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Abstract: The aim of this study was to explore the influence of combination therapy in different administration time
on antihypertensive efficacy and blood pressure variability in patients with essential hypertension. A total of 86
patients with stage Il to Ill essential hypertension were randomly divided into 4 groups: taking indapamide and losar-
tan potassium together in the morning or in the evening 2 to 4 hours before sleep, indapamide in the morning and
losartan potassium in the evening, losartan potassium in the morning and indapamide in the evening. Ambulatory
blood pressure monitoring was performed before and 12 weeks after the medication. The result showed that statis-
tically significant reductions from baseline of systolic blood pressure/diastolic blood pressure occurred in all treat-
ment groups. There was no significant difference of the reductions or SI among the four groups, neither the rate of
decline of BP in the night or the circadian rhythm. In group B, the numbers of rapid rise in BP in the morning hours
were significantly less after the medication, while not in the other groups. It is concluded that independent of the
administration time, both once-daily treatment and component-based dual therapy had significant antihypertensive
effect, but the night taken-together combination resulted in reductions of BP, S| and morning blood pressure peak
that may have advantages over the other combinations, without the increased incidence of hypotension at night.
Medicines should be taken 2 to 4 hours before sleep.
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Introduction

Hypertension is considered to be a major risk
factor for cardiovascular and cerebrovascular
morbidity and mortality [1-3]. The diagnosis of
hypertension is based on the traditional meth-
od of taking auscultatory measurements (office
blood pressure, OBP) in a clinical setting [4, 5].
However, because of the white-coat and the
masked hypertensive phenomena, OBP may be
unrepresentative of the true blood pressure in
about 30% of the patients who visit hyperten-
sion clinics [6]. Previous studies showed that
ambulatory blood pressure (ABP) and home
blood pressure (HBP) measurements are more
reproducible than OBP measurements [7-10].
An important aspect of the information provid-
ed by ABP measurement (ABPM) is the ability to
quantify the degree of BP variability over 24 h

[11-13], which has been shown to be a signifi-
cant and independent risk factor for cardio-
vascular morbidity and mortality [14-16].
Antihypertensive treatment has differential
effects on OBP measurements and 24 h ABPM
[17]. Typically, the effect of antihypertensive
treatment is greater on OBP measurements
than on 24 h average ABP values, and is
unevenly distributed between day and night
[18]. This suggests that a more systematic
adoption of ABPM in clinical trials should be
implemented, as ABPM adds valuable informa-
tion to OBP readings, in particular when assess-
ing the homogeneity of BP reduction in daily life
induced by antihypertensive treatment. Several
clinical trials have shown that different combi-
nations of drugs at different times in the day
may have exerted to different effects. This is
the first investigation designed to explore the
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Table 1. Baseline characteristics of hyperten-
sive patients eligible to receive combination
therapy

N =86
Demographic characteristics
Age (years) 55.8+12.5
Sex (male) 39 (45%)
Current smoker 8 (9%)
Body mass index (kg/m?) 25.8+5.7

Cardiovascular risk
Systolic blood pressure (mmHg)  158.5+12.6
Diastolic blood pressure (mmHg)  95.51£5.6

Coronary artery disease 3 (3%)
TC/HDL ratio 4.0+£0.6
Left ventricular hypertrophy 3 (3%)
Diabetes 13 (15%)
Medical history
Grade 1 hypertension 13 (15%)
Grade 2 hypertension 45 (52%)
Grade 3 hypertension 13 (33%)
Laboratory parameters
Fating plasma glucose (mg/dL) 105.6+22.6
Total cholesterol (mg/dL) 178.3+10.2
LDL cholesterol (mg/dL) 108.5+42.1
HDL cholesterol (mg/dL) 48.5+10.3
Triglycerides (mg/dL) 130.9+52.6
Serum sodium (mEq/L) 135.2+10.1
Serum potassium (mEq/L) 4.5+0.6
Serum creatinine (mg/dL) 0.8+0.3

effects of single night dosing combination ther-
apy on BP and BPV in patients with grade 2 and
above essential hypertension.

Methods
Subjects’ information

Between May 2012 and April 2013, 156
patients with essential hypertension grade 2
and above were enrolled from clinic hyperten-
sion screening. As 2 cases of monotherapy for
low BP, 4 shift-workers, and 67 cases loss to
follow-up were removed, a total of 83 cases
aged 35-77 years participated in the study
finally.

Inclusion and exclusion criteria

A diagnosis of grade 2 and above essential
hypertension was made using the criteria of the
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“Chinese Guidelines for Prevention Treatment
of Hypertension (Revised Edition 2005)”, based
on repeated conventional BP measurements
and corroboration by ABPM at the time of
recruitment. A positive diagnosis of hyperten-
sion based on ABPM required either the 24-h
mean SBP/DBP was >130/80 mmHg (1 mmHg
= 0.133 kPa), the diurnal mean value was
>135/85 mmHg, or the nocturnal mean value
was >120/70 mmHg. The selected subjects
were either previously untreated or drugs with-
drawal for two weeks or more. The study proto-
col was approved by the Ethics Committee of
the Second Affiliated Hospital of Hebei Medical
University, while written informed consents
were obtained from all the patients before ran-
domly assigned. Patients were excluded if they
showed evidence of secondary hypertension,
type 1 diabetes mellitus, unstable angina pec-
toris, life-threatening cardiac arrhythmias,
severe hepatic and renal disfunction that con-
firmed by clinical and laboratory examination,
as well as those shift-workers or known aller-
gies or contraindications to study drugs.

Groups of trial

In accordance with the principle of randomized,
single-blinded and parallel-controlled methods,
the 86 cases were divided into 4 groups: group
A: Patients received indapamide 2.5 mg and
losartan potassium 50 mg together at 6-8 am
in the morning, group B: indapamide 2.5 mg
and losartan potassium 50 mg together at
19-21 pm at night (2-4 h before sleep), group C:
indapamide 2.5 mg at 6-8 am and losartan
potassium 50 mg at 7-9 pm separately, group
D: losartan potassium 50 mg at 6-8 am and
indapamide 2.5 mg at 7-9 pm separately. Per
protocol, 24-h ABPM was conducted at base-
line before randomization and 8 weeks after
treatment. Patients were fitted on the non-
dominant arm with a MGY ABPM device. They
were assessed while adhering to their usual
diurnal activity (6/7 AM to 10/11 PM for most)
and nocturnal sleep routines. Participants were
instructed to go about their usual activities with
minimal restrictions but to follow a similar
schedule during the 2 days of ABPM. The ambu-
latory monitoring was performed with automat-
ic readings every 30 minutes in the daytime
and every 60 minutes at night. The daytime
and nighttime BPs were defined as the values
in the awake period between 06:00/07:00
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Table 2. The comparison of step-down amplitude (mmHg) after treatment in the four groups and

smoothness index (Sl) (mean + SD)

Parameters Group A Group B Group C Group D p
(20 cases) (21 cases) (23 cases) (22 cases)

Reduction of SBP in daytime 30.5£11.2 31.3+13.5 35.0£12.6 28.8+14.0 0.93 0.43
Reduction of SBP in night 24.6+12.8 26.5£11.8 22.8+14.6 23.7£9.7 0.35 0.79
Reduction of SBP in 24 h 28.7+11.9 30.5£10.5 28.5+15.4 24.9+10.6 0.78 0.51
Reduction of DBP in daytime 16.8+6.5 18.6+6.9 18.2+10.5 14.84¢6.9 1.02 0.39
Reduction of DBP in night 14.4+8.7 15.44+6.9 15.349.5 15.0£7.5 0.06 0.98
Reduction of DBP in 24 h 15.946.9 18.0+7.9 16.6+9.1 14.646.3 0.74 0.53
Reduction of S| of SBP in daytime 2.1+1.6 2.2+1.1 2.3+1.2 1.840.8 0.72 0.54
Reduction of Sl of SBP in night 1.61£0.9 2.1+1.4 1.4+0.9 1.6+0.6 1.97 0.42
Reduction of Sl of SBP in 24 h 1.51£0.6 2.1+1.2 1.510.8 1.5+0.5 2.84 0.04
Reduction of S| of DBP in daytime 1.6£1.2 1.4+1.1 1.4+1.1 1.5+0.8 0.17 0.92
Reduction of S| of DBP in night 1.310.8 1.6£0.7 1.2+0.5 1.5+0.9 1.34 0.27
Reduction of Sl of DBP in 24 h 1.4+0.7 1.6+0.7 1.3+0.6 1.4+0.5 0.87 0.46

hours and 22:00/23:00 hours and in the sleep-
ing period between 22:00/23:00 hours and
06:00/07:00 hours, respectively. Thus, read-
ings with SBP >260 or <70 mmHg, DBP >150 or
<40 mmHg, and pulse pressure (difference
between SBP and DBP) >150 or <20 mmHg
were automatically discarded, and only sub-
jects with 80% success were included. Sl,
morning blood pressure surge (MBPS), decreas-
ing ratio of BP in the nighttime conforms to the
standard suggested in the Blood Pressure
Measurement Guideline of China.

Statistical analysis

All statistical data were completed using epi-
data 3.1 double entry and validation, and anal-
ysed by SPSS 18.0. The measurement data are
presented as mean + SD. Changes from base-
line were evaluated using a t-test for paired
data. Between-treatment differences were ana-
lyzed using ANOVA with treatment as a factor.
Categorical variables were compared using the
Chi-square test. P<0.05 was considered statis-
tically significant.

Results

Baseline characteristics are presented in Table
1. Mean age of the 86 patients was 55.8 years,
and 55% of the patients were female while 45%
were male. Nearly three-fourths (75%) had
grade 2 (n = 60 [70%]) or grade 3 (n = 4 [5%)])
hypertension. Baseline BP in the overall popu-
lation was 165.8+12.6/93.5+5.6 mmHg. No
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patients had severe renal dysfunction. Overall,
there were no significant differences in the
baseline characteristics between the 4 treat-
ment groups in sex and age distribution, BPs in
the daytime, nighttime and 24 h, as well as the
percentage of decline of BP during sleep. The 4
treatment time groups were comparable.

BPs before and after treatment in each group:
Clinic BP measurements (SBPs and DBPs at
daytime, nighttime and 24 h, P<0.01), except
for the percentage of decline of BP during sleep
(P>0.05), were significantly different after treat-
ment. Numbers occurred morning surge before/
after treatment: group A 10/8, group B 12/5,
group C 13/9, group D 11/7, only in group B
resulted a statistically significant reduction of
the morning BP surge from baseline. According
to the types of circadian rhythm of blood pres-
sure, before the treatment dipping, non-dip-
ping, extreme-dipping and reverse-dipping:
group A 7, 10, 2, 1 cases, group B 8, 11, 1, 1
cases, group C 9, 10, 3, 2 cases, and group D
9,9, 2, 2 cases; After treatment: group A 6, 10,
2, 2 cases, group B 7, 9, 3, 2 cases, group C 6,
10, 3, 4 cases, and group D 7, 9, 3, 3 cases.
The circadian pattern was similar before and
after therapy (P>0.05).

BP reduction and Sl after treatment: After 8
weeks of timed-treatment, there were no statis-
tically significant differences among the 4
groups in the decline of diurnal, nocturnal, and
24-h mean BP, or the Sl (P>0.05). After treat-
ment, 53.8% of the subjects in group A, 53.6%
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Figure 1. A: Decreasing amplitude of SBP during the following 24 h between group A and group B after 8 weeks
treatment. B: Decreasing amplitude of DBP during the following 24 h between group A and group B after 8 weeks

treatment.

in group B, 37.0% in group C and 51.9% in
group D showed controlled values of ABPM
(diurnal mean value was <135/85 mmHg for
SBP/DBP and the nocturnal mean value was
<120/70 mmHg). It revealed a lack of statisti-
cally significant differences among the treat-
ment-time groups (P>0.05) (Table 2).

After 8 weeks treatment the circadian ampli-
tude (extent of change in BP along the 24 h)
(Figure 1): the decline of SBP in the first 12 h
after ingested in group B was less than that in
group A, while the DBP declines were similar.
The decreasing amplitude in the first 10 h was
smaller than the last 12 h of both SBP and DBP
in group B.

Discussion

Effective BP control can significantly reduce
shocks and CVD. When prescribing an antihy-
pertensive agent, a long-acting agent is impor-
tant to ensure sustained control of nighttime
blood pressure and morning BP surge, as well
as to prevent cardiovascular and cerebrovascu-
lar complications. Combination treatment
should be considered as a first choice in
patients with grade 2 and above essential
hypertension to achieve an adequate BP con-
trol [19]. The CHIEF (Chinese Hypertension
Intervention  Efficacy Study) investigation
showed that, combination therapy with a low-
dose long-acting calcium channel blocker (CCB)
and an angiotensin Il receptor blockers (ARB)
as the initial therapy can significantly improve
BP control rate. ARB can reduce the common
ankle edema caused by CCB. Moreover, since
CCB are potent vasodilators that induce reflex
activation of the sympathetic system and rapid
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heartbeat, the use of an ARB may buffer this
excessive activation. Indapamide administered
at bedtime, as opposed to morning dosing,
improved the sleep time-relative blood pres-
sure decline toward a more dipper pattern with-
out loss in 24-h efficacy, thus highly reduced
CVD risk in the morning. The efficacy of amlo-
dipine on the 24-h mean BP was seemed to be
comparable independent of the time of treat-
ment [20, 21]. From each single-agent efficacy
cannot infer the effects of combination therapy
on blood pressure regulation directly. This study
showed, clinic BP measurements, including
daytime, nighttime and 24 h mean SBP/DBP,
were significantly reduced after treatment and
to a comparable extent in all treatmenttime
groups. At the same time, the reduction of day-
time, nighttime and 24 h SDP/DBP as well as
the Sl were similar (P>0.05) in group A (morning
dosing) and group C/D (morning-evening split-
ting of daily doses). Previous studies have
shown that SI was negatively correlated with
BPV, and it could be used as predictors of long-
term target organ injury. Namely the greater Si
and smaller BPV is, the less injure of the target
organ gains [14]. There was also a trend towards
greater reduction of BP and smaller BPV with
the single night dose combination therapy,
although statistical significance was not
reached. Thus, drugs might be expected to be
cleared more slowly overnight, thus potentially
prolonged their duration of action. This result
was not fully agreed with Hermida et al [22].
When the drugs were administered in a single
night dose, the effect on morning BP surge was
obviously larger than those in other 3 groups.
That maybe because that, while the first 10 h
decline of SBP/DBP were significantly larger
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than the last 12 h and the 10"-14%" h, as ingest-
ed 2-4 h before sleep, a drug peak effect on BP
reduction was reached when awaked after a 7
h-sleep, which just covered the morning BP
surge. In short-time BPV, the morning BP surge
is closely related to the stroke risk, indepen-
dent of APBM, nocturnal BP reduction and
silent cerebral infarction. Hence, the reduction
of morning BP surge can be used as a new ther-
apeutic target to prevent the hypertensive tar-
get organ damage and CV events [23]. The
study revealed that, as the same drugs combi-
nation therapy, the declines of SBP in the first
12 h are smaller in group B than that in group
A. At the same time, the decreasing amplitude
of SBP and DBP in the first 10 h in group B is
smaller than the last 12 h of the dosing inter-
val; 53.6% of the patients in group B evidenced
controlled BP after treatment, which was simi-
lar to group A (53.8%); nocturnal BP decrease
showed no statistically significant differences
among the 4 groups. One case of ultra-dipper
was added in groups A, B and D, respectively,
while no change in group C after treatment.
There were 2 cases in group A, 5 cases in group
B, 6 cases in group C and 2 cases in group D
having a DBP lower to 60 mmHg during night, of
which only 1 in group D with SBP lower to
90mmHg simultaneously. Thus, a single night
dose of combination therapy didn't induct
excessive BP reduction nocturnally. Our study
found that, the antihypertensive effect of CCB
and ARB combination was independent of the
treatment time. Bedtime administration of the
combination medication was found to be a safe
and effective means of controlling morning BP
in hypertensive patients without induction of
excessive BP reduction nocturnally, and drugs
should be taken 2-4 h before sleep.

In conclusion, a single night dose combination
therapy can be used as one of the therapeutic
regimen in patients with grade 2 and above
essential hypertension, taking reduction of BPV
into account, it will have better compliance and
is more effective to prevent target-organ
damage.
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