
I n addition to blood pressure control,
antihypertensive treatment should re-
duce the incidence of cardiovascular

morbidity and mortality as well as total
mortality. For four decades, beta-blockers
have been widely used for the treatment
of hypertension and are still proposed as
first-line drugs in national and internation-
al guidelines.1,2 Numerous prospective, ran-
domised studies have established beyond
any doubt the efficacy of beta-blockers in
patients with coronary artery disease (angi-
na or history of myocardial infarction),3-5

congestive heart failure6-8 or hypertrophic
cardiomyopathy.9 Newer vasodilating drugs,
such as carvedilol, bisoprolol and nebivolol,
which have a more favorable haemodynam-
ic profile, may be more beneficial.10-12 This
view is supported by the Carvedilol or Me-
toprolol European Trial (COMET) study in
patients with congestive heart failure, in
which carvedilol was superior to metoprolol
in reducing morbidity and mortality.10

However, the efficacy of beta-blockers
in the treatment of primary hypertension
has been challenged.13-16 Studies with beta-
blockers apart from atenolol are surprising-
ly few, with few clinical events, so the results
are inconclusive.17-19 Moreover, atenolol is
one of the most popular beta-blockers and
has often been used as a reference drug in
randomised controlled trials in arterial hy-

pertension. During the last four years, three
mega-trials have been published comparing
atenolol to active antihypertensive treat-
ment.20-22 Hence, the aim of this study was
to systematically review and analyse the ef-
fect of atenolol on cardiovascular and all-
cause mortality, stroke and myocardial in-
farction in hypertensive patients. 

Methods

The eligibility criteria for inclusion in this
meta-analysis were: a) treatment of primary
hypertension, b) randomised controlled trial,
c) atenolol as first line antihypertensive drug
in at least 50% of all patients in one treat-
ment group, and d) outcome data for stroke,
myocardial infarction, as well as cardiovas-
cular and all-cause mortality. Studies were
identified through a search of the Cochrane
Library and PubMed. Data from the studies
that fulfilled the criteria were entered into
the Cochrane Collaboration review manager
package (RevMan 4.2). Homogeneity be-
tween the studies was assessed using the ¯2

test and the chosen summary statistical vari-
able was the reduction in relative risk (RR). 

Results

We identified 19 randomised controlled tri-
als in which atenolol was used in one of the
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treatment groups in hypertensive patients. Five studies
were excluded because atenolol was one of many first-
line drugs in the same treatment arm.23-27 Two studies
were excluded because atenolol was a second-line
drug.28,29 The Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT)30

was also excluded, since atenolol was one of the three
second-line drugs. Furthermore, the Heart Attack Pri-
mary Prevention in Hypertension Trial (HAPPHY),31 in
which hypertensive patients were randomised to treat-
ment with a beta-blocker (atenolol or metoprolol) or a
diuretic, was excluded because the results were pub-
lished together, with the exception of all-cause mortali-
ty, for which data have been published for atenolol ver-
sus diuretic. 

The remaining ten studies were divided into two
main groups. The first group included studies com-
paring atenolol with placebo and the second group
studies comparing atenolol with other antihyperten-
sive drugs. The Medical Research Council trial of
treatment of hypertension in older adults (MRC old)32

had three treatment groups comparing atenolol with
a thiazide diuretic and with placebo and was there-
fore included in both main groups. 

The first group included four studies: 

1. Treatment of Hypertension in Elderly Patients in pri-
mary care (HEP).33 Hypertensive patients, aged 60-
79 years, were randomised to treatment with atenolol
(n=419) or placebo (n=465). Bendroflumethiazide
was added in 60% of the patients in the atenolol
group. There was a 30% reduction in the rate of fatal
stroke in the treatment group compared with the
control group (p<0.025). All strokes (fatal and non-
fatal) in the treatment group were lower in compari-
son to the control group (RR 0.57, 95% confidence
interval [CI] 0.34-0.96, p<0.03). The blood pressure
difference between the two groups was also consider-
able in this study (18/11 mmHg) and was higher than
in other studies. The incidence of myocardial infarc-
tion (RR 1.02, 95% CI 0.66-1.59), cardiovascular
mortality (RR 0.78, 95% CI 0.51-1.17) and all-cause
mortality (RR 0.97, 95% CI 0.70-1.33) were unaffect-
ed by treatment. Since patients were not randomised
to different treatment groups, it was not possible to
compare the response to the beta-blocker and the di-
uretic. 

2. Medical Research Council trial of treatment of hy-
pertension in older adults (MRC old).32 Hyperten-
sive patients, aged 65-74 years, were randomised to

treatment with atenolol (n=1102) or amiloride plus
hydrochlorothiazide (n=1081) or placebo (n=2213).
The blood pressure difference between atenolol and
placebo was 13.5/7.0 mmHg. There was no significant
difference between atenolol and placebo in the inci-
dence of stroke (RR 0.84, 95% CI 0.62-1.14), my-
ocardial infarction (RR 1.01, 95% CI 0.78-1.31), car-
diovascular mortality (RR 1.06, 95% CI 0.84-1.34) or
all-cause mortality (RR 1.06, 95% CI 0.90-1.27). The
blood pressure difference between atenolol and di-
uretic was +1.0/-0.5 mmHg. In comparison to the di-
uretic group the atenolol group had more strokes
(RR 1.22, 95% CI 0.83-1.79), more myocardial in-
farctions (RR 1.63, 95% CI 1.15-2.32), higher cardio-
vascular mortality (RR 1.41, 95% CI 1.04-1.91) and
higher all-cause mortality (RR 1.22, 95% CI 0.99-
1.51). The diuretic group had significantly reduced
risks of stroke, coronary events and all cardiovascular
events compared to the placebo group. The beta-
blocker group failed to show a significant reduction
in these endpoints. 

3. Trial of secondary prevention with atenolol after
transient ischaemic attack or non-disabling ischaemic
stroke (Dutch TIA Trial).34 Aspirin-treated patients
with transient ischaemic attack (TIA) or non-dis-
abling ischaemic stroke were randomised to 50 mg
atenolol daily (n=732) or placebo (n=741). Not all
patients were hypertensive, but baseline mean blood
pressure was 157/91 mmHg. The blood pressure dif-
ference between the two groups was modest (5.8/2.9
mmHg). Fewer patients in the atenolol group had a
stroke (RR 0.85, 95% CI 0.60-1.21), but more pa-
tients had a myocardial infarction (RR 1.14, 95% CI
0.75-1.72). Cardiovascular mortality was higher in the
atenolol group (RR 1.26, 95% CI 0.80-1.97) and so
was all-cause mortality (RR 1.12, 95% CI 0.79-1.57).
This study neither confirms nor rules out that atenolol
prevents important vascular events in patients after
transient ischaemic attack or non-disabling ischaemic
stroke. 

4. Tenormin after Stroke and TIA (TEST).35 Patients
with previous TIA or minor stroke and blood pres-
sure >140/85 mmHg were randomised to treatment
with atenolol (n=372) or placebo (n=348). In the
atenolol group 81 patients had a stroke, in compari-
son to 75 patients in the placebo group (RR 1.01,
95% CI 0.77-1.33), while 29 and 36 patients, respec-
tively, had a myocardial infarction (RR 0.75, 95% CI
0.47-1.20). Cardiovascular mortality was lower in the
atenolol group (RR 0.82, 95% CI 0.53-1.26) and so
was all-cause mortality (RR 0.80, 95% CI 0.56-1.12).
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The blood pressure difference between the two groups
was modest (4/3 mmHg).

The second group included six studies:

1. Medical Research Council trial of treatment of hy-
pertension in older adults (MRC old).32 The data
comparing atenolol and diuretic have been analysed
above. 

2. Efficacy of atenolol and captopril in reducing risk of
macrovascular and microvascular complications in
type 2 diabetes (UK Prospective Diabetes Study
Group).36 Hypertensive patients with type 2 diabetes
were randomised to treatment with atenolol or capto-
pril, aiming at a blood pressure of <150/<85 mmHg
(n=1148). Of the 758 patients allocated to tight con-
trol of blood pressure, 400 were allocated to capto-
pril and 358 to atenolol, while 390 patients were allo-
cated to less tight control of blood pressure. Capto-
pril and atenolol were equally effective in reducing
blood pressure and the incidence of diabetic compli-
cations. In the two groups with tight control of blood
pressure (atenolol vs. captopril), there was no signifi-
cant difference in the incidence of stroke (RR 0.90,
95% CI 0.48-1.69), myocardial infarction (RR 0.84,
95% CI 0.59-1.20), cardiovascular mortality (RR
0.74, 95% CI 0.49-1.14) and all-cause mortality (RR
0.88, 95% CI 0.64-1.20). This study provided no evi-
dence that either drug has any specific beneficial or
deleterious effect, suggesting that in patients with
type 2 diabetes the main goal must be the tight con-
trol of blood pressure.

3. The European Lacidipine Study on Atherosclerosis
(ELSA).37 The primary aim of this study was to com-
pare, in hypertensive patients, the effects of a 4-year
treatment based on either lacidipine (n=1177) or
atenolol (n=1157) on an index of carotid atheroscle-
rosis: the mean of the maximum intima-media thick-
nesses (IMT) in far walls of common carotids and bi-
furcations. The yearly IMT progression rate was
0.0145 mm/y in atenolol-treated and 0.0087 mm/y in
lacidipine-treated patients (40% reduction; p=0.0073).
Although 24-hour ambulatory blood pressure chang-
es were greater with atenolol (10/9 mmHg) than with
lacidipine (7/5 mmHg), no significant difference be-
tween treatments was found in the incidence of stroke
(RR 1.58, 95% CI 0.69-3.64), myocardial infarction
(RR 0.96, 95% CI 0.50-1.85), cardiovascular mortali-
ty (RR 2.03, 95% CI 0.61-6.74) or all-cause mortality
(RR 1.33, 95% CI 0.65-2.73). 

4. The Losartan Intervention For Endpoint reduction
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in hypertension study (LIFE).20 Hypertensive pa-
tients, aged 55-80 years, with left ventricular hyper-
trophy were randomised to treatment with losartan
(n=4605) or atenolol (n=4588). Blood pressure fell
by 30.2/16.6 mmHg (SD 18.5/10.1) and 29.1/16.8
mmHg (SD 19.2/10.1) in the losartan and atenolol
groups, respectively. Left ventricular hypertrophy
was significantly reduced in the losartan group
(p<0.0001). Losartan was better than atenolol in re-
ducing the frequency of the primary composite end-
point (RR 0.87, 95% CI 0.77-0.96, p=0.021). This
difference was due mainly to the lower incidence of
fatal or non-fatal stroke in the losartan group (RR
0.75, 95% CI 0.63-0.89, p=0.001). There was no sig-
nificant difference in the incidence of myocardial in-
farction, although more patients in the losartan
group suffered a myocardial infarction (RR 1.07,
95% CI 0.88-1.31, p=0.491). Cardiovascular mortali-
ty was lower in the losartan group (RR 0.89, 95% CI
0.73-1.07, p=0.206) and so was all-cause mortality
(RR 0.90, 95% CI 0.78-1.03, p=0.128). Furthermore,
losartan, in comparison with atenolol, reduced the in-
cidence of stroke by 21% in the subgroup of patients
with type 2 diabetes and by 41% in the subgroup with
isolated systolic hypertension. Losartan seems to
confer benefits beyond reduction in blood pressure.

5. The International Verapamil-Trandolapril Study
(INVEST).21 Hypertensive patients, aged 50 years or
older, with coronary artery disease were randomis-
ed to treatment with verapamil sustained release
(n=11,267) or atenolol (n=11,309). Trandolapril
and/or hydrochlorothiazide were administered to
achieve blood pressure control. Trandolapril was also
recommended for all patients with heart failure, dia-
betes, or renal impairment. After a follow-up of two
years, there was no statistically significant difference
between the two groups in the incidence of stroke
(RR 0.88, 95% CI 0.72-1.07), myocardial infarction
(RR 1.03, 95% CI 0.90-1.17), cardiovascular mortali-
ty (RR 1.00, 95% CI 0.88-1.14) or all-cause mortality
(RR 0.98, 95% CI 0.90-1.07). Two year blood pres-
sure control was similar between groups. 

6. The Anglo-Scandinavian Cardiac Outcomes Trial-
Blood Pressure Lowering Arm (ASCOT-BPLA).22

Hypertensive patients, aged 40-79 years, with at least
three other cardiovascular risk factors but no previ-
ous history of coronary heart disease, were ran-
domised to either treatment with amlodipine adding
perindopril as required (amlodipine-based regimen,
n=9639) or atenolol adding bendroflumethiazide
and potassium as required (atenolol-based regi-



men, n=9618). The study was stopped prematurely
after 5.5 years’ median follow-up. Blood pressure
was reduced more effectively on the amlodipine-
based regimen, with an accumulated mean in-trial
systolic difference of 2.7 mmHg. The amlodipine-
based regimen reduced the primary combined end-
point by 10% (p=0.1052). Fewer individuals on the
amlodipine-regimen had fatal and nonfatal stro-
ke (RR 0.77, 95% CI 0.66-0.89, p=0.0003) and
myocardial infarction (RR 0.87, 95% CI 0.76-1.00,
p=0.0458). Cardiovascular mortality was lower on
the amlodipine-based regimen (RR 0.76, 95% CI
0.65-0.90, p=0.001) and so was the all-cause mor-
tality (RR 0.89, 95% CI 0.81-0.99, p=0.0247). The
amlodipine-based regimen prevented more major
cardiovascular events than the atenolol-based regi-
men.

Discussion

The present meta-analysis shows that, despite the fact
that the blood pressure lowering effect of atenolol is
not less than that of other antihypertensive drugs,
there were significant outcome differences between
atenolol and other drugs in the six studies comprising
56,301 patients followed-up for a mean of 5.14 years
(Table 1). The comparison of atenolol with other an-

tihypertensive drugs has shown a significantly higher
risk of stroke with atenolol (RR 1.27, 95% CI 1.16-
1.38, p=0.0004). Moreover, cardiovascular mortality
was significantly higher with atenolol treatment (RR
1.13, 95% CI 1.03-1.23, p=0.008) and so was all-cause
mortality (RR 1.07, 95% CI 1.01-1.14, p=0.02). The
risk of myocardial infarction tended to be higher with
atenolol treatment than with other active treatment
(RR 1.02, 95% CI 0.95-1.11, p=0.55) (Figure 1).

The results of this meta-analysis have been great-
ly enhanced after the publication of the ASCOT-
BPLA study.22 This was a large study involving 19,257
hypertensive patients with at least three additional
risk factors but no previous history of coronary heart
disease. ASCOT-BPLA was stopped prematurely be-
cause it was no longer ethically justifiable to continue
the patients on the less efficacious comparator treat-
ment. The amlodipine-based regimen was more effec-
tive in reducing cardiovascular events than the ate-
nolol-based regimen. The favourable result with the
amlodipine-based regimen could not be explained on-
ly by the 2.7 mmHg difference achieved in systolic
blood pressure in comparison to the atenolol-based
regimen.38 Based on long-term observational data,39

this difference in systolic blood pressure should trans-
late into a difference in rates of stroke of about 11%
and in rates of coronary events of about 8%. These
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Table 1. Studies included in the meta-analysis.

Study acronym (year) Follow up Number of Mean age Atenolol dose Comparison drug Atenolol SBP/DBP
patients (years) (mg) (mmHg)

Atenolol vs. placebo

HEP (1986)33 4.4 884 68.8 100 Placebo -18.0/-11.0
MRC old (1992)32 5.8 3,315 70.3 50-100 Placebo -13.5/-7.0
DUTCH TIA (1993)34 2.6 1,473 52%>65 50 Placebo -5.8/-2.9
TEST (1995)35 2.6 720 70.4 50 Placebo -4.0/-3.0

Total 3.85 6,392 69.8*

Atenolol vs. other antihypertensive drugs

MRC old (1992)32 5.8 2,183 70.3 50-100 HCTZ 25 mg -1.0/0.5
UKPDS (1998)36 9.0 758 56.2 50-100 Captopril 50-100 mg -1.0/-1.0
ELSA (2002)37 3.75 2,334 56.0 50-100 Lacidipine 4-6 mg -0.2/0.1
LIFE (2002)20 4.8 9,193 66.9 50-100 Losartan 50-100 mg 1.1/0.2
INVEST (2003)21 2.0 22,576 66.0 25-200 Verapamil SR 120-480 mg -0.3/-0.2
ASCOT-BPLA (2005)22 5.5 19,257 63.0 50-100 Amlodipine 5-10 mg 2.7/1.9

Total 5.14 56,301 63.0

DBP – diastolic blood pressure; HCTZ – hydrochlorothiazide; SBP – systolic blood pressure; Verapamil SR – Verpamil sustained release.
*Excluding the DUTCH TIA trial.



proportions contrast with the actual differences of
23% and 14%, respectively, reported in ASCOT-
BPLA.

Another important finding of LIFE and ASCOT-
BPLA was the reduction of new-onset diabetes with
losartan and amlodipine in comparison with atenolol.
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Figure 1. Outcome data for atenolol versus other antihypertensive drugs.
*number of patients with events / total number of patients.



In LIFE, losartan reduced the incidence of new-onset
diabetes by 25% in comparison with atenolol (RR
0.75, 95% CI 0.63-0.88). In ASCOT-BPLA, the am-
lodipine-based regimen reduced the incidence of
new-onset diabetes by 30% in comparison with the
atenolol-based regimen (RR 0.70, 95% CI 0.63-0.78).
However, this difference could be partially attrib-
uted to the addition of perindopril to the amlodipine-
based regimen, since it has been shown that an-
giotensin-converting enzyme inhibitors reduce the in-
cidence of new-onset diabetes in comparison with
placebo or other antihypertensive drugs.30,40-42 The
occurrence of new diabetes has been reported to por-
tend a risk for subsequent cardiovascular disease that
is not dissimilar to that of previously known dia-
betes.43,44

It is noteworthy that the data from four studies
comparing atenolol with placebo have not shown su-
periority of atenolol, despite major differences in
blood pressure lowering. In these studies comprising
6392 patients, who were followed-up for a mean of
3.85 years (Table 1), there were no significant differ-
ences between atenolol and placebo in the risk of
myocardial infarction (RR 0.99, 95% CI 0.83-1.19,
p=0.95), cardiovascular mortality (RR 0.99, 95% CI
0.83-1.18, p=0.81), and all-cause mortality (RR 1.01,
95% CI 0.84-1.15, p=0.79). The risk of stroke tended
to be lower in the atenolol group than in controls (RR
0.96, 95% CI 0.80-1.16, p=0.744) (Figure 2). This
result is mainly due to the HEP study,30 in which
atenolol reduced the risk of stroke by 43% in compari-
son with controls. However, in this study, a diuretic was
added in 60% of the patients in the atenolol group. The
blood pressure difference between the two groups
was also considerable in the HEP study (18/11 mmHg),
and was greater than in other studies. In another clas-
sic study, the Dutch TIA trial,34 1473 patients who
had had either a stroke or a transient ischaemic at-
tack and were already on aspirin were randomised to
atenolol or placebo. Although blood pressure was
lowered effectively with atenolol when compared with
placebo, there was absolutely no effect in terms of
outcome (e.g. death or fatal and nonfatal stroke). In
addition, side effects such as impotence, hypotension,
bradycardia, dizziness, and cold extremities were al-
most twice as common with atenolol. 

Because atenolol reduces blood pressure to the
same extent as other antihypertensive drugs, the ques-
tion arises about possible mechanisms to explain the
findings of the present meta-analysis. Several studies
have shown differences in the haemodynamic effects of

atenolol in comparison with other antihypertensive
drugs. In an acute study, both ramipril and atenolol re-
duced blood pressure, and the diastolic pressure fall
was similar in the brachial artery and aorta, but the sys-
tolic pressure fall for ramipril was significantly greater
than for atenolol (by 5.2 mmHg, p<0.0001) in the aorta
compared with the brachial artery.45

Systolic blood pressure is not accurately recorded
by measurement of arterial pressure at the brachial
artery.46 The peak systolic blood pressure represents
only one point on the systolic pulse wave and takes lit-
tle notice of the duration of the systolic period or the
shape of the systolic wave. In addition, the significant
pressure related to cardiac function and work is the
pressure at the origin of the aorta. The heart expels
blood against this pressure. The diastolic pressure in
the brachial artery is a close approximation to the cen-
tral aortic diastolic pressure, which is 1 to 2 mmHg
higher. However, brachial artery systolic pressure is
not a good estimate of the central aortic systolic pres-
sure.

In young healthy individuals, the central aortic sys-
tolic pressure is much lower than the brachial artery sys-
tolic pressure.47 This is the result of the reflected wave,
which returns to the central aorta late in systole with lit-
tle amplification of the aortic pressure. However, it has
returned to the brachial artery during contraction, lead-
ing to amplification of the brachial artery systolic pres-
sure, which is higher than the central aortic systolic pres-
sure.48,49 As blood vessels become stiff, the pulse wave is
transmitted more rapidly and returns to the heart during
contraction, resulting in a greater augmentation of the
central aortic systolic pressure.50,51 Other factors, such
as slow heart rate, can also affect pulse wave velocity
and augmentation of central aortic systolic pressure.52

Treatment with atenolol reduces brachial blood pres-
sure, but does not lower central aortic systolic pressure
as much as treatment with angiotensin-converting en-
zyme inhibitors (perindopril, enalapril), calcium chan-
nel blockers (felodipine, amlodipine) and hydro-
chlorothiazide.53 Therapy based on typical blood pres-
sure measurements may overestimate the effect of
atenolol on central aortic systolic pressure and underes-
timate the effectiveness of other antihypertensive drugs.
The Conduit Artery Function Evaluation (CAFE)
study, a sub-study of ASCOT, has shown that despite
similar brachial systolic blood pressures between the
amlodipine-based regimen and the atenolol-based regi-
men, there were statistically significant reductions in
central aortic pressures with the amlodipine-based regi-
men.54 In addition, while metoprolol blunted the rapid
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early morning rise of blood pressure, atenolol did not.55

Neutel et al. have reported a similar lack of 24-hour ef-
fect with once-daily atenolol but a sustained effect with
acebutolol.56

It is well-known that left ventricular hypertrophy
is an independent cardiovascular risk factor in the
general population, in essential and secondary hyper-
tension, as well as in coronary heart disease.57-60 Re-
gression of left ventricular hypertrophy is significantly
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linked to central rather than brachial blood pressure.61

A meta-analysis of 80 trials has shown that antihyper-
tensive drug classes differ in their effects on left ven-
tricular mass in hypertensive patients. Despite similar
reduction in blood pressure, angiotensin-converting
enzyme inhibitors, calcium channel blockers and an-
giotensin II receptor antagonists were significantly
more effective in reducing left ventricular mass than
beta-blockers.62 This might be related to the smaller

Figure 2. Outcome data for atenolol versus placebo.
*number of patients with events / total number of patients.



effect of beta-blockers on central aortic blood pres-
sure, which is the main haemodynamic determinant
for the development of left ventricular hypertrophy.

Atenolol differs from other beta-blockers in its low
lipophilic profile. Experimental studies have shown that
the ability to prevent ventricular fibrillation depends on
the amount of beta-blocker in the central nervous sys-
tem.63,64 The permeability of the hydrophilic atenolol
into the central nervous system is very low. In addi-
tion, many antihypertensive drugs correct the remod-
elling and endothelial dysfunction of small arteries
seen in hypertension, but this finding has not been
seen for atenolol.65-67 It has been reported that when
patients who were controlled for a long period on ate-
nolol were switched to an angiotensin II receptor an-
tagonist, the arterial media/lumen diameter of resis-
tance arteries decreased and endothelium-dependent
relaxation increased.68

Finally, the adverse metabolic effects of atenolol
could partially explain the less favourable outcome on
cardiovascular disease. Glucose and lipid metabolism
can be negatively affected during treatment with be-
ta-blockers.69 However, it is not clear whether this is
also the case during long-term treatment with the low
doses of these drugs recommended nowadays for the
treatment of mild and moderate hypertension. It is
noteworthy that the negative metabolic effects are
more pronounced when beta-blockers are combined
with thiazide diuretics.70

In conclusion, the present meta-analysis has shown
that atenolol is not superior to placebo in the treatment
of hypertensive patients. Moreover, in these patients
the risk of stroke, cardiovascular and all-cause mortality
is significantly higher with atenolol in comparison with
other antihypertensive drugs. Therefore, atenolol
should not be used as first choice drug in the treatment
of patients with primary hypertension; however, ate-
nolol should be used in hypertensive patients with
compelling indications that require certain antihyper-
tensive drug classes, such as coronary heart disease,
post-myocardial infarction and heart failure. 

References

1. Guidelines Committee: 2003 European Society of Hyperten-
sion-European Society of Cardiology guidelines for the man-
agement of arterial hypertension. J Hypertension 2003; 21:
1011-1053.

2. Williams B, Poulter NR, Brown MJ, et al: British Hyperten-
sion Society guidelines for hypertension management 2004
(BHS-IV): summary. BMJ 2004; 328: 634-640.

3. Viscoli CM, Horwitz RJ, Singer BH: Beta-blockers after

myocardial infarction: influence of first-year clinical course
on long-term effectiveness. Ann Intern Med 1993; 118: 99-
105.

4. Freemantle N, Cleland J, Young P, et al: Beta blockade after
myocardial infarction: systematic review and meta regression
analysis. BMJ 1999; 318: 1730-1737.

5. Dargie HJ: Effect of carvedilol on outcome after myocardial
infarction in patients with left-ventricular dysfunction: the
CAPRICORN randomised trial. Lancet 2001; 357: 1385-
1390.

6. MERIT-HF Study Group: Effect of metoprolol CR/XL in
chronic heart failure: Metoprolol CR/XL Randomised Inter-
vention Trial in Congestive Heart Failure (MERIT-HF).
Lancet 1999; 353: 2001-2007.

7. Packer M, Fowler MB, Roecker EB, et al: Effect of carvedilol
on the morbidity of patients with severe chronic heart failure:
results of the carvedilol prospective randomized cumulative
survival (COPERNICUS) study. Circulation 2002; 106: 2194-
2199.

8. Gheorghiade AV, Colucci WS, Swedberg K: Beta-blockers in
chronic heart failure. Circulation 2003; 107: 1570-1575.

9. Autore C, Spirito P, Spirito P: Approach to hypertrophic car-
diomyopathy. Curr Treat Options Cardiovasc Med 2004; 6:
489-498.

10. Poole-Wilson PA, Swedberg K, Cleland JG, et al: Compari-
son of carvedilol and metoprolol on clinical outcomes in pa-
tients with chronic heart failure in the Carvedilol Or Meto-
prolol European Trial (COMET): randomized controlled tri-
al. Lancet 2003; 362: 7-13.

11. Ilgenli TF, Kilicaslan F, Kirilmaz A, et al: Bisoprolol im-
proves echocardiographic parameters of left ventricular dias-
tolic function in patients with systemic hypertension. Cardiol-
ogy 2006; 106: 127-131.

12. Flather MD, Shibata MC, Coats AJ, et al: Randomized trial
to determine the effect of nebivolol on mortality and cardio-
vascular hospital admission in elderly patients with heart fail-
ure (SENIORS). Eur Heart J 2005; 26: 215-225.

13. Messerli FH, Grossman E, Goldbourt U: Are beta-blockers
efficacious as first-line therapy for hypertension in the elder-
ly? A systematic review. JAMA 1998; 279: 1903-1907.

14. Messerli FH, Beevers DG, Franklin SS, et al: Beta-blockers
in hypertension-the emperor has no clothes: an open letter to
present and prospective drafters of new guidelines for the
treatment of hypertension. Am J Hypertens 2003; 16: 870-
873.

15. Carlberg B, Samuelsson O, Lindholm LH: Atenolol in hyper-
tension: is it a wise choice? Lancet 2004; 364: 1684-1689.

16. Lindholm LH, Carlberg B, Samuelsson O: Should beta block-
ers remain first choice in the treatment of primary hyperten-
sion? A meta-analysis. Lancet 2005; 366: 1545-1553.

17. Medical Research Council Working Party: MRC trial of
treatment of mild hypertension: principal results. BMJ 1985;
291: 97-104.

18. Berglund G, Andersson O, Widgren B: Low-dose antihyper-
tensive treatment with a thiazide diuretic is not diabetogenic.
A 10-year controlled trial with bendroflumethiazide. Acta
Med Scand 1986; 220: 419-424.

19. Yurenev AP, Dyakonova HG, Novikov ID, et al: Manage-
ment of essential hypertension in patients with different de-
grees of left ventricular hypertrophy. Multicenter trial. Am J
Hypertens 1992; 5( 6 Pt 2): 182S-189S.

20. Dahlof B, Devereux RB, Kjeldsen SE, et al: Cardiovascular
morbidity and mortality in the Losartan Intervention For

Atenolol in Primary Hypertension

(Hellenic Journal of Cardiology) HJC ñ 305



Endpoint reduction in hypertension study (LIFE): a ran-
domised trial against atenolol. Lancet 2002; 359: 995-1003.

21. Pepine CJ, Handberg EM, Cooper-DeHoff RM, et al: A cal-
cium antagonist vs a non-calcium antagonist hypertension treat-
ment strategy for patients with coronary artery disease. The In-
ternational Verapamil-Trandolapril Study (INVEST): a ran-
domized controlled trial. JAMA 2003; 290: 2805-2816.

22. Dahlof B, Sever PS, Poulter NR, et al: Prevention of cardio-
vascular events with an antihypertensive regimen of amlodip-
ine adding perindopril as required versus atenolol adding
bendroflumethiazide as required, in the Anglo-Scandinavian
Cardiac Outcomes Trial-Blood Pressure Lowering Arm
(ASCOT-BPLA): a multicentre randomised controlled trial.
Lancet 2005; 366: 895-906.

23. Dahlof B, Lindholm LH, Hansson L, et al: Morbidity and
mortality in the Swedish Trial in Old Patients with Hyper-
tension (STOP-Hypertension). Lancet 1991; 338: 1281-
1285.

24. Hansson L, Lindholm LH, Ekbom T, et al: Randomized trial
of old and new antihypertensive drugs in elderly patients: car-
diovascular mortality and morbidity the Swedish Trial in Old
Patients with Hypertension-2 study. Lancet 1999; 354: 1751-
1756.

25. Hansson L, Lindholm LH, Niskanen L, et al: Effect of an-
giotensin-converting-enzyme inhibition compared with con-
ventional therapy on cardiovascular morbidity and mortality
in hypertension: the Captopril Prevention Project (CAPPP).
Lancet 1999; 353: 611-616.

26. Hansson L, Hedner T, Lund-Johansen P, et al: Randomised
trial of effects of calcium antagonists compared with diuretics
and beta-blockers on cardiovascular morbidity and mortality
in hypertension: the Nordic Diltiazem (NORDIL) study.
Lancet 2000; 356: 359-365.

27. Black HR, Elliott WJ, Grandits G, et al: Principal results of
the Controlled Onset Verapamil Investigation of Cardiovas-
cular End Points (CONVINCE) trial. JAMA 2003; 289:
2073-2082.

28. SHEP Cooperative Research Group: Prevention of stroke by
antihypertensive drug treatment in older persons with isolat-
ed systolic hypertension. Final results of the Systolic Hyper-
tension in the Elderly Program (SHEP). JAMA 1991; 265:
3255-3264.

29. Brown MJ, Palmer CR, Castaigne A, et al: Morbidity and
mortality in patients randomized to double-blind treatment
with a long-acting calcium-channel blocker or diuretic in the
International Nifedipine GITS study: Intervention as a Goal
in Hypertension Treatment (INSIGHT). Lancet 2000; 356:
366-372.

30. The ALLHAT Officers and Coordinators for the ALLHAT
Collaborative Research Group: Major outcomes in high-risk
hypertensive patients randomized to angiotensin-converting
enzyme inhibitor or calcium channel blocker vs diuretic: The
Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT). JAMA 2002; 288: 2981-2997.

31. Wilhelmsen L, Berglund G, Elmfeldt D, et al: Beta-blockers
versus diuretics in hypertensive men: main results from the
HAPPHY trial. J Hypertens 1987; 5: 561-572.

32. MRC Working Party: Medical Research Council trial of
treatment of hypertension in older adults: principal results.
Br Med J 1992; 304: 405-412.

33. Coope J, Warrender TS: Randomised trial of treatment of
hypertension in elderly patients in primary care. Br Med J 1986;
293: 1145-1151.

34. The Dutch TIA Trial Study Group: Trial of secondary pre-
vention with atenolol after transient ischemic attack or nondis-
abling ischemic stroke. Stroke 1993; 24: 543-548.

35. Eriksson S, Olofsson BO, Wester PO: Atenolol in the sec-
ondary prevention after stroke. Cerebrovasc Dis 1995; 5: 21-
25.

36. UK Prospective Diabetes Study Group: Efficacy of atenolol
and captopril in reducing risk of macrovascular and microvas-
cular complications in type 2 diabetes: UKPDS 39. BMJ
1998; 317: 713-720.

37. Zanchetti A, Bond MG, Hennig M, et al: Calcium antago-
nist lacidipine slows down progression of asymptomatic
carotid atherosclerosis: principal results of the European
Lacidipine Study on Atherosclerosis (ELSA), a randomized,
double-blind, long-term trial. Circulation 2002; 106: 2422-
2427.

38. Poulter NR, Wedel H, Dahlof B, et al: Role of blood pressure
and other variables in the differential cardiovascular event rates
noted in the Anglo-Scandinavian Cardiac Outcomes Trial-
Blood Pressure Lowering Arm (ASCOT-BPLA). Lancet 2005;
366: 907-913.

39. Lewington S, Clarke R, Qizilbash N, et al: Age-specific rele-
vance of usual blood pressure to vascular mortality: a meta-
analysis of individual data for one million adults in 61 prospec-
tive studies. Lancet 2002; 360: 1903-1913.

40. Yusuf S, Sleight P, Pogue J, et al: Effects of an angiotensin-
converting-enzyme inhibitor, ramipril, on cardiovascular
events in high-risk patients. The Heart Outcomes Prevention
Evaluation Study Investigators. N Engl J Med 2000; 342: 145-
153.

41. Vermes E, Ducharme A, Bourassa MG, et al: Enalapril re-
duces the incidence of diabetes in patients with chronic heart
failure: insight from the Studies Of Left Ventricular Dysfunc-
tion (SOLVD). Circulation 2003; 107: 1291-1296.

42. Braunwald E, Domanski MJ, Fowler SE, et al: Angiotensin-
converting-enzyme inhibition in stable coronary artery dis-
ease. N Engl J Med 2004; 351: 2058-2068.

43. Opie LH, Schall R: Old antihypertensives and new diabetes. J
Hypertens 2004; 22: 1453-1458.

44. Verdecchia P, Reboldi G, Angeli F, et al: Adverse prognostic
significance of new diabetes in treated hypertensive subjects.
Hypertension 2004; 43: 963-969.

45. Hirata K, Vlachopoulos C, Adji A, et al: Benefits from an-
giotensin-converting enzyme inhibitor “beyond blood pres-
sure lowering”: beyond blood pressure or beyond the brachial
artery? J Hypertens 2005; 23: 551-556.

46. Franklin SS, Khan SA, Wong ND, et al: Is pulse pressure use-
ful in predicting risk for coronary heart disease? The Fram-
ingham heart study. Circulation 1999; 100: 354-360.

47. O’Rourke MF: From theory into practice: arterial haemody-
namics in clinical hypertension. J Hypertens 2002; 20: 1901-
1915.

48. Kroeker EJ, Wood EH: Beat-to-beat alterations in relation-
ship of simultaneously recorded central and peripheral arteri-
al pressure pulses during Valsalva maneuver and prolonged
expiration in man. J Appl Physiol 1956; 8: 483-494.

49. Kroeker EJ, Wood EH: Comparison of simultaneously
recorded central and peripheral arterial pressure pulses dur-
ing rest, exercise and tilted position in man. Circ Res 1955; 3:
623-632.

50. Chowienczyk PJ, Kelly RP, MacCallum H, et al: Photople-
thysmographic assessment of pulse wave reflection: blunted
response to endothelium-dependent beta2-adrenergic vasodi-

A. Karagiannis et al

306 ñ HJC (Hellenic Journal of Cardiology) 



lation in type II diabetes mellitus. J Am Coll Cardiol 1999;
34: 2007-2014.

51. Wilkinson IB, Prasad K, Hall IR, et al: Increased central
pulse pressure and augmentation index in subjects with hy-
percholesterolemia. J Am Coll Cardiol 2002; 39: 1005-1011.

52. Wilkinson IB, MacCallum H, Flint L, et al: The influence of
heart rate on augmentation index and central arterial pres-
sure in humans. J Physiol 2000; 525: 263-270.

53. Morgan T, Lauri J, Bertram D, et al: Effect of different anti-
hypertensive drug classes on central aortic pressure. Am J
Hypertens 2004; 17: 118-123.

54. Williams B, Lacy PS, Thom SM, et al: Differential impact of
blood pressure-lowering drugs on central aortic pressure and
clinical outcomes: principal results of the Conduit Artery
Function Evaluation (CAFE) study. Circulation 2006; 113:
1213-1225.

55. Raftery EB, Carrageta MO: Hypertension and beta-blockers.
Are they all the same? Int J Cardiol 1985; 7: 337-346.

56. Neutel JM, Schnaper H, Cheung DG, et al: Antihypertensive
effects of beta-blockers administered once daily: 24-hour
measurements. Am Heart J 1990; 120: 166-171.

57. Levy D, Garrison RJ, Savage DD, et al: Prognostic implica-
tions of echocardiographically determined left ventricular
mass in the Framingham Heart Study. N Engl J Med 1990;
322: 1561-1566.

58. Koren MJ, Devereux RB, Casale PN, et al: Relation of left
ventricular mass and geometry to morbidity and mortality in
uncomplicated essential hypertension. Ann Intern Med 1991;
114: 345-352.

59. Foley RN, Parfrey PS, Harnett JD, et al: The prognostic im-
portance of left ventricular geometry in uremic cardiomyopa-
thy. J Am Soc Nephrol 1995; 5: 2024-2031.

60. Ghali JK, Liao Y, Simmons B, et al: The prognostic role of left
ventricular  hypertrophy  in  patients  with or without coronary
artery disease. Ann Intern Med 1992; 117: 831-836.

61. de Luca N, Asmar RG, London GM, O’Rourke MF, Safar
ME; REASON Project Investigators: Selective reduction of

cardiac mass and central blood pressure on low-dose combi-
nation perindopril/indapamide in hypertensive subjects. J
Hypertens 2004; 22: 1623-1630.

62. Klingbeil AU, Schneider M, Martus P, et al: A meta-analysis
of the effects of treatment on left ventricular mass in essen-
tial hypertension. Am J Med 2003; 115: 41-46.

63. Parker GW, Michael LH, Hartley CJ, et al: Central beta-
adrenergic mechanisms may modulate ischemic ventricular
fibrillation in pigs. Circ Res 1990; 66: 259-270.

64. A
o
blad B, Bjurö T, Björkman JA, Edström T, Olsson G: Role

of central nervous beta-adrenoreceptors in the prevention of
ventricular fibrillation through augmentation of cardiac vagal
tone. J Am Coll Cardiol 1991; 17 (suppl): 165.

65. Schiffrin EL, Deng LY, Larochelle P: Progressive improve-
ment in the structure of resistance arteries of hypertensive
patients after 2 years of treatment with an angiotensin I-con-
verting enzyme inhibitor. Comparison with effects of a beta-
blocker. Am J Hypertens 1995; 8: 229-236.

66. Schiffrin EL, Park JB, Intengan HD, et al: Correction of arte-
rial structure and endothelial dysfunction in human essential
hypertension by the angiotensin receptor antagonist losartan.
Circulation 2000; 101: 1653-1659.

67. Taddei S, Virdis A, Ghiadoni L, et al: Antihypertensive drugs
and reversing of endothelial dysfunction in hypertension. Curr
Hypertens Rep 2000; 2: 64-70.

68. Schiffrin EL, Park JB, Pu Q: Effect of crossing over hyperten-
sive patients from a beta-blocker to an angiotensin receptor
antagonist on resistance artery structure and on endothelial
function. J Hypertens 2002; 20: 71-78.

69. Lithell HO: Effect of antihypertensive drugs on insulin, glu-
cose, and lipid metabolism. Diabetes Care 1991; 14: 203-
209.

70. Lindholm LH, Persson M, Alaupovic P, et al: Metabolic out-
come during 1 year in newly detected hypertensives: results of
the Antihypertensive Treatment and Lipid Profile in a North
of Sweden Efficacy Evaluation (ALPINE study). J Hypertens
2003; 21: 1563-1574.

Atenolol in Primary Hypertension

(Hellenic Journal of Cardiology) HJC ñ 307


