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The optimal timing of antihypertensive medication
administration for morning hypertension in patients
with cerebral infarction

Naohisa Hosomi1,2, Yoshimasa Sueda1, Hisashi Masugata3, Hiroaki Dobashi4, Koji Murao4, Masaki Ueno5,
Takanori Miki6, Masakazu Kohno2, Akira Nishiyama7 and Masayasu Matsumoto1

Morning hypertension is an independent risk factor for cardiovascular diseases, particularly stroke. However, the optimal time

at which to take antihypertensive medication to treat morning hypertension remains unclear. We prospectively enrolled elderly

patients (over 65 years old) with morning hypertension who had suffered an ischemic stroke (or strokes). Additional treatments

(one of six arms) were randomly administered for 10 weeks in the morning, in the evening or at bedtime (n¼15 for each time

point/medication). The patients measured their blood pressure and heart rate at home for 14 days prior to the intervention and

for the final 14 days, and recorded the data in a blood pressure diary. The patients’ urinary albumin/creatinine ratios were

evaluated before and after the 10-week intervention. A total of 270 patients were enrolled in this study (mean age: 75.6±

5.8 years; female/male ratio: 125/145). Their morning and evening systolic blood pressures were significantly decreased after

following any of the study medication dosing schedules (Po0.001). However, the reductions in the differences between the

morning and evening systolic blood pressures were significant only when the medication was taken in the evening or at bedtime

(Po0.001 with repeated measures analysis of variance). Furthermore, the recovery rate from morning hypertension was also

higher when the medication was taken in the evening (40.0%) or at bedtime (45.6%), rather than in the morning (22.2%;

P¼0.003 with the v2-test). Antihypertensive medication taken in the evening or at bedtime is the most effective in treating

morning hypertension when the patient adheres to the medication regimen.
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INTRODUCTION

Hypertension is a major independent risk factor for cardiovascular
diseases, especially stroke, and antihypertensive therapy is effective
in preventing cardiovascular events.1–4 Blood pressure commonly
exhibits a diurnal variation, peaking during the morning and then
declining, to reach a minimum at approximately midnight. Simi-
larly, there is a marked diurnal variation in the onset of cardiovas-
cular events, with a peak incidence of myocardial infarction, sudden
cardiac death, and ischemic and hemorrhagic strokes occurring in
the morning (from 0600 hours to noon).5 Several prospective
studies that evaluated self-measured home blood pressure have
indicated that morning hypertension, which includes the morning
surge, is an important risk factor for stroke and cardiovascular
events.6

Antihypertensive medication is usually prescribed to be taken once
in the morning to increase the likelihood of patient adherence.
However, this medication schedule does not satisfactorily decrease
morning hypertension. To date, several reports have evaluated the
optimal time for taking antihypertensive medication to treat morning
hypertension.7,8 However, those studies either compared morning
medication schedules with evening schedules or morning schedules
with bedtime schedules but did not compare all three schedules to
evaluate their effectiveness at lowering morning hypertension. There-
fore, it is still unknown whether taking medications in the evening or
at bedtime is better than morning administration to treat morning
hypertension. The purpose of this study was to define the optimal
dosing schedule for antihypertensive medications to treat morning
hypertension.
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METHODS

Study design and patients
We prospectively enrolled elderly patients (over 65 years old) with morning

hypertension who had a history of ischemic stroke (or strokes), could record

their home blood pressure consistently and could visit the outpatient clinic at

Kagawa University School of Medicine Hospital or Osaka Neurosurgical

Hospital from April 2008 to December 2009. We excluded patients who had

poor medication adherence (o95% of doses taken at the proper time). In

addition, patients were also excluded if they were not good candidates to

receive an additional antihypertensive medicine because of severe carotid

stenosis (more than 75% stenosis according to the North American Sympto-

matic Carotid Endarterectomy Trial criteria9), liver dysfunction (aspartate

aminotransferaseX100 IU l-1 or alanine aminotransferaseX100 IU l�1), renal

dysfunction (creatinineX1.5 mg dl�1) or an allergy to the medicine. All the

patients who enrolled in this study provided their informed consent to

participate. Our protocol was approved by the ethics review committee of

the Kagawa University School of Medicine Hospital, Kagawa, Japan. The study

protocol was registered on a clinical trials registration site (University Hospital

Medical Information Network Clinical Trials Registry (UMIN-CTR:

#UMIN000001764)).

First, we evaluated the subjects’ self-measured home blood pressure and

heart rate for 14 days. The patients were asked to record these values in a blood

pressure diary. Then each patient was randomly assigned to receive one of the

interventional treatments (the calcium channel blocker amlodipine 5 mg per

day; the angiotensin-converting enzyme inhibitor perindopril 4 mg per day; or

the angiotensin II receptor blocker candesartan 8 mg per day, olmesartan 20 mg

per day, valsartan 80 mg per day or telmisartan 40 mg per day) for 10 weeks.

Patients were not administered a medication from the same class as one of their

current antihypertensive drugs, and the interventional treatment was added to

each patient’s current antihypertensive medication(s) in the morning (after

breakfast), in the evening (after dinner) or at bedtime (n¼15 for each time

point/medication).

We also assessed the presence of diabetes mellitus and dyslipidemia. Diabetes

mellitus was defined as a fasting blood glucose level X126 mg dl�1 or the use of

any antidiabetes drugs. Dyslipidemia was defined as a low-density lipoprotein

cholesterol level X140 mg dl�1, a triglyceride level X150 mg dl�1, a

high-density lipoprotein cholesterol level o40 mg dl�1 or the use of any

antihyperlipidemia drugs. We also recorded the class(es) of patients’ original

antihypertensive medication(s).

Home blood pressure
Home blood pressure was measured according to the Japanese Society

of Hypertension guidelines for the self-monitoring of blood pressure at home.10

Home blood pressure was measured with an electrical sphygmomanometer in a

standardized manner following 10 min of rest in a sitting position. The blood

pressure was measured three times with more than 1 min between samplings in

the morning (within 30 min of awakening and prior to doing anything else

except going to the restroom) and in the evening (before dinner). The median

value of these three blood pressure measurements was used in the subsequent

analyses. The home blood pressure and heart rate values were collected for 14

days prior to the intervention and during the final 14 days of the observational

period, beginning 8 weeks after starting the intervention. The mean home

blood pressure and heart rate values from the 14 days of measurement were

used for analysis.

The diagnosis of morning hypertension was based on the home blood

pressures recorded for 14 days prior to the intervention; patients were

determined to have morning hypertension when the average of their morning

and evening systolic blood pressures was X135 mm Hg and the difference

between the morning and evening systolic blood pressure (morning systolic

blood pressure�evening systolic blood pressure) was X15 mm Hg, as described

elsewhere.8

Microalbuminuria
The urinary albumin/creatinine ratio (UACR, mg g�1) was evaluated using

fasting morning spot-urine tests conducted prior to the intervention and 10

weeks after starting the intervention. Urinary albumin levels were measured

with the immunoturbidimetric method, and urinary creatinine levels were

measured with the enzymatic method. UACR was calculated as described

elsewhere.11

Statistical analysis
The data are expressed as the means±s.d. for continuous variables and as

frequencies and percentages for discrete variables. Univariate analyses were

performed to evaluate the differences between groups with respect to baseline

characteristics, current medication and UACR. The clinical characteristics of

the groups were compared using a one-way analysis of variance (ANOVA, for

continuous variables) or Fisher’s exact test (for discrete variables). Changes

between the morning and evening systolic blood pressures during the inter-

ventional treatment period and changes in the UACR were examined using

repeated measures ANOVA. The reduction rates of them were calculated with

the formula (pre-value–post-value)/pre-value. Then, the differences of reduc-

tion rates between the each dosing schedules were examined using a one-way

ANOVA. The rates of recovery from morning hypertension were examined

using the w2-test. When the P-value was o0.05 by ANOVA, Turkey-Kramer’s

Honestly Significant Difference test or Bonferroni’s correction for multiple

comparisons was applied to evaluate whether the differences in each between-

groups were significant. The difference of systolic blood pressure, diastolic

blood pressure, the level of difference between the morning and evening systolic

blood pressure (morning systolic blood pressure�evening systolic blood

pressure), and UACR between the pre- and postinterventional treatment

periods were evaluated for each medication dosing schedule using a paired

t-test. The statistical analyses were performed using JMP software version 9.0 or

StatView version 5.0 for Macintosh (SAS, Cary, NC, USA). All the analyses were

two-tailed, and a value of Po0.05 was considered statistically significant.

RESULTS

Patient characteristics
The subjects’ clinical characteristics, morning and evening systolic
blood pressures, diastolic blood pressures, heart rates and baseline
UACRs grouped according to morning, evening and bedtime anti-
hypertensive medication schedules (n¼90) are listed in Table 1. There
were no significant differences in clinical characteristics between the
different medication schedule groups.

The appropriate timing of antihypertensive medication to treat
morning hypertension
There were no significant differences in the morning and evening
systolic blood pressures, the diastolic blood pressures and the heart
rates before the interventions between the different medication
schedule groups (Table 1). All of the studied dosing schedules of
antihypertensive medications effectively reduced morning and evening
systolic blood pressures (Po0.001 using two-way repeated measures
ANOVA, Figure 1). There were no significant differences in the
changes of the morning and evening systolic blood pressures among
the groups on different dosing schedules (P¼0.29 and 0.86 using two-
way repeated measures ANOVA, respectively). The reduction rates of
morning systolic blood pressure with the morning, evening or
bedtime dosing schedule were 0.119±0.023, 0.121±0.018 or
0.126±0.025, respectively (P¼0.026, using one-way ANOVA). It was
significantly higher in the bedtime medication schedule than that in
the morning medication schedule (P¼0.021). Moreover, the reduction
rates of evening systolic blood pressure with either medication
schedules were 0.088±0.041, 0.059±0.059 or 0.059±0.054, respec-
tively (Po0.001, using one-way ANOVA). It was significantly higher
in the morning medication schedule than that in the evening and
bedtime medication schedule (P¼0.001 and Po0.001, respectively).
In contrast, the difference between the morning and evening systolic
blood pressure (morning systolic blood pressure–evening systolic
blood pressure) was reduced significantly with the evening and

Optimal timing of antihypertensive medication
N Hosomi et al

721

Hypertension Research



bedtime dosing schedule groups (Po0.001, using two-way repeated
measures ANOVA with Bonferroni’s corrections, respectively, Figure 1).
There were significant reductions in the changes of the difference
between the morning and evening systolic blood pressure with the
evening and bedtime medication schedules compared with the morn-
ing medication schedule (Po0.001). The reduction rates of
the difference between the morning and evening systolic blood
pressure with the morning, evening or bedtime dosing schedule
were �0.345±1.05, 0.387±0.908 or 0.596±1.360, respectively
(Po0.001, using one-way ANOVA). It was significantly higher in
the evening and bedtime medication schedules than that in the
morning medication schedule (Po0.001). In addition, the proportion
of patients who recovered from morning hypertension was evaluated
with respect to the timing of antihypertensive medication adminis-
tration (Figure 2). Recovery from morning hypertension was defined
as the attainment of the following follow-up home blood pressure
measurements for 14 days: morning and evening systolic blood
pressures averaging o135 mm Hg and the difference between the
morning and evening systolic blood pressure (morning systolic
blood pressure–evening systolic blood pressure) averaging
o15 mm Hg. The rates of recovery from morning hypertension
were higher among the patients who took their medications in the
evening or at bedtime (40.0 and 45.6%, respectively) compared with
those on the morning schedule (22.2%; P¼0.003 with the w2-test).

The appropriate arms of antihypertensive medication to treat
morning hypertension
There are significant differences in the reduction of the morning and
evening systolic blood pressure among the medication arms
(Po0.001, using two-way repeated measures ANOVA). Among the

medication arms used in this study, amlodipine significantly reduced
the morning and evening systolic blood pressure compared with the
other arms (Po0.001). However, there was no significant difference in
the difference between the morning and evening systolic blood
pressure among the medication arms (P¼0.85, using two-way
repeated measures ANOVA).

Decreases in the UACR in each dosing schedule
We evaluated the effects of the different dosing schedules of anti-
hypertensive medications on lowering the UACR. There were no
significant differences in the UACRs before the interventions between
the different medication schedule groups (Table 1). All of the dosing
schedules produced effective reductions in the UACR (Po0.001, using
two-way repeated measures ANOVA, Figure 3). However, there were
no significant differences in the amount of UACR reduction among
the different schedules (P¼0.59, using two-way repeated measures
ANOVA). The reduction rates of UACR with the morning, evening or
bedtime medication schedules were 0.148±0.068, 0.167±0.169 or
0.178±0.127, respectively (P¼0.28, using one-way ANOVA). In
addition, there was no significant difference among the medication
arms in the reduction of UACR (P¼0.14, using two-way repeated
measures ANOVA).

DISCUSSION

In this study, the optimal medication dosing schedule for the most
effective treatment of morning hypertension was prospectively eval-
uated using six antihypertensive medications. Our results indicate that
to reduce the difference between morning and evening blood pres-
sures, antihypertensive medication should be taken in the evening or
at bedtime and that evening or bedtime administration of these

Table 1 Clinical characteristics of the study cohort

All subjects (n¼270) Morning (n¼90) Evening (n¼90) Bedtime (n¼90) P-value

Age, years 75.6±5.8 75.7±6.1 75.0±5.5 76.2±5.9 0.37

Gender (female/male) 125/145 37/53 44/46 44/46 0.48

Dyslipidemia, n (%) 101 (37.4) 35 (37.8) 33 (36.7) 33 (36.7) 0.94

Diabetes mellitus, n (%) 55 (20.4) 17 (18.9) 17 (18.9) 21(23.3) 0.69

Ischemic stroke subtypes

Lacunar, n (%) 101 (37.4) 32 (35.6) 33 (36.7) 36 (40.0) 0.99

Atherothrombotic, n (%) 75 (27.8) 23 (25.6) 26 (28.9) 26 (28.9)

Cardioembolic, n (%) 45 (16.7) 18 (20.0) 14 (15.6) 13 (14.4)

Other, n (%) 30 (11.1) 10 (11.1) 11 (12.2) 9 (10.0)

Undetermined, n (%) 19 (7.0) 7 (7.8) 6 (6.7) 6 (6.7)

Prior medication

CCB, n (%) 200 (74.1) 68 (75.6) 65 (72.2) 67 (74.4) 0.87

ARB, n (%) 50 (18.5) 18 (20.0) 15 (16.7) 17 (18.9) 0.84

ACEI, n (%) 11 (4.1) 4 (4.4) 4 (4.4) 3 (3.3) 0.91

Morning SBP, mm Hg 152.8±9.5 153.1±9.5 152.1±9.4 153.2±9.6 0.70

Morning DBP, mmHg 84.4±10.6 85.3±10.8 83.3±10.3 84.5±10.7 0.43

Morning heart rate, per min 68.1±7.6 67.8±6.8 68.8±7.9 67.8±8.0 0.56

Evening SBP, mm Hg 134.2±9.4 135.2±9.6 133.8±9.5 133.8±9.3 0.54

Evening DBP, mmHg 79.9±10.8 81.0±11.1 79.4±10.4 79.4±11.0 0.50

Evening heart rate, per min 70.9±8.2 69.6±7.2 71.6±9.0 71.5±8.2 0.19

UACR, mg g�1 32.4±21.2 33.1±20.9 30.9±19.5 33.1±23.0 0.71

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCB, calcium channel blocker; DBP, diastolic blood pressure; SBP, systolic blood pressure;
UACR, urinary albumin/creatinine ratio.
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medications is more effective than morning administration at facil-
itating recovery from morning hypertension. However, there were no
significant differences between the dosing schedules in the level of
UACR reduction. Among the medication arms, amlodipine signifi-
cantly reduced the morning and evening systolic blood pressure more
than the other arms. However, there was no significant difference in
the difference between morning and evening blood pressures among
the medication arms.

Hypertension is known to be a major risk factor for cardiovascular
events. In addition, it has been reported that antihypertensive medica-
tions strongly protect against cardiovascular diseases.12 Therefore,
antihypertensive treatment is commonly used in the clinic. The next
logical step is to increase the quality of blood pressure control in
hypertensive patients. It has been reported that morning hypertension
is a strong risk factor for stroke.6,13 The difference between the
morning and evening self-measured blood pressures is an independent
determinant of cardiac dysfunction.14 The potential cardiovascular
advantages of controlling morning hypertension have not been fully
demonstrated. On the other hand, there are several reports that
showed the reduced cardiovascular risks with the bedtime antihyper-
tensive medications compared with the morning medications.15–17

From this study, the bedtime antihypertensive medication was the
most effective medication schedule reducing the morning systolic
blood pressure and the difference between the morning and evening
systolic blood pressure. Therefore, the bedtime antihypertensive med-
ications could be the most effective timing to reduced cardiovascular
risks controlling morning hypertension.

In this study, we evaluated the timing of the administration of
antihypertensive medicine to control morning hypertension. We
found that both evening and bedtime dosing of antihypertensive
medication could effectively treat morning hypertension. Several
studies support our results.7,8 However, those studies either compared
morning medication schedules with evening schedules or morning
schedules with bedtime schedules but did not compare all three
schedules to evaluate their effectiveness at lowering morning hyper-
tension. Therefore, this study is the first to compare the effectiveness
of antihypertensive medication at lowering blood pressure in patients
with morning hypertension, who adhered to dosing schedules
that included morning, evening and bedtime administrations of
medication.

Patients are usually instructed to take medication in the morning to
increase their adherence to the regimen, unless a medication specifi-
cally should be taken at another time. For this study, we selected
subjects who had exhibited high adherence (X95%) to a medication
regimen. Therefore, there was high adherence (more than 90%) to the
dosing schedule, even among the patients who had been assigned to
the evening or bedtime medication groups. However, there is a certain
proportion of patients who show a low adherence to medication in
general.18 Therefore, when it is necessary to treat a patient with
morning hypertension who does not comply well with medication
regimens, prioritizing adherence is important because evening or
bedtime dosing schedules may decrease compliance.

We also evaluated differences in the levels of reduction of the UACR
between the morning, evening and bedtime medication schedules.
Our results show that there were no significant differences in the
UACR reduction level between the medication schedules. In the Japan
Morning Surge-Target Organ Protection (J-TOP) study, the UACR
was reduced more with bedtime administration than with morning
administration of the angiotensin II receptor blocker candesartan.8

However, in the J-TOP study, UACR reduction was evaluated over 6
months. In this study, we examined the effects of morning hypertension
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Figure 1 Differences in blood pressure reduction with different medication

dosing schedules. Although there were no significant differences between

the dosing schedules in terms of the levels of reduction of morning and

evening SBPs, the difference between the morning and evening systolic

blood pressure (morning�evening SBP) was significantly reduced in the

groups that received evening or bedtime medications, but not in the group

assigned to morning medications. SBP, systolic blood pressure. *Po0.001
compared with preintervention.
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Figure 2 Recovery from morning hypertension according to the timing of

medication administration. The recovery rate from morning hypertension was

significantly higher following evening or bedtime dosing of medications

compared with the morning dosing regimen. Recovery from morning

hypertension was defined as the satisfaction of both of the following criteria:
average morning and evening systolic blood pressure was o135mmHg and

average difference between the morning and evening systolic blood pressure

(morning systolic blood pressure�evening systolic blood pressure) was

o15 mmHg.
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treatment for 2 months. The effects of treating morning hypertension
on organ protection remain controversial. More than 6 months may
be necessary to acquire sufficient statistical power to observe a
significant difference between evening and bedtime administration
of antihypertensive medications in terms of organ protection. In
addition, the effects of the appropriate treatment of morning hyper-
tension on cardiovascular disease prevention have not yet been
determined.

This study has several limitations. First, all of the patients had
experienced both an ischemic stroke (or strokes) and morning
hypertension. Therefore, the study population may not represent the
general population of patients with morning hypertension. Second, as
described above, this study was designed to find the best medication
dosing schedule to treat morning hypertension over a 2-month
period. This time frame may be too short to observe differences in
organ protection, for example, UACR reduction, between the different
dosing schedules. Third, we evaluated self-measured home blood
pressures. To more accurately assess blood pressure control, it may
be better to evaluate ambulatory blood pressure measurements in the
same time, as both self-measured home blood pressures and ambu-
latory blood pressure measurements are known to have some com-
plementary strong and weak points each other. Fourth, as the dosing
schedule, we have only got the information of medication schedule as
morning, evening or bedtime. To understand more detailed perfor-
mances of each medication schedule, it may be better to know the
exact timing at which the patients took medicine.

The optimal timing of antihypertensive medication administration
to treat morning hypertension was evaluated in this study. Our results
indicate that antihypertensive medication taken in the evening or at
bedtime is the most effective in treating morning hypertension when
the patient adheres to the medication regimen. We did not observe a
difference in organ protection, that is, UACR reduction, between the
different antihypertensive medication dosing schedules during the
10-week intervention. Further studies are warranted to determine
whether the appropriate treatment of morning hypertension could
lead to organ protection or cardiovascular disease prevention.
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