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1  |  INTRODUC TION

Recent hypertension management guidelines recommend the use 
of fixed-dose single-pill combinations (SPCs) to achieve lower blood 
pressure (BP) levels.1–4 In particular, the hypertension guidelines 
of the European Society of Cardiology and European Society of 

Hypertension recommend that a fixed-dose SPC is initiated as first-
line treatment.5

We have previously reported that the SPC of cilnidipine (10 mg) 
and valsartan (80 mg) (SPC of Cil/Val) is useful to reduce home 
BP in patients with uncontrolled hypertension with sympathetic 
hyperactivity.6 Cil, a component of the SPC of Cil/Val and unique 
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Abstract
We examined the effects of a fixed-dose single-pill combination of cilnidipine (10 mg), 
an L-/N-type calcium channel blocker, and valsartan (80 mg) (SPC of Cil/Val) on the 
day-by-day variability of morning home systolic blood pressure (MHSBP) in 616 pa-
tients with treated hypertension for 12 months as a sub-analysis of the HOPE-Combi 
survey, multicentral, post-marketing, and prospective observational survey. The SPC 
of Cil/Val was administrated once a day in the morning. The SPC of Cil/Val decreased 
the standard deviation (SD, from 6.3 ± 4.8 to 5.1 ± 3.8 mmHg, p < .01), coefficient of 
variation (from 4.3 ± 3.2 to 3.8 ± 2.9%, p < .05), average real variability (ARV, from 
7.9 ± 6.6 to 6.3 ± 5.1 mmHg, p < .01), and the difference between maximum and mini-
mum (MMD, from 11.9 ± 9.2 to 9.7 ± 7.2 mmHg, p < .01) of MHSBP. The variability of 
MHSBP increased with age; however, this was not increased in patients ≥70 years at 
the baseline. In elderly patients (≥70 years, N = 283), the SPC of Cil/Val decreased the 
SD (from 6.9 ± 5.6 to 5.6 ± 4.4 mmHg, p < .01), ARV (from 8.6 ± 7.7 to 6.9 ± 5.7 mmHg, 
p < .05), and MMD (from 13.2 ± 10.7 to 10.7 ± 8.3 mmHg, p < .01) of MHSBP at 
12 months; the reduction in these MHSBP variability parameters was comparable to 
that in adults <70 years. These results suggest that the SPC of Cil/Val is effective in 
reducing day-by-day variability of MHSBP in elderly patients.
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L-/N-type calcium channel blocker, directly dilates vascular vessels 
by blocking L-type calcium channels7 and suppresses elevated sym-
pathetic activity in animal models8 and patients with hypertension9 
by blocking N-type calcium channels.10 Sympathetic hyperactivity 
is reported to be a cause of BP variability.11,12 Therefore, we tested 
whether the SPC of Cil/Val could reduce BP variability in patients 
with hypertension.

In this sub-analysis report, we describe the first study to evalu-
ate the efficacy of the SPC of Cil/Val on the day-by-day variability of 
morning home systolic BP (MHSBP) in patients with treated hyper-
tension in real-world settings.

2  |  METHODS

2.1  |  Study design and population

The protocol of this multicenter, post-marketing, prospective ob-
servational survey, home BP control by a single-pill combination of 
cilnidipine and valsartan (HOPE-Combi), has already been described 
in previous reports.6,13 HOPE-Combi was approved by the Ministry 
of Health, Labour and Welfare of the Japanese Government and 
conducted in accordance with the Japanese Good Post-marketing 
Study Practice guidelines. In compliance with the Japanese regula-
tions for post-marketing surveillance, the need for informed consent 
was waived. This survey was also conducted with the approval of the 
respective institutional review board or ethics committee of each 
participating medical institution, if needed, and registered as a post-
marketing survey in the University Hospital Medical Information 
Network (UMIN000037536). All patients received instructions; 
measurement should be performed twice per occasion, within 1 h 
after waking up, after urination, before dosing in the morning, before 
breakfast, and after 1-2-min resting in a sitting position, from the 
physicians regarding the measurement of home BP,14,15 as recom-
mended by the guidelines of the Japanese Society of Hypertension 
for self-monitoring of BP at home.16 Each patient used an electronic 
cuff oscillometric device approved by the Ministry of Health, Labour 
and Welfare of Japan and recorded home BP in a notebook special-
ized for home BP management. In this sub-analysis, we selected 616 
from 2575 patients with a safety assessment of the SPC of Cil/Val.13 
The selection criteria were as follows: 1. had 3 days of MHSBP val-
ues at the baseline and 2. had been pretreated with antihypertensive 
drugs at the baseline. The SPC of Cil/Val was administrated once a 
day in the morning.

2.2  |  Statistical analysis

Data are expressed as mean ± standard deviation (SD) or as a per-
centage for discrete variables. The average values of MHSBP were 
used for data analysis in the patients whose collection date was 

3 days. The SD, coefficient of variation (CV), average real variability 
(ARV), and the difference between maximum and minimum (MMD) 
of MHSBP were calculated.17,18 Changes in MHSBP, SD, CV, ARV, 
and MMD at 3 and 12 months were analyzed using Dunnett's mul-
tiple comparison test. Differences in MHSBP or BP variability were 
analyzed using the t-test. The age-related trends of MHSBP and BP 
variabilities were analyzed using ANOVA. A p value <.05 was consid-
ered statistically significant. All statistical analyses were computed 
using a statistical software package (SAS, version 9.3, SAS Institute) 
in an independent facility (INTAGE Healthcare Inc.).

3  |  RESULTS

3.1  |  Patient characteristics

Among all 616 patients, 53.2% were men and the average age was 
67.0 ± 11.7 years. The comorbid disease percentage was 77.8% 
(ischemic heart disease, 9.4%; cerebral vascular disease, 6.3%; 
chronic kidney disease, 12.5%; and hyperuricemia, 12.8%). All 
patients were pretreated with antihypertensive drugs; the per-
centage of patients who received a calcium channel blocker was 
71.1%. Concomitant antihypertensive drugs were administered to 
195 patients (31.7%).

3.2  |  Age-related trends in MHSBP and BP 
variabilities at the baseline

MHSBP did not change at all ages (p = .59). The variability of MHSBP 
increased with age; however, BP variability was not increased in pa-
tients ≥70 years and the relationship between age and BP variability 
was sigmoidal (Figure 1).

3.3  |  Changes in MHSBP and BP variabilities

At 3 months, MHSBP decreased from 146.4 ± 14.9 (N = 616) to 
135.5 ± 12.6 mmHg (N = 525, p < .01), SD decreased from 6.3 ± 4.8 
(N = 616) to 5.3 ± 3.9 mmHg (N = 525, p < .01), CV did not de-
crease significantly (from 4.3 ± 3.2 [N = 616] to 4.0 ± 2.9% [N = 525, 
p = .11]), ARV decreased from 7.9 ± 6.6 (N = 616) to 6.7 ± 5.4 mmHg 
(N = 525, p < .01), and MMD decreased from 11.9 ± 9.2 (N = 616) to 
10.2 ± 7.5 mmHg (N = 525, p < .01); however, at 12 months, MHSBP 
decreased to 133.2 ± 10.4 mmHg (N = 445, p < .01), SD decreased 
to 5.1 ± 3.8 mmHg (N = 445, p < .01), CV decreased to 3.8 ± 2.9% 
(N = 445, p < .05), ARV decreased to 6.3 ± 5.1 mmHg (N = 445, 
p < .01), and MMD decreased to 9.7 ± 7.2 mmHg (N = 445, p < .01). 
Either the pretreatment or concomitant antihypertensive drugs did 
not affect the lowering action of SPC of Cil/Val against MHSBP and 
SD (Table S1-S4).
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3.4  |  Changes in MHSBP and BP variabilities at 
3 and 12 months in patients aged ≥70 or <70 years

Because BP variability was not increased in patients ≥70 years, 
we divided patients into two groups according to their age ≥70 or 
<70 years. At the baseline, MHSBP was not different between pa-
tients aged ≥70 years (N = 283) and <70 years (N = 333, p = 1.00); 
however, the SD (P < .01), CV (p < .01), ARV (p < .05), and MMD 
(p < .01) were higher in ≥70 year-old patients than in < 70-year-old 
patients. MHSBP decreased at 3 months and 12 months in both the 
≥70 and <70 age groups, and there was no difference in the changes 
in MHSBP at 3 months and 12 months between patients aged ≥70 
and <70 years. The SD, ARV, and MMD decreased in patients aged 
<70 years and ≥70 years at both 3 months and 12 months. There 
was no difference in the changes in SD, ARV, and MMD between the 
≥70 and <70 age groups at 3 months and 12 months. The CV did not 

decrease in patients aged ≥70 years and <70 years at 3 months and 
12 months (Table 1).

4  |  DISCUSSION

This study demonstrates that an SPC of Cil, a unique L-/N-type cal-
cium channel blocker,19 and Val decreased the variability of MHSBP 
in patients with treated hypertension, regardless of age. The SPC 
of Cil/Val decreased the day-by-day BP variability parameters of 
MHSBP, such as SD, CV, ARV, and MMD, at 12 months in 616 pa-
tients with treated hypertension.

Hypertension in older adults is reported as a risk factor for ath-
erosclerosis, and also aging with hypertension may lead to cardio-
vascular events.20 Therefore, we evaluated the variability of BP in 
elderly treated hypertensive patients in this survey. The variability 

F I G U R E  1  Age-related trends in 
morning home systolic blood pressure 
and BP variabilities. Abbreviations: ARV, 
average real variability; CV, coefficient of 
variation; MHSBP, morning home systolic 
blood pressure; MMD, the difference 
between maximum and minimum; SD, 
standard deviation; y, years. Data are 
presented as mean ± SD. The numbers 
in parentheses indicate the number of 
subjects
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of MHSBP increased in an age-dependent manner but not in patients 
aged ≥70 years at the baseline. In 333 patients aged ≥70 years with 
treated hypertension, the SPC of Cil/Val decreased the variability 
of MHSBP and the degrees of change of the variability of MHSBP 
were not different from those in 283 patients aged <70 years. These 
results suggest that the SPC of Cil/Val was effective in the reduc-
tion of BP variability in elderly patients with treated hypertension. 
In this study, at the baseline, the MHSBP was constant at all ages, 
whereas the day-by-day variability of MHSBP increased with age in 
patients with hypertension administered antihypertensive drugs. In 
the general population of Ohasama, both home BP and day-by-day 
BP variability increase with age.21 The home BP variability is a risk 
factor for the development of cardiovascular events, independent 
of the average home BP,22–24 and is associated with renal function.25 
In elderly hypertensive patients, the BP variability is also reported 
as a risk factor for mortality26,27 and cardiovascular death28 and a 
predictor of arterial stiffness progression.29 Our conclusion that the 
SPC of Cil/Val reduces age-related increased home BP variability 
may have clinical significance. This benefit needs to be confirmed 
in the future.

Sympathetic nervous hyperactivity leads to an increase in BP 
variability.30,31 Cil, a component of the SPC of Cil/Val, suppresses 
elevated sympathetic activity in patients with hypertension.9 This 
sympatholytic activity of Cil may contribute to the decrease in the 
day-by-day variability of MHSBP. Increased arterial stiffness also 
leads to high BP variability 32 and the SPC of Cil/Val ameliorates ar-
terial stiffness in patients with hypertension.6 This action may also 
contribute to the decrease in BP variability at 12 months.

5  |  STUDY LIMITATIONS

In this real-world survey, missing data might have affected the re-
sults and no control group was used. Therefore, a relative evaluation 
of the efficacy of the SPC of Cil/Val was not possible and the effect 
of the SPC of Cil/Val for the variability of morning home systolic 
blood pressure may involve a consequence of the regression to the 
mean. Self-measured home BP data were recorded by patients in a 
notebook and handed to practitioners. Therefore, data may poten-
tially include transcription errors.

6  |  CONCLUSIONS

In conclusion, the sub-analysis of the HOPE-Combi survey results 
has shown that the SPC of Cil/Val was effective in the reduction of 
exaggerated day-by-day variabilities of MHSBP in elderly patients 
with treated hypertension in a real-world setting.
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