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lhe efficacy and safety of amkxfipine (?.!KIO mg) 
once da5y was compared with atenok~l(5&NJ0 
mg) once daily In paDents with mid-to-moderate 
essential hype&n&n in a randombed, doubfe- 
blind, parallel, placebo-controlled study. A total 
of 125 patients were randomly a5ocated at the 
endofa4weekrun-JnpJacebopeWdtoSweeks 
of double-blind twatment wfth amlodipine 
(n = 41), atenolol (n = 43), or placebo (n = 41). 
llw placebo group had small mean changes in 
supine and standhlg blood pressure compared 
with baseline. 7he mean blood pressure changes 
from baseline 24 hours postdose in the amlo- 
dipine group (mean daily dose 8.8 n&g) were 
-l2.8/-lO.1 mm Hgfor supine blood pressure 
and -1L5/-9.8 mm Hgfor standing bJood pres- 
sure (p cO.001 compared with placebo), and for 
the atenokl group (mean dally dose 83.7 mg) the 
changes were -ll.3/-117 mm Hgfor supine 
Moodpressureand-l3.3/-l2.3mmHgfor 
standing blood pressure (p <O.OOl compared 
with placebo). l’here were no statistkal~ sJgnifi- 
cant blood pressure differences between acthre 
treatments. lite responder rates for amlodipine, 
atenolol, and placebo were SFl, 54.9, and ll.l%, 
respectiveJy. l’he blood pressure values taken 
over the 24hour period at final vi&t revealed that 
amlodipine and atenolol maintained the supine 
blood pressure ~l40/90 mm Hg throughout the 
period ofobservatkn; the correspondCng tbne- 
effect curve for the placebo group was clearly in 
the hypertensive range. Heart rate was signJfi- 
cantly Jowered by atenoW only. Both amtodipine 
and atonolol were well Werated. Only 1 patient 
waswtthdrawn due to adverse effects (develop- 
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ment of peripheral edema, arthralgia and fatigue) 
related to amlodipine. 7hJs study demonstrates 
that once-daily therapy with amkdipine or ateno- 
Id was we5 tolerated in patients wtth mikl-to- 
moderate essential hypertension and provkJed 
control of blood pressure throughout the 24hour 
dosing interval. 

(Am J Cardkl1994;73:5OA-54A) 

alcium antagonists, because of their sys- 

cb 
temic and coronary vasodilator effects, have 

een shown to be effective agents in the 
management of hypertension and angina pecto- 
ris.‘j2 Some calcium antagonists also possess antiar- 
rhythmic properties and have been recommended 
for the treatment of patients with cardiac arrhyth- 
mias.3p4 Amlodipine, a new calcium antagonist, is a 
potent vasodilator with a long elimination half-life 
of approximately 45 hours, which makes it suitable 
for once-daily dosage. 5,6 Amlodipine is of potential 
benefit in the treatment of hypertension and an- 
gina pectoris. 

The purpose of this study was to compare the 
antihypertensive efficacy and safety of amlodipine 
administered once daily with those of the p-adren- 
ergic blocker, atenolol, also administered once 
daily. Both agents were assessed in patients with 
mild-to-moderate essential hypertension over an 
S-week period and hourly over a 24-hour period on 
the last day of administration. Preliminary results 
of this study have been published.7 

MEfHODS 
Patients were enrolled into the study after 

giving written and informed consent. Patients were 
men and women between the ages of 18 and 75 
years with a diagnosis of essential hypertension, 
defined as untreated diastolic blood pressure 
(Korotkoff phase V) between 95 and 114 mm Hg in 
both the standing and supine positions. Before 
entry into the double-blind phase of the study, all 
patients were required to have an average diastolic 
blood pressure measurement between 95 and 114 
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mm Hg 24 hours postplacebo dosing in both supine 
and standing positions. In addition, the average of 
3 diastolic blood pressure measurements at 24 
hours postplacebo dosing (supine or standing) at 
weeks 2 and 4 should not have differed by > 10 mm 
Hg at the end of the 4-week placebo run-in period. 

Patients were excluded if they had received 
anticoagulants or estrogens (except in postmeno- 
pausal women). Other exclusion criteria were ma- 
jor hematologic, renal (e.g., serum creatinine > 2 
mg/dL), hepatic, gastrointestinal, autoimmune, car- 
diac (including cerebrovascular accident or myocar- 
dial infarction within the preceding 6 months or 
concurrent or prior evidence of heart failure), or 
pulmonary disease; intermittent or unstable hyper- 
tension; diabetes mellitus requiring treatment with 
oral hypoglycemic agents or insulin; or any known 
adverse reactions to calcium antagonists or B-block- 
ing agents. Also excluded were pregnant women 
and women of childbearing potential. 

The 4-week, single-blind placebo run-in period 
was followed by a double-blind parallel B-week 
comparison of amlodipine, atenolol, and placebo 
(Figure 1). Patients were seen every 2 weeks 
throughout the study. Those who fulfilled entry 
criteria at the end of the placebo run-in period 
were included in the double-blind portion of the 
study. Patients were then randomly allocated to 
receive amlodipine, atenolol, or placebo for 8 
weeks. The dosing regimen for the study was 
amlodipine 2.5, 5, and 10 mg, atenolol 50 and 100 
mg, or placebo, once daily. The patients were 
started on the lowest dose, which was increased at 
2-week intervals until a goal blood pressure was 
obtained, which was defined as a reduction of 
average supine and standing diastolic blood pres- 
sure to < 90 mm Hg and by L 10 mm Hg measured 
at 24 hours postdosing compared with the end of 
the single-blind run-in period. If symptoms of 
postural hypotension (dizziness, faintness) or other 
significant side effects or laboratory toxicity were 
observed, the dosage was adjusted according to the 
blood pressure response and side effects. 

At all visits, patients were examined in the 
morning, 24 hours after the previous dose. Blood 
pressure and heart rate were measured in triplicate 
after 5 minutes in the supine position and after 2 
minutes in the standing position. Blood pressure 
was measured with a standard mercury sphygmoma- 
nometer, phase V diastolic pressure was measured, 
and blood pressure was recorded to the nearest 2 
mm Hg. The mean of the triplicate measurements 
in each position was regarded as the blood pres- 
sure level for each visit and was used in making 
decisions regarding entry criteria and dose titra- 

1 CSingle Blind +.ti Double Blind A 

/ amlodipine -IZ- 
(2.5 mg, 5 mg, 10 mg once daily) 

\ placebo - 

-.-. ---.-.-. 
-4 -2 0 2 4 6 a 

Weeks 
(visits) 

FIGURE I.. lrlal design. Blood pressure, pulse rate and 
bodywelghtwemnieasuredateach2-weekvlsR. 

tion. Blood pressure was measured in the same 
(dominant) arm throughout the study. Addition- 
ally, after 4 and 8 weeks of treatment, predose 
blood pressure and pulse rate measurements were 
made together with hourly measurements up to 12 
hours postdose and again at 24 hours postdose. 
Global evaluation by the investigator under double- 
blind conditions of the degree of therapeutic im- 
provement versus the end of the single-blind pla- 
cebo phase was performed at the end of the study. 

Throughout the study, a lipid profile was evalu- 
ated, including measurement of fasting ( > 12 hour) 
lipids and lipoproteins: total plasma cholesterol; 
high-density, low-density, and very low-density lipo- 
protein cholesterol; and serum triglycerides. All 
observed or volunteered side effects were recorded 
by the investigator at each review visit and were 
designated by the investigator as drug related, 
possibly drug related, or not drug related. Labora- 
tory tests were performed on fasting blood samples 
at the screening visit and at the end of single-blind 
treatment and after 2, 4, 6, and 8 weeks of 
double-blind treatment. These included serum en- 
zymes, electrolytes, glucose, uric acid, blood urea 
nitrogen, creatinine, total protein, albumin, globu- 
lin, total bilirubin, complete blood count including 
differential and platelet count, urinalysis, and anti- 
nuclear antibody factor measured before and after 
the study. A 1Zlead electrocardiogram (ECG) was 
obtained at the screening visit, at the end of the 
single-blind placebo period, and after 4 and 8 
weeks of double-blind therapy. Body weight was 
measured at each review visit. 

Assessment of differences among treatment 
groups was made for changes from baseline to final 
visit for 24-hour postdose blood pressure, pulse 
rate, body weight, and ECG parameters. Differ- 
ences between baseline and end point were as- 
sessed for blood pressure parameters. All analyses 
were performed using a 2-way analysis of variance 
(ANOVA). 
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TABLE I Patient Demographics 

No. of patients 
Men/women 
Age (~0 

15-44 
45-64 
z 65 

Mean 
Range 

Amlodipine Atenolol Placebo 

41 43 41 
29112 26117 31/10 

3 4 3 
32 31 23 

6 8 15 
54.9 56.2 60.2 
24-75 24-72 32-75 

White 37 39 37 
Black 4 3 2 
Hispanlc 0 1 2 
No. with mild hypertension* 36 33 30 
No. with moderate hypertension* 5 10 11 

*Mild hypertension: supine dlastohc BP 290 mm Hg or 5 104 mm Hg: moderate 
hypertension: supine diastoltc BP z 105 mm Hgor < 114 mm Hg. 

RESULTS 
A total of 167 patients were entered in the 

study; of these, 125 entered the double-blind treat- 
ment phase (Table I). Eleven patients did not 
complete the study (3 received amlodipine, 5 
received atenolol, and 3 received placebo). Of the 
3 patients withdrawn from amlodipine, 1 had side 
effects, 1 was discontinued because of a protocol 
violation, and 1 was discontinued because of non- 
compliance. Of the 5 patients withdrawn from 
atenolol, 1 refused treatment, 2 did not meet study 
criteria, 1 did not return, and 1 was discontinued 
due to intercurrent or concurrent illness (blurred 
vision and sore red eye) unrelated to therapy. Of 
those receiving placebo, 1 withdrew because of an 
inadequate response, 1 did not meet study criteria, 
and 1 was discontinued due to intercurrent or 
concurrent illness (leg and spine pain) unrelated to 

TABLE II Baseline, Final, and Changes from Baseline in Blood 
Pressure and Pulse Rates After Treatment with Amlodipine, 
Atenolol, or Placebo 

Change from 
Baseline Final Baseline to Final 

Treatment* (mean) (mean) (mean 5 SE) 

Supine systolic Amlodipine 153.4 140.7 -12.8 + 2.0t 
BP (mm Hg) Atenolol 154.8 143.5 -11.3 + 2.3t 

Placebo 155.8 156.6 0.9 t 2.8 
Supine diastolic Amlodipine 100.2 90.1 -10.1 + 1.2t 
BP (mm Hg) Atenolol 102.0 90.2 -11.7 2 1.3t 

Placebo 100.8 97.3 -3.5 + 0.9 
Supine pulse Amlodipine 70.4 69.2 -1.2 + 1.0 
rate (beats/min) Atenolol 72.3 63.2 -9.1 k 2.0$ 

Placebo 70.3 71.0 0.7 + 1.4 
Standing systolic Amlodipine 150.6 139.1 -11.5 2 2.3t 
BP (mm Hg) Atenolol 154.4 141.1 -13.3 * 3.1t 

Placebo 152.3 150.8 -1.6 _’ 2.6 
Standlng diastolic Amlodipine 102.1 92.3 -9.8 + l.lt 
BP (mm Hg) Atenolol 103.4 91.1 -12.3 2 1.5t 

Placebo 102.0 98.0 -4.0 2 1.0 
Standing pulse Amlodipme 75.3 75.5 0.2 + 1.2 
rate (beats/min) Atenolol 80.3 67.3 -13.0 + 1.9$ 

Placebo 76.9 77.8 0.9 2 1.4 

*The number of patients in each group are as follows: amlodipine, 36: atenolal, 37: 
Ilacebo, 36. 

tp < 0.003 (compared with placebo). 
tp = 0.0001 (compared with placebo and amlodipine). 
BP = blood pressure; SE = standard error. 

therapy. Forty-one patients received amlodipine 
for a mean duration of 55.3 days (range, 17-76 
days) at a mean daily dose of 8.8 mg. Forty-three 
patients received atenolol for a mean duration of 
53.7 days (range, 6-70 days) at a mean daily dose of 
83.7 mg. Forty-one patients received placebo for a 
mean duration of 54.2 days (range, 4-71 days). 

The effects of amlodipine and atenolol on blood 
pressure and pulse rate were assessed 24 hours 
postdose. The mean supine and standing blood 
pressure and pulse rate 24 hours postdose for the 3 
treatment groups at baseline, at the final visit and 
final changes from baseline are shown in Table II. 
Supine blood pressure was reduced with amlo- 
dipine from 153.4/100.2 to 140.7/90.1 mm Hg 
(p <O.OOl compared with placebo) and by 154.8/ 
102.0 to 143.5/90.2 mm Hg with atenolol (p < 0.001 
compared with placebo). There was a slight change 
with placebo, from 155.8/100.8 to 156.6/97.3 mm 
Hg. Supine pulse rate was reduced 9.1 beats/min 
with atenolol (p = 0.0001 compared with amlo- 
dipine and placebo), 1.2 beats/min with amlo- 
dipine, and virtually unchanged by placebo. Stand- 
ing blood pressure was reduced with amlodipine 
from 150.6/102.1 to 139.U92.3 mm Hg, with ateno- 
101 from 154.4/103.4 to 141.1/91.1 mm Hg, and 
with placebo from 152.3/102.0 to 150.8/98.0. Stand- 
ing pulse rate was decreased by 13.0 beats/min 
with atenolol and was virtually unchanged after 
treatment with amlodipine or placebo (amlodipine 
was not statistically different from placebo). 

The blood pressure values throughout the study 
are shown in Figure 2. The blood pressure re- 
sponses for amlodipine and atenolol are similar 
and clearly differ from that of placebo. After 2 
weeks of therapy with atenolol (50 mg once daily), 
the supine diastolic blood pressure was 91 mm Hg 
and the corresponding value for amlodipine (2.5 
mg once daily) was 95 mm Hg. At 6 and 8 weeks of 
treatment, the supine diastolic blood pressure 
values were identical in the amlodipine and ateno- 
101 groups. The reduction in pulse rate associated 
with atenolol was present throughout the study, 
and the pulse rates for amlodipine and placebo 
were similar and practically unchanged: 

The effects of amlodipine, atenolol, and placebo 
on hourly supine blood pressure values at the final 
visit are shown in Figure 3. At the start of the 
dosing interval, the supine blood pressure values 
for the amlodipine and the atenolol groups were 
already in the normotensive range. This was consid- 
ered to be the result of the previous 8 weeks of 
treatment with amlodipine or atenolol. The blood- 
pressure-lowering effects of amlodipine and ateno- 
101 were maintained throughout the 24-hour dosing 
interval. The supine diastolic blood pressure was 
190 mm Hg at each time point of the period of 
observation and the supine systolic pressure I 140 
mm Hg. Amlodipine and atenolol also lowered the 
standing blood pressure for the duration of the 

52A THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 73 JANUARY 27, 1994 



Mean Supine Systolic BP Mean Standing Systolic BP 
24 Hours Post Dosing 24 Hours Post Dosing 

1354 I 135 I 
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Weeks on Therapy Weeks on Therapy 

Mean Supine Diastolic BP Mean Standing Diastolic BP 
24 Hours Post Dosing 24 Hours Post Dosing 
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r 

4 -2 0 2 4 6 S 

Weeks on Therapy 

80 
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FlGllRE 2. Mean bkwl pressure resuRs 24 hours postdose after treatment wRh amlodplne (solid Ilne), atenolol (dotted 
line), and placebo (dashed lb@ for 8 weeks. (Reproduced wRh pwmlsslon from I Cadovasc Phafmad.3 

dosing interval. Amlodipine produced a slight in- 
crease in pulse rate of 3-6 beats/min (supine and 
standing) 6 hours after administration. This change 
was indistinguishable from the fluctuations seen in : 

the placebo group (not significant). Treatment 
es- \, 

,,*- . ..I *-------------- -_______________, 

: 
/‘../” 

with atenolol for the preceding 8 weeks produced a 
150 - \. ,~--,‘~--J 

0) 

reduction in pulse rate of 7-9 beats/mm (p = 0.0001) $ 145- 

compared with amlodipine or placebo. This reduction 
was maintained throughout the dosing interval. 

The respective responder rates for amlodipine, 
atenolol, and placebo were 61.1% (22 of 36 pa- 
tients), 64.9% (24 of 37 patients) and 11.1% (4 of 
36 patients). Response was defined as a supine 

Hours Posi Dose 

diastolic blood pressure <90 mm Hg or its de- 
crease by 2 10 mm Hg. 

The most frequent side effects observed during 
105 

the study are listed in Table III. Peripheral edema 1 
was most common in the amlodipine group, head- 

100 
ache occurred in the amlodipine and atenolol I” : 
groups, and insomnia and fatigue were more preva- E 95 

I 
‘\, 

,,________________________L_____ 
,--------I \-- 

lent with atenolol than with amlodipine or placebo. 
-../ ,___- - .._, , 

Only 1 patient, who had received amlodipine for 17 
90 1f--wJ- 

” . . . ..____._.__.__.__..... .-..-....-.. .___.__.____... ......-.. ._..... -....... 
days, was withdrawn because of side effects of 

. . . . ..____.__ 
-. .,:’ . . ..- 

generalized fatigue, gastric reflux, swelling of hands, 
and arthralgia; the dose of amlodipine at the time 
of withdrawal was 5 mg once daily. 

The number of patients with possible treatment- L 
related laboratory abnormalities was 2 of 41 for 

FlGURE 3. Mean hourly supine blood pressure results after 

amlodipine, 3 of 43 for atenolol, and 2 of 41 for 
treatment with amlodlplne (dotted line), atenohA (solid 
Ilne), and placebo (dashed We) at flnal vlsl. 
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TABLE III Most Frequently Reported Side Effects 

No. of Patients 

Amlodipine Atenolol Placebo 

Evaluable 41 43 41 
With side effects 19 14 10 
Withdrawn with side effects 1 0 0 
Side effects 

Edema 8 1 0 
Headache 5 6 3 
Flushing 2 0 1 
insomnia 0 4 2 
Fatigue 2 4 0 
Nervousness 2 0 2 
Abnormal vision 0 2 0 

placebo. In the amlodipine group, 1 patient had a 
decrease in white blood cell count from 5.34 to 
3.82 x 103/kL, and in another patient blood glu- 
cose level increased from 113 at baseline to 150 
mg/dL at the final visit. In the atenolol group, 
there were 2 patients with elevated liver enzymes 
(1 patient had alanine aminotransferase (SGPT) 
concentration of 189 IU/liter and gamma glutamyl- 
transferase (GGT) of 133 IU/liter and another had 
SGPT of 97 IU/liter) and 1 patient with a platelet 
count of 104 x 103/pL. One patient on placebo 
had aspartate aminotransferase concentration of 
198 IU/liter, SGPT of 89 IU/liter, and GGT of 431 
IU/liter; another patient had a fasting blood glu- 
cose level of 333 mg/dL. 

An increase of 22.2 mg/dL in serum triglycer- 
ides was observed in the atenolol group; this 
increase was not statistically significant when com- 
pared with placebo. The levels of total cholesterol 
and low-density lipoprotein cholesterol were not 
elevated by amlodipine, atenolol, or placebo. High 
density lipoprotein cholesterol and very low den- 
sity lipoprotein cholesterol levels and the ratio of 
high density lipoprotein to very low density lipopro- 
tein plus low density lipoprotein were virtually 
unchanged by any of the treatments. 

Analysis of the 1Zlead ECG evaluations ob- 
tained at baseline and final visit revealed no 
significant changes after treatment with amlo- 
dipine or placebo. However, a slight decrease in 
QT, duration observed in the atenolol group was 
significantly different from placebo (p = 0.008). 
Treatment with amlodipine, atenolol, or placebo 
did not alter body weight. 

DISCUSSION 
Calcium antagonists have been shown to be 

effective and well tolerated in the treatment of 
hypertension.1,4,5 Results of numerous clinical stud- 
ies have demonstrated that calcium antagonists 
and p blockers are effective antihypertensive agents, 
both alone and in combination.8-13 

The results of this study show that amlodipine 
once daily and atenolol once daily are of compa- 

rable efficacy in reducing blood pressure. Both 
amlodipine and atenolol maintained mean blood 
pressure below the hypertensive range throughout 
the 24-hour dosing interval compared with pla- 
cebo, as measured on the final visit. Amlodipine 
had no effect on heart rate, whereas atenolol 
therapy was associated with a significant reduction 
in heart rate, a recognized effect of p-adrenoceptor 
blockade. Both agents were well tolerated; side 
effects included edema in the amlodipine patients 
and central nervous system effects such as fatigue 
and insomnia in the atenolol patients. Only 1 
patient in the amlodipine group was withdrawn 
due to an adverse effect. 

This study demonstrates that both once-daily 
amlodipine (2.5-10.0 mg daily) and atenolol (Xl- 
100 mg daily) are effective and well tolerated in 
patients with mild-to-moderate essential hyperten- 
sion and confirms the suitability of amlodipine for 
once-daily administration in hypertension. 
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