 75 y, with diastolic blood pressure (DBP) ≥99 and <110 mm Hg
were randomly assigned to olmesartan 20 mg once daily or to valsartan 160 mg
once daily according to a prospective, parallel-arm study design. After 4 wk of
monotherapy, patients whose BP was not controlled (DBP ≥90 mm Hg) were
given combination treatment with HCTZ 12.5 mg for an additional 4 wk. 
At the end of the placebo period and at the end of each treatment period, clin-
ical and ambulatory BP measurements were recorded. At the end of the com-
bination therapy period, venous blood samples were drawn 2, 4, and 24 h after
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drug intake for evaluation of HCTZ plasma concentrations. Both combinations induced 
a greater ambulatory BP reduction than monotherapy. However, mean reduction from base-
line in the valsartan/HCTZ-treated patients (–21.5/–14.6 mm Hg for 24 h, –21.8/–14.9 mm Hg
for daytime, and –20.4/–13.7 mm Hg for nighttime systolic blood pressure [SBP]/DBP) was
greater than in the olmesartan/HCTZ-treated patients (–18.8/–12.3 mm Hg for 24 h, –19.3/
–12.8 mm Hg for daytime, and –17.4/–10.6 mm Hg for nighttime SBP/DBP). The difference
between the effects of the 2 treatments was significant (P<.01). In particular, compared with
monotherapy, the add-on effect of HCTZ 12.5 mg was significantly greater in the valsartan
group than in those treated with olmesartan; the difference was more evident for nighttime BP
values. Plasma concentrations of HCTZ were significantly greater with valsartan than with
olmesartan at each determination time (P<.05). These findings suggest that the addition of
HCTZ 12.5 mg to valsartan 160 mg monotherapy produces a greater BP reduction than the
addition of the same dose of HCTZ to olmesartan 20 mg monotherapy.

Keywords: hydrochlorothiazide; valsartan; olmesartan; hypertension

INTRODUCTION

Current hypertension management guidelines advocate a goal of <140/90 mm Hg
in the general population with uncomplicated hypertension.1,2 Lower blood pres-
sure (BP) goals are recommended for high-risk patients, such as those with con-
comitant diabetes mellitus, renal disease, or evidence of other target organ damage.
These recommendations are supported by evidence accumulated from long-term
trials suggesting that lower BP values are associated with better outcomes in a broad
range of patients.3,4 Major studies have shown that most patients with hypertension
need 2 or more antihypertensive drugs to achieve their BP goals, regardless of the
medication chosen as initial therapy.5-8 Advantages of combination therapy include
the following: (1) greater BP reduction and higher response rates than with
monotherapy, probably caused by the simultaneous attack on several regulatory
systems involved in abnormal BP elevation; (2) favorable alterations in pharmaco-
kinetics; (3) fewer adverse effects with consequent better tolerability and improved
compliance with treatment; and (4) possibly lower costs of treatment.9,10

Given the vast array of available antihypertensive agents, the number of poten-
tial combinations is large; however, rational choice must be based on the character-
istics of each agent and their complementary mechanisms of action.9,10 Thus, 
a logical combination consists of a thiazide diuretic, like hydrochlorothiazide (HCTZ),
and an angiotensin receptor blocker (ARB).11-13 Salt depletion induced by the diuretic
triggers the release of renin from juxtaglomerular cells. This reactive hyperrenine-
mia renders BP maintenance dependent on angiotensin II, thereby blunting the anti-
hypertensive efficacy of the diuretic. The addition of an ARB makes it possible to
counteract the activation of the renin-angiotensin system elicited by the diuretic
and, in this way, enhances the BP-lowering effects of salt depletion.11-13 Even mini-
mally natriuretic doses of HCTZ (12.5 mg/d) can boost the BP-reducing effects of an
ARB.14 Furthermore, such a combination of drugs provides advantages in enhancing
tolerability, in that ARBs prevent or attenuate metabolic adverse effects of HCTZ,
such as hypokalemia, hyperglycemia, and hyperuricemia.12,13,15
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Given the general validity of these pharmacodynamic considerations, the efficacy of
the HCTZ/ARB combination must be assessed in a clinical setting, specifically for the
single ARB, especially when low doses of diuretic are used, as is often the case. In fact,
the different pharmacokinetic properties of the various ARBs might produce different
interactions with HCTZ, with a consequent possible influence on clinical efficacy.

The purpose of this study was to evaluate the antihypertensive effect, evaluated by
ambulatory BP monitoring, of HCTZ 12.5 mg added to valsartan 160 mg monothera-
py, as compared with the addition of the same dose of diuretic to olmesartan 20 mg
monotherapy, in moderately hypertensive patients with at least 1 additional cardio-
vascular risk factor. For detection of different pharmacokinetic interference, plasma
HCTZ concentrations were evaluated at the end of each combination treatment.

PATIENTS AND METHODS

This was a prospective, randomized, open-label, blind (masked) end point evalu-
ation, parallel-arm study.16 Consecutive outpatients of both sexes, aged 35 to 75 y,
were eligible for enrollment if they had a sitting diastolic BP (DBP) of ≥99 mm Hg
and <110 mm Hg at the end of an initial 2-wk washout period. An additional inclu-
sion criterion was the presence of at least 1 of the following cardiovascular risk fac-
tors: familial history of ischemic heart disease, a history of smoking, total cholesterol
>200 mg/dL or treatment with hypocholesterolemic drugs, electrocardiographic
evidence of left ventricular hypertrophy (LVH), or known microalbuminuria (uri-
nary albumin excretion >30 mg/dL). Subjects with sitting DBP >110 mm Hg or sit-
ting systolic BP (SBP) >200 mm Hg at the end of the washout period were excluded
from the study, as were those with secondary or malignant hypertension, type 1 or
type 2 diabetes mellitus, myocardial infarction or cerebrovascular accident within
the preceding 6 mo, heart failure, clinically significant valvular heart disease or
arrhythmia, renal or hepatic insufficiency, pregnancy, or known hypersensitivity to
the drugs used in the study.

The study protocol was approved by the local ethical committee, and written
informed consent was obtained from all patients before they were included in the study.

According to the study design, after a 2-wk washout period, during which any
previous antihypertensive therapy was discontinued, eligible patients were ran-
domized to olmesartan 20 mg once daily or to valsartan 160 mg once daily. After 
4 wk of monotherapy, patients whose BP was not adequately controlled (DBP
≥90 mm Hg) were treated with the combination of olmesartan 20 mg and HCTZ 
12.5 mg, or valsartan 160 mg and HCTZ 12.5 mg, both of which were given once
daily in the morning for 4 wk. At the end of each study period (placebo, monother-
apy, combination), BP was measured in the clinic environment and through nonin-
vasive ambulatory BP monitoring. Clinic BP was obtained with a standard mercury
sphygmomanometer with the patient in the sitting position, 24 h after drug intake.
Three measurements, taken at 2-min intervals after 10 min of sitting, were averaged,
and these averages were used as clinic BP reference values. Heart rate (HR) was
measured after each BP measurement through the palpatory method at the radial
artery level.

Ambulatory BP monitoring was performed over 24 h with the use of a clinically 
validated device (Spacelabs 90207, Spacelabs Inc., Redmond, Wash)17 that was pro-
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grammed to measure BP every 15 min during the entire course of the recording. Each
recording was started in the morning, immediately after clinic BP assessment and
drug administration. Patients were instructed to remain motionless each time a read-
ing was taken. Analysis of 24-h BP recordings was preceded by removal of artifacts,
according to previously described editing criteria.18 Recordings were considered valid
when no more than 2 nonconsecutive hours were missing over 24 h. For each patient,
the following data related to SBP, DBP, and HR were obtained through analysis of the
recordings: 24-h mean values, as well as daytime (7 AM–11 PM), nighttime (11 PM–7 AM),
and hourly mean values. The trough-to-peak (T/P) ratio, computed after peak and
trough changes were selected, was calculated for each individual subject.19 To calcu-
late peak changes, the clinician selected the hour in which maximal reduction in BP
was noted after treatment—between the second and eighth hours after drug adminis-
tration—and averaged this change with data from the immediately adjacent hour in
which reduction was most evident. Trough BP changes were calculated by averaging
the last 2 h of the recordings.19 Data were averaged (mean) for all patients. 

The smoothness index (SI) was computed by dividing the average of the 24-h BP
changes after treatment by the corresponding standard deviation.20,21 This has been
shown to reflect more accurately than the T/P ratio whether treatment smoothly
reduced BP during the 24-h period.20,21

On the last day of combination therapy, venous blood samples were drawn from
each patient 2, 4, and 24 h after drug intake so that HCTZ plasma concentrations could
be evaluated. Plasma HCTZ was assayed by high-performance liquid chromatography
with ultraviolet detection at 229 nm, according to the method of Sabanathan et al.22

Intra-assay variability (coefficient of variation) for plasma HCTZ was 7.5%, 4.0%, and
3.6% at 15, 100, and 250 g/mL, respectively.

At each visit, adverse events spontaneously reported or elicited by indirect ques-
tioning were recorded.

Statistical Analysis 

All analyses were conducted with the SAS system, version 6.12 (SAS Institute,
Inc., Cary, NC). Analysis of variance was used for BP results. Differences in T/P
ratios between treatments were evaluated with nonparametric tests (univariate
signed rank test), whereas the paired Student’s t test was used to assess differences
in SI. The level of statistical significance was kept at .05. Data are shown as mean±
standard deviation (SD).

RESULTS

One hundred and thirty patients were recruited for this study and, after the ini-
tial washout placebo period, they were randomized to receive olmesartan 20 mg
once daily (n=65) or valsartan 160 mg once daily (n=65). At the end of monothera-
py, BP was inadequately controlled by treatment in 57 patients in the olmesartan
treatment group and 56 in the valsartan treatment group, so HCTZ 12.5 mg was
added. Results of this study pertain to these 113 patients whose main demographic
and clinical characteristics are shown in Table 1. No statistically significant differ-
ences were noted between groups in any baseline characteristics.
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Average 24-h, daytime, and nighttime ambulatory SBP and DBP values are shown
in Table 2. Monotherapy with olmesartan and with valsartan significantly reduced
ambulatory BP values as compared with baseline, with no significant difference
observed between the 2 treatments: mean decreases in 24-h, daytime, and nighttime
SBP/DBP were –15.0±8.8/–11.0±4.8 mm Hg, –15.2±8.7/–11.5±4.8 mm Hg, and –14.4±
9.6/–9.4±5.6 mm Hg, respectively, with olmesartan (all P<.001 vs baseline); with val-
sartan, values were –16.4±9.1/–12.1±4.8 mm Hg, –16.6±9.4/–12.6±4.8 mm Hg, and
–15.9±8.7/–11.2±5.4 mm Hg, respectively (all P<.001 vs baseline). In the group of
patients whose BP was not adequately controlled by monotherapy, a further
decrease in ambulatory BP was observed at the end of 4 wk of combination therapy
(Table 2). However, in the valsartan/HCTZ-treated patients, a mean reduction from
baseline (–21.5±10.1/–14.6±5.2 mm Hg for 24 h, –21.8±10.2/–14.9±5.2 mm Hg for
daytime, and –20.4±10.3/–13.7±5.9 mm Hg for nighttime SBP/DBP) was greater
than in the olmesartan/HCTZ-treated patients (–18.8±9.8/–12.3±4.9 mm Hg for 
24-h, –19.3±9.8/–12.8±4.9 mm Hg for daytime, and –17.4±10.2/–10.6±5.5 mm Hg for
nighttime SBP/DBP); the difference between the 2 treatments was statistically sig-
nificant (Fig 1). Furthermore, when the difference in ambulatory BP between the end
of monotherapy and the end of combination treatment was considered, the mean
decrease in 24-h, daytime, and nighttime SBP and DBP values obtained with the
addition of HCTZ 12.5 mg to valsartan monotherapy was significantly greater than
that attained with the addition of HCTZ 12.5 mg to olmesartan monotherapy (Fig 2).
The difference was particularly evident for nighttime SBP and DBP values.
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Olmesartan + HCTZ Valsartan + HCTZ

Total randomized, n 57 56

Women/men, n 25/32 26/30

Age, y ± SD 59.3±11.3 59.9±11.5

SBP, mm Hg 168.9±12.3 169.7±11.9

DBP, mm Hg 103.3±5.8 103.7±6.4

HR, beats/min 75.1±6.8 74.9±6.9

Smoking habit, n (%) 12 (21.1%) 13 (23.0%)

Hypercholesterolemia, n (%) 19 (33.3%) 20 (35.1%)

ECG-LVH, n (%) 6 (10.5%) 5 (8.7%)

Microalbuminuria, n (%) 3 (5.3%) 4 (7.0%)

Familial history of IHD, n (%) 20 (35.1%) 19 (33.3%)

ECG-LVH=electrocardiographic left ventricular hypertrophy; IHD=ischemic heart disease.

Table 1. Demographic and Clinical Characteristics of the Study Population
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Calculation of hourly average SBP and DBP (Figs 3 and 4) showed that the BP
reduction attained with both combinations was more consistent than that observed
with respective monotherapy, with no negative influence on the circadian BP profile.
Analysis of hourly profiles also confirmed that BP reduction attained with the addi-
tion of HCTZ to valsartan monotherapy was greater than that attained with the
addition of HCTZ to olmesartan, particularly at nighttime (Fig 5).

The T/P ratio, computed at the end of combination treatment, was below the thresh-
old of 0.5, which is universally regarded as clinically acceptable, and showed no sig-
nificant difference between the 2 regimens (Table 3). As with the T/P ratio, the average
SI for SBP and DBP was similar in the 2 combination treatment groups (Table 3).

Plasma concentrations of HCTZ were significantly greater at each determination
time in patients treated with valsartan than in those treated with olmesartan (P<.05);
the difference was more marked at 24 h (Table 4).

Clinic BP data (Table 5) showed a significant reduction in SBP/DBP levels with
olmesartan and valsartan monotherapy as compared with baseline; this reduction
was much greater after 4 wk of treatment with olmesartan/HCTZ and valsar-
tan/HCTZ combinations. Again, compared with monotherapy, the changes in SBP
and DBP values were significantly greater when HCTZ 12.5 mg was added to val-
sartan than when HCTZ 12.5 mg was added to olmesartan.
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Trough/Peak Ratio SI

SBP
Olmesartan/HCTZ 0.58±0.32 2.60±1.71
Valsartan/HCTZ 0.58±0.37 2.94±1.74

DBP
Olmesartan/HCTZ 0.53±0.24 2.06±1.04
Valsartan /HCTZ 0.60±0.31 2.47±1.02

Table 3. Mean Values of T/P Ratio and SI After 4 Wk of Treatment With 
Olmesartan 20 mg/HCTZ 12.5 mg and Valsartan 160 mg/HCTZ 12.5 mg

HCTZ, ng/mL
Olmesartan Valsartan P

2 h 73.9±16.6 82.7±18.3 <.05
4 h 78.6±17.1 89.9±18.9 <.05
24 h 22.2±6.3 33.7±7.9 <.05

Table 4. Plasma Concentrations of HCTZ (Mean±SD) 2, 4, and 24 H After HCTZ
12.5 mg Administration in Olmesartan- and Valsartan-Treated Groups
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The rate of adverse events (7% with olmesartan/HCTZ and 5% with valsartan/
HCTZ) was not significantly different between the 2 combinations and was similar
to the rate observed with correspondent monotherapy.

DISCUSSION

The results of the present study indicate that, in moderately hypertensive patients
with at least 1 additional cardiovascular risk factor, combination therapy with olme-
sartan 20 mg/HCTZ 12.5 mg and valsartan 160 mg/HCTZ 12.5 mg provides 
a clinically meaningful antihypertensive effect that is better than that attained with
monotherapy. This is consistent with findings from previous studies, which showed
that the addition of HCTZ enhances the efficacy of valsartan23-25 and olmesartan.26-28

However, the BP decrease resulting from the addition of HCTZ to valsartan monother-
apy was significantly greater than that observed when HCTZ was added to olmesar-
tan monotherapy. This was true for SBP and DBP 24-h mean values, as well as for
daytime and nighttime mean values. Such a difference in efficacy could be due to the
different pharmacologic power of the 2 ARBs, but it could also reflect the different
pharmacokinetic profiles of valsartan and olmesartan,29,30 which might result in differ-
ent pharmacokinetic interactions with HCTZ. In the present study, plasma concentra-
tions of HCTZ evaluated after 4 wk of combination therapy were always significantly
greater in patients treated with valsartan than in those treated with olmesartan at each
determination time, but particularly 24 h after drug intake. This suggests that con-
comitant administration of olmesartan and HCTZ might in some way decrease the
bioavailability of HCTZ, at least at a dose of 12.5 mg.

Clinic BP results confirmed that (1) the antihypertensive effect of the valsartan/
HCTZ combination was superior to that of olmesartan/HCTZ at the end of the dos-
ing interval after 4 wk of combination treatment; and (2) the add-on effect of HCTZ

692
R. Fogari, et al

Comparison of Hydrochlorothiazide Combination Treatments in Blood Pressure Control

4 Wk, 8 Wk,
Baseline Monotherapy + HCTZ 12.5 mg

SBP, mm Hg
Olmesartan 169.9±12.3 152.2±6.2 146.1±6.1
Valsartan 169.7±11.9 149.1±6.4 141.8±6.2±6.4*

DBP, mm Hg
Olmesartan 103.7±7.6 93.8±5.1 88.9±4.9
Valsartan 103.9±7.4 93.1±4.9 86.2±4.8*

HR, beats/min
Olmesartan 75.1±7.8 75.8±7.1 75.7±6.9
Valsartan 75.6±7.9 75.9±7.6 75.8±7.4

*P<.05 vs olmesartan.

Table 5. Mean±SD Clinical BP Monitoring and HR at Baseline and After 
Olmesartan or Valsartan Monotherapy (4 Wk) and Their Combination 
With HCTZ 12.5 mg (8 Wk)



12.5 mg as compared with monotherapy was significantly greater in patients treat-
ed with valsartan than in those treated with olmesartan.

Because a continuous and graded relationship exists between BP values and car-
diovascular risk, lower BP values are associated with better outcomes in a broad
range of patients.31,32 Therefore, from a clinical point of view, even a moderate
decrease in BP has the potential to significantly reduce hypertension-related mor-
bidity and mortality, particularly in high-risk patients.

When the duration of hypotensive action was evaluated over 24 h, the T/P ratios
for SBP and DBP obtained with olmesartan/HCTZ and valsartan/HCTZ combina-
tions given once daily fulfilled US Food and Drug Administration guidelines (T/P
ratio >50%), and no significant difference was noted between the 2 regimens.
Observed T/P ratios indicate that the antihypertensive effects of both combinations
were sustained during the entire 24-h period, a fact that renders them suitable for
once-daily administration. The SI, which provides information about the homo-
geneity of the antihypertensive effect,20,21 was not statistically different between the
2 treatment groups, although slightly higher values for SBP and DBP were observed
in the valsartan/HCTZ group. Greater T/P ratios and SI values reflect less variabil-
ity in BP, which has been demonstrated to have an independent effect on organ dam-
age and disease prognosis.33

The olmesartan/HCTZ and valsartan/HCTZ combinations were well tolerated.
The incidences of adverse events were comparable between the 2 treatment groups
and were similar to the rates observed with monotherapy. Most adverse events were
of mild or moderate intensity and were transient in duration. This is consistent with
the proven tolerability profiles of ARBs when administered alone or in combination
with HCTZ.12-15

CONCLUSIONS

In spite of study limitations due to the open design and the relatively short dura-
tion of treatment, findings of the present study indicate that the addition of HCTZ
12.5 mg to valsartan 160 mg monotherapy produces greater ambulatory and clinic
BP reductions than result from the addition of the same dose of HCTZ to olmesar-
tan 20 mg; this probably reflects different pharmacokinetic interactions between the
2 ARBs and HCTZ. This suggests that, at least when this low dose of HCTZ is used,
the combination with valsartan might offer some advantage in terms of better BP
response—a fact that is of clinical relevance in high-risk hypertensive patients.
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