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ORIGINAL ARTICLE

Effect of azilsartan versus candesartan on nocturnal blood pressure
variation in Japanese patients with essential hypertension

HIROMI RAKUGI!, KAZUOMI KARIO?, KAZUAKI ENYA3, MASATAKA IGETA? &
YOSHINORI IKEDA?

IDepartment of Geriatric Medicine and Nephrology, Osaka University Graduate School of Medicine, Osaka, Japan,
2Division of Cardiovascular Medicine, Department of Medicine, Fichi Medical University School of Medicine,
Tochigi, Japan, > Pharmaceutical Development Division, Takeda Pharmaceutical Company Limited, Osaka, Japan

Abstract

Background. Abnormal variations in night-time hypertension such as “non-dipping” type (<10% decrease in nocturnal
systolic blood pressure [SBP] from daytime SBP) are a risk factor for cardiovascular events independent of 24-h BP.
Methods. As part of a randomized, double-blind study of azilsartan (20—40 mg once daily) and candesartan (8-12 mg
once daily) in Japanese patients with essential hypertension, an exploratory analysis was performed using ambulatory BP
monitoring (ABPM) at baseline and Week 14. Effects of study drugs on nocturnal BP variations according to patients’
nocturnal SBP dipping status were evaluated. Results. ABPM data were available for 273 patients treated with azilsartan
and 275 with candesartan. In the dipping group (= 10% decrease from daytime SBP), azilsartan produced a greater reduc-
tion from baseline in daytime than in night-time SBP (— 14.1 and — 10.9 mmHg, respectively), and the change in daytime
SBP was significantly greater with azilsartan than with candesartan (p=0.0077). In the non-dipping group, azilsartan
produced a greater reduction from baseline in night-time than in daytime SBP (—20.2 and — 9.9 mmHg, respectively),
and reductions in both night-time SBP (p=0.02) and daytime SBP (p = 0.0042) were significantly greater with azilsartan
than with candesartan. Conclusions. Once-daily azilsartan improved non-dipping night-time SBP to a greater extent than
candesartan in Japanese patients with grade I-II essential hypertension.

Key Words: Angiotensin receptor blocker, azilsartan, candesartan cilexetil, night-time blood pressure, nocturnal blood pressure
variation

Introduction . . . .
morning to noon, effective control of night-time and

It is well known that abnormal patterns of nocturnal
blood pressure (BP) variation are associated with
increased cardiovascular risk. In normotensive sub-
jects, BP decreases during sleep by 10% or more
from the level recorded while awake (dipper) and
increases promptly on waking. This normal noctur-
nal BP variation pattern is usually preserved in
hypertensive patients, particularly when there is no
target organ damage. Among abnormal nocturnal BP
variation patterns, a non-dipper type (nocturnal
decrease in BP <10%) has been described which can
result in nocturnal hypertension and early morning
hypertension. As cardiovascular events, including
stroke, frequently occur in the period from early

early morning BP is important to help prevent such
events (1,2).

The nocturnal non-dipper type is of particular
interest because it is a risk factor for hypertensive
target organ damage and cardiovascular events inde-
pendent of the 24-h BP level (3-9). Ohkubo et al.
(10) analyzed the relationship between risk of car-
diovascular mortality and the nocturnal fall in BP
and found that a 5% decrease in the nocturnal fall
in SBP was associated with an 18% increase in the
risk of cardiovascular mortality. For these reasons,
alleviating nocturnal BP variation is important for
preventing cardiovascular events. Only recently
has sufficient evidence been accumulated about the

Correspondence: H. Rakugi, Department of Geriatric Medicine and Nephrology, Osaka University Graduate School of Medicine, Osaka, Japan.
Tel: +81-6-6879-3852. Fax: + 81-6-6879-3859. E-mail: rakugi@geriat.med.osaka-u.ac.jp

(Received 15 April 2013; accepted 13 Fune 2013)

ISSN 0803-7051 print/ISSN 1651-1999 online © 2013 Scandinavian Foundation for Cardiovascular Research

DOI: 10.3109/08037051.2013.818758



lowering of night-time BP to enable recommenda-
tions for treatment. The core of such treatment is to
use drugs with a long-lasting BP-lowering effect that
is sustained throughout the night.

Azilsartan is a new angiotensin receptor blocker
(ARB) that selectively inhibits the binding of angio-
tensin II (AII) to AII type 1 (AT),) receptors. In an
in vitro study, azilsartan was shown to have higher
affinity for and slower dissociation from AT, recep-
tors than other ARBs including olmesartan, telmis-
artan, valsartan and irbesartan (11); it is thus
expected to exert a more potent and sustained BP-
lowering effect than these ARBs. In a previously-
reported randomized, double-blind comparative
study, we observed that once-daily administration of
azilsartan produced more potent 24-h sustained
antihypertensive activity than candesartan in Japa-
nese patients with grade I-II essential hypertension,
and had an equivalent level of safety (12). Analysis
of ambulatory blood pressure monitoring (ABPM)
data in this same study showed that azilsartan pro-
vided greater BP reduction than candesartan over
the entire 24-h monitoring period as well as during
the specific daytime, night-time and early morning
periods. The current exploratory analysis was
planned as part of this comparative study in order
to analyze the ABPM data in more detail according
to patients’ nocturnal BP dipping status, with the
goal of comparing the effects of azilsartan and
candesartan on nocturnal BP variation.

Methods

The above-mentioned study which compared
azilsartan with candesartan in Japanese patients was
conducted over a period of 16 weeks at 33 centers
in Japan between May 2009 and June 2010 (Clinical
Trial Identifier: JapicCTI-090762). The study proce-
dures, patient inclusion/exclusion criteria, dosage
regimens, efficacy and safety endpoints, statistical
analysis and ethical provisions have been reported
previously (12), and will be described only briefly in
this exploratory analysis report.

In this study, patients received either azilsartan
20 mg daily for the first 8 weeks followed by 40 mg
daily for the second 8 weeks, or candesartan cilexetil
(candesartan) 8 mg daily for the first 8 weeks
followed by 12 mg daily for the second 8 weeks.
ABPM was conducted over a period of =26 h using
an oscillometric monitor (TM-2431; A&D Co., Inc.)
at baseline (Week 0) and at Week 14 of the study,
during which time BP was measured at 30-min
intervals starting at 10:00 h (=1 h). For ABPM at
Week 14, patients took their assigned study drug =1
h after the start of measurements in the morning and
after completion of measurements on the following
day. During the period of ABPM, patients were
instructed to avoid taking a bath, taking an afternoon
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nap, performing exercise or consuming alcohol or
caffeine-containing food/drinks. For ABPM data to
be acceptable for analysis, a minimum of 80% of
the BP readings recorded during a 24-h period
were required, there could be no more than 2 non-
consecutive hours with <1 valid reading, and there
could be no patient behaviors that would have
seriously affected BP (e.g. afternoon naps, drinking
alcohol).

Analysis of ABPM data by dipping status
of nocturnal BP

Patients who underwent ABPM at baseline were
subsequently classified by dipping status according
to the degree of their nocturnal fall in SBP. Noctur-
nal SBP fall (%) was calculated as 100X [1 —mean
night-time SBP/mean daytime SBP]. Night-time BP
was defined as the average of BP measurements from
bedtime to 1 min before waking; daytime BP was
defined as the average of BP measurements from
midday on Day 1 of ABPM measurements to 1 min
before bedtime, and from wake-up time to 11:59 h
on Day 2. On this basis, patients were classified into
either dipping (SBP fall =10%) or non-dipping
(SBP fall <10%) groups.

Statistical analysis

The 24-h time-course changes in SBP, diastolic BP
(DBP) and heart rate in each of the two treatment
groups were analyzed by calculating summary sta-
tistics at each evaluation time point (every hour from
12:00 h on Day 1 to 12:00 h on Day 2 of measure-
ment). The change from baseline to Week 14 was
analyzed for the daytime average and night-time
average of SBP and DBP by calculating summary
statistics in each treatment group, followed by a
one-sample z-test. For each parameter except heart
rate, analysis of covariance (ANCOVA) was carried
out for the two dipping patterns by using a model
in which plasma renin activity (<0.5 or =0.5 ng/
ml/h) at Week —2 and treatment group served as
independent variables and baseline values served as
covariates.

Results

Patient characteristics

ABPM data, which enabled evaluation at both
baseline and Week 14, were available for 548 patients,
273 of whom were randomized to receive azilsartan
and 275 to candesartan. With regard to patients’
baseline characteristics (Table I), the percentage of
males was slightly lower in the azilsartan dipping
group than in the candesartan dipping group (55.9%
vs 66%) and was slightly higher in the azilsartan
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Table I. Patient characteristics at baseline (Week 0 unless indicated otherwise).

Azilsartan Candesartan
Dipping? Non-dipping® Dipping? Non-dipping®
(n=145) (n=128) (n=141) (n=134)

Age (years) 55.1£9.34 58.9£9.33 56.2+10.02 57.8£9.90
Male, n (%) 81 (55.9) 79 (61.7) 93 (66.0) 77 (57.5)
BMI (kg/m?) at Week — 4 26.0 £4.34 25.1+3.99 25.6 =3.99 25.1+3.56
Duration of hypertension (years) 7.4*+7.19 9.9+8.63 7.2+6.46 8.3*x7.79
Sitting BP, HR

SBP (mmHg) 158.7+£7.15 161.2 +8.27 158.7 = 6.85 160.1 =7.09

DBP (mmHg) 100.2 +=4.32 100.4*+4.16 100.4 =4.17 100.2 =4.06

HR (beats/min) 71.1 +8.87 70.1*+9.15 69.5 +8.44 68.3+8.20
ABPM: 24-h

SBP (mmHg) 152.2+12.32 157.0+14.48 153.2*+13.48 155.9=13.56

DBP (mmHg) 93.4+9.80 95.3+9.41 94.0 = 9.34 94.8 +9.74

HR (beats/min) 71.7*8.22 69.5£9.04 71.6 =8.17 69.0 £8.04
ABPM: daytime (awake)

SBP (mmHg) 160.7 = 13.01 159.0 = 14.50 161.3 £13.77 157.7*+13.72

DBP (mmHg) 98.7*10.73 97.5%9.63 99.0 £9.48 96.6 =9.96

HR (beats/min) 75.9 +8.80 73.3+9.60 75.8+8.71 72.9 £8.65
ABPM: night-time (sleeping)

SBP (mmHg) 134.1 =12.38 152.8 +16.02 135.4 +13.52 152.0 =14.88

DBP (mmHg) 82.2+9.23 90.6 =10.59 83.2+9.64 90.8 £10.16

HR (beats/min) 62.9*£7.95 61.4*8.67 62.7£8.25 61.4£7.98
ABPM: early morning

SBP (mmHg) 158.2+15.93 162.3+16.18 158.0 £ 15.44 160.1 +15.08

DBP (mmHg) 98.5*£12.62 99.7£11.47 99.5+11.57 98.9 £12.06

HR (beats/min) 72.7*10.81 69.7£10.66 71.5*10.24 69.6 £8.36
Nocturnal BP falls

SBP (%) 16.5£4.99 3.9*t5.34 16.0 =4.55 3.6 £5.58

DBP (%) 16.5*+6.57 7.1*+6.72 16.0+5.77 5.9*+5.54
Plasma renin activity (ng/ml/hr) at Week — 2 0.64+£0.577 0.62+0.523 0.72+£0.750 0.51 £0.409
eGFR (ml/min/1.73 m?) 79.35£13.569 74.21 £ 14.087 77.89 £16.620 75.27 =12.304
Previous antihypertensive therapy 106 (73.1) 103 (80.5) 101 (71.6) 102 (76.1)
Concurrent medical conditions

Diabetes mellitus 30 (20.7) 23 (18.0) 34 (24.1) 28 (20.9)

Dyslipidemia 88 (60.7) 75 (58.6) 68 (48.2) 82 (61.2)

Values are expressed as mean (= standard deviation) or as number of patients (%) for the variables of gender, prior antihypertensive
therapy, and concurrent medical conditions. *Dipping = =10% nocturnal SBP fall. Nocturnal SBP fall (%) =100X[1 — mean nocturnal
SBP/mean daytime SBP]. ®PNon-dipping = < 10% nocturnal SBP fall. BMI, body mass index; BP, blood pressure; HR, heart rate; SBP,
systolic blood pressure; DBP, diastolic blood pressure; ABPM, ambulatory BP monitoring; eGFR, estimated glomerular filtration rate.

non-dipping group than in the candesartan non-
dipping group (61.7% vs 57.5%). Otherwise, there
were no notable differences in mean age, body mass
index (BMI) or BP values between treatment groups
at baseline when compared by corresponding dip-
ping type (i.e. dipping vs dipping; non-dipping vs
non-dipping).Treatment compliance ranged between
90% and 100% in 99% of patients in both groups.

BP-lowering effects by dipping status

The 24-h SBP time profiles at baseline and at
Week 14 in both treatment groups according to dip-
ping status are shown in Figure 1. The change from
baseline in mean daytime and night-time SBP is
shown in Figure 2.

Azilsartan produced significant reductions from
baseline to Week 14 in daytime SBP and night-time

SBP in the non-dipping group (—9.9 and —20.2
mmHg, respectively; p<<0.001) (Figure 2a) and in
the dipping group (— 14.1 and — 10.9 mmHg, respec-
tively; p<<0.001) (Figure 2b). In the non-dipping
group, the reduction in night-time SBP was greater
than that in daytime SBP, whereas in the dipping
group, the reduction in daytime SBP was greater
than that in night-time SBP.

Candesartan produced significant reductions
from baseline to Week 14 in daytime SBP and night-
time SBP in the non-dipping group (—4.8 and
—15.6 mmHg, respectively; p<<0.001) (Figure 2a)
and in the dipping group (— 10.2 and — 9.6 mmHg,
respectively; p<<0.001) (Figure 2b). In the non-
dipping group, the reduction in night-time SBP was
greater than that in daytime SBP, whereas in the
dipping group, the reductions in night-time SBP
and daytime SBP were of a similar magnitude.
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Figure 1. Twenty-four-hour time-course changes in mean systolic blood pressure (SBP) at baseline (Week 0) and Week 14 according to
dipping status in patients with essential hypertension treated with azilsartan or candesartan: (a) non-dipping group; (b) dipping group.

Comparison of BP-lowering effect between treatment
groups

The mean changes in SBP from baseline to Week 14
in both treatment groups according to dipping status
are provided in Table II and shown in Figure 2.

In the non-dipping group (Figure 2a), the
reductions in both daytime SBP (p=0.0042) and
night-time SBP (p =0.02) were significantly greater
with azilsartan than with candesartan. In the dipping
group (Figure 2b), the reduction in daytime SBP
was significantly greater with azilsartan than with
candesartan (p = 0.0077), while the reduction in night-
time SBP was not significantly different between the
treatment groups.

Changes in DBP followed a similar pattern as
those observed for SBP in both the dipping and
non-dipping groups (Table III).

Discussion

Alleviating nocturnal BP variation is important for
preventing cardiovascular events. A rational approach
is to use drugs with a long-lasting BP-lowering effect
that is sustained throughout the night. Among ARBs,

telmisartan and valsartan have been reported to shift
the non-dipping pattern to the dipping pattern if
administered at bedtime (13,14), whereas olmesar-
tan has been shown to reduce mean 24-h SBP and
DBP to a similar extent irrespective of whether it is
administered in the morning or evening (15).

We have previously reported that once-daily azil-
sartan produced greater reductions than candesartan
in clinic BP, 24-h BP and BP during the daytime,
night-time and early morning while offering compa-
rable safety in Japanese patients with grade I-II
essential hypertension (12). In this exploratory anal-
ysis, we analyzed ABPM data according to patients’
dipping status at baseline, with the goal of comparing
the effects of azilsartan and candesartan on noctur-
nal BP variations. Overall, azilsartan was found to
exert better antihypertensive activity than candesar-
tan for both the dipping and non-dipping patterns of
nocturnal hypertension. In particular, in the non-
dipping group (i.e. those with persistent hyperten-
sion during night-time and a propensity toward
early morning hypertension), azilsartan produced a
remarkable reduction in night-time SBP, and the
magnitude of the reduction was significantly greater
than that with candesartan. On the basis of the
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Figure 2. Changes from baseline (Week 0) to Week 14 in mean systolic blood pressure (SBP) according to dipping status in patients with
essential hypertension treated with azilsartan or candesartan: (a) non-dipping group; (b) dipping group.
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Table II. Changes in mean systolic blood pressure (SBP, mmHg) from baseline to Week 14 according to baseline dipping pattern in patients

with essential hypertension receiving azilsartan or candesartan.

Azilsartan Candesartan
LS mean (95% CI)? p-value

Variable n Mean change n Mean change (Azil-Cand) (Azil vs Cand)
Dipping group® mean SBP

Daytime 145 —14.1 141 —10.2 —4.3 (—7.48, —1.15) 0.0077

Night-time 145 —10.9 141 —9.6 —1.9 (—4.49, 1.17) 0.2252
Non-dipping group® mean SBP

Daytime 128 -9.9 134 —4.8 —4.5 (—17.60, —1.44) 0.0042

Night-time 128 —20.2 134 —15.6 —4.2 (—7.64, —0.66) 0.02

#The point estimate of the least square (ILS) mean and its two-sided 95% confidence interval (CI) for each treatment group were calculated
using analysis of covariance (ANCOVA) in which plasma renin activity (< 0.5 or =0.5 ng/ml/h) at Week —2 and treatment group served
as independent variables and baseline values served as covariates. PDipping==10% nocturnal SBP fall; Nocturnal SBP fall
(%) =100X[1 —mean nocturnal SBP/mean daytime SBP]. °Non-dipping=<10% nocturnal SBP fall. Azil, azilsartan; Cand,

candesartan.

greater reductions in BP with azilsartan compared
with candesartan reported previously, and the greater
reduction in night-time hypertension in the non-
dipping group produced by azilsartan versus can-
desartan in this exploratory analysis, it might be
expected that azilsartan would provide greater
protection against cardiovascular events in patients
with essential hypertension. This is supported by the
association of non-dipping patterns of nocturnal
hypertension as an apparent risk factor for cardiovas-
cular events (3-10).

The causes and mechanisms of abnormal circa-
dian BP variations are diverse; cause-and-effect rela-
tionships between factors of circadian BP variation,
organ dysfunction and cardiovascular risk are not
clear. Previous studies have suggested a number of
possible causes/mechanisms of non-dipping patterns
including enhanced-pressure natriuresis at night due
to a renal defect in daytime sodium excretory capa-
bility (16); disturbed reduction of nocturnal sympa-
thetic nervous activity (17—-19); and insulin resistance
(20,21). It is well known that AII stimulates tubular
sodium reabsorption at various segments from the
proximal to the distal tubules, and that ARBs sup-
press tubular sodium reabsorption i vitro (22).

Fukuda et al. (23,24) recently reported that noctur-
nal BP elevation due to sodium retention was sup-
pressed by olmesartan through inhibition of tubular
sodium reabsorption, resulting in a shift of circadian
BP variation from the non-dipping to the dipping
type in patients with chronic kidney disease. In other
studies, it has been reported that administration of
an o-adrenergic blocker at bedtime produced sig-
nificant reductions in night-time BP only in patients
showing the non-dipping pattern (19). AIl has also
been shown to potentiate the activity of rostral ven-
trolateral medulla neurons, a sympathetic nervous
center, whereas an ARB (candesartan) reduced ros-
tral ventrolateral medulla activities in spontaneously
hypertensive rats (25). Furthermore, pioglitazone,
which acts as an insulin sensitizer, restored nocturnal
BP decreases in parallel with a reduction in the
homeostasis model assessment index in non-dippers
(but not dippers) with type 2 diabetes mellitus (26).

In wvitro studies have shown that azilsartan has
more powerful inhibition and slower detachment
from the AT, receptor than other ARBs (11). In a
previous report of our study involving Japanese
patients with grade I or II essential hypertension,
once-daily azilsartan exerted a more potent 24-h

Table III. Changes in mean diastolic blood pressure (DBP, mmHg) from baseline to Week 14 according to baseline dipping pattern in
patients with essential hypertension receiving azilsartan or candesartan.

Azilsartan Candesartan .
LS mean (95% CI)? p-value (Azil vs

Variable n Mean change Mean change (Azil-Cand) Cand)
Dipping group® mean DBP

Daytime 145 -85 141 -6.5 —2.2 (—4.17, —0.33) 0.0221

Night-time 145 —-6.9 141 —-6.3 —1.1 (—3.04, 0.89) 0.2822
Non-dipping group® mean DBP

Daytime 128 —-6.0 134 —2.8 —2.8 (—4.55, —1.06) 0.0017

Night-time 128 —-10.0 134 -17.9 —2.0 (—4.07,0.33) 0.0534

#The point estimate of the least square (ILS) mean and its two-sided 95% confidence interval (CI) for each treatment group were calculated
using analysis of covariance (ANCOVA) in which plasma renin activity (< 0.5 or =0.5 ng/ml/h) at Week —2 and treatment group served
as independent variables and baseline values served as covariates. PDipping==10% nocturnal SBP fall; Nocturnal SBP fall
(%) =100X[1 —mean nocturnal SBP/mean daytime SBP]. “Non-dipping=<10% nocturnal SBP fall. Azil, azilsartan; Cand,

candesartan.



sustained antihypertensive effect compared with can-
desartan (12) and, in this analysis, it was shown to
produce a greater reduction in nocturnal hyperten-
sion in the non-dipping group compared with can-
desartan. It seems likely, therefore, that the effect of
azilsartan in normalizing circadian BP variation
depends on potent, 24-h sustained antihypertensive
activity, including suppression of sodium reabsorption
and abnormal nocturnal sympathetic nervous activ-
ity due to its potent and sustained AT, receptor inhi-
bitory effect on the renin—angiotensin—aldosterone
system. Since azilsartan greatly improved glucose
intolerance and insulin sensitivity compared with
candesartan in type 2 diabetic KK-A(y) mice (27),
it is possible that azilsartan may also normalize
circadian BP variation in part by improving insulin
resistance.

Limitations of the present study include possible
issues with the reproducibility of ABPM data.
Although ABPM was carried out at two time points
in our study (one session at baseline and another at
Week 14), issues regarding the reproducibility of
classifying patients into dipping and non-dipping
status have previously been described. In an ABPM
study conducted over 2 days, about 70% of patients
were classified with the same type of variation (i.e.
either dipping or non-dipping) on Day 1 and Day 2
of the ABPM session, whereas the dipping profile
differed between session days in the remaining 30%
of patients (28). Classification of dipping patterns
ideally needs to be based on two or more sessions of
ABPM. A further limitation relates to the short study
duration, which prevented demonstration of a
relationship between improvement in nocturnal BP
variation and cardiovascular events. Indeed, the effect
on cardiovascular risk of normalizing circadian BP
variation has not, as yet, been fully evaluated. How-
ever, independent of the 24-h BP level, the non-
dipping type of nocturnal BP variation is clearly a
risk factor for cardiovascular events and cardiovascu-
lar mortality (6,10). Furthermore, the MAPEC
(Ambulatory Blood Pressure Monitoring and Car-
diovascular Events) study has indicated that an
increase in sleep-time relative BP decline toward a
more normal dipping pattern is associated with a
decrease in cardiovascular risk, whereas a decrease
in nocturnal BP fall is associated with an increase in
morbidity and mortality (29). In light of these col-
lective findings, evaluation of the potential decrease
in cardiovascular risk from normalization of circa-
dian BP variation beyond the reduction of BP levels
warrants further prospective investigation.

In conclusion, this study has shown that once-
daily administration of azilsartan improved the
non-dipping pattern in nocturnal hypertension and
was significantly more effective than candesartan in
this regard. Although it remains to be confirmed
in long-term studies, it is possible that azilsartan
may provide cardioprotection not only through its
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potent and sustained antihypertensive activity but
also through its effect on improving nocturnal BP
variation.
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