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It has long been thought that there is a close association
between hypertension and atrial fibrillation (AF). However,
the efficacy of an angiotensin II receptor blocker for the
prevention of organ damage in hypertensive individuals with
AF is still controversial. The present study was a multicen-
tered, prospective, randomized, open-label clinical trial
investigating the differences in the effect of treatment with
telmisartan/amlodipine combination tablets on blood pres-
sure (BP) levels and BP variability between morning and
bedtime administration in hypertensive patients with parox-
ysmal AF, using ambulatory BP monitoring (ABPM) and
home BP. With this treatment, the patients’ 24-hour BP,
nighttime BP, preawake BP, and morning BP shown by

ABPM were significantly reduced, and the antihypertensive
effects were similar regardless of the timing of the drug
administration. The standard deviation of day-by-day home
systolic BP and the maximum home systolic BP were also
significantly reduced, and these effects were similar regard-
less of the treatment timing. The N-terminal pro-brain
natriuretic peptide level was significantly decreased only in
the bedtime administration group. A larger study will
demonstrate whether the bedtime administration of telmis-
artan/amlodipine combination tablets maximizes the risk-
lowering effect against AF recurrence in paroxysmal AF
hypertensive patients. J Clin Hypertens (Greenwich).
2016;18:1036–1044. ª 2016 Wiley Periodicals, Inc.

A close association between hypertension and atrial
fibrillation (AF) has long been suspected. The Framing-
ham Heart Study1 showed that hypertension was an
independent risk factor for incident AF in a general
population, and uncontrolled elevated blood pressure
(BP) was associated with an increased risk of incident
AF in patients treated for hypertension.2 Based on
overseas clinical trials, the main etiology of AF is
hypertension in approximately 60% of AF patients.3 In
addition, the Suita Study,4 a cohort study in Japan,
showed that hypertension was associated with an
increased risk of incident AF.

It is also suspected that hypertension not only
facilitates the onset and persistence of AF, but also
raises the risk of a thromboembolism. Antihypertensive
treatment is therefore considered essential for hyperten-
sive individuals with AF to prevent recurrent AF,
cerebral infarction, or heart failure.5 In several coun-
tries, angiotensin II receptor blockers (ARBs) have
attracted attention as a therapeutic drug for hyperten-
sive individuals with AF.6–9 However, the Atrial Fibril-

lation Clopidogrel Trial With Irbesartan for Prevention
of Vascular Events (ACTIVE I)10 comparing the effect
of irbesartan on patients with AF (mainly persistent and
permanent types) with that of placebo showed no
differences between irbesartan and placebo for the
recurrence of AF, indicating that ARBs did not suppress
the recurrence of AF. Valsartan also did not reduce the
recurrent AF rate in the Gruppo Italiano per lo Studio
della Sopravvivenza nell’Infarto Miocardico-Atrial Fib-
rillation (GISSI-AF) trial.11 The J-RHYTHM II Study12

in Japan also demonstrated that candesartan did not
have a significant advantage over amlodipine in reduc-
ing recurrent AF.

Patton and colleagues13 reported that N-terminal pro-
brain natriuretic peptide (NT-ProBNP) serves as a
biomarker for AF recurrence regardless of the patients’
race/ethnicity. High BNP and relatively low atrial
natriuretic peptide compared with BNP were also
demonstrated to be independent biomarkers for recur-
rent AF in patients with mild congestive heart failure.14

Hypertension is also one of the independent predic-
tors of progression from paroxysmal to persistent AF.15

It would thus be essential to strictly control BP over the
entire 24-hour day in patients with paroxysmal AF.
However, few studies of hypertension and coexisting AF
using ambulatory BP monitoring (ABPM) have been
reported.16,17 In many patients with AF, it is difficult to
obtain accurate BP measurements.18 In the present
study, therefore, the BP measurements were performed
by ABPM and home BP in hypertensive patients with
paroxysmal AF who were in normal sinus rhythm
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during the run-in period, and we compared the
BP-lowering effects of a long-acting ARB/calcium chan-
nel blocker (CCB) between the patients who received
morning administration of the medication and those
who received bedtime administration.
One report indicated that the bedtime administration

of an ARB was superior to the morning administration
in reducing nighttime BP.19 On the other hand, in the
Japan Morning Surge-Target Organ Protection (J-TOP)
study,20 there was almost no difference in the effect of
candesartan on home BP between morning and bed-
time administration, and the urinary albumin/crea-
tinine ratio (UACR) was significantly reduced with the
bedtime administration. Thus, we designed an ARB
and CCB longest combination treatment on ambula-
tory and home BP in hypertension with atrial fibrilla-
tion Multicenter study on time of dosing (ACROBAT)
to address the issues. In addition, the potential differ-
ences in the changes in biomarkers for AF recurrence
between a morning administration and a bedtime
administration of an ARB/CCB had not been investi-
gated prior to the present study. Here, we also

examined the influence of the timing of drug
administration on the levels of biomarkers such as
NT-ProBNP.

METHODS

Study Design
The present study was a multicentered, prospective,
randomized, open-label clinical trial investigating the
effect of treatment with a telmisartan/amlodipine com-
bination tablet (40 mg/5 mg per tablet) on 24-hour BP
when administered in the morning vs at bedtime in
hypertensive patients with paroxysmal AF. This study
was conducted in accord with the principles of the
Declaration of Helsinki. The study protocol was
reviewed and approved by the institutional review
boards of the participating study sites. All patients
provided written informed consent to participate in the
study.
The study design is illustrated in Figure 1. During the

run-in period, all patients underwent 4-week monother-
apy with either 40 mg/d of telmisartan or 5 mg/d of

FIGURE 1. Study design. ABPM indicates ambulatory blood pressure monitoring; BP, blood pressure.
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amlodipine. Those who already had more than 4 weeks
of telmisartan 40 mg/d or amlodipine 5 mg/d continued
the existing treatment.

After the run-in period, eligible patients were enrolled
in the study and randomly allocated to either the
morning or bedtime administration of telmisartan/am-
lodipine combination tablets. The allocated patients
underwent 12 weeks of this treatment. The investigators
instructed the patients regarding whether to take the
prescribed telmisartan/amlodipine combination tablet in
the morning or at bedtime.

Study Patients
Hypertensive patients with paroxysmal AF were
screened, and the participants who met all of the
following inclusion criteria were eligible: (1) hyperten-
sive patients with systolic BP (SBP) ≥140 mm Hg (clinic)
or 135 mm Hg (home) and/or diastolic BP (DBP) ≥90
mm Hg (clinic) or 85 mm Hg (home), (2) electrocar-
diography-confirmed paroxysmal AF within 2 years
prior to the date of informed consent and normal sinus
rhythm during the run-in period, and (3) age 20 years
and older.

The exclusion criteria included: (1) severe liver or
kidney disease, (2) prescription of antihypertensive
drugs other than telmisartan or amlodipine during the
run-in period, (3) persistent or permanent AF, (4)
secondary AF, (5) average SBP ≥180 mm Hg at a visit
during the run-in period, (6) class III or IV heart failure
by the New York Heart Association classification or
decreased left ventricular function, (7) history of stroke
or myocardial infarction within 6 months prior to
consent, and (8) planned pulmonary vein ablation or
surgery including percutaneous coronary intervention.

BP Measurements
Noninvasive ABPMwas performedwith a well-validated
automatic ABPM device (TM-2431; A&D Company,
Limited, Tokyo, Japan), and the BP of the device’s wearer
was automatically measured every 30 minutes. The
device was attached to the patients at the clinic during
the treatment period (weeks 0 and 12) to measure BP
continuously, starting between 8 AM and 10 AM for at least
25 hours. Nighttime BP was defined as the average BP
from when the patient went to bed until he or she got out
of bed in the morning. Daytime BP was defined as the
average BP for the rest of the day. Morning BP was
defined as the average BP during the first 2 hours after the
patient woke up. Evening BP was defined as the average
BP during the 2 hours before the patient went to bed.
Preawake BP was defined as the average BP during the
2 hours before the patient woke up. Lowest BP was
defined as the average BP of the three readings around the
lowest nighttime reading. The sleep-trough morning
surge was defined as the morning BP minus the lowest
BP. The prewaking morning surge was defined as the
morning BP minus the preawake BP.21

Home BP was measured using HEM-7251G (Omron
Healthcare, Kyoto, Japan) consecutively for 5 days

during the last week of the run-in period prior to the
study allocation, andweekly during the treatment period,
four times daily (twice each at wake-up time and
bedtime). Home BP was calculated as the average of
morning or evening BP values for five consecutive days.22

The home BP variability included the standard deviation
(SD), the coefficient variation (CV), the maximum BP,
and the morning minus evening BP. The SD and CV
values were calculated based on the average daily BP
(four readings daily) of five consecutive days,22 the
maximum BP defined as the highest average among the
average duplicate morning BP and average duplicate
evening BP values,23 and the morning minus evening BP
as the difference between the daily morning BP and the
evening BP. Clinic BPwas determined at the participating
study sites to measure BP three times at each visit.

Primary and Secondary Endpoints
The primary endpoint was to investigate the efficacy of
the treatment with telmisartan/amlodipine combination
tablets by evaluating the changes in average 24-hour BP
from baseline to 12 weeks of the study drug adminis-
tration.

The secondary endpoints were as follows: changes in
nighttime BP, preawake BP, morning BP, daytime BP,
home BP, clinic BP, ambulatory BP variability, home BP
variability, the levels of high-sensitivity troponin T
(hsTnT), plasminogen activator inhibitor-1 (PAI-1), and
NT-ProBNP, and the urinary albumin/creatinine ratio
(UACR) from baseline to 12 weeks of treatment.

Statistical Analysis
Assuming a change in SBP in the morning administra-
tion and bedtime administration groups of 8.2 mm Hg
and the SD of 12.0 mm Hg, we calculated that the
number of patients required to detect a difference with a
statistical power of 80% and a two-sided significance
level of 0.05 was 35 patients, and the target number of
patients was set at 40 patients per group in consider-
ation of dropouts.

Fisher exact test was performed on all allocated
patients to determine background differences, and the
two-sided significance level was 0.15. Student t test was
performed on the primary and secondary endpoints
including the average BP, average BP variability index,
and changes in laboratory values from baseline to
12 weeks of treatment to determine any difference
between the morning and bedtime administration
groups, and the paired t test was used to determine
intragroup differences. The two-sided significance level
was 5% for both tests.

The study was registered with ClinicalTrials.gov
number NCT01748253.

RESULTS

Patient Disposition and Baseline Characteristics
A total of 81 patients were randomly allocated to
the morning (41 patients) or bedtime (40 patients)
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administration groups. In each group, 37 patients
completed the treatment. The reasons for withdrawal
during the treatment period included adverse events
(AEs), voluntary withdrawal, and lack of drug efficacy
only in the morning administration group (Figure 2).
There were no significant differences in baseline char-
acteristics between the morning and bedtime groups
(Table S1). However, a mildly increased NT-ProBNP
level at baseline was observed in both groups (approx-
imately 190 pg/mL [normal: ≤125 pg/mL]), which
might have indicated a slightly high cardiac load as a
result of paroxysmal AF.

Ambulatory BP Monitoring
Concerning the primary endpoint, in the morning
group, the changes in 24-hour SBP and DBP from
baseline to the end of the 12-week treatment were

�11.6 mm Hg and �5.0 mm Hg, respectively (both
P<.001). In the bedtime group, the corresponding
changes in 24-hour SBP and DBP were �12.8 mm Hg
and �6.4 mm Hg, respectively (both P<.001). There
were no significant differences in 24-hour SBP or DBP
between the two groups (Table I).
In the morning group, the changes in nighttime SBP

and DBP from baseline to the end of the 12-week
treatment were �12.4 mm Hg (P=.002) and �5.5 mm
Hg (P=.004), respectively, and in the bedtime group, the
corresponding changes were �13.1 mm Hg and
�5.9 mm Hg, respectively (both P<.001). There were
no significant differences in nighttime SBP or DBP
values between the two groups (Table I).
In the morning group, the changes in morning SBP and

DBP from baseline to the end of the 12-week treat-
ment were �12.3 mm Hg (P=.002) and �4.9 mm Hg,

FIGURE 2. Patient disposition. One patient randomized to the morning group actually took the tablet at bedtime; two patients randomized to
the bedtime group took the tablet in the morning. Therefore, the full analysis set consisted of 42 patients in the morning group and 39 patients in
the bedtime group.
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respectively (P=.027). In the bedtime group, the corre-
sponding changeswere�15.4 mmHg and�8.1 mmHg,
respectively (both P<.001). There were no significant
differences in the morning SBP or DBP between the two
groups. The preawake SBP and DBP showed results
similar to those of morning SBP and DBP.

The changes in the prewaking morning surge from
baseline to the end of the 12-week treatment were
�0.9 mm Hg (SBP) and +0.4 mm Hg (DBP) in the
morning group, which were not significant reductions.
In the bedtime group, the changes in the prewaking
morning surge were �2.1 mm Hg (SBP) and �0.5 mm
Hg (DBP), which were also not significant reductions. In
addition, the sleep-trough morning surge did not show a
significant reduction in SBP or DBP. The changes in the
prewaking morning surge and sleep-trough morning

surge SBP/DBP were not significantly different between
the two groups (Table I).

In the overall group administered the telmisartan/
amlodipine combination tablets, the change in nighttime
SBP-SD from baseline to the end of the 12-week
treatment was �1.5 mm Hg (P=.014), and that in the
nighttime DBP-SD was �1.3 mm Hg (P=.003), showing
a significant reduction. As for the change in nighttime
SBP-SD after the 12-week treatment, the reduction was
not significantly different in the morning group or
bedtime group. On the other hand, the nighttime DBP-
SD after the 12-week treatment showed a significant
reduction in both the morning (P=.031) and bedtime
(P=.038) groups. There were no significant differences
in the change in nighttime SBP-SD and DBP-SD between
the two groups (Table I).

TABLE I. ABPM Parameters

ABPM

Overall (N=68)

Morning Administration

(n=32)

Bedtime Administration

(n=36)
Comparison Between Groups

Change, mm Hg,

Mean (SD) P Value

Change, mm Hg,

Mean (SD) P Value

Change, mm Hg,

Mean (SD) P Value P Value

24-hour

Mean SBP �12.3 (13.7) <.001 �11.6 (14.6) <.001 �12.8 (13.1) <.001 .725

SD of SBP �1.1 (5.2) .075 �1.5 (5.5) .126 �0.8 (4.9) .343 .560

Mean DBP �5.7 (6.7) <.001 �5.0 (7.2) <.001 �6.4 (6.2) <.001 .420

SD of DBP �0.7 (3.1) .066 �1.1 (2.6) .028 �0.4 (3.5) .508 .378

Nighttimea

Mean SBP �12.8 (17.4) <.001 �12.4 (20.6) .002 �13.1 (14.3) <.001 .867

SD of SBP �1.5 (5.0) .014 �1.6 (5.5) .115 �1.5 (4.6) .060 .948

Mean DBP �5.7 (8.8) <.001 �5.5 (10.1) .004 �5.9 (7.5) <.001 .842

SD of DBP �1.3 (3.4) .003 �1.3 (3.3) .031 �1.3 (3.6) .038 .972

Daytimeb

Mean SBP �12.0 (13.5) <.001 �11.5 (12.8) <.001 �12.5 (14.2) <.001 .765

SD of SBP �1.0 (6.4) .218 �1.5 (6.7) .222 �0.5 (6.2) .619 .545

Mean DBP �5.8 (7.3) <.001 �4.8 (7.2) .001 �6.6 (7.4) <.001 .328

SD of DBP �0.3 (3.8) .501 �0.9 (3.2) .133 0.2 (4.1) .771 .237

Eveningc

Mean SBP �13.5 (24.1) <.001 �13.0 (24.9) .006 �13.9 (23.8) .001 .886

Mean DBP �5.9 (13.2) .001 �5.3 (14.6) .048 �6.4 (12.1) .003 .747

Preawaked

Mean SBP �12.5 (19.2) <.001 �11.4 (21.1) .004 �13.4 (17.7) <.001 .683

Mean DBP �6.3 (11.1) <.001 �5.3 (11.6) .015 �7.2 (10.7) <.001 .485

Morninge

Mean SBP �13.9 (19.1) <.001 �12.3 (21.1) .002 �15.4 (17.3) <.001 .514

Mean DBP �6.6 (11.4) <.001 �4.9 (11.9) .027 �8.1 (10.9) <.001 .253

Sleep-trough morning surgef

Mean SBP �4.9 (20.5) .054 �3.7 (20.1) .303 �6.0 (21.1) .102 .653

Mean DBP �1.8 (16.3) .361 �0.8 (15.6) .788 �2.8 (17.0) .334 .607

Prewaking morning surgeg

Mean SBP �1.5 (10.4) 0.431 �0.9 (17.0) .768 �2.1 (14.8) .405 .755

Mean DBP �0.07 (15.5) 0.971 0.4 (17.2) .888 �0.5 (14.1) .827 .804

Abbreviations: ABPM, ambulatory blood pressure monitoring; DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard deviation.
aAverage blood pressure (BP) from when the patient went to bed until he or she got out of bed in the morning. bAverage BP for the rest of the day.
cAverage BP during the 2 hours before the patient went to bed. dAverage BP during the 2 hours before the patient woke up. eBP during the first 2 hours

after the patient woke up. fThe morning BP minus the lowest BP (average BP of three readings around the lowest nighttime reading). gThe morning BP

minus the preawake BP.
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Home BP
Regarding the change in morning home SBP/DBP after
the 12-week treatment, a significant reduction was
observed in both the morning and bedtime groups (each
P<.001). There was no significant difference between
the groups in this change (Table II). The evening home
SBP/DBP showed results similar to those of morning
SBP/DBP (Table II).
The changes in the SD of day-by-day home SBP and

the CV of day-by-day home SBP after 12 weeks were
�2.2 mm Hg (P<.001) and �0.8 mm Hg (P=.023) in
the morning group and �2.2 mm Hg (P=.003) and
�0.9 mm Hg (P=.049) in the bedtime group, respec-
tively, with a significant reduction in both groups. The
change in the maximum home SBP after 12 weeks
showed a significant reduction in both groups, ie,
�26.3 mm Hg in the morning group and �20.7 mm
Hg in the bedtime group (both P<.001). Neither group
showed a significant decrease in morning � evening
home BP after the 12-week treatment. No tested
parameters showed a significant difference between the
two groups (Table II).

Biomarkers
The biomarker data are provided in Tables III and S2.
The morning group did not show a significant decrease
in hsTnT, NT-ProBNP, or UACR levels after the

12-week treatment, but there were significant decreases
in these biomarkers in the bedtime group (hsTnT:
P=.010, NT-ProBNP: P=.033, UACR: P=.001). There
were no significant differences in any biomarkers
between the morning and bedtime groups (Table III).

Adverse Events
Drug-related AEs were observed in four patients.
Persistent AF occurred in one patient, but it was not
serious. Although AF also occurred in one other
patient, a causal relationship was ruled out (data not
shown).

DISCUSSION
When telmisartan/amlodipine combination tablets were
administered to hypertensive patients with paroxysmal
AF in the morning or at bedtime, the patients’ 24-hour
BP, nighttime BP, preawake BP, and morning BP were
significantly reduced, and the antihypertensive effect
was similar regardless of the timing of drug adminis-
tration. The SD of nighttime BP by ABPM was also
significantly reduced. The maximum home SBP and the
SD of day-by-day home SBP were also significantly
reduced regardless of the timing of the tablets’ admin-
istration. Among the biomarkers, the NT-ProBNP level
was significantly decreased in the bedtime administra-
tion group, but not in the morning administration

TABLE II. Home and Clinic BP

Home BP

Overall (N=67) Morning Administration (n=32) Bedtime Administration (n=35)
Comparison Between Groups

Change, mm Hg,

Mean (SD) P Value

Change, mm Hg,

Mean (SD) P Value

Change, mm Hg,

Mean (SD) P Value P Value

Morning time

SBP �16.7 (18.5) <.001 �17.9 (20.4) <.001 �15.6 (16.7) <.001 .844

DBP �9.2 (10.8) <.001 �10.2 (12.7) <.001 �8.3 (8.9) <.001 .470

Evening time

SBP �14.4 (26.5) <.001 �18.1 (28.4) <.001 �10.8 (24.2) <.001 .249

DBP �8.1 (14.8) <.001 �10.5 (17.4) <.001 �5.8 (11.5) <.001 .181

SD of day-by-day BPa

SBP �2.2 (3.3) <.001 �2.2 (2.5) <.001 �2.2 (4.0) .003 .911

DBP �1.3 (2.4) <.001 �1.7 (2.5) <.001 �0.9 (2.3) .024 .191

CV of day-by-day BPa

SBP �0.9 (2.2) <.001 �0.8 (2.0) .023 �0.9 (3.1) .049 .862

DBP �0.9 (2.9) .018 �1.2 (2.5) .031 �0.5 (2.7) .269 .342

Maximumb

SBP �22.2 (32.7) <.001 �26.3 (29.0) <.001 �20.7 (33.6) <.001 .490

DBP �13.1 (19.4) <.001 �16.6 (22.6) <.001 �9.9 (15.6) <.001 .160

Morning-eveningc

SBP 1.0 (20.7) .890 1.0 (19.2) .980 1.1 (22.8) .630 .994

DBP �3.2 (17.1) <.001 �1.0 (20.0) .356 �5.6 (13.3) .140 .395

Clinic BP

SBP �21.7 (15.7) <.001 �19.6 (15.9) <.001 �23.7 (15.4) <.001 .269

DBP �10.4 (9.7) <.001 �10.1 (8.1) <.001 �10.7 (11.0) <.001 .790

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure. aStandard deviation (SD) and coefficient variation (CV) were calculated

based on the average daily blood pressure (BP) of five consecutive days. bThe highest BP among morning BP and evening BP. cDifference between the

morning BP and evening BP.
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group. However, the difference between the two groups
was not significant.

These findings indicate that treatment with telmisar-
tan/amlodipine combination tablets could control
morning BP and nighttime BP regardless of the timing
of the tablets’ administration. Several reports indicated
that morning BP surge and morning hypertension
increase the risk of organ damage and other conditions
such as cardiovascular events, left ventricular hypertro-
phy, carotid intima-media thickness, and asymptomatic
cerebral infarction, independent of 24-hour BP.21,24,25

Increased nighttime BP is also associated with a higher
cerebrovascular and cardiovascular event risk26–28 and
decreased cognitive and physical functions,29,30 and
vascular tissue damage has been shown to progress even
if only nighttime BP is high, increasing the risk of
cardiovascular events.31 The importance of managing
morning BP and nighttime BP is therefore well
recognized.

In the present study, the telmisartan/amlodipine
combination tablets reduced the SD of nighttime BP.
Parati and colleagues32 reported that the telmisartan/
amlodipine combination provided a better reduction of
the SD of nighttime BP compared with monotherapy (ie,
telmisartan, amlodipine, valsartan) and placebo. Pala-
tini and colleagues33 reported that a nighttime SBP-SD
of ≥12.2 mm Hg was associated with a 41% greater risk
of cardiovascular events compared with the SD of
<12.2 mm Hg. The corresponding value for a DBP-SD
of ≥7.9 mm Hg was 48%. In the present study, the SD
of nighttime SBP changed from 14.3 mm Hg at the
baseline to 12.8 mm Hg at week 12, and the SD of
nighttime DBP changed from 9.6 mm Hg to 8.3 mm
Hg, which did not achieve 12.2 mm Hg in the nighttime
SBP-SD and 7.9 mm Hg in the DBP-SD. Further
investigations regarding how to reduce the SD of
nighttime BP are needed.

Our results also revealed that the telmisartan/am-
lodipine combination tablets significantly reduced the
maximum home SBP and the SD of day-by-day home
SBP regardless of the timing of their administration.

Matsui and colleagues23 showed that the maximum
home SBP in untreated hypertensive patients was an
independent determinant of the left ventricular mass
index, carotid intima-media thickness, and UACR,
indicating a possible predictive value of organ damage
in hypertensive patients. Matsui and colleagues22 also
reported that the combination of olmesartan and
azelnidipine reduced the SD of home SBP significantly
more than the combination of olmesartan and a thiazide
diuretic (�1.7 mm Hg vs �0.6 mm Hg; P=.01), and
that the SD of home SBP was an independent determi-
nant of aortic pulse wave velocity, indicative of
arteriosclerosis. In the present study, the change in SD
of home SBP was �2.2 mm Hg in both the morning and
bedtime administration groups, which is consistent with
the results reported by Matsui and colleagues. Manag-
ing the maximum home SBP and the SD of day-by-day
home SBP is thought to be necessary for a reduction in
the risk of organ damage.

In the present investigation, the levels of UACR, NT-
ProBNP, and hsTnT were significantly reduced only
when the telmisartan/amlodipine combination was
administered at bedtime, and not in the morning
administration group. Since the geometric mean UACR
and hsTnT levels at baseline were normal (approxi-
mately 3.0 ng/mL and 5.0 pg/mL, respectively), it
appears that the reductions did not show clinical
significance (Table S2). On the other hand, the bedtime
administration of the telmisartan/amlodipine combina-
tion changed the geometric mean NT-ProBNP level
from 188.7 ng/mL at baseline to 140.2 ng/mL at week
12, which may be clinically significant (Table S2).
Shimizu and colleagues34 reported that a decrease in the
plasma BNP concentration was associated with a
decrease in bedtime SBP and nighttime SBP. Hoshide
and colleagues35 also reported that amlodipine
monotherapy significantly reduced the hsTnT concen-
tration more than the combination of losartan and a
diuretic. In the J-TOP study,20 there was almost no
difference in the effect of candesartan on home BP
between morning and bedtime administration, but the

TABLE III. Investigation of Biomarkers

Biomarker

Overall (N=72)

Morning Administration

(n=36)

Bedtime Administration

(n=36)
Comparison Between Groups

Mean (SD) P Value Mean (SD) P Value Mean (SD) P Value P Value

hsTnT

Change, ng/mL �0.04 (0.14) .017 �0.01 (0.11) .479 �0.07 (0.16) .010 .067

PAI-1

Change, ng/mL �0.01 (0.24) .728 �0.02 (0.24) .712 0.00 (0.23) .914 .846

NT-ProBNP

Change, pg/mL �0.07 (0.36) .127 0.00 (0.35) .985 �0.13 (0.36) .033 .116

UACR

Change, mg/g∙Cr �0.16 (0.36) .001 �0.13 (0.41) .069 �0.19 (0.31) .001 .446

Abbreviations: Cr, creatinine; hsTnT, high-sensitivity troponin T; NT-ProBNP, N-terminal pro-brain natriuretic peptide; PAI-1, plasminogen activator

inhibitor-1; SD, standard deviation; UACR, urinary albumin/creatinine ratio. Data are shown as logarithmically transformed values.
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UACR was significantly reduced with bedtime admin-
istration. The reduction in the UACR was especially
greater when administered at bedtime to patients with
morning hypertension. A possible reason for this result
is the activation of the renin-angiotensin system at night
and early morning.36–40 To confirm this, it will be
necessary to measure the UACR in a future study using
fractional urine by a method such as the collection of
urine every 2 hours. Regarding our biomarker investi-
gation, we propose that bedtime administration of a
telmisartan/amlodipine combination may reduce the
risk of AF recurrence in hypertensive patients with
paroxysmal AF, and a larger-scale randomized con-
trolled study with the primary endpoint of AF recur-
rence is thus needed.
Unlike the report of Hermida and colleagues,19 the

present study did not show a significant difference in the
BP-lowering effect of ARB/CCB treatment between
morning and bedtime administration, but we observed
that the bedtime administration of the ARB/CCB
reduced organ damage–related biomarker levels more.
These results are consistent with those of the J-TOP
study.20 In the present study, the addition of amlodipine
(which has the longest half-life among antihypertensive
drugs) to telmisartan would have led to continuous BP-
lowering effects, unlike the study by Hermida and
colleagues using telmisartan monotherapy. In the J-TOP
study, the patients were allowed to use diuretics, which
preferentially reduce nighttime BP even by morning
administration; this might have led to the different
results reported between the study by Hermida and
colleagues and the J-TOP study.
This study has the following limitations. It included a

small sample size, and it was not a randomized
controlled trial with the endpoint of AF onset or
cardiovascular events.

CONCLUSIONS
Telmisartan/amlodipine treatment maintained its effects
by significantly reducing nighttime BP and morning BP
as well as nighttime BP-SD and home BP-SD regardless
of the timing of administration in high-risk hypertensive
patients with paroxysmal AF. The NT-ProBNP level
was significantly decreased only when telmisartan/am-
lodipine combination tablets were administered at
bedtime. A larger-scale randomized controlled study
may determine whether the bedtime administration of
telmisartan/amlodipine combination tablets maximizes
the risk-lowering effects for AF recurrence in paroxys-
mal AF hypertensive patients.
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