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INTRODUCT ION

Antihypertensive drug therapy substantially reduces the

risk of hypertension-related morbidity and mortality

[1,2] and the benefits of antihypertensive therapy depend

largely on blood pressure lowering [3]. Moreover, as

striking evidence suggests that the morning surge in BP

may be crucial in determining the rupture of a critically

weakened arterial wall [4–6], antihypertensive medica-

tions should provide 24-h efficacy.
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ABSTRACT

Amlodipine and valsartan are once-daily antihypertensive agents. To date, no

comparison between these agents given as monotherapies was reported. This study

was aimed to evaluate the therapeutic coverage and safety of amlodipine and

valsartan in mild-to-moderate hypertensive patients. Multicenter, double-blind,

randomized, comparative study. After a 4-week placebo wash-out period, 246

outpatients with office diastolic blood pressure 95 £ DBP £110 mmHg and systolic

blood pressure (SBP) < 180 mmHg, in addition to a mean daytime SBP and/or

DBP > 135/85 mmHg on 24-h ambulatory blood pressure monitoring (ABPM), were

randomly allocated to once-daily amlodipine 5–10 mg or valsartan 40–80 mg, for

12 weeks. In a subgroup of patients, 48-h ABPM were performed at the end of the

treatment period. Dose omission was simulated by a single-blind placebo dosing. The

primary efficacy end-point was the 24-h trough office BP after 12 weeks of active

therapy. The reductions in 24-h trough BP were more pronounced in amlodipine

compared with valsartan group as well in office [SBP: )17.8 ± 10.9 vs.

)14.6 ± 11.2, P ¼ 0.025, DBP: )12.7 ± 7.2 vs. )10.9 ± 7.8 mmHg, P ¼ 0.06)

as in ambulatory BP (SBP/DBP: )13.0 ± 13.7/)10.8 ± 9.1 vs. )7.2 ± 19.4/

)4.9 ± 13.4 mmHg, P < 0.05). Forty-eight hours after the last active dose, the

slope of the morning BP surge (4–9 h) was less steep with amlodipine vs. valsartan

[DBP (P < 0.04), SBP (n.s.)]. Ankle edema were more often reported in amlodipine

group. These results suggest a superior BP lowering and a longer duration of action

with amlodipine compared with valsartan.
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In order to provide an optimal therapeutic coverage

and to lessen intolerance to treatment, new classes of

antihypertensive agents became available over the past

decade. Among them, the new long-acting calcium

channel blockers and angiotensin II receptor antagonists

have been increasingly used in the clinical treatment of

hypertension [7]. Amlodipine and valsartan are once-

daily effective and well-tolerated new antihypertensive

agents largely prescribed [8,9], because of a long

duration of action allowing a single-dose daily adminis-

tration which may increase patient compliance [10–12].

So far, few clinical trials were aimed to compare the

two antihypertensive agents [13–15], and no direct

comparison between these agents given as monothera-

pies was reported. Blood pressure is probably the most

common measurement used in clinical practice and the

most common reason for initiation of long-term treat-

ment and follow-up by physicians [16]. In addition to

office blood pressure, different methods of measuring

blood pressure such as ambulatory and home measure-

ments became largely available and could be valid and

reliable alternatives for a more cost-effective manage-

ment of patients [17,18].

The present study was aimed to evaluate the

therapeutic coverage and safety of once-daily amlodipine

(5–10 mg) and valsartan (40–80 mg), double-blind

administered in monotherapy during 12 weeks in

patients with mild-to-moderate hypertension. In order

to compare appropriately residual BP lowering and time-

effect profiles of both treatments, BP values were assessed

using various measures: office, ambulatory monitoring

and home measurements. The duration of BP lowering

beyond 24 h was assessed by the dose omission method

[19].

MATER IALS AND METHODS

Patients

Subjects eligible for recruitment were male and female

outpatients aged 18–75 years, with mild-to-moderate

hypertension defined at the end of the placebo period as:

• a diastolic blood pressure (DBP) ‡95 and £110 mmHg

and a systolic blood pressure (SBP) <180 mmHg,

measured at office with a conventional sphygmoman-

ometer, and;

•a mean day SBP >135 mmHg and/or a mean day DBP

>85 mmHg measured by 24-h ambulatory BP monitor-

ing (ABPM).

Major exclusion criteria included secondary, severe,

or malignant hypertension (DBP > 110 mmHg and/or

SBP > 180 mmHg), hypotension (SBP < 100 mmHg),

stroke within the preceding 6 months, unstable angina,

myocardial infarction, coronary angioplasty or bypass

within the previous 3 months, unstable heart failure,

insulin or sulfonylureas-treated diabetes, severe obesity

(BMI > 40), hepatic or renal dysfunction, allergy to

study medication, child-bearing potential, shift workers,

concomitant medication interfering in blood pressure

control.

The study was approved by the regional Ethics

Committee of our institution and written infor-

med consent was obtained from all subjects before

enrollment.

Study design

The study was conducted by 53 general practitioners of

the Lorraine General Physicians Investigators’ Group.

After a 4-week single-blind placebo wash-out period,

patients who met the inclusion criteria were randomly

allocated to double-blind treatment with once-daily (o.d.)

amlodipine 5 mg or valsartan 40 mg. After 6 weeks

of therapy, patients who have reached the blood pres-

sure target values: (i) office DBP < 90 mmHg and

(ii) decrease in office DBP ‡6 mmHg, continued their

treatments at the same dose for additional 6 weeks. For

patients whose blood pressure was not adequately

controlled after 6 weeks (office DBP ‡90 mmHg), doses

were doubled for the following 6 weeks, to o.d. 10 mg

amlodipine or 80 mg valsartan. Patients underwent a

clinical evaluation before the placebo period (week 4),

at randomization (0), after 6 and 12 weeks of active

therapy (weeks 6 and 12). All patients underwent a 24-h

ABPM before randomization. Safety assessment was

performed at each visit. Routine laboratory tests were

performed before randomization, at week 6, and at the

end of the 12-week treatment period. In a subgroup of

100 patients, 48-h ABPM were performed at the end of

the 12-week treatment period and dose omission was

simulated by a single-blind placebo dosing given after the

first 24-h ambulatory BP measurement. BP self-meas-

urements were also performed in this subgroup before

the following visits: randomization, weeks 6 and 12.

Study medications were always taken in the morning,

and after the visit in case of study’s scheduled visits.

Compliance was checked by pill counts.

Efficacy

The primary efficacy end-point was the change from

baseline in mean office trough DBP (i.e. 24 h after last

dosing) after 12 weeks of active therapy. Secondary
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end-point included change from baseline of mean office

SBP and heart rate, of BP assessed with ABPM after dose

omission (i.e. 48 h after last dosing), of self BP meas-

urements, and also the responder rates (defined as

the percentage of patients at end-point with DBP <

90 mmHg or decrease in DBP ‡10 mmHg compared

with baseline).

BP measurements

Office blood pressure was measured by physician using

a conventional mercury sphygmomanometer, always

in the arm with the highest DBP value in sitting

position. The measurements were performed according

to World Health Organization guidelines [20]. Three

measurements at 2-min interval were carried out in

the sitting position after 10 min of rest, followed by

one measurement in the standing position after at

least 2 min. DBP was recorded at the disappearance

(phase V) of the Korotkoff sounds. The mean of the

three measurements in sitting position was taken into

account in the efficacy analysis. These measurements

were taken before the administration of the drug,

around 24 ± 2 h after the last dosage, and if possible

at the same hour during each visit (between 07.00

and 11.00 h).

A 24-h ABPM was conducted before randomization in

order to identify hypertensive patients and to eliminate

white coat hypertension. A second 48-h ABPM was

performed in a subgroup of 100 patients in the form of

two consecutive 24-h recordings, the second being

performed after the administration of a placebo. The

patients were fitted with an ABPM device (SpaceLabs

90207, SpaceLabs Inc., Redmond, WA, USA) [21] at

their homes by study nurses. The ABPM device was

applied in the morning (07.00–11.00 h) just before drug

dosing and recorded SBP, DBP and heart rate at preset

intervals of 15 min during daytime and every 20 min

during daytime. Daytime was defined as 06.00–22.00 h,

nighttime as 22.00–06.00 h and early morning as

04.00–09.00 h periods. Slopes of the early morning BP

increases were calculated as the mean of individual

slopes, expressed in mmHg/h. Trough 24- and 48-h

antihypertensive effect was calculated as the mean of the

last 2 h of the corresponding recording.

The following criteria were applied to eliminate

reading artifacts: pulse pressure < 12 mmHg, isolated

DBP or SBP increase or decrease higher than 30 mmHg

between two successive readings, SBP < 60 or

>250 mmHg, DBP < 40 or >150 mmHg, heart

rate < 40 or >220 beats/min, unless explained by a

clinical event. Patients were instructed on how to handle

the ABPM device and to keep a diary, handed over to the

investigator at the time of device removing. Home

measurements were performed using validated OMRON

devices [22], given in the same subgroup of 100 patients

who underwent the 48-h ABPM.

According to the guidelines [23], patients measured

BP after a period of rest of 5 min. Five sitting consecutive

measures at 2–3-min interval and two standing meas-

ures after at least 1 min were performed in the morning,

always before study medication dosing. Measures were

performed the day preceding the visit at the same arm

selected for the office measurements, and BP values were

reported in a diary. The following criteria were applied to

eliminated reading artifacts: SBP < 60 or >250 mmHg,

DBP < 40 or >150 mmHg, pulse pressure < 10 mmHg

associated to SBP > 110 mmHg.

Safety assessments

The nature, duration, severity, outcome and causal

relationship to the study medication were recorded for

any adverse event throughout the study. Measurements

of blood ionogramme, hepatic and renal parameters were

performed during the wash-out placebo period and on

week 6.

Sample size

The number of subjects needed was calculated to provide

at least 90% power to detect a 2-mmHg (SD ¼ 8)

difference in 24-h trough DBP between the two treat-

ment groups. Two-sided testing at an overall a signifi-

cance level of 0.05 added to a 0.65 multiplicative factor

led to 220 evaluable patients. Assuming a 12% dropout

rate, inclusion of 250 patients was estimated to provide

220 evaluable patients.

Statistical methods

Analyses of efficacy variables were conducted on the

intent-to-treat and per-protocol populations. The nor-

mality of distribution was investigated by Shapiro-Wilk

test, kurtosis and skewness coefficients. Qualitative

variables were compared using the chi-square or the

Fisher’s exact probability test. Efficacy variables were

analyzed using: analysis of variance for repeated meas-

urements (ANOVA) and/or Mann–Whitney nonparamet-

ric test. The data are given as mean ± SD and estimated

in terms of a 95% confidence interval. P < 0.05 was

considered as statistically significant. The safety evalua-

tion was descriptive and included all randomized

patients. Data management and analyses were
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performed by MRC (Méthodologie et Recherche Clinique,

Reims, France).

RESULTS

Study population

A total of 330 patients were selected. Among them 246

(mean 54.9 ± 10.3 years, M/F ¼ 124/122) fitted the

BP criteria and were randomly assigned to receive study

medication: 124 amlodipine and 122 valsartan. Table I

shows that there were no significant differences between

amlodipine and valsartan treatment-groups with respect

to demographics and baseline measurements, except for

the duration of hypertension. All the 246 randomized

patients were included in the intent-to-treat analysis.

Fifteen patients prematurely discontinued study treat-

ment, with 231 patients completing the 12-week double-

blind treatment period, 114 in amlodipine and 117 in

valsartan group.

In the amlodipine group, 10 patients were prema-

turely discontinued the study for: adverse events (six

patients), protocol violation (two patients) and treatment

failure (two patients), while in the valsartan group five

patients discontinued the study for: adverse events (two

patients), treatment failure (one patient) and withdrawal

of consent (two patients). A total of 223 patients (114 in

amlodipine and 109 in valsartan group) were included

in the per-protocol analysis. After 6 weeks of active

treatment, antihypertensive drug dose was doubled in 54

(44.4%) amlodipine-treated patients and in 58 (47.9%)

valsartan-treated patients (P ¼ 0.95).

Efficacy

Office BP measurements

After a 12-week treatment period, both drugs were

effective in lowering 24-h trough DBP (Table II). Blood

pressure reductions were higher in the amlodipine group

compared with valsartan [DSBP: )17.8 ± 10.9 vs.

)14.6 ± 11.2, (P ¼ 0.025); DDBP: )12.7 ± 7.2 vs.

)10.9 ± 7.8 mmHg (P ¼ 0.06)]. No statistically signifi-

cant difference in heart rate evolution was observed

between the two groups.

24-Hour ABPM values during treatment and

after one dose omission

Daytime and nighttime BP values after the 12-week

active therapy period are provided in Table III. After

12 weeks of treatment, 24-h trough BP reductions

were higher in amlodipine compared with valsartan

group, for systolic ()13.0 ± 13.7 vs. )7.2 ± 19

4 mmHg, P ¼ 0.02) and diastolic BP ()10.8 ± 9.1

vs. )4.9 ± 13.4 mmHg, P ¼ 0.03). During each inter-

val of the ABPM 0–24 h (full 24-h period, daytime,

nighttime and early morning), mean systolic and

diastolic BP decreases were constantly greater in

amlodipine- than in valsartan-treated patients

(Figure 1). After one dose omission (ABPM 24–48 h),

ambulatory BP recordings have shown a persistent and

significant greater reduction in amlodipine compared

with valsartan group during the full 24-h period

(Figure 2). Forty-eight hours after the last active dose,

BP decrease persisted in early morning in both groups.

However, the slope of BP morning surge was slower in

amlodipine compared with valsartan group [DBP:

)1.1 ± 2.9 vs. 0.2 ± 3.8 mmHg/h (P ¼ 0.04), SBP:

Table I Patient demographics and clinical baseline characteristics.

Amlodipine

(n ¼ 124)

Valsartan

(n ¼ 122)

Males/females 63/61 61/61

Age (years) 54.6 ± 10.5 55.3 ± 10.2

BMI 28.1 ± 4.7 27.9 ± 4.5

Duration of hypertension (years) 4.5 ± 5.3 5.8 ± 6.1*

Previous treatment (%) 59.7 68.9

Office BP (mmHg)

Sitting DBP 99.0 ± 5.1 99.0 ± 5.1

Sitting SBP 156.8 ± 10.7 155.9 ± 11.1

24 h ABPM (mmHg)

Mean DBP 89.2 ± 9.2 89.2 ± 8.9

Mean SBP 145.9 ± 13.2 144.6 ± 12.2

HR (beats/min) 76.1 ± 8.6 75.7 ± 10.4

Data are mean ± SD. *P < 0.05.

Table II Twenty-four-hour trough office

BP and heart rate (HR) in amlodipine

(n ¼ 123) and valsartan (n ¼ 120)

treatment groups.

DBP (mmHg) SBP (mmHg) HR (beats/min)

Amlodipine Valsartan Amlodipine Valsartan Amlodipine Valsartan

Baseline 99.0 ± 5.1 99.0 ± 5.1 156.6 ± 10.5 155.7 ± 10.9 76.1 ± 8.7 75.4 ± 9.8

6 weeks 89.7 ± 9.2 89.4 ± 9.0 143.2 ± 13.9 143.1 ± 13.7 75.5 ± 8.8 74.2 ± 8.8

12 weeks 86.4 ± 8.4 87.9 ± 8.5 138.7 ± 12.1 141.1 ± 12.4 76.0 ± 9.5 73.8 ± 9.2

Data are mean values ± SD.
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)0.1 ± 3.8 vs. 0.5 ± 4.9 mmHg/h (P ¼ 0.36)]. Hourly

chronogram of BP differences from baseline after one

dose omission are shown for DBP (Figure 3) and SBP

(Figure 4).

Home BP measurements

After 12 weeks of treatment, BP values were lower in

amlodipine compared with valsartan group for both

systolic and diastolic BP (Table IV). There were no

Table III Ambulatory blood pressure

monitoring parameters after 12 weeks of

active therapy under treatment (ABPM

0–24 h) and after dose omission (ABPM

24–48 h).

ABPM 0–24 h ABPM 24–48 h

Amlodipine

(n ¼ 45)

Valsartan

(n ¼ 40)

Amlodipine

(n ¼ 43)

Valsartan

(n ¼ 41)

DBP (mmHg)

24 h 82.4 ± 6.6 84.4 ± 6.6 81.7 ± 7.0 85.3 ± 6.8

06.00–22.00 (daytime) 85.7 ± 7.1 88.7 ± 7.1 85.0 ± 7.3 89.2 ± 7.6

22.00–06.00 (nighttime) 73.9 ± 7.4 73.2 ± 7.6 73.1 ± 7.9 75.3 ± 7.3

SBP (mmHg)

24 h 132.5 ± 12.2 137.2 ± 12.1 132.4 ± 13.0 138.0 ± 13.2

06.00–22.00 (daytime) 136.2 ± 12.4 142.0 ± 12.4 135.9 ± 12.8 142.3 ± 13.6

22.00–06.00 (nighttime) 122.9 ± 13.1 124.3 ± 13.6 123.1 ± 14.9 126.6 ± 14.7

Data are mean ± SD.
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Figure 2 Twenty-four-hour ambulatory BP reduction after dosing

(ABPM 0–24 h) and after dose omission (ABPM 24–48 h).
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differences in sitting heart rate between the treatment

groups.

Responder rates

After 12 weeks of treatment, the responder rate was

80.2% (93/116 patients) in the amlodipine group and

67.5% (79/117 patients) in the valsartan group (P ¼
0.028).

Safety

During the active treatment period, adverse events were

reported in 59.7% (74/124) amlodipine-treated patients

and in 54.1% (66/122) valsartan-treated patients. The

adverse events observed in both groups were comparable

except for lower-limb edema which were more often

reported in amlodipine than in valsartan group [15.3%

(19/124) vs. 2.5% (3/122)]. Serious adverse events were

reported in five amlodipine-treated patients (4%) and in

four valsartan-treated patients (3.3%), none of them

related to study medication. No postural blood pressure

nor pulse rates changes nor any relevant changes in

laboratory parameters were observed throughout the

study.

DISCUSS ION

Our study is the first one reporting a direct comparison

between amlodipine and valsartan given as monother-

apies in mild-to-moderate hypertensive outpatients. The

results of this study showed that when administered

once-daily and in monotherapy at usual doses, although

both agents had similar efficacy on office BP, amlodipine

lowered trough BP more effectively than valsartan

when blood pressure was assessed with ABPM and self-

measurement.

Optimal control of blood pressure should ensure the

therapeutic coverage over the entire 24 h, particularly

in the early morning when both a surge in blood

pressure and a higher risk of atherosclerotic plaque

rupture and thrombosis act as a trigger for cardiovascu-

lar events [24]. Kario et al. [25] recently reported the

largest and most definitive study that directly demon-

strate an association between morning BP surge and

events. This study showed a threefold greater risk of

stroke identified by brain MRI among elderly hyper-

tensive patients who were in the top decile of the degree

of morning surge of SBP compared with remaining

subjects. Moreover, the morning surge of SBP was

significantly associated with stroke risk independent of

ambulatory BP levels, target organ damage or anti-

hypertensive medication use, suggesting that BP morn-

ing surge control with antihypertensive medication

might improve stroke prognosis. In addition, these

results suggest that morning surge in BP could be a

new therapeutic target for preventing target organ

damage and subsequent cardiovascular events in hyper-

tensive patients.

In our study we found that, at the end of the dosing

interval, the BP rise occurring at the time of awakening
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one dose omission in treatment groups.

S
B

P
 r

ed
uc

tio
n 

(m
m

H
g)

–20

–16

–12

–8

–4

0

4

8

109876543210 11 12 13 14 1516 17 18 19 20 21 22 23 24

Hours

Amlodipine

Valsartan

Figure 4 Hourly chronogram of SBP differences from baseline after

one dose omission in treatment groups.

Table IV Mean changes in diastolic (DDBP) and systolic (DSBP)
home BP with treatment in the two groups.

A V A vs. V

n Mean ± SD n Mean ± SD (Mann–Whitney)

DBP (mmHg)

Day 0 45 94.8 ± 9.3 40 93.6 ± 9.2 0.49

12 weeks 40 85.3 ± 7.4 38 87.1 ± 7.8 0.26

DDBP 40 )9.8 ± 9.6 38 )5.6 ± 7.6 0.095

SBP (mmHg)

Day 0 45 148.4 ± 16.4 40 150.0 ± 15.3 0.44

12 weeks 40 132.8 ± 16.3 38 138.7 ± 11.7 0.011*

DSBP 40 )13.6 ± 14.5 38 )11.2 ± 15.4 0.45

*P < 0.05.
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was more effectively controlled in amlodipine than in

valsartan group. In agreement with our results, a recent

report [26] showed an equal effectiveness in lowering

daytime BP with amlodipine compared with angio-

tensin II receptor antagonist losartan, but a greater BP

lowering in the evening and morning hours with

amlodipine. Despite good pharmacological control of

blood pressure, the untoward effects of noncompliance

and missed doses have become a matter of concern.

We showed that, after one dose omission, a condition

imitating noncompliance, the slope of the early morning

surge of BP after one dose omission was significantly

lower in amlodipine- than in valsartan-treated patients.

This result confirms the findings of previous papers

[19,27,28] reporting a persistent anti-hypertensive effect

of amlodipine during short periods of non-compliance.

Amlodipine, sole hydrophilic agent of its pharmacologi-

cal class, shares the long duration and the slow onset of

action of third-generation calcium antagonists because

of a long elimination half-life related to a ionized state at

a physiological pH [8]. On the contrary, valsartan has a

shorter elimination half-life than amlodipine (<9 h vs.

>35 h) [9]. Moreover, among angiotensin II receptor

blockers, valsartan does not have binding properties

compatible with a long biological half-life.

One of the strengths of our study consists in the use of

various methods of BP measurements in typical primary

care settings: clinic, ambulatory and home measure-

ment. Recognition of the morning BP surge requires

automatic measurements by ABPM, generally less

available in clinical practice. Nevertheless, the presence

of such surges can be strongly inferred by home

measurements, allowing the diagnosis of undetected

morning hypertension even in hypertensives who appear

to be well controlled in the clinic, and providing

information on drugs ability to act on increased risk of

cardiovascular events in the early morning [29].

We defined in this study hypertensive patients on both

ABPM and office BP criteria, while in previous compar-

ative trials hypertensives patients were defined on office

BP only [13–15]. This represents one of the strengths of

our study, allowing to avoid two types of bias: inclusion

of patients with white coat hypertension and overesti-

mation by investigators of office baseline BP measured

after an open-placebo period. Both medications were well

tolerated during the trial, although a somewhat higher

incidence of ankle edema, in keeping with this

well-recognized side effect of calcium antagonists, was

reported in the amlodipine group. No significant differ-

ences in heart rate were observed between the treatment

groups during the study. Although reflex tachycardia is

a common adverse effect of dihydropyridines calcium-

antagonists class, the slow onset of action of amlodipine

seems not to stimulate the sympathetic nervous system

therefore not to adversely affect the heart rate [30].

Limitations

The choice of the initial dose of study drugs was made

according to the guidelines for drug therapy in hyper-

tension, namely the starting dose was the least one

followed by increasing doses in case of unsatisfactory BP

control. As in primary care setting the initial dose of

valsartan recommended for the management of uncom-

plicated hypertension is 40 mg, the comparison was

made with the minimal daily dose for amlodipine, which

is 5 mg. Moreover, after 6 weeks of double-blind treat-

ment with starting dose in both groups, the need for

uptitration to double dose in each group was comparable

between the treatment groups.

CONCLUS ION

The results of the present study showed that, in mild-to-

moderate hypertensive patients once-daily monotherapy

amlodipine lowered trough blood pressure more effect-

ively than valsartan, when blood pressure was assessed

with ABPM, self-measurement and dose omission proto-

col. Although both agents had similar efficacy on office

blood pressure, the slope of the early morning increase of

the blood pressure was less steep with amlodipine than

with valsartan. These results suggest a better antihyper-

tensive control on morning BP with amlodipine 5–

10 mg as compared to valsartan 40–80 mg.
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