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Objective: To evaluate the impact of olmesartan alone or
combined with one to three antihypertensive drugs on 24-
h blood pressure variability (BPV) and on distribution of BP
reduction in a pooled individual data analysis of 10 double-
blind, randomized, ambulatory BP monitoring (ABPM)
studies.

Methods: ABPMs were performed before and after 6–12
weeks of treatment with placebo (n¼119), active control
monotherapy [n¼1195, angiotensin-converting enzyme
inhibitors (ACEIs), angiotensin II receptor blockers (ARBs),
dihydropyridine calcium channel blockers (DCCBs)]
olmesartan monotherapy (n¼ 1410), active control dual
combination [n¼79, DCCB R thiazide diuretic (TD)],
olmesartan dual combination (n¼637, DCCB or TD), and
triple combination therapy (n¼102, DCCBRTD). 24-h BPV
was calculated as unweighted or weighted SD of the mean
BP, and average real variability. BP control was assessed by
smoothness index and treatment-on-variability index.

Results: The greatest effect on 24-h systolic BPV/diastolic
BPV was observed under olmesartan triple [�2.6/�1.9;
�1.9/�1.3; �1.4/�1.3 mmHg] and active control dual
combination [�1.8/�1.4; �1.9/�1.5; �1.2/�1.1 mmHg].
Smoothness indexes and treatment-on-variability indexes
were significantly (P¼0.0001) higher under olmesartan
dual (1.53/1.22, 1.67/1.29, 2.05/1.59), olmesartan triple
(2.47/1.85, 2.80/2.06, 3.64/2.67), or active control dual
combination (1.70/1.26, 1.85/1.33, 2.29/1.65) than under
monotherapies (control: 0.86/0.73, 0.80/0.65, 1.01/0.82;
olmesartan: 1.02/0.86, 0.95/0.78, 1.23/1.00). They were
also greater in patients receiving high-dose olmesartan
monotherapy or high-dose olmesartan dual combination
than in the corresponding low-dose group.

Conclusion: Olmesartan plus a DCCB and/or a TD
produces a larger, more sustained, and smoother BP
reduction than placebo and monotherapies, a desirable
feature for a more effective prevention of the
cardiovascular consequences of uncontrolled hypertension.

Keywords: ambulatory blood pressure monitoring, arterial
hypertension, blood pressure, blood pressure variability,
olmesartan, smoothness index, treatment-on-variability
index, trough-to-peak ratio
0 www.jhypertension.com
Abbreviations: ABPM, ambulatory blood pressure
monitoring; ACE, angiotensin-converting enzyme; ARB,
angiotensin II receptor blocker; ARV, average real
variability; BP, blood pressure; BPV, blood pressure
variability; TOVI, treatment-on-variability index; TPR,
trough-to-peak ratio
INTRODUCTION
I
ncreased values of blood pressure (BP) variability
(BPV), either in the short (over 24 h) or in the long
term (visit-to-visit), are regarded as important determi-

nants of hypertensive organ damage [1–4] and cardiovas-
cular outcomes over and above the prognostic impact of an
elevated BP mean level [5–10]. Cardiovascular protection
by antihypertensive treatment should aim not only at
achieving control of the average BP values, but also at
stabilizing BPV in the long term. Indeed, preclinical and
clinical evidence suggests that treatment-related reduction
of BPV may contribute to cardiovascular protection [11–13].

One of the easiest and most widely used approach to the
assessment of the effect of antihypertensive therapy on BPV
is the calculation of the SD of 24-h average BP values,
obtained noninvasively by automated, oscillometric,
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Olmesartan treatment and blood pressure variability
intermittent ambulatory BP monitoring (ABPM) [14]. More
recently, new parameters such as the weighted SD (the
average of the day-time and night-time SD weighted for
the duration of the day-time and night-time interval) and
the average real variability (ARV, the average of the abso-
lute differences between consecutive BP readings) have
been proposed to capture 24-h BPV, because of their
stronger association with the increased cardiovascular risk
than unweighted SD [7,15–18]. Other approaches account
for the combined effect of treatment on BP mean level and
BPV and include the smoothness index and the treatment-
on-variability index (TOVI). The smoothness index is
computed by dividing the mean of the hourly BP reduc-
tions and its SD over the 24-h, and thus it incorporates
information on both the average degree of BP reduction
and its distribution throughout the recording period [19]. A
large smoothness index usually indicates a consistent
average BP reduction associated with a small variability
among hours, and thus a superior cardiovascular protec-
tion and an improved prevention of target-organ damage
[19,20]. The TOVI is computed as the ratio between the
changes in 24-h mean BP and the 24-h SD of BP during
treatment [21]. It represents an alternative measure of the
effects of antihypertensive treatment on both mean BP
levels and BPV, combining information on the reduction
of 24-h average BP values and on the accompanying
changes in short-term absolute 24-h BPV during treat-
ment. Preliminary evidence suggest that the TOVI,
although providing conceptually different information
from the smoothness index, is as effective as the smooth-
ness index in differentiating the size and the duration of
the antihypertensive effect of different treatments [21].

Olmesartan is a highly potent and selective long-acting
angiotensin II receptor blocker (ARB). Extensive clinical
evidence from several large well design trials and clinical
practice setting has documented the antihypertensive effi-
cacy and good tolerability profile of oral olmesartan, given
alone or in combination with a dihydropyridine calcium-
channel blocker and/or a thiazide diuretic [22,23]. More-
over, data provided by ABPM studies also indicate that
treatment with olmesartan is associated with a sustained
and smooth 24-h BP control, particularly during the final
hours of dosing, and with a slight buffering effect on 24-h
BPV [24–26].

In the present study, we aimed at evaluating in greater
detail the impact of treatment with olmesartan alone or in
combination with one or two other antihypertensive drugs
on 24-h BP control, and particularly on BPV and on 24-h
distribution of BP reduction, through calculation of smooth-
ness index, TOVI, and trough-to-peak ratio (TPR). This
objective could be achieved through a pooled individual
analysis of ABPM data from ten double-blind, randomized,
parallel group studies [27–36].

METHODS

Study design and populations
Individual data from ten double-blind, randomized, parallel
group studies were pooled together for the purpose of this
analysis. Criteria for study selection and inclusion were
availability of 24-h ABPM data and the investigation of
Journal of Hypertension
two or more treatment arms of interest, as detailed below.
Summary of the study designs and treatments for the
included studies are summarized in Table 1. Further infor-
mation may be found in the original publications of the
individual studies [27–36]. For all trials an ABPM was
available at baseline, after a 2–4 week placebo run-in or
wash-out from previous antihypertensive treatment, and at
the end of 6–12 weeks of active treatment with placebo, an
active reference drug alone (azelnidipine 8 or 16mg, los-
artan 50mg, valsartan 80mg, irbesartan 150 mg, candesar-
tan 8 mg, ramipril 2.5–10mg, daily) or in dual combination
(amlodipine 10mg plus hydrochlorothiazide 25mg daily),
olmesartan alone (2.5–80mg daily), in dual combination
with a dihydropyridine calcium-channel blocker (olmesar-
tan 10mg plus azelnidipine 8mg, olmesartan 20mg plus
azelnidipine 16mg or olmesartan 40mg plus amlodipine
10mg, daily) or with a thiazide diuretic (olmesartan 40mg
plus hydrochlorothiazide 25mg daily), or in triple combi-
nation with a dihydropyridine calcium-channel blocker and
a thiazide diuretic (olmesartan 40mg plus amlodipine
10mg plus hydrochlorothiazide 25mg daily).

All studies enrolled study participants of both sexes,
aged 18 years or older. The main inclusion criterion was
a diagnosis of untreated or treated uncontrolled mild or
moderate essential arterial hypertension, defined as an
office sitting SBP at least 140 mmHg and/or a DBP at least
90mmHg. In some studies, an elevated ABP was also
required (24-h average SBP �135 mmHg and/or DBP
�80mmHg). Given the wide geographical location of the
studies, study participants of different ethnic origin were
included in the various trials (mainly Whites, African-Amer-
icans and Asians). The studies were conducted according to
Good Clinical Practice guidelines and the Declaration of
Helsinki, and the respective protocols were approved by
the Ethics Committee of the study centers. Written informed
consent was sought and collected from all eligible patients
prior to their inclusion into the study.
Ambulatory blood pressure monitoring
methodology
ABPM was performed in all studies according to current
guidelines [37]. Each ABPM started in the morning and had
to record values for at least 24 h. Measurements were
performed at intervals of 15–30 min throughout the whole
monitoring period. Different devices were used in the
different studies. However, all of them measured BP
through the oscillometric principle and were clinically
validated according to current standards (see Table 1 for
details on the type of device used in the individual studies).
In all studies, cuff sizes appropriate to study participant’s
arm were used, namely standard adult cuffs for arm circum-
ferences ranging between 24 and 32 cm and large adult
cuffs for arm circumferences ranging between 32 and
42 cm. Cuffs were placed on the nondominant arm and
study participants were instructed to keep their arm still and
remain motionless during the cuff’s automatic inflation.
After fitting the device in the outpatient clinic, study par-
ticipants were sent back to their usual activities and asked to
return 24 h later to have the device unfitted and the
recording terminated.
www.jhypertension.com 721
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Statistical analysis
Before being analyzed, each ABPM recording was scanned
to automatically identify possible artifacts, by applying
specific validated editing criteria [37]. All measurements
not complying with such criteria and not clinically justified
were marked as not valid and not included in the calcula-
tion of ABPM parameters. Only ABPMs with at least 22 h of
recording, no occurrence of consecutive 2 h without valid
readings, and at least 70% of expected number of valid
single readings, were included in the analysis. This was
carried out according to the intention-to-treat principle,
including only study participants with valid ABPM record-
ings at baseline and at the end of the double-blind treat-
ment period, even in presence of major protocol violations.
The efficacy variables considered for the present individual
pooled data analysis were: average of all BP values col-
lected over the 24 h, the day (0700 to 2300 h) and the night
(2300 to 0700 h); 24 h, day and night unweighted SD,
defined as the SD of the 24 h, day or night mean BP value
[14]; the 24-h weighted SD, defined as the SD of the average
of all BP values during the day and the night, with weights
corresponding to the duration of the daytime and night-
time [15]; the ARV, for the 24-h and for the day and
night, defined as the mean of the successive absolute
differences between adjacent BP values [16]; 24 h, day
and night variation coefficient, calculated by dividing
the unweighted SD and ARV by the corresponding mean
BP value; 24-h variation coefficient for weighted SD, cal-
culated by dividing the weighted SD by the mean BP value;
TPR, computed in each study participants by dividing the
BP changes at trough (last 2 h of the monitoring period) by
those at peak (average of the adjacent 2 h with the maximal
BP reduction between the second and 8 h from the drug
intake [38]; smoothness index, obtained by dividing the
mean of hourly BP reductions and the SD of the average
hourly differences [19]; TOVI, defined by the ratio between
the mean of the 24-h BP reductions with treatment and the
24-h weighted SD, or the 24-h ARV, during treatment [21].
All variables were separately assessed for SBP and DBP.

Treatments were grouped as follows: placebo, active
control monotherapy, olmesartan monotherapy, active
control dual combination therapy, olmesartan dual combi-
nation therapy, and olmesartan triple combination therapy.
Main demographic and clinical baseline characteristics
were summarized and compared by treatment groups by
analysis of variance for multiple comparisons or x

2 test.
Differences between baseline and treatment values were
computed and compared among treatment groups for
mean BP values, unweighted and weighted SD, ARV,
and corresponding variation coefficients by means of anal-
ysis of covariance for multiple comparisons with adjust-
ment for baseline value and for confounding factors (age,
sex, BMI, and region). Among treatment comparisons were
carried out for smoothness index and TOVI with analysis of
variance for multiple comparisons with adjustment for
confounding factors (age sex, BMI, and region). Given
the nonnormal distribution of individual TPRs, this measure
of BP control was summarized by boxplots, showing
median values, interquartile range (25th and 75th percen-
tile) and the lowest and highest value within 1.5
724 www.jhypertension.com
interquartile of the lower (25th percentile) and higher
quartile (75th percentile), respectively. TPRs were com-
pared across groups by a nonparametric Kruskal–Wallis
test. A multivariate regression analysis with 24-h BPV as
dependent variable and 24-h mean BP value, group of
treatment, region, age, BMI, cardiovascular disease, and
sex as independent variables was run to seek for possible
determinants of BPV. The level of statistical significance
was kept at 0.05 throughout the whole study. Analyses on
clinically meaningful subgroups with adequate size (men
vs. women, older vs. younger, and obese patients) were
also carried out to verify differences in the effect of treat-
ment on BP control and BPV. Data are shown as mean (or
median in case of TPR)� SD or 95% confidence intervals for
continuous variables and as absolute (n) and relative (%)
frequencies for discrete variables.

RESULTS

Baseline demographic and clinical data
Overall 3542 of the 4213 patients (84.1%) undergoing ABPM
in the 10-selected studies had valid recordings at baseline
and at the end of the study and were, thus, included in the
intention-to-treat analysis. The distribution of the number
of study participants in the various study groups was
unbalanced, with olmesartan monotherapy and active con-
trol monotherapy being the most represented groups (39.8
and 33.7% of the total sample, respectively). The olmesar-
tan dual combination therapy group accounted for 18.0% of
the population, with 84.8% of patients of this group treated
with a combination including a dihydropyridine calcium-
channel blocker. The average doses of olmesartan used as
mono, dual combination, and triple combination therapy
were 23.4� 18.8 mg, 22.5� 12.5 mg, and 40.0� 0.0 mg,
respectively. The average dose of azelnidipine used in
combination with olmesartan was 11.7� 4.0 mg. The rates
of patients receiving high-dose treatment were 17.2% in the
olmesartan monotherapy group (olmesartan 40 or 80mg
daily), 31.1% in the active control monotherapy group
(azelnidipine 16 mg or ramipril 10mg), and 63.1% in the
olmesartan dual combination treatment group (olmesartan
20mg plus azelnidipine 16mg, olmesartan 40mg plus
amlodipine 10mg or hydrochlorothiazide 25mg). All
patients in the active control dual combination therapy
and in the olmesartan triple combination therapy were
treated with a high-dose regimen.

As shown in Table 2, comparison of the baseline char-
acteristics of the patients of the six different treatment
groups showed a statistical heterogeneity. Such differences
were accounted for in the adjusted analyses presented in
the next paragraphs. The whole study sample aged on
average 57.3� 11.7 years, with 31.7% of patients falling
in the elderly category. Men were prevalent over women
(60.0%). The average BMI was 28.1� 4.8 kg/m2, with 27.5%
of patients being obese (BMI �30 kg/m2). Most of the
recruited patients originated from Europe (41.2%) and
the most represented ethnic group was the White one
(64.9%). The prevalence of cardiovascular diseases (coro-
nary heart disease, heart failure, and diabetes) was rela-
tively low (14.9%). As expected office BPs (158.1� 12.7/
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TABLE 2. Demographic and clinical characteristics of the study population by type of treatment

Placebo
(n¼119)

Active
control

monotherapy
(n¼1195)

Olmesartan
monotherapy

(n¼1410)

Active
control

dual
combination

(n¼79)

Olmesartan
dual

combination
therapy
(n¼637)

Olmesartan
triple

combination
therapy
(n¼102) P value

All
(n¼3542)

Age (years) 53.0�10.7 58.0�12.1 57.4�12.0 56.2�10.7 56.5�10.2 56.9�11.4 0.0001a 57.3�11.7

Elderly 18 (15.1) 436 (36.5) 477 (33.8) 17 (21.5) 146 (22.9) 28 (27.5) 0.0001a 1122 (31.7)

Male sex 63 (52.9) 702 (58.7) 855 (60.6) 49 (62.0) 408 (64.1) 49 (48.0) 0.015b 2126 (60.0)

Height (cm) 169.5�10.1 168.2�9.9 168.4�9.4 171.7�11.4 165.9�9.4 168.6�11.0 0.0001a 168.0�9.7

Body weight (kg) 79.4�13.3 80.3�17.3 78.7�15.4 95.9�23.3 77.0�19.5 90.3�19.9 0.0001a 79.7�17.4

BMI (kg/m2) 27.6�3.6 28.2�4.7 27.6�4.1 32.4�6.5 27.8�5.7 31.7�5.9 0.0001a 28.1�4.8

Obese 35 (29.4) 333 (27.9) 330 (23.4) 51 (64.6) 169 (26.5) 57 (55.9) 0.0001a 975 (27.5)

Region
Europe 78 (65.6) 585 (49.0) 795 (56.4) – – – 0.0001a 1458 (41.2)

USA 41 (34.5) 379 (31.7) 386 (27.4) 79 (100.0) 198 (31.1) 102 (100.0) 1185 (33.5)

Japan – 231 (19.3) 229 (16.2) – 439 (68.9) – 899 (25.4)

Race
White 10.5 (88.2) 852 (71.3) 1061 (75.2) 62 (78.5) 145 (22.8) 75 (73.5) 0.0001a 2300 (64.9)

Asian 1 (0.8) 242 (20.3) 239 (17.0) – 444 (69.7) 3 (2.9) 929 (26.2)

Hispanic 8 (6.7) 53 (4.4) 70 (5.0) – – – 131 (3.7)

African-American 5 (4.2) 47 (3.9) 38 (2.7) 15 (19.0) 46 (7.2) 23 (22.5) 174 (4.9)

Other – 1 (0.1) 2 (0.1) 2 (2.5) 2 (0.3) 1 (1.0) 8 (0.2)

Coronary heart disease 4 (3.4) 37 (3.1) 43 (3.0) 1 (1.3) 9 (1.4) 6 (5.9) 0.090 100 (2.8)

Heart failure 1 (0.8) – 5 (0.4) 1 (1.3) – – 0.027b 7 (0.2)

Diabetes mellitus 9 (7.6) 139 (11.6) 149 (10.6) 9 (11.4) 113 (17.7) 23 (22.5) 0.0001a 442 (12.5)

Cardiovascular disease 13 (10.9) 173 (14.5) 187 (13.3) 10 (12.7) 119 (18.7) 27 (26.5) 0.0001a 529 (14.9)

Sitting office SBP (mmHg) 158.2�12.9 158.3�11.7 157.3�12.6 163.8�16.2 157.5�13.6 166.3�13.5 0.0001a 158.1�12.7

Sitting office DBP (mmHg) 102.6�5.1 99.7�7.8 100.1�7.4 99.1�9.0 98.0�7.4 98.8�7.3 0.0001a 99.6�7.5

Sitting office HR (bpm) 75.9�8.5 73.3�9.0 73.9�9.5 73.6�11.2 71.8�9.2 75.9�11.4 0.0001a 73.4�9.4

24-h SBP (mmHg) 148.7�10.5 148.9�13.9 147.6�13.3 148.0�13.0 154.2�13.0 146.3�13.4 0.0001a 149.2�13.6

24-h DBP (mmHg) 93.8�6.0 91.0�9.7 91.1�9.2 88.9�10.3 94.0�9.7 86.2�9.5 0.0001a 91.5�9.5

24-h HR (mmHg) 79.9�9.7 74.9�10.1 75.4�10.3 77.0�10.9 71.9�9.2 77.0�10.5 0.0001a 74.8�10.2

Data are shown as means (� SD) or as absolute (n) and relative (%) frequencies. P values for differences across the study groups are also reported. HR, heart rate.
aP<0.0001.
bP<0.05.

Olmesartan treatment and blood pressure variability
99.6� 7.5 mmHg) were higher than 24-h average BPs
(149.2� 13.6/91.5� 9.5 mmHg). Baseline values for other
ABP indices assessed in the study are reported in Supple-
mentary Table 1, http://links.lww.com/HJH/A871.
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Journal of Hypertension
Mean blood pressure values
Averagebaseline-adjustedABP reductionsby treatmentgroup
are shown in Fig. 1, whereas unadjusted changes are reported
in Supplementary Table 2, http://links.lww.com/HJH/A871.
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All activedrugs, butnotplacebo, reducedSBPandDBPduring
the whole 24h, and the reduction was well maintained during
the day and during the night, with larger effects during the
waking hours.

Mean reductions in SBP and DBP were significantly
(P< 0.001) greater after combination treatment than with
monotherapy treatments, the magnitude of the reduction
progressively increasing with the intensity of the combina-
tion treatment. BP drops under olmesartan monotherapy
were significantly (P< 0.001) larger than under active con-
trol monotherapy and the greatest under high-dose treat-
ment (Supplementary Table 3, http://links.lww.com/HJH/
A871). No significant differences were observed between
olmesartan dual combination therapy and active control
dual combination therapy; however, when only high-dose
olmesartan dual combination therapy was compared with
active control dual combination therapy, a slightly larger
24-h BP reduction was observed. In addition, no difference
in 24-h BP reduction was observed between patients
treated with an olmesartan dual combination treatment
including a dihydropyridine calcium-channel blocker
[n¼ 540; SBP: �20.7 (�21.7, �19.8)/DBP: �12.4 (�12.9,
�11.8) mmHg] or a thiazide diuretic [n¼ 97; SBP: �21.3
(�24.0,�18.7)/DBP:�12.5 (�14.2,�10.9)mmHg;P¼ 0.678
and P¼ 0.839 between treatments].

The effect of treatment on the whole 24h was evident and
confirmed for each hour in which the 24h were subdivided,
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both for SBP and DBP (Fig. 2). Most of the efficacy displayed
by each drug treatment in the first hours was well maintained
in the hours farthest from the last drug intake.

Blood pressure variability
As shown in Fig. 3 (adjusted changes) and in Supplemen-
tary Table 2, http://links.lww.com/HJH/A871 (unadjusted
changes), placebo had no effect on BPV, small effects were
observed under monotherapies, whereas the greatest effect
was observed in the combination groups, and in particular
in case of treatment with an active control dual combination
and an olmesartan triple combination therapy. In all cases,
no relevant differences in the magnitude and direction of
the effect on BPV were observed with the different methods
(unweighted SD, weighted SD, or ARV).

In the olmesartan, dual combination treatment group,
large BPV reductions were observed under the high than
under the low dose (Supplementary Table 3, http://link-
s.lww.com/HJH/A871) and no difference between the
olmesartan dual combination including a dihydropyridine
calcium-channel blocker [n¼ 540; ARV SBP: �0.17 (�0.44,
0.09)/ARV DBP: �0.16 (�0.40, 0.07) mmHg] and that
including a thiazide diuretic [n¼ 97; ARV SBP: 0.001
(�0.75, 0.75)/ARV DBP: 0.03 (�0.63, 0.68) mmHg;
P¼ 0.686 and P¼ 0.613 between treatments].

Changes inABPmeanandBPVwith treatmentwereweakly,
though yet significantly (P¼ 0.0001) correlated to each other
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Olmesartan treatment and blood pressure variability
(Fig. 4). A multivariate regression analysis (Table 3) indicated
mean BP changes as the main determinants of changes in BPV,
for all estimates. A smaller contribution was attributed to the
type of treatment (for unweighted SBP), the geographic area
(all measures of SBP variability), BMI (weighted SD and ARV of
SBP), and sex (weighted SD of DBP).

The small changes in BPV observed with treatment were
largely overridden by the effect on mean BP, as documented
by higher variation coefficient of BP after treatment (Fig. 3
and Supplementary Table 2 and 3, http://links.lww.com/
HJH/A871).

Results obtained for day and night BPV were in line with
those observed for the 24 h (Supplementary Figure 1 and
Supplementary Table 2, http://links.lww.com/HJH/A871).

Smoothness index, treatment-on-variability
index, and trough-to-peak ratio
All active treatments had a significantly greater smoothness
index than placebo. Treatment with olmesartan monotherapy
resulted in smoothness indexes significantly larger than under
active control, whereas treatment with active control dual
combination therapyor olmesartan dual or triple combination
therapy allowed smoothness indexes significantly larger than
under corresponding monotherapies (Fig. 5 values adjusted
for confounding factors and Supplementary Table 2, http://
links.lww.com/HJH/A871 unadjusted values). Smoothness
Journal of Hypertension
indexes were also greater in patients receiving high-
dose olmesartan monotherapy than those treated with low-
dose olmesartan monotherapy (Supplementary Table 3,
http://links.lww.com/HJH/A871). They were also higher in
patients treated with the high than with the low dose of
olmesartan dual combination therapy and similar to those
obtained in patients receiving a high-dose dual combination
therapy (Supplementary Table 3, http://links.lww.com/HJH/
A871).

Despite some negligible discrepancy in the absolute
values, the TOVI showed the same trend of smoothness
index. No major differences could be seen between the
behavior of both measures under different treatments,
except that the placebo effect was negligible when evalu-
ated through the TOVI.

Also TPRs were larger under active control dual combi-
nation therapy and olmesartan dual and triple combination
therapy than under corresponding monotherapies, and
larger under olmesartan monotherapy than under active
control monotherapy. However, a substantial placebo
effect was observed with this index.

Effect of treatment in specific subgroups
As shown in Table 4, also in subgroups of patients accord-
ing to sex, age, and presence of obesity, mean reductions in
SBP and DBP were significantly larger after combination
www.jhypertension.com 727
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Omboni et al.
than after monotherapy treatments, the magnitude of the
reduction progressively increasing with the intensity of
the combination. BP-lowering effect of treatment tended
to be greater in women than in men and in younger vs.
older patients. A consistent antihypertensive effect was
observed also in presence of obesity.
TABLE 3. Determinants of changes in blood pressure variability assesse

24-h unweighted SD P value 24-h w

SBP
24-h BP changes 0.212 (0.059, 0.083) 0.0001a 0.201 (0

Type of treatment 0.055 (0.058, 0.331) 0.005b 0.034 (�
Region 0.058 (0.117, 0.510) 0.002b 0.066 (0

Age 0.021 (�0.005, 0.020) 0.233 0.021 (�
BMI 0.020 (�0.012, 0.048) 0.242 0.036 (0

CV disease 0.015 (�0.222, 0.574) 0.386 0.011 (�
Sex �0.025 (�0.507, 0.065) 0.130 �0.025 (�

DBP
24-h BP changes 0.103 (0.026, 0.053) 0.0001a 0.061 (0

Type of treatment �0.001 (�0.102, 0.095) 0.942 �0.025 (�
Region 0.023 (�0.054, 0.234) 0.223 0.028 (�
Age �0.026 (�0.016, 0.002) 0.146 �0.020 (�
BMI 0.013 (�0.014, 0.030) 0.461 0.019 (�
CV disease 0.006 (�0.239, 0.342) 0.729 0.0001 (�
Sex �0.031 (�0.404, 0.012) 0.065 �0.039 (�

ARV, average real variability; BP, blood pressure; CV, cardiovascular.
aP<0.0001.
bP<0.01.
cP<0.05.
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As for the whole study population, the greatest effect on
BPV, smoothness index, and TOVI was observed in the
combination groups, and in particular in case of treatment
with an active control dual combination and an olmesartan
triple combination therapy. No systematic differences in the
effect of treatment on BPV indices were observed within
d by multivariate regression analysis in the two study populations

eighted SD P value 24-h ARV P value

.047, 0.067) 0.0001a 0.216 (0.039, 0.055) 0.0001a

0.014, 0.217) 0.084 0.033 (�0.013, 0.163) 0.094

.133, 0.466) 0.0001a 0.073 (0.127, 0.381) 0.0001a

0.004, 0.017) 0.228 0.021 (�0.003, 0.013) 0.226

.002, 0.053) 0.037c 0.037 (0.002, 0.040) 0.034c

0.226, 0.448) 0.518 0.007 (�0.203, 0.311) 0.680

0.425, 0.058) 0.137 �0.023 (�0.313, 0.056) 0.172

.009, 0.033) 0.001b 0.094 (0.018, 0.039) 0.0001a

0.145, 0.030) 0.200 �0.024 (�0.127, 0.029) 0.220

0.033, 0.222) 0.147 0.033 (�0.012, 0.217) 0.079

0.013, 0.003) 0.259 �0.020 (�0.012, 0.003) 0.267

0.008, 0.031) 0.268 0.021 (�0.007, 0.028) 0.224

0.260, 0.256) 0.987 �0.004 (�0.262, 0.200) 0.795

0.402, �0.033) 0.021c �0.021 (�0.272, 0.059) 0.207
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Olmesartan treatment and blood pressure variability
each subgroup (men or women, older or younger, and
obese patients).

DISCUSSION
Our large pooled individual data analysis of double-blind,
randomized, parallel group ABPM studies investigated the
effect of olmesartan mono or combination therapy on 24-h
BP control, with particular regard to the distribution of the
treatment effect and its impact on BPV. Changes in mean
24-h BP were larger under olmesartan monotherapy than
under placebo and active control monotherapies, which
were based mainly on drugs acting on the renin–angioten-
sin-aldosterone system. Effects of single-drug treatment
were maximal under high dose. In addition, olmesartan
administered in combination with one or two other antihy-
pertensive drugs, allowed a superior 24-h BP control than
placebo or monotherapies (also including olmesartan). The
effect of a combination containing olmesartan was the
largest under high dose and no difference in the effect
was observed between a dual combination of olmesartan
with a dihydropyridine calcium-channel blocker or a thia-
zide diuretic. The antihypertensive effect achieved with
olmesartan or comparators was well maintained during
each hour of the 24 h, including the waking period and
the night sleep. Treatment with any active drug not only
reduced BP mean values but also BPV, in the whole study
population as well as in subgroups of patients which are
known to be particularly resistant to treatment such as men,
elderly or obese patients. The decreasing effect of treatment
Journal of Hypertension
on BPV is not surprising as it is well known that the degree
of decrease in BPV is largely dependent on the extent of BP
drop with treatment. Indeed, when we adjusted BPV
changes for treatment effect on mean BP, by computing
the variation coefficient, the effect of treatment on BPV was
almost completely abolished. A multivariate analysis con-
firmed that the reduction in 24-h BPV with treatment is
mainly to be attributed to a reduction in 24-h mean BP level.

Several studies based on 24-h ABPM have shown that
antihypertensive drugs decrease ambulatory BPV, a reduc-
tion which is proportional to the decrease in mean BP
values, suggesting that the effect of antihypertensive treat-
ment on short-term BPV may be largely dependent on the
BP lowering, per se [39,40]. In our study we found a
collinearity between the reduction in average BP and
BPV and in a multivariate analysis the major determinant
of the change in BPV was the change in mean BP. However,
the relationship was weak (correlation coefficient ranging
between 0.06 and 0.19) and thus an independent effect of
treatment on BPV cannot be excluded, particularly in case
of combination treatments including a dihydropyridine
calcium-channel blocker and/or a diuretic. Indeed, the fact
that smoothness index and TOVI values, both incorporating
information on the effect on mean BP and BPV, were the
lowest under placebo and the largest under combination
treatment, may suggest that treatment reduced BP but also
effectively counteracted the increased BP variability asso-
ciated with arterial hypertension. The behavior of smooth-
ness index and TOVI in our study also confirms what has
been documented in a previous pooled analysis based on
www.jhypertension.com 729
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Olmesartan treatment and blood pressure variability
another ARB, telmisartan, that these indices provide a
robust measure of average BP reduction combined with
the assessment of the treatment effect on BPV [21]. Further-
more, although in our study TOVI was characterized by
higher values than smoothness index, the differences were
only minor, and thus the two estimates may be regarded as
interchangeable in their ability to differentiate between
treatments. Interestingly, olmesartan always allowed
achieving a persistent and smooth BP control over the
24 h, as documented by high values of smoothness index
and TOVI in olmesartan-treated patients. The effect was
stronger for the dual combination treatment, particularly in
the group receiving high drug doses, and even more for the
triple combination than for olmesartan monotherapy, indi-
cating a gradual increase of BP lowering and smoothing
efficacy.

The duration of BP control was evaluated in our study
also by the well known and established TPR. This index
exceeded the threshold for adequate BP control (�0.50) in
all treatment groups and was higher in the combination
arms. However, a clear differentiation among treatment
arms could not be pointed out, as in the case of smoothness
index and TOVI. In addition, the TPR was characterized by
a substantial placebo effect (0.33 for SBP and 0.42 for DBP),
confirming that this popular method for the assessment of
the duration of treatment effect is not as sensitive as
smoothness index and TOVI for evaluating the 24-h BP-
lowering coverage. This is not surprising, as the calculation
of TPR concentrates only on two short time intervals, thus
potentially missing valuable information relative to the
remaining part of the 24 h. It is also affected by variations
occurring either spontaneously or resulting from patients’
activities, which make the TPR a rather imprecise estimate
of the overall entity and homogeneity of the BP-lowering
effect [38].

The largest reduction of BPV with treatment was
observed in our study in patients taking a two or three
drug combination treatment, particularly those combina-
tions including a long-acting ARB (olmesartan) and a dihy-
dropyridine calcium-channel blocker (amlodipine or
azelnidipine) and/or a thiazide diuretic (hydrochlorothia-
zide). Such a result could be expected as consistent with
literature reporting calcium-channel blockers, mainly
belonging to the dihydropyridine class, as the most effec-
tive antihypertensive agents in reducing BPV, whereas
ARBs and ACE inhibitors (the prevalent drug classes
included in the monotherapy group of our study), have
a modest effect on this parameter [11,41–43]. The finding
that the BPV-lowering effect of olmesartan was enhanced in
combination with a dihydropyridine calcium-channel
blocker and a thiazide diuretic is in line with the results
of a recent study, where the combinations of calcium-
channel-blockers with diuretics or ARBs on top of other
treatments resulted in lower 24-h BPV vs. other combina-
tions [39]. All this evidence taken together seems to indicate
these combinations based on long-acting agents, as the
most efficient treatments in lowering BPV in the short term.

In our pooled analysis, short-term BPV was estimated
following three popular approaches (unweighted SD,
weighted SD, and ARV). Although some numeric differ-
ences could be observed across the three methods, the
Journal of Hypertension
trend of the effect was similar regardless of the methodol-
ogy employed. Based on our results, we cannot figure out
which is the best approach for the evaluation of the effect of
treatment on BPV. However, we may hypothesize that the
weighted SD and the ARV are superior to the unweighted
SD, which incorporates the circadian rhythm of BP. Further
studies are demanded to specifically address this method-
ological question.

We should emphasize that the present study has some
limitations. The study is based on a post hoc analysis of 10
studies with some differences in designs and inclusion
criteria. Although heterogeneity across the different studies
and treatments for baseline BPs and patients’ characteristics
were taken into account during statistical comparisons we
cannot exclude that such differences may have influenced
the results. The fact that we performed an individual data
analysis, rather than a summary data meta-analysis, allowed
us to adjust the results for possible confounding factors and
may reinforce the robustness of our estimates, although the
persistence of some bias cannot be excluded. Another
limitation of our analysis is that the number of patients
in each treatment arm varied widely (from 79 to 1410).
However, we weighed such heterogeneity in the size of the
study groups by an appropriate analytical approach. The
duration of treatment also differed across the studies (from
6 to 12 weeks), although the ranges are compatible with the
time required for the considered drugs to develop their
activity almost completely. Finally, the number of study
participants included in this pooled analysis was less than
that presented in the original studies, because we applied
more stringent quality criteria for the selection of ABPM
data. Such an approach was compulsory, owing to the fact
that a reliable assessment of BPV and BP control through
smoothness index and TOVI may be achieved only when a
consistent number of valid readings and hours is available
over the 24 h [37].

In conclusion, the present pooled analysis confirms that
olmesartan in combination with a dihydropyridine calcium
channel blocker and/or thiazide diuretic is effective in
producing a larger, more sustained and smoother BP
reduction than placebo and monotherapies. Along with
a more potent BP reduction the combination treatment also
has a beneficial effect on BPV, although such effect is still
largely dependent on that on the mean BP level. The
achievement of a more homogeneous and sustained BP
control, with reduced BP variations, may represent a desir-
able feature of a given antihypertensive drug treatment,
because it may help in preventing the cardiovascular
consequence associated with uncontrolled arterial hyper-
tension.
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et al., ASCOT-BPLA and MRC Trial Investigators. Effects of beta block-
ers and calcium-channel blockers on within-individual variability in
blood pressure and risk of stroke. Lancet Neurol 2010; 9:469–480.

12. Xie HH, Shen FM, Xu LP, Han P, Miao CY, Su DF. Reduction of blood
pressure variability by combination therapy in spontaneously hyper-
tensive rats. J Hypertens 2007; 25:2334–2344.

13. Zhang Y, Agnoletti D, Safar ME, Blacher J. Effect of antihypertensive
agents on blood pressure variability: the Natrilix SR versus candesartan
and amlodipine in the reduction of systolic blood pressure in hyper-
tensive patients (X-CELLENT) study. Hypertension 2011; 58:155–160.

14. Mancia G, Ferrari A, Gregorini L, Parati G, Pomidossi G, Bertinieri G,
et al. Blood pressure and heart rate variabilities in normotensive and
hypertensive human beings. Circ Res 1983; 53:96–104.

15. Bilo G, Giglio A, Styczkiewicz K, Caldara G, Maronati A, Kawecka-
Jaszcz K, et al. A new method for assessing 24-h blood pressure
variability after excluding the contribution of nocturnal blood pressure
fall. J Hypertens 2007; 25:2058–2066.

16. Mena L, Pintos S, Queipo NV, Aizpúrua JA, Maestre G, Sulbarán T. A
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Reviewers’ Summary Evaluations

Reviewer 1
Thepaper byOmboni and co-workers gives a comprehensive
overview about the effects of olmesartan alone or combined
with 1–2 drugs, compared to placebo, active monotherapy or
active dual therapy, on 24-h BP reduction and 24-h BP
variability. BP variability was evaluated by several indexes
providing firm evidence regarding the effect of BP reduction
on a better BP variability control. This posthoc analysis
involves a very large number of subjects and the authors have
correctly applied stringent quality criteria for the selection of
ABPM data. I think that the paper is interesting as it is well
written, easy to follow and well balanced.
Reviewer 2
Whether blood pressure variability, in addition to the
absolute value of blood pressure, influences life prognosis
is a topic that is still being debated. In this study, the authors
compare six different treatment groups. While there are
different background characteristics among the groups, the
number of the subjects in the study is large, and this paper
successfully provides comprehensive knowledge by using
indicators of several 24-h blood pressure variability such as
the variation coefficient and the smoothness index and
treatment-on-variability index.
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