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1  | INTRODUC TION

The new American1 and European2 hypertension guidelines un‐
equivocally advocate early use of combination antihypertensive 
therapy in the management of hypertension, including single‐pill 
combination. The latter approach of combination antihyperten‐
sive therapy does have advantages, such as high adherence,3 low 
cost,3,4 more efficacy,5,6 less side effects,5,6 and so on.7,8 Moreover, 
co‐administration of two or more drugs with different modes of 
action may have improved clinical outcomes.9,10 In the Avoiding 
Cardiovascular Events through COMbination Therapy in Patients 
Living with Systolic Hypertension (ACCOMPLISH) trial, the single‐
pill combination of amlodipine and benazepril reduced the risk of 
the composite cardiovascular endpoints by 20%, in comparison with 

that of hydrochlorothiazide and benazepril, with similar blood pres‐
sure reductions in the two groups.11 The mechanism for the clinical 
outcome differences observed in the ACCOMPLISH trial remains 
under investigation. It is possible that co‐administration of a dihy‐
dropyridine calcium‐channel blocker and an inhibitor of renin‐angio‐
tensin system may potentiate cardiovascular protection of these two 
classes of antihypertensive drugs.11

In a recent randomized multicenter study, we found that the 
valsartan/amlodipine single‐pill combination, compared with nifed‐
ipine GITS, significantly improved systolic/diastolic blood pressure 
lowering efficacy by 5.8/4.0 mm Hg at 12 weeks of treatment.12 In 
five participating hospitals of this multicenter study, a sub‐study 
was conducted on ambulatory blood pressure and arterial stiffness 
as measured by brachial‐ankle pulse wave velocity (PWV). In the 
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Abstract
In a pre‐specified subgroup analysis of a 12‐week randomized multicenter study, we 
investigated effects of valsartan/amlodipine 80/5 mg single‐pill combination (n = 75) 
and nifedipine GITS 30 mg (n = 75) on ambulatory blood pressure (BP) and arterial 
stiffness assessed by brachial‐ankle pulse wave velocity (PWV) in patients with un‐
controlled hypertension. At week 12, the between‐treatment mean differences in 
systolic/diastolic BP were smaller for 24‐hour and daytime (–2.1/–1.7 and 
−2.0/−1.5 mm Hg, respectively, P ≥ 0.22) but greater (P < 0.01) for nighttime 
(–4.0/‐2.8 mm Hg, P ≤ 0.09), especially in sustained uncontrolled hypertension 
(−5.0/−4.1 mm Hg, P ≤ 0.04) and non‐dippers (−6.5/−3.7 mm Hg, P ≤ 0.07), in favor of 
valsartan/amlodipine. At week 12, PWV was significantly reduced from baseline by 
valsartan/amlodipine (n = 59, P < 0.0001) but not nifedipine (n = 59, P = 0.06). The 
changes in PWV were significantly associated with that in ambulatory systolic BP and 
pulse pressure in the nifedipine (P ≤ 0.0008) but not valsartan/amlodipine group 
(P ≥ 0.57), with a significant interaction (P ≤ 0.045). The valsartan/amlodipine combi‐
nation was more efficacious than nifedipine GITS in lowering nighttime BP in sus‐
tained uncontrolled hypertension and non‐dippers, and in lowering arterial stiffness 
independent of BP lowering.
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present pre‐specified subgroup analysis, we investigated effects of 
the valsartan/amlodipine 80/5 mg per day single‐pill combination 
and nifedipine GITS 30 mg per day on ambulatory blood pressure 
and arterial stiffness, and explored the interrelationship between 
the treatment‐induced changes in ambulatory blood pressure and 
arterial stiffness.

2  | METHODS

2.1 | General study design

The present sub‐study was a pre‐specified subgroup of a multicenter, 
open‐label, randomized, actively‐controlled, parallel‐group study 
in patients with hypertension inadequately controlled with initia‐
tion‐dose monotherapy (ClinicalTrials.gov number, NCT01167153). 
The study protocol of the main trial was described in detail previ‐
ously.12 Briefly, potentially eligible patients should have been previ‐
ously treated with initiation‐dose of antihypertensive monotherapy 
for at least 4 weeks. If at a screening visit, their clinic systolic/di‐
astolic blood pressure was uncontrolled (140‐159/90‐99 mm Hg or 
130‐159/80‐99 in diabetes mellitus), they entered a 1‐ to 2‐week 
run‐in period with their preexisting initiation‐dose monotherapy. 
Patients with uncontrolled clinic blood pressure at the end of the 
run‐in period were asked to stop their prior antihypertensive mono‐
therapy and randomized to receive once‐daily oral dose of valsar‐
tan/amlodipine 80/5 mg or nifedipine GITS 30 mg. Patients were 
assigned to treatment groups by unique identification numbers. A 
central randomization scheme was prepared by Gleneagles CRC 
(Beijing, China) and sent to each study site. Subjects were assigned 
to the treatment groups by enrolling sequence.12 Patients were fol‐
lowed up at 2, 4, 8, and 12 weeks of treatment. During the 12‐week 
randomized treatment period, patients were instructed to take the 
medication at 8:00 o'clock in the morning. Clinic blood pressure and 
pulse rate were measured at each of the follow‐up visits. Ambulatory 
blood pressure monitoring and measurements of brachial‐ankle 
PWV were performed at randomization and at the final visit.12

The study was performed under the guidance of the International 
Conference on Harmonization Guidelines for Good Clinical Practice 
local regulations and the ethical principles of the Declaration of 
Helsinki. The protocol of this study was approved by the ethics 
committees of all participating hospitals. All patients gave written 
informed consent.

2.2 | Inclusion and Exclusion Criteria

Eligible subjects were men and women aged 18‐65 years, with un‐
controlled blood pressure after antihypertensive monotherapy for 
at least 4 weeks. To be eligible for inclusion in the study, a patient 
should also have a systolic blood pressure in the range from 140 to 
159 mm Hg (130‐159 mm Hg for patients with diabetes mellitus) 
and/or a diastolic blood pressure in the range from 90 to 99 mm Hg 
(80‐99 mm Hg for patients with diabetes mellitus) both at the 
screening visit and at the end of the run‐in period. The exclusion 

criteria included the use of more than one antihypertensive drug or 
a therapeutic regimen higher than the initiation dose, an elevated 
serum creatinine concentration (>176.8 μmoI/L), a history of ne‐
phrotic syndrome or diabetes mellitus requiring insulin treatment 
or poorly controlled (glycosylated hemoglobin A1c [HbA1c] >8.0%). 
Women who were pregnant, lactating or of childbearing potential 
without adequate contraception were also excluded.12

2.3 | Ambulatory and clinic blood pressure 
measurements

Validated ambulatory blood pressure monitors (SpaceLabs 90207, 
SpaceLabs Inc, Redmond, WA) were programmed to obtain blood 
pressure readings every 20 minutes in the daytime (6:00 am to 
10:00 pm) and every 30 minutes at night (10:00 pm to 6:00 am). A re‐
cording was considered valid, if it had a total duration of at least 
20 hours, more than 80% of the expected readings, and at least 14 
readings and 10 readings in the daytime and at night, respectively.13 
In the present analysis, we applied the short‐clock time approach 
to define daytime (8:00 am to 6:00 pm) and nighttime (11:00 pm to 
6:00 am), which required at least 14 and 7 readings, respectively. 
Blood pressure load was the percentage of blood pressure values 
reaching or exceeding 135 mm Hg systolic or 85 mm Hg diastolic 
during daytime or 120 mm Hg systolic or 70 mm Hg diastolic during 
nighttime.

Clinic blood pressure was measured using a validated automated 
electronic blood pressure monitor (HEM‐7112, Omron Healthcare, 
Kyoto, Japan) with an appropriately sized cuff. After resting for at 
least 5 minutes in the sitting position, blood pressure was measured 
three times consecutively with 2 to 3 minutes time interval.

In these randomized patients with uncontrolled clinic hyperten‐
sion at baseline, we defined white‐coat uncontrolled hypertension as 
a normal daytime systolic/diastolic blood pressure (<135/85 mm Hg) 
and sustained uncontrolled hypertension as an elevated daytime 
systolic/diastolic blood pressure (≥135/85 mm Hg). We computed 
night‐to‐day systolic and diastolic ratios by dividing the nighttime 
blood pressure by daytime blood pressure. We defined dippers 
and non‐dippers as a night‐to‐day ratio of 90% or less and >90%, 
respectively.13

2.4 | Brachial‐ankle PWV

Brachial‐ankle PWV was measured with the oscillometric Vascular 
Profiler‐1000 device (Omron Healthcare, Kyoto, Japan).14 After the 
study subjects had rested in the supine position for 5‐10 minutes 
with specially designed upper arm and lower leg cuffs, pulse wave‐
forms were collected on the four limbs. The pulse transit time was 
estimated by comparing these simultaneously collected waveforms. 
The path length of the pulse waves was estimated using a formula 
with body height as a factor. Brachial‐ankle PWV was calculated as 
the ratio of the path length to the transit time between the brachial 
and ankle arterial sites. The brachial‐ankle PWV values on both sides 
were averaged for analysis.
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2.5 | Statistical analysis

The SAS software (version 9.2, SAS Institute, Cary, NC) was used for 
data management and statistical analysis. Means and proportions 
were compared using Student's t test and chi‐square test, respec‐
tively. Analysis of covariance was performed to calculate the least 
square mean change (±standard error) from baseline and between‐
group differences (95% confidence interval) with baseline values as 
covariate and treatment as a factor. For brachial‐ankle PWV, the 
analysis was also adjusted for sex and the baseline age, body mass 
index, mean arterial pressure, and pulse rate. Scatter plot and cor‐
relation analysis were used to analyze the interrelationship between 
changes in brachial‐ankle PWV and the changes in ambulatory sys‐
tolic blood pressure and pulse pressure.

3  | RESULTS

3.1 | Characteristics of the randomized patients

Of the 162 randomized patients in five participating hospitals, 
150 (92.6%) patients had valid ambulatory blood pressure record‐
ings, and 118 (72.8%) patients had measurements of brachial‐ankle 
PWV (Figure S1). The demographics and baseline characteristics 
were comparable between the 150 patients included in the present 
analysis and those excluded because of no ambulatory blood pres‐
sure monitoring data (n = 363), except that age was 6.0 years greater 
in the former subgroup (Table S1). The demographics and baseline 
characteristics were comparable between the valsartan/amlodipine 
80/5 mg single‐pill combination (n = 75) and the nifedipine GITS 
30 mg monotherapy groups (n = 75, Table 1), except that brachial‐
ankle PWV was 0.9 m/s higher in the single‐pill combination group.

3.2 | Treatment effects on ambulatory and clinic 
blood pressure

Ambulatory blood pressure was significantly (P ≤ 0.046) reduced 
from baseline to 12 weeks of treatment in both treatment groups 
(Table 2 and Figure 1), except for the daytime systolic/diastolic blood 
pressure in the nifedipine GITS group (P ≥ 0.21). The between‐treat‐
ment difference was greater for the nighttime systolic/diastolic 
blood pressure (−4.0/−2.8 mm Hg, P ≤ 0.09) and smaller for the day‐
time systolic/diastolic blood pressure (−2.0/−1.5 mm Hg, P ≥ 0.34), in 
favor of the valsartan/amlodipine group, but did not reach statistical 
significance (P = 0.06 to 0.36, Table 2). Accordingly, the night‐to‐day 
ratio in both systolic and diastolic blood pressure was significantly 
reduced from baseline to 12 weeks of treatment in the valsartan/
amlodipine (P ≤ 0.004) but not nifedipine GITS group (P ≥ 0.35). 
The between‐treatment difference, however, did not reach statis‐
tical difference (P ≥ 0.12, Table 2). If blood pressure loads, instead 
of mean level, were assessed, the results remained similar (Table 2).

The mean changes from baseline to 12 weeks of treatment 
in clinic systolic/diastolic blood pressure (−15.1 to −11.9/−5.4 to 
−3.3 mm Hg, P ≤ 0.002) were much greater than that in ambulatory 

blood pressure in both groups. However, the between‐treatment 
difference in clinic systolic/diastolic blood pressure was only 
−3.2/−2.1 mm Hg and did not reach statistical significance (P ≥ 0.08, 
Table 2).

3.3 | Treatment effects in white‐coat and sustained 
uncontrolled hypertension and in dippers and non‐
dippers

Clinic blood pressure was significantly (P ≤ 0.01) reduced from base‐
line in both valsartan/amlodipine and nifedipine GITS groups in 
patients with white‐coat (n = 53) as well as sustained uncontrolled 
hypertension (n = 97, Table S2). However, ambulatory blood pres‐
sure was only reduced from baseline in sustained uncontrolled hy‐
pertension (P ≤ 0.07) but not white‐coat uncontrolled hypertension 
(P ≥ 0.10). In sustained uncontrolled hypertension, the between‐
treatment difference in ambulatory systolic/diastolic blood pressure 
was –4.9/–3.8 mm Hg (P ≤ 0.03), –4.7/−3.9 mm Hg (P ≤ 0.048) and 
−5.0/−4.1 mm Hg (P ≤ 0.04) for 24 hours, daytime and nighttime, re‐
spectively, in favor of the valsartan/amlodipine group (Table 3).

We also performed subgroup analysis in dippers (n = 61) and 
non‐dippers (n = 89, Table S3). Clinic blood pressure was significantly 
(P ≤ 0.04) reduced from baseline in both treatment groups in dippers 
as well as non‐dippers. Ambulatory systolic/diastolic blood pressure 
was significantly (P ≤ 0.01) reduced from baseline in the valsartan/
amlodipine group for daytime in dippers and for 24‐hour and night‐
time in non‐dippers, and in the nifedipine GITS group for nighttime 
only in non‐dippers. Only for nighttime in non‐dippers, the between‐
treatment difference in ambulatory systolic/diastolic blood pressure 
tended to be statistically significant (−6.5/‐3.7 mm Hg, P ≤ 0.07), in 
favor of the valsartan/amlodipine group (Table 4). In non‐dippers, 
the analysis on night‐to‐day ratio in systolic and diastolic blood pres‐
sure was confirmatory (Table 4).

3.4 | Treatment effects on Brachial‐ankle PWV

Brachial‐ankle PWV was significantly reduced in the valsartan/am‐
lodipine (n = 59, −1.1 ± 0.3 m/s, P < 0.0001) but not nifedipine GITS 
group (n = 59, –0.5 ± 0.3 m/s, P = 0.06), with a between‐treatment 
difference of −0.6 m/s (95% CI −1.3 to 0.1 m/s, P = 0.10) in favor of 
the valsartan/amlodipine group (Figure 2).

Further analysis showed that the changes in brachial‐ankle PWV 
was significantly associated with the changes in ambulatory sys‐
tolic blood pressure and pulse pressure in the nifedipine GITS group 
(P ≤ 0.0008) but not in the valsartan/amlodipine group (P ≥ 0.57), 
with a significant interaction between treatment assignment and 
treatment‐induced changes in ambulatory blood pressure (P ≤ 0.045, 
Figure 3).

3.5 | Safety

The incidence rate of all adverse events was not statistically signifi‐
cant between the valsartan/amlodipine and nifedipine GITS groups, 
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TA B L E  1   Characteristics of the randomized patients at baseline

Characteristic Valsartan/amlodipine (n = 75) Nifedipine GITS (n = 75) Pb

Men, n (%) 36 (48.0%) 39 (52.0%) 0.62

Age, y 55.5 ± 7.4 53.8 ± 8.5 0.36

Body mass index, kg/m2 25.8 ± 3.3 26.4 ± 3.5 0.28

Duration of hypertension, years 14.7 ± 7.0 15.2 ± 8.0 0.65

Previous antihypertensive treatment, n (%)

Calcium channel blockers 36 (48.0%) 41 (54.7%) 0.41

Angiotensin‐converting enzyme inhibitors 11 (14.7%) 10 (13.3%) 0.81

Angiotensin‐receptor blockers 19 (25.3%) 17 (22.7%) 0.70

β‐blockers 4 (5.3%) 2 (2.7%) 0.40

Diuretics 2 (2.7%) 3 (4.0%) 0.65

Other 3 (4.0%) 2 (2.7%) 0.65

Clinic BP, mm Hg

Systolic 146.3 ± 6.1 145.1 ± 6.6 0.22

Diastolic 83.4 ± 8.3 83.9 ± 9.1 0.19

Clinic pulse rate, beats/min 73.2 ± 11.3 74.2 ± 9.3 0.54

Ambulatory BP recording

24‐h systolic BP, mm Hg 130.5 ± 13.1 128.7 ± 12.4 0.38

24‐h diastolic BP, mm Hg 83.1 ± 14.0 82.7 ± 12.1 0.86

24‐h pulse rate, beats/min 70.5 ± 8.8 72.2 ± 7.3 0.24

Daytime systolic BP, mm Hg 134.7 ± 15.3 132.2 ± 13.2 0.29

Daytime diastolic BP, mm Hg 86.3 ± 15.2 85.5 ± 12.7 0.73

Daytime pulse rate, beats/min 76.6 ± 9.5 77.4 ± 8.5 0.63

Nighttime systolic BP, mm Hg 122.8 ± 14.5 121.0 ± 13.7 0.44

Nighttime diastolic BP, mm Hg 77.7 ± 14.7 77.2 ± 12.5 0.85

Nighttime pulse rate, beats/min 61.3 ± 9.6 63.2 ± 7.4 0.22

24‐h systolic BP load, % 51.6 ± 29.4 49.0 ± 29.5 0.61

24‐h diastolic BP load, % 55.5 ± 33.2 59.4 ± 32.7 0.49

Daytime systolic BP load, % 50.0 ± 32.3 47.0 ± 30.8 0.58

Daytime diastolic BP load, % 51.3 ± 35.6 54.9 ± 35.3 0.55

Nighttime systolic BP load, % 54.6 ± 36.4 52.5 ± 33.7 0.72

Nighttime diastolic BP load, % 64.3 ± 36.8 69.2 ± 32.9 0.41

Night‐to‐day systolic BP ratio, % 91.7 ± 10.3 91.7 ± 7.0 0.98

Night‐to‐day diastolic BP ratio, % 90.4 ± 10.4 90.5 ± 7.6 0.94

Diabetes mellitus, n (%) 4 (5.3%) 10 (13.3%) 0.16

Coronary artery disease, n (%) 1 (1.3%) 3 (4.0%) 0.61

eGFR, ml/min·1.73 m2a

Mean ± SD 87.8 ± 14.1 91.9 ± 14.6 0.09

<60, n (%) 4 (5.3%) 5 (6.7%) 0.99

Proteinuria on urine routine test, n (%) 7 (9.3%) 5 (6.7%) 0.55

Serum total cholesterol, mmol/L 5.1 ± 0.9 5.1 ± 1.1 0.98

Brachial‐ankle PWV, m/s 16.5 ± 2.6 15.6 ± 2.2 0.03

BP, blood pressure; eGFR, estimated glomerular filtration rate; PWV, pulse wave velocity.
Values are mean ± standard deviation or number of patients (% of column total).
aeGFR was calculated by the Chronic Kidney Disease Epidemiology Collaboration (CKD‐EPI) formula.27 
bThe P value is for the comparison between the valsartan/amlodipine combination and nifedipine GITS groups. 
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TA B L E  2   Mean change at 12 weeks of treatment from baseline in clinic and ambulatory blood pressure and pulse rate by randomization

Variable
Valsartan/amlodipine 
(n = 75)

Nifedipine GITS 
(n = 75)

Between‐group 
difference (95% CI) P

Clinic BP, mm Hg

Systolic −15.1 ± 1.2** −11.9 ± 1.4** −3.2 (−6.9, 0.4) 0.08

Diastolic −5.4 ± 1.0** −3.3 ± 1.0* −2.1 (−4.9, 0.7) 0.14

Clinic pulse rate, beats/min −1.9 ± 1.1 −2.5 ± 1.1* 0.6 (−2.4, 3.5) 0.70

Ambulatory BP recording

24‐h systolic BP, mm Hg −4.8 ± 1.5* −2.7 ± 1.2* −2.1 (−5.9, 1.6) 0.26

24‐h diastolic BP, mm Hg −3.5 ± 1.2* −1.8 ± 0.8* −1.7 (−4.5, 1.1) 0.22

24‐h pulse rate, beats/min 2.0 ± 1.0* 0.4 ± 1.0 1.5 (−1.2, 4.2) 0.27

Daytime systolic BP, mm Hg −3.8 ± 1.6* −1.7 ± 1.4 −2.0 (−6.3, 2.2) 0.34

Daytime diastolic BP, mm Hg −2.6 ± 1.3* −1.1 ± 1.0 −1.5 (−4.6, 1.7) 0.36

Daytime pulse rate, beats/min 1.0 ± 1.1 0.2 ± 1.1 0.8 (−2.4, 4.0) 0.62

Nighttime systolic BP, mm Hg −7.2 ± 1.7** −3.2 ± 1.3* −4.0 (−8.2, 0.2) 0.06

Nighttime diastolic BP, mm Hg −5.2 ± 1.3** −2.4 ± 1.0* −2.8 (−6.0, 0.4) 0.09

Nighttime pulse rate, beats/min 2.2 ± 1.1 1.0 ± 1.2 1.2 (−2.0, 4.4) 0.46

24‐h systolic BP load, % −12.4 ± 3.4* −6.5 ± 3.4 −5.9 (−15.4, 3.5) 0.22

24‐h diastolic BP load, % −10.3 ± 3.2* −5.2 ± 3.1 −5.0 (−13.8, 3.7) 0.26

Daytime systolic BP load, % −9.8 ± 3.6* −5.0 ± 3.6 −4.8 (−14.9, 5.3) 0.35

Daytime diastolic BP load, % −8.8 ± 3.5* −5.1 ± 3.5 −3.6 (−13.4, 6.1) 0.46

Nighttime systolic BP load, % −18.9 ± 4.3** −9.4 ± 4.2* −9.5 (−21.4, 2.3) 0.11

Nighttime diastolic BP load, % −14.2 ± 4.1* −5.7 ± 4.0 −8.6 (−19.9, 2.8) 0.14

Night‐to‐day systolic BP ratio, % −3.5 ± 1.3* −0.9 ± 1.0 −2.6 (−5.8, 0.7) 0.12

Night‐to‐day diastolic BP ratio, % −3.6 ± 1.4* −1.2 ± 1.1 −2.4 (−5.9, 1.0) 0.17

Values are least square mean ± standard error, unless otherwise indicated.
BP, blood pressure; CI, confidence interval.
Significance of the difference from baseline,
*P < 0.05, 
**P < 0.0001. 

F I G U R E  1   24‐h blood pressure 
profile at baseline (circle) and 12 weeks 
of treatment (dot) with the valsartan/
amlodipine 80/5 mg single‐pill 
combination or nifedipine GITS 30 mg. 
Symbols denote hourly mean. Vertical 
lines denote standard error
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though quantitatively much higher in the nifedipine GITS monother‐
apy group (2.7% vs 8.0%, P = 0.27). Of particular note, symptomatic 
hypotension was not reported in either group, and the incidence rate 
of dizziness was similar in the valsartan/amlodipine and nifedipine 
GITS groups (1.3% vs 2.7%, P = 0.99).

4  | DISCUSSION

The key finding of our randomized multicenter study was twofold. 
First, the valsartan/amlodipine single‐pill combination was more 

efficacious than nifedipine GITS in lowering ambulatory blood pres‐
sure, particularly nighttime blood pressure in patients with sustained 
uncontrolled hypertension or non‐dippers by approximately 5.0 to 
6.5/3.7 to 4.1 mm Hg. Second, the single‐pill combination lowered 
brachial‐ankle PWV more than nifedipine GITS by 0.6 m/s, over and 
beyond its blood pressure lowering effect.

Our finding on the preferential nocturnal blood pressure 
lowering of the valsartan/amlodipine single‐pill combination 
was observed in a Turkish study in non‐dippers,15 but not in two 
other previous studies in patients with clinic hypertension16 or 
ambulatory daytime hypertension.17 These previous studies 

TA B L E  3   Mean change at 12 weeks of treatment from baseline in clinic and ambulatory blood pressure and pulse rate in patients with 
white‐coat or sustained uncontrolled hypertension by randomization

Variable Valsartan/amlodipine Nifedipine GITS
Between‐group 
difference (95%CI) P

White‐coat uncontrolled hypertension n = 29 n = 24

Clinic BP, mm Hg

Systolic −16.2 ± 1.9** −14.8 ± 2.2** −1.4 (−7.2, 4.4) 0.63

Diastolic −4.7 ± 1.7* −3.7 ± 2.0* −1.0 (−6.3, 4.2) 0.69

Clinic pulse rate, beats/min −2.3 ± 1.8 −3.9 ± 1.9 1.6 (−3.7, 6.8) 0.55

Ambulatory BP recording

24‐h systolic BP, mm Hg 1.2 ± 2.3 −0.1 ± 2.2 1.3 (−5.2, 7.8) 0.69

24‐h diastolic BP, mm Hg 1.4 ± 1.6 0.6 ± 1.3 0.7 (−3.5, 4.9) 0.74

24‐h pulse rate, beats/min −0.5 ± 2.1 0.9 ± 2.1 −1.4 (−7.5, 4.7) 0.65

Daytime systolic BP, mm Hg 2.6 ± 2.4 0.7 ± 2.9 1.9 (−5.6, 9.5) 0.61

Daytime diastolic BP, mm Hg 2.8 ± 1.7 1.0 ± 1.7 1.8 (−3.1, 6.7) 0.46

Daytime pulse rate, beats/min −2.1 ± 2.5 0.01 ± 2.4 −2.1 (−9.1, 4.9) 0.54

Nighttime systolic BP, mm Hg −2.5 ± 2.9 0.9 ± 2.0 −3.4 (−10.5, 3.6) 0.33

Nighttime diastolic BP, mm Hg −0.8 ± 2.2 0.8 ± 1.3 −1.6 (−6.8, 3.5) 0.52

Nighttime pulse rate, beats/min 0.6 ± 2.6 1.5 ± 2.5 −0.8 (−8.3, 6.6) 0.82

Sustained uncontrolled hypertension n = 46 n = 51

Clinic BP, mm Hg

Systolic −14.4 ± 1.7** −10.5 ± 1.6** −3.9 (−8.6, 0.7) 0.10

Diastolic −5.9 ± 1.2** −3.1 ± 1.2* −2.7 (−6.1, 0.6) 0.11

Clinic pulse rate, beats/min −1.7 ± 1.4 −1.9 ± 1.3 0.2 (−3.5, 3.9) 0.93

Ambulatory BP recording

24‐h systolic BP, mm Hg −8.5 ± 1.7** −3.6 ± 1.3* −4.9 (−9.2, −0.7) 0.02

24‐h diastolic BP, mm Hg −6.6 ± 1.5** −2.8 ± 1.0* −3.8 (−7.3, −0.3) 0.03

24‐h pulse rate, beats/min 2.9 ± 1.0* 0.2 ± 1.1 2.6 (−0.4, 5.6) 0.08

Daytime systolic BP, mm Hg −7.8 ± 1.8** −2.9 ± 1.6 −4.7 (−9.8, −0.3) 0.045

Daytime diastolic BP, mm Hg −6.0 ± 1.7** −2.1 ± 1.3 −3.9 (−7.7, −0.03) 0.048

Daytime pulse rate, beats/min 2.2 ± 1.2 0.3 ± 1.3 1.9 (−1.6, 5.4) 0.29

Nighttime systolic BP, mm Hg −9.9 ± 1.9** −4.9 ± 1.4* −5.0 (−9.7, −0.3) 0.04

Nighttime diastolic BP, mm Hg −7.9 ± 1.5** −3.7 ± 1.1* −4.1 (−7.8, −0.5) 0.03

Nighttime pulse rate, beats/min 2.8 ± 1.2* 0.8 ± 1.3 2.0 (−1.5, 5.5) 0.27

Values are least square mean ± standard error, unless otherwise indicated.
BP, blood pressure; CI, confidence interval.
Significance of the difference from baseline,
*P < 0.05, 
**P < 0.0001. 
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similarly compared the valsartan/amlodipine single‐pill combi‐
nation with a long‐acting calcium‐channel blocker (amlodipine) 
monotherapy.15,16 In the 8‐week Turkish study in non‐dipping 
(<10% nocturnal blood pressure fall) hypertensive patients (clinic 
blood pressure ≥140/90 mm Hg and ambulatory blood pressure 
≥130/80, 135/85 and/or 120/70 mm Hg over 24 hours, daytime or 
nighttime), the valsartan/amlodipine 160/5 mg single‐pill combi‐
nation (n = 48), compared with amlodipine 10 mg per day (n = 47), 

reduced 24‐hour and nighttime systolic blood pressure by 2.0 and 
3.5 mm Hg, respectively.15

In two other studies, however, daytime and nighttime blood 
pressures were similarly reduced more by the valsartan/amlodipine 
single‐pill combination, in comparison with amlodipine monother‐
apy.16,17 In the ambulatory blood pressure monitoring sub‐study 
(n = 82) of an 8‐week, randomized, double‐blinded trial in Asian 
hypertensive patients (n = 696), the valsartan/amlodipine 80/5 mg 

TA B L E  4   Mean change at 12 weeks of treatment from baseline in clinic and ambulatory blood pressure and pulse rate in dippers and 
non‐dippers by randomization

Variable Valsartan/amlodipine Nifedipine GITS
Between‐group 
difference (95% CI) P

Dippers n = 33 n = 28

Clinic BP, mm Hg

Systolic −15.0 ± 1.8** −12.5 ± 2.2** −2.5 (−8.1, 3.1) 0.38

Diastolic −5.1 ± 1.2** −4.0 ± 1.8* −1.2 (−5.3, 3.0) 0.57

Clinic pulse rate, beats/min −3.9 ± 1.6* −3.7 ± 1.8* −0.2 (−5.0, 4.6) 0.94

Ambulatory BP, mm Hg

24‐h systolic BP, mm Hg −3.8 ± 1.9 −2.2 ± 2.1 −1.6 (−7.3, 4.1) 0.58

24‐h diastolic BP, mm Hg −3.4 ± 1.6 −1.5 ± 1.8 −1.9 (−6.7, 3.0) 0.44

24‐h pulse rate, beats/min 3.0 ± 1.3* −1.1 ± 1.4 4.1 (0.2, 8.1) 0.04

Daytime systolic BP, mm Hg −5.9 ± 2.3* −2.7 ± 1.9 −3.2 (−9.2, 2.8) 0.29

Daytime diastolic BP, mm Hg −4.4 ± 2.1* −1.8 ± 1.6 −2.6 (−7.9, 2.7) 0.33

Daytime pulse rate, beats/min 1.1 ± 1.5 −2.1 ± 1.7 3.2 (−1.3, 7.7) 0.16

Nighttime systolic BP, mm Hg −1.0 ± 2.0 0.6 ± 2.1 −1.7 (−7.5, 4.2) 0.57

Nighttime diastolic BP, mm Hg −1.9 ± 1.7 0.3 ± 1.9 −2.2 (−7.3, 2.9) 0.39

Nighttime pulse rate, beats/min 4.0 ± 1.4* −0.1 ± 1.5 4.1 (−0.1, 8.3) 0.053

Non‐dippers n = 42 n = 47

Clinic BP, mm Hg

Systolic −15.2 ± 1.7** −11.5 ± 1.8** −3.7 (−8.6, 1.2) 0.14

Diastolic −5.7 ± 1.4* −2.9 ± 1.3* −2.7 (−6.6, 1.1) 0.16

Clinic pulse rate, beats/min −0.4 ± 1.4 −1.8 ± 1.3 1.4 (−2.4, 5.2) 0.47

Ambulatory BP recording

24‐h systolic BP, mm Hg −5.7 ± 1.8* −3.0 ± 1.6 −2.7 (−7.7, 2.3) 0.29

24‐h diastolic BP, mm Hg −3.7 ± 1.3* −2.0 ± 1.2 −1.7 (−5.1, 1.8) 0.34

24‐h pulse rate, beats/min 0.8 ± 1.4 1.7 ± 1.3 −0.8 (−4.7, 3.0) 0.66

Daytime systolic BP, mm Hg −2.1 ± 2.1 −1.1 ± 2.0 −0.9 (−6.8, 4.9) 0.75

Daytime diastolic BP, mm Hg −1.1 ± 1.6 −0.7 ± 1.2 −0.4 (−4.4, 3.5) 0.84

Daytime pulse rate, beats/min 0.9 ± 1.6 2.1 ± 1.6 −1.1 (−5.6, 3.3) 0.61

Nighttime systolic BP, mm Hg −12.0 ± 2.2** −5.4 ± 1.7* −6.5 (−11.9, −1.1) 0.02

Nighttime diastolic BP, mm Hg −7.8 ± 1.5** −4.0 ± 1.4* −3.7 (−7.7, 0.2) 0.07

Nighttime pulse rate, beats/min 0.3 ± 1.8 1.9 ± 1.7 −1.6 (−6.5, 3.3) 0.52

Night‐to‐day systolic BP ratio, % −7.8 ± 1.4** −2.9 ± 1.4* −4.9 (−8.8, −1.0) 0.01

Night‐to‐day diastolic BP ratio, % −8.8 ± 1.8** −3.9 ± 1.7* −4.9 (−9.8, −0.0001) 0.049

Values are least square mean ± standard error, unless otherwise indicated.
BP, blood pressure; CI, confidence interval.
Significance of the difference from baseline,
*P < 0.05, 
**P < 0.0001. 
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combination therapy, compared with amlodipine 5 mg per day, 
significantly reduced 24‐hour, daytime and nighttime ambulatory 
systolic/diastolic blood pressure by 7.1/6.6 mm Hg, 7.2/6.8 mm Hg 
and 6.3/6.0 mm Hg, respectively.16 In a larger (n = 211) 8‐week, 
open‐label, randomized study in Korean patients with daytime am‐
bulatory hypertension (daytime systolic/diastolic blood pressure 
≥135/85 mm Hg), the valsartan/amlodipine 160/5 mg combination 
therapy, compared with amlodipine 10 mg per day, significantly 
reduced 24‐hour, daytime and nighttime ambulatory systolic/
diastolic blood pressure by 5.5/4.4, 5.1/4.0, and 4.1/2.0 mm Hg, 
respectively.17

Taken the results of our study and these previous studies to‐
gether, the preferential nighttime blood pressure reduction of the 
valsartan/amlodipine single‐pill combination may have several 

possible explanations. First, because of increased treatment inten‐
sity, the combination therapy is more efficacious than monotherapy 
in reducing blood pressure, whenever blood pressure is elevated, 
regardless of sustained hypertension or nocturnal non‐dipping. 
Second, nifedipine GITS 30 mg per day used in our study is insuf‐
ficiently long‐acting in comparison with amlodipine 5 or 10 mg per 
day. Third, co‐administration of two drugs offered by the single‐pill 
combination may be clinically relevant in lowering nighttime blood 
pressure, especially when administered in the morning. In a ran‐
domized study, Fujiwara demonstrated that administration of the 
valsartan/amlodipine single‐pill combination in the morning was 
more efficacious than bedtime dosing in reducing nighttime blood 
pressure by 3.2 mm Hg.18 It is possible that co‐administration of a 
calcium‐channel blocker with an inhibitor of the renin‐angiotensin 
system reduces daytime blood pressure but does not compromise 
urinary sodium excretion in the daytime. According to the pressure‐
natriuresis theory, blood pressure at night is therefore not required 
to elevate for urinary sodium excretion.19,20

Our observation on the disproportionate blood pressure re‐
ductions from baseline between office and ambulatory measure‐
ments in white‐coat uncontrolled hypertension is in keeping with 
the results of previous studies with a much larger sample size.21,22 
In 251 white‐coat hypertensive patients enrolled in the European 
Lacidipine Study on Atherosclerosis (ELSA) and treated with either 
atenolol or lacidipine‐based antihypertensive regimen, office blood 
pressure was reduced similarly as those with sustained hypertension 
(n = 1670) by about 19/9 mm Hg, whereas ambulatory blood pres‐
sure did not change or even showed a slight increase.21 Similar results 
were observed in our previous study in 202 white‐coat hypertensive 
patients treated with either 2.5 mg or 5.0 mg of S‐(‐)‐amlodipine.22 
The disproportionate changes between office and ambulatory mea‐
surements can be to some extent explained by the higher office and 
lower ambulatory blood pressure levels at baseline. However, dys‐
regulation of blood pressure in white‐coat hypertension must also 
play a part, and requires further investigation.

Our observation on the treatment‐induced changes in brachial‐
ankle PWV with the valsartan/amlodipine single‐pill combination 

F I G U R E  2   Changes in brachial‐ankle pulse wave velocity from 
baseline (circle) to 12 weeks of treatment (dot). Mean values are 
given alongside with standard deviation (vertical line). The least 
square mean change ± standard error and P values were adjusted 
for sex and the baseline age, body mass index, mean arterial 
pressure, pulse rate, and brachial‐ankle pulse wave velocity, and are 
given for each randomized group above the graph

F I G U R E  3   Scatter plot for the interrelationship of the changes in brachial‐ankle pulse wave velocity with the changes in ambulatory 
systolic blood pressure (left panel) and pulse pressure (right panel). Regression lines were drawn for the valsartan/amlodipine 80/5 mg 
combination group (dot) and the nifedipine GITS 30 mg group (circle) separately. Pearson correlation r values and P values are given for 
the regression line of the nifedipine GITS group (P) and for the interaction between randomized treatment and the changes in ambulatory 
systolic blood pressure or pulse pressure in relation to the changes in brachial‐ankle pulse wave velocity (Pint)
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was quantitatively similar to that was observed in a randomized 
study on carotid‐femoral PWV (1 m/s reduction from baseline).23 
However, why valsartan/amlodipine combination reduces arterial 
stiffness independent of blood pressure lowering is incompletely 
understood. Several previous studies demonstrated that the angio‐
tensin‐receptor blocker valsartan was more efficacious in reducing 
brachial‐ankle PWV in hypertensive patients than various calcium 
channel blockers, such as amlodipine,24 nifedipine coat‐core,25,26 or 
cilnidipine.26

Our study has to be interpreted within the context of its limita‐
tions. First, the present analysis was performed in a subgroup of pa‐
tients of a randomized controlled trial. Sample size estimation of this 
sub‐study was not performed. The participation in the study was 
restricted to those sites with measurement devices for both ambu‐
latory blood pressure monitoring and brachial‐ankle PWV. Although 
all patients in the participating hospitals of the sub‐study were 
considered for inclusion in the sub‐study, and the randomization 
procedure was stratified for study sites, the possibility of selection 
bias cannot be entirely ruled out. Another source of selection bias 
was the high use of calcium‐channel blockers at baseline. Addition 
of an angiotensin‐receptor blocker valsartan on a calcium channel 
blocker in the combination therapy group might exert greater an‐
tihypertensive treatment effect in the non‐responders to calcium‐
channel blockers than the continuation of a calcium‐channel blocker. 
Second, our sub‐study had a relatively small sample size and short 
follow‐up time. The non‐significant between‐treatment differences 
could be the consequence of inadequate power or short duration of 
treatment. Third, the relatively high proportion of white‐coat uncon‐
trolled hypertension may have also diminished the between‐treat‐
ment differences in ambulatory blood pressure in the overall study 
population.

In conclusion, our study showed that valsartan/amlodipine 
80/5 mg single‐pill combination therapy was more efficacious in 
lowering ambulatory blood pressure than nifedipine GITS 30 mg 
monotherapy in sustained uncontrolled hypertension and non‐dip‐
pers. Over and beyond its blood pressure lowering effect, the com‐
bination therapy of valsartan/amlodipine was also more efficacious 
in reducing arterial stiffness. Future studies should address whether 
the single‐pill combination of a calcium‐channel blocker with an in‐
hibitor of the renin angiotensin system is superior to that of other 
drug classes. Such comparison trials are ongoing in several differ‐
ent ethnic populations in China, India, and South Africa (personal 
communications).
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