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1. INTRODUCTION
Hypertension affects at least one-fifth of the world adult pop-
ulation.1 Evidence shows that lowering blood pressure (BP) 
reduces morbidity and mortality in patients at array of cardio-
vascular risk.2,3 In addition to nonpharmacologic interventions 
that improve BP, pharmacological agents provide the primary 

basis for hypertension management in the majority of patients. 
Among major antihypertensive agents, angiotensin-converting 
enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), 
calcium channel blockers (CCBs), and thiazide (or thiazide-like) 
diuretics are preferentially recommended in the general condi-
tion because of their additional cardiovascular protection effects 
and/or accessibility.

Despite the availability of more effective antihypertensive 
agents, any antihypertensive monotherapy provides adequate 
BP control in a very limited number of patients.4,5 A majority of 
patients with hypertension, especially those at high risk, require 
two or more agents from different pharmacological classes to 
reach their BP goals.3,6 This underlines complexity in pathogen-
esis for hypertension. Therefore, an early combination of antihy-
pertensive agents is a more appropriate treatment strategy than 
is initial high-dose monotherapy because of additive efficacy and 
theoretically fewer side effects.7,8 However, one of the caveats of 
the combination strategy in hypertension management is that 
adherence to treatment decreases when the number of pills pre-
scribed to a patient increases.9

The fixed-dose combination (FDC) pharmacologic products 
combining two or more active drugs in a single dosage form has 

Abstract
Background: To compare the fixed-dose combination (FDC) of amlodipine/valsartan 5/80 mg with valsartan 160 mg mono-
therapy for efficacy and safety in hypertensive patients.
Methods: We designed this double-blind, randomized, and noninferiority trial in which patients with elevated systolic blood pres-
sure (SBP) and/or diastolic blood pressure (DBP) were randomly assigned to receive amlodipine/valsartan 5/80 mg FDC or val-
sartan 160 mg monotherapy for 8 weeks. The primary endpoint was changes in office SBP and DBP from baseline to 8 weeks. 
Twenty-four-hour blood pressure (BP) and the incidence of adverse events were recorded.
Results: A total of 42 patients underwent randomization. At 8 weeks, office SBP changes were –16.5 ± 15.5 mmHg (p < 0.001) 
with amlodipine/valsartan 5/80 mg FDC and –6.9 ± 11.4 mmHg (p = 0.012) with valsartan 160 mg monotherapy while correspond-
ing changes in office DBP were –9.8 ± 7.7 mmHg (p < 0.001) and –2.5 ± 6.6 mmHg (p = 0.095), respectively. The between-group 
differences were –9.6 mmHg (95% CI, -18.1 to -1.1; p = 0.028) for SBP and –7.3 mmHg (95% CI, -11.8 to -2.8; p = 0.002) for 
DBP. Furthermore, reductions in both 24-hour SBP (–9.2 mmHg; 95% CI, -16.4 to -2.1; p = 0.013) and DBP (–4.6 mmHg; 95% 
CI, -9.2 to -0.1; p = 0.048) were consistently greater with amlodipine/valsartan 5/80 mg FDC than with valsartan 160 mg. Overall, 
27 and 23 adverse events occurred in the amlodipine/valsartan 5/80 mg FDC group and in the valsartan 160 mg monotherapy 
group, respectively. The majority were mild and were not related to study medications. There were no significant differences in 
safety between two treatments.
Conclusion: Efficacy of amlodipine/valsartan 5/80 mg FDC was superior to that of valsartan 160 mg monotherapy while both 
treatments were well-tolerated.
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been widely accepted in treatment for infectious diseases. The 
FDC of two antihypertensive agents provides improvement in 
compliance when compared with the corresponding free-drug 
components given separately.10 Amlodipine, a long-acting dihy-
dropyridine CCB, and valsartan, a nonpeptide ARB, are com-
monly prescribed first-line antihypertensive agents. Given that 
these two agents target pathophysiology that have potential 
counter‐regulatory mechanisms,11 amlodipine/valsartan FDC 
might further enhance BP-lowering effects beyond improvement 
in compliance. The objective of this study was to compare effi-
cacy and safety of amlodipine/valsartan 5/80 mg FDC with vals-
artan 160 mg monotherapy in patients with hypertension whose 
BP was not controlled with valsartan 80 mg monotherapy.

2. METHODS

2.1. Study design and oversight
This 8-week active-controlled, parallel-group, fixed-dose, dou-
ble-blind, randomized, and noninferiority trial was conducted 
at Taipei Veterans General Hospital between June 2009 and 
September 2010. The trial was sponsored by Novartis and was 
conducted in accordance with the principles of the Declaration 
of Helsinki and the International Council on Harmonization 
Good Clinical Practice guidelines. The protocol and amend-
ments were approved by the ethics committee. All patients pro-
vided written informed consent.

2.2. Study population
Patients who were 18 years of age and older and had mild to 
moderate essential hypertension that was uncontrolled on zero to 
one antihypertensive agent (defined as systolic BP [SBP] between 
140 mmHg and 180 mmHg and/or diastolic BP [DBP] between 
90 mmHg and 120 mmHg based on the office measurement) 
were enrolled. Patients at high cardiovascular risk (eg, those with 
diabetes mellitus, chronic kidney disease defined by the presence 
of microalbuminuria or an estimated glomerular filtration rate 
<60 mL/min per 1.73 m2 of body surface area, established coronary 
heart disease or equivalents, or 10-y risk for cardiovascular disease 
≥10% by the Framingham risk score) who had SBP between 130 
mmHg and 180 mmHg and/or DBP between 80 mmHg and 120 
mmHg were also eligible. All patients had received no or stable 
antihypertensive treatments for at least 4 weeks before screening. 
Key exclusion criteria included hypertension secondary to an iden-
tifiable and treatable cause; severe heart failure; a cerebrovascu-
lar event or myocardial infarction within the previous 3 months; 
clinically significant valvular heart diseases; and significant hepatic 
and/renal dysfunction. In addition, patients who refused to stop 
agents known to affect BP were not eligible.

2.3. Study procedures
Figure 1 shows the study scheme. Eligible patients underwent 
a 4-week, single-blind, run-in period during which valsartan 

80 mg monotherapy was given and other background antihy-
pertensive agents were discontinued. Afterward, patients who 
met the inclusion criteria were then randomly assigned in a 1:1 
ratio to receive amlodipine/valsartan 5/80 mg FDC or valsartan 
160 mg monotherapy for 8 weeks. Permuted block (size of four) 
randomization was performed with the use of computer-gener-
ated random numbers provided by the sponsor. No stratifica-
tion was applied. Amlodipine/valsartan 5/80 mg and valsartan 
160 mg were provided as identical-appearing capsules in order 
to maintain blinding to the treatment.

At each visit, office BP was assessed using an oscillometric 
sphygmomanometer. All BP measurements were made on the 
same arm, in which higher BP was recorded during screening, 
at trough drug effect while patients were seated and rested for 
at least 5 minutes but not while they were left unattended. Two 
BP readings were taken and averaged readings were used for all 
analyses. Ambulatory blood pressure monitoring (ABPM) was 
completed at randomization and at the end of treatment or early 
withdrawal by the standard electronic ambulatory monitoring 
equipment worn by the patients for 24 hours.

2.4. Study endpoints
The primary endpoint was changes in office SBP and DBP from 
baseline to 8 weeks. The secondary endpoint was changes in 
24-hour SBP and DBP from baseline to 8 weeks assessed by 
ABPM. Safety was assessed on the basis of vital signs, electrocar-
diography and laboratory evaluation, and adverse events (AEs) 
that occurred during the study and were coded with the use of 
the Medical Dictionary for Regulatory Activities.

2.5. Statistical analysis
The study was designed to test the hypothesis that the noninferi-
ority of amlodipine/valsartan 5/80 mg FDC to valsartan 160 mg 
monotherapy with respect to the change in office SBP. Based on 
the prior experience on amlodipine/valsartan and valsartan,12 
the change from baseline to the end of treatment in DBP between 
amlodipine/valsartan 5/80 mg FDC and valsartan 160 mg mono-
therapy was expected to be around 3 mmHg with a standard 
error of 1 mmHg. Therefore, the upper bound of 95% CI was 
set at 3 mmHg. Namely, if the upper bound of 95% CI for the 
between-group difference in the change in office SBP was less 
than the predefined noninferior margin of 3 mmHg, amlodipine/
valsartan 5/80 mg FDC was considered to be noninferior to vals-
artan 160 mg monotherapy. Given a potential dropout, a sample 
size of 40 patients was estimated to provide adequate power at 
an alpha level of 0.05.

The primary efficacy analysis was conducted within the 
intention-to-treat (ITT) population that included all patients 
who underwent randomization and received at least one dose of 
study medications. The per-protocol (PP) population included 
all randomized patients who completed study medications with-
out major protocol deviations. In addition, analyses for safety 
were performed based on the safety population that included all 

Fig. 1 Study scheme. FDC = fixed-dose combination.
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randomized patients who had taken at least one dose of study 
medications. We reported compliance to study medications 
using data for tablets dispensed to, taken by, and returned from 
each patient.

Between-group differences were examined using the unpaired 
t test, the Mann-Whitney U test, the Pearson’s chi-square test, or 
the Fisher’s exact test as appropriate. Changes in BP from base-
line within treatment groups were tested by the paired t test. All 
analyses were done with SAS version 8.2 (SAS Institute, Cary, 
NC, USA).

This trial is registered with ClinicalTrials.gov, number 
NCT01070043.

3. RESULTS

3.1. Patients
Between June 2009 and September 2010, 60 patients were 
screened and enrolled, among whom 42 (70.0%) underwent ran-
domization (Fig. 2). The exposure of study treatments after ran-
domization was not different between two groups (55.7 ± 2.9 d 
for the amlodipine/valsartan FDC group and 51.5 ± 15.4 d for the 
valsartan monotherapy group; p = 0.234) and treatment compli-
ance was >80% in all randomized patients. All of 42 patients were 
included in the ITT population and 38 patients were included in 
the PP population (two had permanent discontinuation of study 
medications because of AEs, another two had the protocol devia-
tion due to failure to complete ABPM at the end of treatment, and 
all four were in the valsartan monotherapy group).

The baseline characteristics of patients are shown in Table 1. 
The mean age of patients was 57.3 years and 40.5% were 
women. Among patients who underwent randomization, 15 
patients (35.7%) had coronary heart disease and 27 patients 
(64.3%) had comorbid condition equivalent to coronary heart 
disease. Overall, 20 patients (47.6%) had estimated 10-year 
risk for cardiovascular disease ≥10%. Demographic and clinical 
characteristics were well balanced between two groups at base-
line. Although office SBP was higher in the amlodipine/valsartan 

FDC group than in the valsartan monotherapy group (150.3 ± 
12.9 mmHg vs 141.1 ± 12.7 mmHg; p = 0.026), there was no 
difference in baseline ambulatory BP between two groups.

3.2. Efficacy
In the ITT population, there were significant changes from base-
line to 8 weeks in office BP in both groups except for office DBP 
in the valsartan monotherapy group (Fig.  3A). The between-
group difference in the change in office SBP was –9.6 mmHg 
(95% CI, -18.1 to -1.1). Since the upper limit of 95% CI was less 
than the predefined noninferior margin (3 mmHg) and did not 
include zero, amlodipine/valsartan 5/80 mg FDC was considered 
to be superior to valsartan 160 mg monotherapy with regard to 
the reduction in office SBP (p = 0.028). In parallel with 8-week 
changes in office SBP, changes in office DBP were significantly 
greater in the amlodipine/valsartan FDC group than in the val-
sartan monotherapy group with a between-group difference of 
–7.3 mmHg (95% CI, -11.8 to -2.8; p = 0.002 for superiority). 
Consistent with the finding in the ITT population, upper lim-
its of 95% CI of effect estimates for between-group differences 
in 8-week changes in office BP were also within the predefined 
noninferior margin (between-group difference, –9.3 mmHg 
[95% CI, -18.8 to 0.1] for the change in office SBP; –6.9 mmHg 
[95% CI, -11.8 to -1.9] for the change in office DBP) in the PP 
population (Fig. 3B). In the exploratory analysis, the proportion 
of patients having notable reductions in either SBP (>20 mmHg) 
or DBP (>10 mmHg) or in both was greater in the amlodipine/
valsartan FDC group than in the valsartan monotherapy group 
(Table 2).

With regard to the secondary efficacy endpoint, Figure 4 pre-
sents 8-week changes in mean 24-hour BP from baseline in the 
ITT population. At 8 weeks, changes in mean 24-hour SBP were 
–14.7 ± 11.6 mmHg in the amlodipine/valsartan FDC group 
and –5.5 ± 11.4 mmHg in the valsartan monotherapy group, 
whereas changes in mean 24-hour DBP were –7.7 ± 7.4 mmHg 
in the amlodipine/valsartan FDC group and –3.0 ± 7.2 mmHg 
in the valsartan monotherapy group.

Fig. 2 Flow diagram. ABPM = ambulatory blood pressure monitoring; AE = adverse event; FDC = fixed-dose combination; ITT = intention to treat.
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3.3. Safety
Throughout the study, the proportion of patients reporting 
AEs was similar for both treatment groups (Table 3). Most AEs 
(92.0%) were mild in intensity and were not related to study 
medications when being judged by investigators. One serious AE 
occurred before randomization and there was none during the 
double-blind phase.

There were no significant changes from baseline in 
either treatment group or between treatment groups 
for physical findings and laboratory analyses, including 
electrocardiography.

4. DISCUSSION
In this double-blind, randomized, and noninferiority trial, we 
found that, in patients with mild to moderate hypertension, after 
8-week treatment, amlodipine/valsartan 5/80 mg FDC provided 
better BP management than did valsartan 160 mg monotherapy 
(greater reductions in office SBP, office DBP, and ambulatory 
SBP). AEs that led to study medication discontinuation were 
rare as both treatments were well-tolerated.

Despite widely recognized importance of BP control, BP goal 
attainment rates are disturbing.13 Treatment compliance is an 
essential factor for BP goal attainment. Efficacy and safety of 
the treatment are determinants of how patients are adherent to. 
Although efficacy on reductions in BP, major cardiovascular events, 
and mortality is similar among the first-line antihypertensive 
agents,8,14,15 side effects vary. ARBs, compared with ACE inhibitors, 
are better tolerated with lower rates of cough and angioedema.16–19 
Adherence is better with ARBs, which even have a treatment dis-
continuation rate similar to placebo,20 and with CCBs. In addition 
to synergic efficacy on BP reductions, combing an ARB with a CCB 
reduces the risk of CCB-associated peripheral edema.21,22

Treatment complexity compromises its adherence. The FDC 
of antihypertensive agents in a single tablet provides improve-
ment in compliance when compared with the corresponding 
free-drug components given separately. It simplifies treatment, 
and therefore, improves BP control. In addition, end organ dam-
age is the function of BP and duration. The previous observation 
suggests that a more rapid BP reduction is preferred to delayed 
treatment.23 In this 8-week study, about two-third of patients 
in the amlodipine/valsartan FDC group had either reduction 

Table 1

Baseline characteristics of patients

Amlodipine/ 
valsartan  

5/80 mg FDC  
(n= 21)

Valsartan  
160 mg  

monotherapy  
(n= 21) p

Age, y 59.5 ± 13.8 55.1 ± 11.8 0.280
Female sex, n (%) 9 (42.9) 8 (38.1) 0.753
Weight, kg 70.1 ± 13.6 73.6 ± 11.3 0.367
Smoking, n (%) 7 (33.3) 7 (33.3) >0.999
Medical history
 CHD, n (%) 9 (42.9) 6 (28.6) 0.334
 CHD risk equivalent, n (%)a 13 (61.9) 14 (66.7) 0.747
 Chronic kidney disease, n (%)b 5 (23.8) 2 (9.5) 0.410
 Diabetes, n (%) 3 (14.3) 4 (19.0) >0.999
 Framingham 10-y  

cardiovascular disease risk  
of 10% or greater, n (%)b

9 (42.9) 11 (52.4) 0.901

 Pulse rate, beats per minute 81.8 ± 12.0 80.7 ± 10.2 0.742
Office BP, mmHg
 SBP 150.3 ± 12.9 141.1 ± 12.7 0.026
 DBP 92.1 ± 10.8 90.0 ± 9.4 0.218
Ambulatory BP, mmHg
 24-h SBP 144.4 ± 17.4 139.8 ± 13.5 0.342
 24-h DBP 87.0 ± 14.1 87.9 ± 9.4 0.799

BP = blood pressure; CHD = coronary heart disease; DBP = diastolic blood pressure; FDC = fixed-
dose combination; SBP = systolic blood pressure.
aCHD risk equivalents include abdominal aortic aneurysm, carotid artery disease, and peripheral 
arterial disease.
bNine patients were excluded because of no valid data.

Fig. 3 Changes in office BP from baseline to 8 wks. In the intention-to-treat population, office BP was reduced from 150.3 ± 12.9/92.1 ± 10.8 mmHg to 133.8 
± 14.6/82.3 ± 8.7 mmHg in the amlodipine/valsartan FDC group and from 141.1 ± 12.7/90.0 ± 9.4 mmHg to 134.3 ± 12.7/87.5 ± 9.5 mmHg in the valsartan 
monotherapy group. There were greater reductions in office BP in the amlodipine/valsartan FDC group than in the valsartan monotherapy group (A). In the per-
protocol population, office BP was reduced from 150.3 ± 12.9/92.1 ± 10.8 mmHg to 133.8 ± 14.6/82.3 ± 8.7 mmHg in the amlodipine/valsartan FDC group and 
from 140.5 ± 14.0/88.8 ± 9.2 mmHg to 133.3 ± 13.8/85.8 ± 8.1 mmHg in the valsartan monotherapy group. There were consistently greater reductions in office 
BP in the amlodipine/valsartan FDC group than in the valsartan monotherapy group (B). BP = blood pressure; FDC = fixed-dose combination.

Table 2

Blood pressure response rate

Amlodipine/ 
valsartan  

5/80 mg FDC  
(n = 21)

Valsartan  
160 mg  

monotherapy  
(n = 20) p

SBP reduction >20 mmHg, n (%) 10 (47.6) 2 (10.0) 0.008
DBP reduction >10 mmHg, n (%) 11 (52.4) 4 (20.0) 0.031
SBP reduction >20 mmHg and/or  

DBP reduction >10 mmHg, n (%)
14 (66.7) 4 (20.0) 0.003

DBP = diastolic blood pressure; FDC = fixed-dose combination; SBP = systolic blood pressure.
One patient in the valsartan group did not have the blood pressure assessment at 8 wks.
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in SBP/DBP greater than 20/10 mmHg, whereas only a quarter 
of patients in the valsartan monotherapy group reached such 
reductions. Although the goal of BP control is a moving tar-
get,24,25 it is indisputable that the right combination treatment 
provides a greater opportunity for a prompt reduction in BP 
before irreversible end organ damage accrues.5,26

In addition to office SBP, 24-hour SBP measured by ABPM 
independently predicts cardiovascular morbidity and mortal-
ity.27 Our study showed that patients in both amlodipine/vals-
artan FDC and valsartan monotherapy groups had significant 
response on both SBP and DBP reductions assessed by ABPM 
and patients in the amlodipine/valsartan FDC group experienced 

a greater reduction in ambulatory SBP than those in the valsar-
tan monotherapy group.

Our study has several limitations. Firstly, the sample size 
by the study design and an a priori statistic hypothesis only 
required 20 patients for each treatment group. Although the 
small sample size may produce spurious results as CIs reported 
in our primary endpoint were wide, BP changes assessed by 
the office measurement were consistent with those assessed by 
ABPM. Furthermore, the extent to which office BP was reduced 
by FDC and by monotherapy was compatible to prior experi-
ence on the “Rule of 10/5”.28 Secondly, baseline office SBP was 
higher in the amlodipine/valsartan FDC group than in the vals-
artan monotherapy group. Therefore, the regression to the mean 
phenomenon might be more apparent in the amlodipine/valsar-
tan FDC group. For every 10 mmHg above 154 mmHg in base-
line SBP, a further decrease of 1 mmHg in SBP with treatment 
is expected. In a properly-sized randomized trial, any discrep-
ancies in baseline characteristics should be considered chance. 
As the between-group difference in changes in office BP was 
greater than 1 mmHg, we believe our findings will be still valid 
in another trial that level off this nominal difference. Moreover, 
there was a parallelly greater reduction in DBP with amlodi-
pine/valsartan FDC than with valsartan monotherapy when no 
between-group difference in baseline DBP existed.

In conclusion, efficacy, evidenced by office BP reductions, 
of amlodipine/valsartan 5/80 mg FDC is superior to that of 
valsartan 160 mg monotherapy while both treatments were 
well-tolerated.
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