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Controversy

Treatment with beta-blockers for the primary
prevention of the cardiovascular complications
of hypertension

See page 5 for the Editorial comment on this article

Introduction
According to the 1997 guidelines from United States[1],
diuretics and beta-blockers are classes of antihyperten-
sive drugs that have been tested in long-term controlled
clinical trials in hypertension and shown to reduce
morbidity and mortality. Together with diuretics,
beta-blockers are therefore recommended as first-line
antihypertensive drugs, unless they are contra-indicated
or unacceptable, or unless there are special indications
for other agents.

In spite of these recommendations[1], the use of
beta-blockers as first-line antihypertensive medication is
declining worldwide[2,3], especially in older patients[3]. In
1995, beta-blockers accounted for only 11% of the
antihypertensive drug prescriptions in the United States,
compared with 18% in 1992. Over the same time span,
the use of diuretics changed from 16% to 8%, that of
angiotensin-converting enzyme inhibitors from 25% to
33%, and that of calcium channel blockers from 33%
to 38%. Similarly, in elderly survivors of myocardial
infarction, only 21% of eligible patients received a
beta-blocker[4]. These observations show that, although
expert committees recommended beta-blockers and
diuretics for first-line treatment of hypertension, both
drug classes are under-used. This article explores
whether the published literature provides arguments in
support of the resistance of physicians[5,6] to utilizing
beta-blocker therapy.

Retrospective studies
In comparison with thiazides and the newer classes of
antihypertensive drugs, beta-blockers effectively reduce
blood pressure in hypertensive patients[7]. Several

retrospective studies in hypertensive patients[8–16]

have presented evidence suggesting that the incidence
of fatal and non-fatal coronary heart disease is signifi-
cantly lower in patients treated with beta-blockers
than in untreated subjects or in patients taking other
antihypertensive drugs.

In the Puget Sound case-control study[9], the
crude estimate of the relative risk of hospitalization or
death due to coronary heart disease in hypertensive
patients treated with beta-blockers, compared with con-
trols not receiving beta-blockers, was 0·71 (95% confi-
dence interval: 0·52 to 0·97). After adjustment for the
number of pharmacy visits, the relative risk of all
coronary complications amounted to 0·87 (95% confi-
dence interval: 0·62 to 1·21) and that of non-fatal
myocardial infarction to 0·62 (95% confidence interval:
0·39 to 0·99)[9]. The demonstration of a dose–response
relationship provided additional evidence that beta-
blockers prevented non-fatal myocardial infarction in
hypertensive patients[9].

In the British DHSS Hypertension Care
Computing Project[15], men on beta-blockers had lower
rates of total mortality and mortality from coronary
heart disease. Their total mortality risk relative to
men on alpha-methyldopa, was 0·64 (95% confidence
interval: 0·41 to 0·98; P<0·05) and 0·74 (95% confidence
interval: 0·47 to 1·16) compared with men on other
treatments. For mortality from coronary heart disease,
the corresponding relative risks were 0·55 (95% confi-
dence interval: 0·30 to 1·00; P=0·05) and 0·77 (95%
confidence interval: 0·41 to 1·46). In women, the lowest
rates were observed in subjects on alpha-methyldopa,
but the confidence limits for the risk ratios were wide. A
subgroup analysis showed that the reduction in total
mortality and mortality from coronary heart disease
associated with beta-blockers was mainly due to the
effect of the drug in non-smoking men.

Primary prevention in adult
hypertensive patients

The MRC trial in middle-aged subjects

In the single-blind Medical Research Council’s (MRC)
trial, first published in 1985, 17 354 adult patients with
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mild hypertension[17,18] were randomized to active treat-
ment with either propranolol (up to 240 mg per day) or
bendrofluazide (10 mg per day), or to placebo. Eligible
patients were from 35 to 64 years old. At screening,
their diastolic blood pressure ranged from 90 mmHg to
109 mmHg and their systolic blood pressure was lower
than 200 mmHg. Active treatment reduced the incidence
of all cardiovascular complications (286 vs 352 events;
6·7 vs 8·2 events per 1000 patient-years; P<0·05) and
stroke (60 vs 109 strokes; 2·6 vs 1·4 strokes per 1000
patient-years; P<0·001). Active treatment, however,
made no difference to the occurrence of coronary
events (222 vs 234 events; 5·2 vs 5·5 events per 1000
patient-years).

Further post hoc and subgroup analyses were
carried out, but require cautious interpretation[17]. Com-
parison of the two active drugs showed that the stroke
rate was reduced in both smokers and non-smokers
taking bendrofluazide, but only in the non-smokers of
the propranolol group (Table 1). The difference between
bendrofluazide and propranolol in this regard was stat-
istically significant (P=0·03). On the other hand, the
rates of coronary and cardiovascular events were not
significantly affected in smokers and non-smokers on
bendrofluazide or in smokers randomized to pro-
pranolol. However, in non-smokers on propranolol, the
latter complications diminished significantly in compari-
son with the non-smokers randomized to placebo
(Table 1).

Further analyses[18] focused on the electrocardio-
graphic changes compatible with transmural myocardial

infarction[19,20], including silent as well as overt events
(Table 1). As in the Framingham study[21] both types of
infarctions were associated with poorer prognosis[22,23].
Compared with placebo, propranolol significantly
reduced the incidence of silent myocardial infarction by
15%, while in patients randomized to bendrofluazide the
rate increased by 15%. Sudden death was also signifi-
cantly higher on the diuretic, with a trend for reduction
on propranolol. If overt coronary events and silent
myocardial infarction were pooled, their combined inci-
dence in the propranolol group was 15% and 26%
lower than in the patients randomized to placebo or
bendrofluazide, respectively[23].

The IPPPSH trial

The International Prospective Primary Prevention Study
in Hypertension (IPPPSH)[24] was a randomized double-
blind trial conducted in 6357 men and women, aged 40
to 64 years, with uncomplicated hypertension (diastolic
blood pressure: 100–125 mmHg). At the start of the
study, 3185 patients received antihypertensive treatment
based on oxprenolol (retard tablets of 160 mg), a non-
selective beta-blocker with intrinsic sympathomimetic
activity[25], while in the remaining 3172 patients oxpre-
nolol was replaced by placebo. The study medication
could be increased; other open-label non-beta-blocking
antihypertensive drugs could also be added to the
study medication with the aim of reducing the diastolic
blood pressure to the target level of 95 mmHg or less.

Table 1 Bendrofluazide and propranolol in the prevention of cardiovascular
complications in the MRC trial in younger adults[17,18]

End-point
Bendrofluazide Propranolol Placebo

n† Rate† n Rate n Rate

All cardiovascular events (p, 116)‡ 140 6·6* 146 6·7* 352 8·2
Smokers# 65 10·6 84 14·0 157 13·2
Non-smokers 75 5·0 61 3·9* 193 6·3

Stroke (p, 103)‡ 18 0·8* 42 1·9*** 109 2·6
Smokers# 6 1·0* 26 4·3 48 4·0
Non-smokers 12 0·8* 16 1·0* 60 1·9

Coronary events (p, 111) 119 5·6 103 4·8 234 5·4
Smokers# 57 9·3 57 9·5 102 8·5
Non-smokers 62 4·1 45 2·9* 131 4·3

Sudden death (p, 114) 33 1·6 16 0·7** 45 1·1
Silent myocardial infarction (p, 81)¶ 353 22·7* 271 16·8*,**** 626 19·8
Overt coronary events plus silent

myocardial infarction§ 456 27·4 352 20·4*,**** 814 23·9

†Number of events and age-adjusted rates (events per 1000 patient-years).
‡From Miall and Greenwood (p=page number[18]).
#Results for smokers and non-smokers were extracted from the first MRC report[17], and are given
only if the interaction between smoking status and treatment was significant (P¦0·05). Number of
events in smokers and non-smokers do not always add up to the total, because smoking habits were
not recorded at randomization in 76 people.
¶Electrocardiographic evidence of transmural myocardial infarction (Minnesota codes 1.1–
1.3[19,20]).
§Data extracted[23].
Significance of differences: *P¦0·05 vs placebo; **P<0·05; ***P<0·01; ****P<0·001 vs bendro-
fluazide.
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Additional drugs prescribed in the oxprenolol and pla-
cebo groups were either diuretics (34%), sympatholytic
agents (2%) or vasodilators (1%) used in monotherapy,
or various combinations of these drugs (41%). Total
diuretic use was 67% in the oxprenolol patients and 82%
in the control group.

The patients were followed for 3 to 5 years.
Compared with the control group, the patients random-
ized to oxprenolol fared equally well with respect to
sudden death (relative risk: 1·08; 95% confidence inter-
val: 0·68 to 1·72), myocardial infarction (relative risk:
0·83; 95% confidence interval: 0·59 to 1·16) and cer-
ebrovascular accidents (relative risk: 0·97; 95% confi-
dence interval: 0·64 to 1·47). In patients smoking at
randomization, the cardiac event rate was twice as high
as in non-smokers[24]. Further analysis suggested that in
men, but not women, the prevention of cardiac events by
beta-blockade depended on smoking status (Table 2).
Compared with the group started on placebo, the
incidence of sudden death and fatal and non-fatal myo-
cardial infarction was reduced in non-smoking men, but
not in smoking men randomized to oxprenolol[24].

The HAPPHY trial

The Heart Attack Primary Prevention in Hypertension
(HAPPHY) trial[26] had an open randomized design with
blinded end-point evaluation. Initially, the patients were
randomized to metoprolol (200 mg per day) or a thiazide
diuretic (hydrochlorothiazide 50 mg per day or bendro-
flumethiazide 5 mg per day). The first patients were
randomized in March 1976. Two years later, the proto-
col of the ongoing trial was changed, so that centres
wishing to randomize patients to either the beta-blocker
atenolol or to one of the two thiazide diuretics could
also take part. Of the 184 centres, 70 used metoprolol.
The first-line drugs, either a beta-blocker or a thiazide,
were not to be crossed over or to be given together.
However, for ethical reasons, at the discretion of the
physician in charge, patients with non-fatal myocardial

infarction in the diuretic group qualified for treatment
with a beta-blocker, and patients with heart failure
randomized to a beta-blocker were entitled to be started
on diuretics. If the first-line antihypertensive drugs did
not achieve blood pressure control, defined as a diastolic
blood pressure of less than 95 mmHg, hydralazine (75–
150 mg per day) and spironolactone (75–100 mg per
day) could be started as second-line and third-line
medications. In resistant patients, other drugs could also
be employed.

The HAPPHY trialists recruited 6569 men, from
40 to 64 years old, with untreated diastolic blood
pressure averaging between 100 and 130 mmHg (four
readings on two different occasions). Patients with a
history of myocardial infarction, angina pectoris or
stroke were not eligible for recruitment. Follow-up
averaged nearly 4 years. Of the patients randomized to
diuretics (n=3272) and beta-blockers (n=3297), 83·4%
and 85·9% remained on the scheduled treatment, 24·2%
and 21·0% were prescribed hydralazine as second-line
drug, and 5·2% in both groups had spironolactone as
third-line treatment. About 4% in both the diuretic and
the beta-blocker group were on the opposite drug, and
3% were on drugs other than those foreseen by the
protocol.

Compared with diuretics, beta-blockers showed
similar effects on the incidence of fatal and non-fatal
coronary heart disease (relative risk: 0·88; 95% confi-
dence interval: 0·68 to 1·14), fatal and non-fatal stroke
(relative risk: 1·29; 95% confidence interval: 0·82 to
2·04), total mortality (relative risk: 1·06; 95% confidence
interval: 0·80 to 1·41) and all trial end-points combined
(relative risk: 1·00; 95% confidence interval: 0·83 to
1·21)[26]. The percentage of patients withdrawn due to
side effects was similar in both treatment groups. Sub-
group analyses did not detect any differences in the
effects of beta-blockers compared with diuretics in
smokers as opposed to non-smokers (Table 3).

Table 2 Cardiac events on antihypertensive treatment
starting with oxprenolol or placebo in the IPPPSH
trial[24]

Subgroup
Oxprenolol Placebo

n† Rate† n Rate

Men
Smokers 34 18·1 25 14·5
Non-smokers 20 5·4 39 11·6

Women
Smokers 8 6·6 8 8·0
Non-smokers 17 4·1 9 2·1

†Number of events and rates (events per 1000 patient-years). The
value of P for the interaction between treatment and smoking
status was 0·007 in men and 0·32 in women. The overall effect of
treatment was nonsignificant in both sexes.

Table 3 End-points observed on antihypertensive treat-
ment starting with thiazide or beta-blocker in the
HAPPHY trial[26]

End-point
Thiazides Beta-blockers

n† Rate† n Rate

Coronary heart disease 116 9·5 132 10·6
Smokers‡ 61 14·7 70 16·3
Non-smokers 54 6·9 60 7·6

Stroke 41 3·4 32 2·6
Smokers 20 4·8 17 4·0
Non-smokers 20 2·6 14 1·8

Total mortality 101 8·2 96 7·7
Smokers 58 14·0 52 12·1
Non-smokers 40 5·1 43 5·5

†Number of events and rates (events per 1000 patient-years).
‡Number of events in smokers and non-smokers do not always add
up to the total, because smoking habits were not recorded at
randomization in 72 people. The interaction terms between treat-
ment and smoking were non-significant.
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The MAPHY trial

The Metoprolol Atherosclerosis Prevention in Hyper-
tensives (MAPHY) trial[27] was published after the
HAPPHY study[26], but both trials shared 3234 patients.
Indeed, when the HAPPHY trial closed on 31 December
1985, 66 of the 70 centres using metoprolol, decided to
continue follow-up of their patients with the aim of
collecting more data on the possible cardiovascular
protective effects of metoprolol. No information about
end-points was available at the time of the decision to
continue the trial.

In the MAPHY trial[27], eligible (see HAPPHY[26])
patients were randomized to metoprolol, a beta1-
selective agent or a thiazide diuretic. The 3234 patients
were followed for at least 842 days or until they died.
Median follow-up was 4·2 years with a maximum of
10·8 years. The daily dose of metoprolol averaged
174 mg and those of hydrochlorothiazide and bendro-
flumethiazide 46 mg and 4·4 mg, respectively. At the last
follow-up visit, 11·6% of the patients randomized to
diuretics were reported to be receiving beta-blockade;
the corresponding proportion using diuretics in the
metoprolol group was 6·3%.

Total mortality (65 vs 83 deaths; P=0·028;
Table 4) and cardiovascular mortality (42 vs 57 deaths;
P=0·012) were significantly lower in the metoprolol
group than in the patients randomized to diuretics[27]. In
addition, in the metoprolol group, fewer patients died
from coronary heart disease (36 vs 43; P=0·048) or
stroke (two vs nine; P=0·043). Non-cardiovascular mor-
tality was similar in the metoprolol and the diuretic
group (23 vs 26 deaths). Results on non-fatal end-points
or combined fatal and non-fatal complications were not
presented. Total mortality was significantly (P=0·013)
lower in smokers randomized to metoprolol than in
smokers randomized to diuretics (Table 4). However, at
median follow-up, the same trend (P=0·09; Table 4) was
also observed in non-smokers.

Further analysis[28] demonstrated that the reduc-
tion of cardiovascular mortality in the metoprolol group
could, to a large extent, be explained by a decrease of
sudden cardiovascular deaths, occurring within 24 h
after the onset of symptoms. At median follow-up the
number of such events was 12 (2·1 per 1000 patient-
years) in the metoprolol group and 28 (4·8 per 1000
patient-years) in the patients randomized to diuretics. At
the end of follow-up, these numbers were 32 (3·9 per
1000 patient-years) and 45 (5·6 per 1000 patient-years),
respectively (P=0·17).

The HAPPHY[26] and MAPHY[27] trials shared a
substantial proportion of the collected patient-years.
However, the HAPPHY steering committee was of the
opinion that the two studies were separate trials[29],
because in MAPHY end-points were in part redefined,
collected separately, and evaluated by a different and
independent end-point committee. In addition, the
HAPPHY steering committee underscored that in the
HAPPHY trial the patients were not randomized to
atenolol or metoprolol, but to one of two beta-blockers
or a diuretic. This firmly militated against any direct
comparison between the two beta-blockers or the two
thiazide diuretics used in the HAPPHY trial[29].

Meta-analyses

Both the MRC trial[17,18] and the IPPPSH[24] study
showed a tendency in men for beta-blocker therapy to be
associated with a lower incidence of coronary events
as compared with placebo[17,18] diuretic-based treat-
ment[17,18] or antihypertensive drug treatment not in-
cluding a beta-blocker[24]. The combined results in men
showed an 18% reduction in total mortality and a 21%
reduction in the pooled incidence of fatal and non-fatal
coronary events[30,31].

In a second meta-analysis[29], the results of the
MRC[17,18], IPPPSH[24] and HAPPHY[26] trials, with

Table 4 Total mortality on antihypertensive treatment starting with thiazides or
metoprolol in the MAPHY trial[27]

Follow-up time
Thiazides Metoprolol

P-value#
n† Rate† n Rate

842 days 27 7·3 15 4·1 0·073
Smokers 16 13·5 5 4·1 0·020
Non-smokers 11 4·6 10 4·2 0·83

Median follow-up (4·2 years) 54 9·3 28 4·8 <0·01
Smokers 31 16·9 15 7·9 0·016
Non-smokers 23 6·1 13 3·4 0·093

End of study 83 10·3 65 8·0 0·028¶
Smokers 50 19·7 35 13·2 0·013¶
Non-smokers 33 6·3 30 5·7 0·40

†Number of events and rates (events per 1000 patient-years).
#Significance of the difference between the metoprolol and thiazide group.
¶P-values reported[27]; the other P-values were calculated by comparing the death rates as
described[113].
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regard to total and cardiovascular mortality, were
pooled (Fig. 1). In men, antihypertensive treatment
initiated with beta-blockade compared with a regimen
mainly based on diuretics, tended to decrease total
mortality by 14% (95% confidence interval: "28% to
+3%; P=0·096) and cardiovascular mortality by 19%
(95% confidence interval: "36% to +2%; P=0·078). In
women, the relative changes in total and cardiovascular
mortality in the beta-blocker group amounted to +16%
(95% confidence interval: "15% to +56%; P=0·35) and
+32% (95% confidence interval: "20% to +119%;
P=0·28), respectively.

Primary prevention in elderly
hypertensive patients

The HEP trial

Coope and Warrender recruited for the HEP (Hyperten-
sion in the Elderly Prevention) trial 884 older (60–79
years) hypertensive patients from 13 general practices in
England and Wales[32,33]. Eligible patients maintained a
blood pressure of at least 170 mmHg systolic or
105 mmHg diastolic at three consecutive run-in visits.
According to an open design, the patients were random-
ized to active treatment or untreated follow-up. The
antihypertensive agents were stepwise adjusted to
reduce the blood pressure below 170 mmHg systolic and

105 mmHg diastolic. The first-line agent was atenolol
100 mg in the morning. In a second step, 5 mg
bendrofluazide could be added. If atenolol and ben-
drofluazide failed to lower blood pressure, 500 mg
alpha-methyldopa could be given in a single dose in the
evening. Patients on active treatment, who did not
respond or who developed unacceptable side-effects,
could be started on any other recognized antihyper-
tensive agent. During the last 2 years of the trial,
treatment-resistant patients received nifedipine, usually
prescribed as nifedipine retard 20 mg twice daily.
Patients in the control group who developed
sustained blood pressures above 280 mmHg systolic or
120 mmHg diastolic or who suffered strokes or cardiac
complications, such as left ventricular failure, could be
treated.

The blood pressure at entry averaged 196 mmHg
systolic and 99 mmHg diastolic. Of the patients random-
ized to active treatment (n=419), 70% were on atenolol,
60% on bendrofluazide, 7% on bendrofluazide only, and
5% were on no treatment throughout most of the study.
In the control group (n=465), 2% were put on antihy-
pertensive drugs because of a rise in blood pressure
above 280 mmHg systolic or 120 mmHg diastolic, and
7% were started on diuretics because of left ventricular
failure. There was a consistent blood pressure difference
of about 18 mmHg systolic and 11 mmHg diastolic
between the two groups. Active treatment reduced
the incidence of fatal stroke by 70% (95% confidence
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Figure 1 Percentage difference (point estimates and 95% confidence intervals) in total (left) and cardiovascular (right)
mortality between beta-blocker-based and diuretic-based antihypertensive treatment in various trials and in two sexes.
For the Medical Research Council (MRC) study[17,18], the placebo group was not considered. For the Metoprolol
Atherosclerosis Prevention in Hypertensives (MAPHY) study[27], statistics refer to median and total (end of study)
follow-up. In the meta-analysis (ALL), the results of three trials were combined (the MRC trial[17,18], the International
Prospective Primary Prevention Study in Hypertension [IPPPSH][24], and the Heart Attack Primary Prevention in
Hypertensives [HAPPHY] trial[26]). Reproduced with permission[29].
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interval: "89% to "16%; P<0·025) and that of all
strokes by 42% (95% confidence interval: "65% to
"4%; P<0·03). In contrast, active treatment did not
influence the incidence of coronary attacks (+3%;
95% confidence interval: "37% to +67%), non-fatal
heart failure ("37%; 95% confidence interval: "65%
to +11%) or cardiovascular mortality ("22%; 95%
confidence interval: "49% to +20%).

The MRC trial in older hypertensive
patients

The MRC trial in older adults[34] included 4396 patients
from 65 to 74 years old, who were recruited at general
practices and randomized to receive beta-blockade,
diuretic treatment, or placebo. Eligible patients had
mean systolic blood pressures ranging from 160 mmHg
through 209 mmHg and mean diastolic blood pressures
of less than 115 mmHg during an 8-week run-in period
while not taking antihypertensive treatment.

An early substudy assessed blood pressure con-
trol and biochemical effects of two different dose regi-
mens of diuretics, either hydrochlorothiazide 50 mg per
day combined with 5 mg amiloride, or hydrochlorothi-
azide 25 mg per day combined with 2·5 mg amiloride. As
a result, all patients randomized to diuretic treatment
were eventually transferred to the lower dose. The daily
dose of atenolol was 50 mg, but was doubled to 100 mg
in 20% of the patients. When further blood pressure
control was necessary, the alternative trial drug was used
to supplement the active drug allocated by randomiz-
ation. After this, the calcium channel blocker nifedipine
in doses of up to 20 mg daily or other supplementary
drugs could be prescribed.

After randomization, systolic and diastolic blood
pressures fell promptly in all groups, with the greatest

systolic fall in the first 3 months occurring in the diuretic
group. After 2 years, however, the two groups on active
treatment had similar systolic and diastolic blood
pressures, which were approximately 20 mmHg and
10 mmHg lower than in the placebo group. More
patients randomized to the beta-blocker required sup-
plementary drugs than those randomized to the diuretic
(52% vs 38%). Overall, the beta-blocker group had
significantly more withdrawals than the diuretic group,
both for suspected major side-effects and for inadequate
blood pressure control. Patients randomized to atenolol,
compared with the bendrofluazide group, were with-
drawn significantly more because of Raynaud phenom-
enon (11·3 vs 0·6 withdrawals per 1000 patient-years),
dyspnoea (22·9 vs 0·8), lethargy (19·1 vs 4·1), headache
(7·2 vs 2·5), or low pulse rate (28·0 vs 0·0)[34].

Compared with the placebo group, the diuretic
and beta-blocker groups combined experienced a 25%
reduction in stroke (95% confidence interval: "42% to
"3%; P=0·04), a 19% reduction in coronary events
(95% confidence interval: "36% to +2%; P=0·08), and
a 17% reduction in all cardiovascular events (95% con-
fidence interval: "2 to "29%; P=0·03). After adjusting
for the baseline characteristics, the diuretic group had
significantly reduced risks of stroke ("31%; 95% confi-
dence interval: "3% to "51%; P=0·04), coronary
events ("44%; 95% confidence interval: "21% to
"60%; P<0·001), and cardiovascular events ("35%;
95% confidence interval: "17% to "49%; P<0·001). In
contrast, the beta-blocker group showed no significant
decrease in these end-points (Table 5). However, these
findings are difficult to interpret, because 38% of the
diuretic group and 52% of the beta-blocker group
received the alternative active drug.

The rates of every end-point were raised in
smokers compared with non-smokers (Table 5). Smok-
ers and non-smokers differed in their response to active

Table 5 Bendrofluazide or atenolol in the prevention of cardiovascular complications
in the MRC trial in older adults[34]

End-point
Bendrofluazide Atenolol Placebo

n† Rate† n Rate n Rate

All cardiovascular events‡ 107 17·4§ 151 24·6 309 25·2
Smokers 37 29·6 55 44·4 84 32·2
Non-smokers 70 14·3 96 19·6 225 23·3

Stroke‡ 45 7·3** 56 9·0 134 10·8
Smokers 17 13·5 17 13·5 29 10·9
Non-smokers 28 5·7 39 7·9 105 10·7

Coronary events 48 7·7**** 80 12·8 159 12·7
Smokers 13 10·1 28 21·9 46 17·4
Non-smokers 35 7·1 52 10·5 113 11·4

Total mortality# 134 21·3 167 26·4 315 24·7
Smokers 39 30·0 68 52·3 98 36·2
Non-smokers 95 19·1 99 19·7 217 21·6

†Number of events and rates (events per 1000 patient-years).
‡Interaction (P¦0·04) between active treatment (bendrofluazide and atenolol groups combined)
and smoking status.
#Interaction (P=0·04) between type of active treatment and smoking status.
Significance of differences versus placebo: **P<0·05; ****P<0·001.
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treatment with respect to the prevention of stroke
(P=0·04) and all cardiovascular events (P=0·03). In
both groups, the decrease in end-points in patients
receiving active treatment was confined to the non-
smokers. Furthermore, the association between beta-
blocker treatment and deaths from all causes was
significantly modified by smoking when compared with
the corresponding association in the diuretic group
(P=0·04; Table 5). However, conclusions about possible
interactions between smoking status and type of antihy-
pertensive treatment should be considered with caution.
In this single-blind trial, 53%, 48% and 63% of random-
ized patients withdrew or were lost to follow-up in the
placebo, diuretic and beta-blocker arm, respectively.
These losses may bias any of the results reported, in
particular the subgroup analyses, for which the patients
had not been randomized.

The STOP-Hypertension trial
The Swedish Trial in Old Patients with Hypertension
(STOP-Hypertension)[35] was a randomized double-
blind intervention study, set up to compare the effects of
beta-blockade, diuretic treatment or both drug classes
with those of placebo on the combined incidence of fatal
and non-fatal stroke, fatal and non-fatal myocardial
infarction and other cardiovascular mortality in patients
from 70 to 84 years old. During a 1-month run-in period
on masked placebo, at three separate measurements in
the supine position eligible patients maintained a systolic
blood pressure between 180 and 230 mmHg with a
diastolic blood pressure of at least 90 mmHg, or a
diastolic blood pressure between 105 and 120 mmHg,
irrespective of the systolic blood pressure. A total of
1627 patients were randomized.

All study medications were given once daily. In
the active treatment group, treatment consisted of aten-
olol 50 mg, metoprolol 100 mg, pindolol 5 mg, or hydro-
chlorothiazide 25 mg plus amiloride 2·5 mg. If the
supine blood pressure, as defined above, was 160 mmHg
systolic, or 95 mmHg diastolic, or higher after at least
2 months of treatment, the diuretic was added to any of
the beta-blockers, or vice versa. In the placebo group,
matching placebos were employed similarly. Each centre
was free to choose any of the four basic active drug
regimens, which had then to be maintained throughout
the trial. If the supine blood pressure exceeded
230 mmHg systolic or 120 mmHg diastolic on two sub-
sequent visits, the patient was changed to open-label
antihypertensive drug treatment. However, after a non-
fatal end-point, patients could continue on double-blind
treatment.

Two-thirds of the actively treated patients
received combined treatment. At the last evaluation
before a primary end-point, death, or study termination,
supine blood pressure averaged 186 mmHg systolic and
96 mmHg diastolic in the placebo group and 167 mmHg
and 87 mmHg, respectively, in the active treatment
group. The differences in systolic and diastolic blood
pressures between the two groups were therefore

19·5 mmHg and 8·1 mmHg. At that time, 77% of the
placebo group and 84% of the actively treated patients
were still taking the double-blind medication.

Compared with placebo, active treatment
reduced all primary end-points by 40% (95% confidence
interval: "57% to "15%), all strokes by 47% (95%
confidence interval: "67% to "14%), fatal strokes by
73% (95% confidence interval: "94% to "16%) and
total mortality by 43% (95% confidence interval: "63%
to "13%). In contrast, fatal myocardial infarction
("2%; 95% confidence interval: "74% to +266%) and
fatal combined with non-fatal myocardial infarction
("13%; 95% confidence interval: "51% to +56%) were
not significantly reduced in the patients randomized to
active treatment. Furthermore, the older subgroup of
patients randomized to active treatment, compared with
the control group, experienced less reduction of stroke,
myocardial infarction and cardiovascular mortality. The
upper 95% confidence limit of the relative risk crossed
unity at 73 years[35].

Trial in isolated systolic hypertension in the
elderly

The patients randomized in the double-blind placebo-
controlled Systolic Hypertension in the Elderly Program
(SHEP) trial had a blood pressure of at least 160 mmHg
systolic and less than 90 mmHg diastolic[36,37]. Active
treatment consisted of 12·5 to 25 mg chlorthalidone
per day with the possible addition of atenolol (25–
50 mg . day"1) or reserpine (0·05–0·1 mg . day"1). At
the 5-year visit, 46% of the actively treated patients were
on diuretic treatment, but 23% were also taking atenolol
alone or in combination with chlorthalidone.

In spite of the low entry diastolic blood pressure,
which has been postulated to enhance the risk of cor-
onary events[38], the SHEP investigators found that
active treatment reduced the incidence of non-fatal
myocardial infarction by 33% (95% confidence interval:
"53 to "4%) and that of coronary heart disease (fatal
and non-fatal myocardial infarction, sudden and rapid
cardiac death and coronary artery bypass graft or angi-
oplasty) by 25% (95% confidence interval: "40 to
"6%). In the active treatment group, fatal and non-
fatal stroke combined, the primary trial end-point,
decreased by 36% (95% confidence interval: "50% to
"18%; P=0·0003) and non-fatal stroke alone by 37%
(95% confidence interval: "51% to "18%). None
of the fatal end-points, however, was significantly
influenced by active treatment[36,37].

Evidence from other studies

Secondary prevention in postmyocardial
infarction patients

The role of beta-blockers in the secondary prevention
after acute myocardial infarction is well established. A
meta-analysis[39] of 12 early (1972–1982) studies[40–51]
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demonstrated that the results of each trial were compat-
ible with a reduction of total mortality by beta-blockade
of 20% to 30%. The benefit was mainly related to a
decrease in cardiac mortality, in particular sudden
death, while the incidence of reinfarction was also
diminished. Subsequent quantitative reviews of 65[52] to
71[53] randomized short-term and long-term clinical
trials confirmed that chronic (one year) beta-blockade
after myocardial infarction reduced total mortality and
non-fatal reinfarction by about 25% and sudden death
by approximately 30%.

The meta-analyses also suggested that the early
intravenous beta-blockade resulted in decreased mor-
tality[52,53]. Studies in patients admitted to coronary care
units with the suspected diagnosis of myocardial infarc-
tion demonstrated that the immediate intravenous admin-
istration of 5 to 10 mg atenolol, followed by 50 mg orally,
if no undue hypotension or bradycardia developed, and
subsequently by 7[54] to 10[55] days of oral treatment with
100 mg atenolol once daily, reduced enzyme release by
30%[55], significantly enhanced R-wave preservation[55],
and reduced cardiovascular mortality by 15%[54].

In a retrospective cohort study including 5332
elderly (§65 year) survivors of myocardial infarction
only 21% of the eligible patients received beta-blocker
therapy[4]. Controlling for other predictors of survival,
the mortality rate was 43% less (95% confidence interval:
31% to 63%) in the recipients of beta-blockers than in
the non-recipients. Recipients of beta-blocker were also
22% less likely to be re-hospitalized (95% confidence
interval: 10% to 33%)[4].

Beta-blockers still improve outcome in acute
myocardial infarction when combined with interven-
tions, such as coronary artery bypass surgery, percu-
taneous transluminal angioplasty or thrombolysis.
However, high-risk patients may possibly benefit more
from deferred beta-blockade, whereas low-risk patients
may gain more from immediate intravenous treat-
ment[56]. The benefit of beta-blockade is probably not
only limited to patients with a recent history of myocar-
dial infarction. Indeed, among the patients with chronic
coronary heart disease, who have been screened for
participation in the Bezafibrate Infarction Prevention
study, 2723 had non-insulin dependent diabetes melli-
tus[57]. Of these, 911 (33·5%) were on beta-blocker
treatment and 1812 (66·5%) did not receive such treat-
ment. After adjustment for confounders, beta-blocker
therapy was significantly and independently associated
with a prolonged survival. The risk reduction in the
beta-blocker group was 42% (95% confidence interval:
26% to 54%). Within the diabetic group, the largest
benefit was observed in older patients, in those with a
history of myocardial infarction and in patients with
limited functional capacity[57].

Silent ischaemia
Asymptomatic or silent ischaemia detected by ambula-
tory electrocardiographic recording during routine daily
life, is the most common form of coronary ischaemia[58].

Patients with silent ischaemia, in comparison with
people without such symptom, are at increased
risk[59–61]. The Atenolol Silent Ischemia Trial (ASIST)[62]

was a double-blind, placebo-controlled trial, mounted to
test the hypothesis that drug treatment would reduce the
adverse outcome of patients with preexisting coronary
heart disease and silent ischaemia. A total of 306 out-
patients with mild or no angina (Canadian Cardiovas-
cular Society class I or Il), abnormal exercise tests, and
ischaemia on ambulatory monitoring were randomized
to receive either atenolol, 100 mg daily, or placebo.
Their mean (SD) blood pressure at entry was 139 (17)
mmHg systolic and 81 (10) mmHg diastolic. These
values suggest that the study group included a substan-
tial number of hypertensive patients. The primary out-
come measure was event-free survival at 1 year by
Kaplan–Meier analysis. Events were death, resuscitated
ventricular tachycardia or fibrillation, myocardial
infarction, hospitalization for unstable angina,
aggravation of angina, or revascularization. The
secondary outcome was ischaemia during ambulatory
electrocardiographic monitoring at 4 weeks.

After 4 weeks of treatment, the number (1·7 vs
3·1 events per 48 h; P=0·002) and the average duration
(16·4 vs 30·0 min per 48 h) of ischaemic episodes were
less in the atenolol than the placebo group[62]. Event-
free survival improved in atenolol-treated patients
(P<0·007), who had an increased time to onset of the
first adverse event (120 vs 79 days) and fewer total first
events compared with placebo (relative risk: 0·44; 95%
confidence interval: 0·26 to 0·75; P=0·001). There was a
non-significant trend for fewer serious events (death,
resuscitation from ventricular tachycardia or fibrillation,
non-fatal myocardial infarction, or hospitalization for
unstable angina) in atenolol-treated patients (relative
risk: 0·55; 95% confidence interval: 0·22 to 1·33;
P=0·18)[62]. The most powerful univariate and multi-
variate correlate of event-free survival was the absence
of ischaemia on ambulatory monitoring at 4 weeks.
Thus, beta-blockade reduced daily life ischaemia and
was associated with reduced risk for adverse outcome in
asymptomatic and mildly symptomatic patients with
coronary heart disease.

Beta-blockade in trials of antiarrhythmic
drugs

The Cardiac Arrhythmia Suppression Trial (CAST)[63–65]

showed that antiarrhythmic drug suppression of asymp-
tomatic or mildly symptomatic ventricular arrhythmias
in survivors of myocardial infarction was harmful. A
retrospective analysis[66] of the CAST trial[63–65] demon-
strated that at 30 days and at 1 and 2 years of follow-up,
patients receiving optional beta-blocker treatment had
a reduced overall mortality and experienced fewer
arrhythmic deaths or non-fatal cardiac arrests. In a
multivariate analysis, beta-blockade was independently
associated with a one-third reduction in arrhythmic
death and cardiac arrest (P=0·036).
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The European Myocardial Infarct Amiodarone
Trial (EMIAT)[67] was a randomized double-blind
placebo-controlled trial, which assessed whether amio-
darone reduced all-cause mortality (primary end-point),
cardiac mortality or arrhythmic death (secondary end-
points). The median follow-up was 21 months. All-cause
and cardiac mortality did not differ between the two
groups, but in the amiodarone group arrhythmic deaths
decreased by 35%. Of the 1486 patients, 44·2% were on
beta-blocker treatment at randomization. With regard
to cardiac mortality, there was a strong tendency
towards a favourable interaction (P=0·06) between the
use of a beta-blocker and amiodarone, which was inde-
pendent of left ventricular function[67]. Furthermore,
all-cause mortality, analysed by intention-to-treat, was
reduced on amiodarone in patients on beta-blocker
treatment, in those with an ejection fraction lower than
30%, with arrhythmia on the initial Holter registration,
or with an initial heart rate higher than 75 beats per
minute[68]. A multivariate analysis confirmed that these
univariate effects were mutually additive[68].

The double-blind placebo-controlled Canadian
Amiodarone Myocardial Infarction Trial (CAMIAT)[69]

recruited 1202 survivors of acute myocardial infarction
with frequent or repetitive ventricular premature de-
polarizations. The median follow-up was 21 months.
Amiodarone reduced the incidence of resuscitated
ventricular fibrillation and arrhythmic deaths. At ran-
domization, 59·5% of the enrolled patients were on
beta-blocker treatment. As in the EMIAT trial[67], there
was a positive interaction between amiodarone and
beta-blockade (P=0·008), suggesting that compared
with placebo, amiodarone conferred benefit only in
patients who also took beta-blockers[69].

Beta-blockade in heart failure trials

In CAST[63–65] patients with a history of congestive heart
failure, beta-blocker treatment was independently
associated with longer time to occurrence of new or
worsened congestive heart failure (P=0·015)[66]. In a
retrospective analysis of data[70] from the Survival and
Ventricular Enlargement (SAVE) Study[71], with adjust-
ments for baseline imbalances applied, beta-blocker use
was associated with a 30% reduction of cardiovascular
mortality (95% confidence interval: 12% to 44%) and a
21% decrease in the incidence of heart failure (95%
confidence interval: 12% to 44%)[70]. These reductions
were independent of the intake of captopril. In contrast,
beta-blockade did not significantly influence the
incidence of recurrent infarction[70].

The Cardiac Insufficiency Bisoprolol Study
(CIBIS) was a double-blind placebo-controlled trial of
bisoprolol in patients with chronic heart failure of
various origins and a left ventricular ejection fraction
below 40%. Bisoprolol is a cardioselective beta1-blocker
devoid of partial agonist or membrane stabilizing
activity and possessing both lipophilic and hydrophilic
properties[72]. The 641 randomized patients were in New

York Heart Association functional classes III (95%) or
IV (5%). Mean follow-up was 1·9 years. All patients
received background treatment with diuretics and
angiotensin converting enzyme inhibitors (90%) or other
vasodilators. There were no differences between both
groups in total mortality, sudden death, or death related
to documented ventricular tachycardia or fibrillation.
However, bisoprolol significantly improved the func-
tional status of the patients. Fewer patients in the
bisoprolol group required hospitalization for cardiac
decompensation, and more patients improved by at least
one New York Heart Association functional class by the
end of the follow-up period. These findings are in line
with earlier studies with metoprolol[73–75].

Sudden death

In an exhaustive evaluation of more than 400 original
and review articles, of all therapies available for the
prevention of sudden cardiac death, none was found to
be more established or more effective than the use of
beta-blockers[5]. The reviewers graded the evidence that
beta-blockers exert a cardioprotective effects as compel-
ling[5]. Moreover, based on their review of the literature,
they concluded that beta-blockade probably reduces the
rate of atheroma formation, decreases the risk of ven-
tricular fibrillation in animal models of ventricular
fibrillation, reduces cardiac mortality in primary preven-
tion trials, and reduces mortality, particularly from
sudden death, in patients with a history myocardial
infarction.

Cardiac necrosis in patients with head injury

In a multicentre study[76], 114 haemodynamically stable
patients with acute head injury were randomized to
placebo or atenolol given intravenously (10 mg every
6 h) for 3 days and then orally (100 mg per day) for a
further 4 days. Both groups were equally stressed as
shown by raised arterial norepinephrine levels.

In patients receiving placebo, but not in those of
the beta-blocker group, there was a significant (P<0·01)
positive correlation between arterial norepinephrine
and the levels of the myocardial isoenzyme of creatine
kinase[76]. Fewer patients in the atenolol group showed
circulating creatine kinase levels compatible with myo-
cardial damage (7·4% vs 30·0%; P<0·05) or infarction
(0% vs 16·7%; P=0·05). Furthermore, atenolol not only
significantly reduced the likelihood of supraventricular
tachycardia and ST-segment and T-wave changes, but
also prevented cardiac necrosis observed at autopsy.

Ancillary properties of beta-blockers

Intrinsic sympathomimetic activity

In the secondary prevention trials in patients with myo-
cardial infarction, the benefit appeared to be less in trials
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with beta-blockers with intrinsic sympathomimetic
activity than in studies with drugs without such activity
(10% vs 30% reduction of total mortality; P<0·01)[52,53].
Intrinsic sympathomimetic activity may accelerate heart
rate[77,78] and increase blood pressure[78], especially at
night when sympathetic tone is low. For these reasons,
beta-blockers with intrinsic sympathetic activity may
provide less protection against myocardial ischaemia[77]

and cardiac mortality[52,53]. Nevertheless, in the Second-
ary Prevention after High-Risk Myocardial Infarction
(ASPI) trial with acebutalol[79] (607 patients) and in the
Multicenter International Study with practolol[80] (3053
patients) the administration of cardioselective beta1-
blockers with intrinsic sympathomimetic activity led to a
48% and 38% reduction in mortality, respectively. One
could therefore speculate that intrinsic sympathomi-
metic activity may have deleterious effects in patients
with myocardial infarction only if it is exerted at the
level of the beta2-receptors. The ensuing vasodilation
could activate the baroreflex and stimulate the sympa-
thetic nervous system. However, no comparative trials
among various types of beta-blockers are available so
that the latter hypothesis should be interpreted with
restraint.

Lipophilicity vs hydrophilicity

The reduction of myocardial ischaemia and cardiac
sympathetic activation are effects common to most
beta-blockers. Furthermore, some investigators hypoth-
esized that attenuation of stress-induced vagal with-
drawal, and hence a beneficial increase in cardiac vagal
tone, could play a role in preventing cardiac events, in
particular sudden death[5,81]. According to this concept,
lipophilic beta-blockers would be more effective in
reducing cardiac mortality and sudden death, because
they penetrate easily into the brain. Along similar lines,
a recent meta-analysis proposed that lypophilicity would
be associated with a greater reduction of cardiovascular
risk[53]. However, for the 1-week mortality results in
clinical trials with early intravenous administration of
the beta-blocker, for total mortality in short-term and
long-term clinical trials, and for reinfarction and sudden
death in the long-term trials, the point estimates of
the combined results for lipophilic compared with
hydrophilic beta-blockers were largely similar and the
widely overlapping confidence intervals seemed to
exclude rather than to reveal differences among these
two types of beta-blockers[53].

The hypothesis that lipophilicity would be
required to protect against cardiac mortality and sudden
death is also not substantiated by individual trial data.
Indeed, the MIS trial[80] with practolol, a strongly
hydrophilic compound, demonstrated a 38% reduction
in cardiac mortality (P<0·01) and a 44% reduction in
sudden death (P<0·01). Furthermore, a recent Chinese
trial[82] in 1103 patients with myocardial infarction
showed that the hydrophilic beta1-blocker atenolol
decreased sudden death by 68% (P<0·05).

Parasympathetic cardiovascular modulation in
human subjects may be measured through power
spectral analysis of heart variability[83–85]. Several
studies[85–91] with hydrophilic beta-blockers, in particu-
lar atenolol, demonstrated a significant increase in heart
rate variability and its high frequency component. Four
comparative trials[85–87,91] did not show any difference
in this respect between atenolol and metoprolol, a
lipophilic beta1-blocker. One recently published trial
actually revealed a significant difference in favour of
the hydrophilic beta1-blocker[87]. On balance, these
findings[85–91] suggest that the parasympathetic car-
diac protection ascribed to beta-blockade may well be
peripherally mediated through direct interaction
between the adrenergic and cholinergic receptors.

Cardioselectivity

In the secondary prevention trials in patients with recent
myocardial infarction, cardioselectivity did not seem to
confer any advantage over and above that of non-
selective beta-blockade according to one meta-
analyst[52], whereas the opposite conclusion was reached
by a second reviewer[53]. However, these conclusions
must be interpreted with great caution, because in the
post-myocardial infarction trials patients were random-
ized to beta-blockade or placebo, but never to different
classes of beta-blockers. Thus, the pooled estimates may
reflect random variability among the trials rather than
true therapeutic effects.

Comparisons between non-selective beta-
blocking agents, such as propranolol[25], oxprenolol[92,93]

and nadolol[92] and beta1-selective agents, such as aten-
olol[94,95], metoprolol[96] and acebutolol[92,97,98], have
demonstrated close similarities in their blood pressure
lowering characteristics. However, beta1-selective drugs
may offer some advantages in hypertensive patients with
concurrent conditions, such as obstructive airway dis-
ease, peripheral vascular disease and hyperlipidaemia[93].
At lower doses beta1-blockers inhibit the cardiac
beta1-receptors, but not the bronchial and vascular
beta2-receptors, which mediate bronchodilatation and
vasodilatation. Glycogenolysis and glucose release from
the liver are also partially mediated via beta2-receptor
stimulation. For this reason, beta1-selective agents seem
to be preferred in diabetic patients, especially if they are
using insulin or oral antidiabetic drugs, because the
beta1-selective drugs do not significantly delay recovery
from hypoglycaemia[97,98].

Conclusions

The compelling reason for treating hypertension is to
prevent the associated cardiovascular complications, in
particular stroke, myocardial infarction, sudden death
and heart failure. Before the publication of the Shangai
Trial of Nifedipine in the Elderly (STONE)[99] and the
Systolic Hypertension in Europe (Syst-Eur) trial[100],
evidence from prospective randomized clinical trials
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only favoured the use diuretics and beta-blockers as
first-line agents in this therapeutic indication.

The evidence supporting the role of beta-
blockers in the primary prevention of the cardiovascular
complications of hypertension, stems mainly from ran-
domized clinical trials in middle-aged[17,18,24,26,27] or
older[32–37] hypertensive patients. Four trials showed
that treatment largely based on beta-blockers with
the possible addition of diuretics[17,18,32,33,35] or vice
versa[36,37] was significantly better than placebo or no
treatment. In other trials, beta-blockers were equally
effective as diuretics[26] or therapy to a large extent based
on diuretics or other sympatholytic agents[24]. In one
trial[27,28], metoprolol was found to be more effective
than a thiazide in reducing cardiovascular and total
mortality and sudden death. With regard to the latter
findings, the HAPPHY steering committee concluded
that any apparent differences between atenolol and
metoprolol were consistent with the play of chance[101].
The death rates in the HAPPHY study were lower in
patients receiving atenolol than in those given metopro-
lol (6·9 vs 7·9 deaths per 1000 patient-years). However,
the death rates in the diuretic arm randomized against
atenolol were inexplicably lower than those in the di-
uretic arm randomized against metoprolol (5·5 vs 9·9
deaths per 1000 patient-years)[102]. In the MRC trial in
older hypertensive patients[34], the beta-blocker con-
ferred less protection than the diuretic. However, in the
latter study[34] a larger proportion of the patients ran-
domized to the beta-blocker was lost to follow-up or
withdrawn, many of them because of a low pulse rate,
a marker of effective beta-blockade (28·0 vs 0·0 with-
drawals per 1000 patient-years). Patients with a history
of myocardial infarction within 3 months before
possible enrolment or patients treated for angina pec-
toris, who could especially profit from beta-blockade,
were not eligible for randomization. In addition, 38% of
patients in the diuretic group received beta-blockers,
and 52% of the beta-blocker group were on diuretic
treatment.

In some studies[17,18,24,34] the beneficial effects of
beta-blockade seemed limited to non-smokers (Tables 1,
2 and 5), whereas in other trials they were either
similar[26] (Table 3) in smokers and non-smokers or
tended to be even greater[27] in smokers than non-
smokers (Table 4). Several mechanisms have been pro-
posed to explain the apparently lesser reduction of
cardiovascular complications by non-selective beta-
blockade in hypertensive smokers. The catecholamines
released by nicotine[103,104] may increase heart rate and
cardiac output and exert an increased pressor effect,
when non-selective beta-blockers, such as propranolol,
inhibit the vasodilating beta2-receptors, but leave the
vasoconstricting alpha-receptors unopposed. In a per-
protocol analysis limited to the first year of follow-up in
the MRC trial[105], systolic blood pressure fell less in
smokers than in non-smokers randomized to placebo
(P=0·002) or propranolol (P¦0·01), but not in the
bendrofluazide group (P§0·37). After adjustment for
age, body weight and pulse rate at randomization, the

difference in the systolic blood pressure fall between
smokers and non-smokers tended to be approximately
2·0 mmHg (P=0·06) greater in the propranolol than in
the bendrofluazide group[105]. Smoking also induces
hepatic enzymes involved in the metabolism of pro-
pranolol[106,107], so that this beta-blocker is cleared to a
greater extent in smokers than non-smokers. However,
the contradictory findings according to smoking
status in the controlled clinical trials with beta-
blockers[17,18,24,26,27,32–37] are more likely to reflect ran-
dom variability or confounding in subgroup analyses.
Lower protection in smokers has been found not only
with non-selective beta-blockers[17,18,24], but also with
selective beta-blockers[34], thiazides[27] and a calcium
channel blocker[108]. For these reasons, until proof to the
contrary, the preventive effects of beta-blockade should
be considered as established regardless of smoking sta-
tus. On the other hand, the bronchial symptoms associ-
ated with smoking may urge clinicians to prescribe only
selective beta1-blockers or no beta-blockers at all to
smokers.

In keeping with the evidence from the trials,
expert committees advised that beta-blockers should be
accepted as suitable first-line therapy for the vast
majority of hypertensive patients[1,109,110], mainly
because they are effective for the primary prevention of
stroke, myocardial infarction and sudden death[111].
Secondary prevention of cardiac mortality and sudden
death in patients with a history of coronary heart
disease, myocardial infarction or heart failure may
provide additional indications to use beta-blockers. Fur-
thermore, the co-existence of conditions that respond
well to beta-blockers also constitute a reason for choos-
ing such agents. These disorders include stress- or
exercise-induces arrhythmias, chronic anxiety or stress,
migraine, glaucoma, portal hypertension, hypertrophic
cardiomyopathy, thyrotoxicosis, or tremor[112].
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Diuretics, beta-blockers, and gin and tonic

See page 5 for the Editorial comment on this article

Introduction

In 1993 the Fifth Joint National Committee (JNC-V)
established new guidelines for the treatment of hyper-
tensions[1]. Unlike its previous version in which all
four drug classes, i.e., diuretics, beta-blockers, cal-
cium antagonists, and angiotensin converting enzyme
(ACE) inhibitors were deemed equally acceptable
as first-line therapy, the 1993 version stated that
‘because diuretics and beta-blockers have been shown
to reduce cardiovascular morbidity and mortality in
controlled clinical trials, these two classes of drugs are
preferred for initial drug therapy.’ Although numer-
ous epidemiological studies attest to the safety and
efficacy of diuretics in this regard, the data for
beta-blockers are sketchy and unconvincing. In fact,
closer scrutiny of the available data suggest that the
clinical benefits of beta-blockers are poorly docu-
mented and that they may be inefficacious or even
harmful in the elderly, who account for a large
segment of the hypertensive population.

Effects of beta-blockers on morbidity
and mortality

Although beta-blockers have been used for the treat-
ment of hypertension for more than three decades[2],
no study shows that their monotherapeutic use in the
elderly reduces morbidity and mortality compared
with placebo. On the contrary, in a recent meta-
analysis we documented that although blood pressure
was lowered significantly by beta-blockers, they were
ineffective in preventing coronary heart disease, and
cardiovascular and all-cause mortality (odds ratio
1·01, 0·98, and 1·05, respectively) (Fig. 1)[3]. Not only
was beta-blocker monotherapy not effective, but
patients who received the combination of beta-
blockers and diuretics fared consistently worse than
those on diuretics alone. In contrast, diuretic therapy
was superior to beta-blockade with regard to all
end-points and was effective in preventing coronary
heart disease, fatal strokes, cardiovascular events,
and cardiovascular and all-cause mortality. This
meta-analysis was based on 10 trials involving a total

of 16 164 elderly patients (aged 60 and older). About
66% of the patients assigned to diuretics were well
controlled on monotherapy, compared to less than
one third of the patients assigned to beta-blockers.

Thus, despite their having a ‘beneficial’ effect
on the surrogate end-point, i.e., blood pressure, beta-
blocker therapy failed to favourably affect the real
end-point, i.e., heart attack, death from strokes,
cardiovascular events and all causes. Similarly, in a
recent case control study, the risk of sudden cardiac
death was higher in elderly patients receiving either
beta-blocker as monotherapy or in combination
with a thiazide diuretic than in patients receiving
other therapy (calcium antagonists, ACE inhibitors,
potassium-sparing diuretics)[4]. This would indicate
that beta-blocker therapy exposes millions of elderly
hypertensive patients (6·4 million in the United States
alone) to adverse effects and cost while not conferring
any benefit whatsoever.

The absence of a primary cardioprotective
effect by beta-blockers was most recently acknow-
ledged by Furberg and colleagues, who stated[5],
‘Perhaps the most interesting finding from the beta-
blocker component of the meta-analysis[6] is the fact
that . . . â-blockers do not appear to prevent coronary
events in the primary prevention trials in patients
with high blood pressure.’ However, a few months
later the authors recant their thoughts with this
statement[7], ‘The treatment of hypertension is based
on . . . multiple well-designed, randomized trials[6]

showing the effectiveness of low-dose diuretics and
â-blockers in preventing stroke, congestive heart
failure, coronary events, and all-cause mortality.’
Both of these contradictory statements give the same
reference[6].

Of note, in the MRC-0 study the diuretic was
associated with a lower risk of cardiovascular events
compared with beta-blockers, even after adjustment
for the decrease in blood pressure[8]. This indicates
either that the diuretic confers a specific benefit
irrespective of the decrease in arterial pressure or,
more perturbingly, that the beta-blocker confers an ill
effect on the cardiovascular system that overrides the
beneficial effects of the decrease in arterial pressure.

Gin and tonic studies

In all studies in the geriatric population in which
beta-blockers were implied to reduce morbidity and
mortality, they were used in combination with a
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diuretic. Thus, in the Swedish STOP trial[9] more than
two thirds of the patients were receiving combination
therapy, and no information was available regarding
the effects of beta-blocker monotherapy. In the SHEP
study[10], only 21% of patients were receiving aten-
olol, and almost all of these in combination with a
diuretic. In the study of Coope and Warrender[11],
which demonstrated a significant reduction in the rate
of strokes, 70% of patients in the treatment group
were receiving atenolol and 60% were receiving ben-
drofluazide[2]. It is difficult to prove convincingly that
tonic water causes cirrhosis of the liver in a study in
which a water-drinking group of people are compared
to a group in which people either drink tonic water,
gin, or gin and tonic — yet this is exactly what was
concluded from these data. In both of these studies
over 60% of the patients in the treatment group were
receiving a combination of a diuretic and a beta-
blocker, and the effects of the beta-blocker were not
assessed separately. In fact Coope and Warrender[11]

clearly stated: ‘Since patients were not randomized to
treatment groups it is impossible to compare response
to the beta-blockers and the diuretics.’ None of these
studies allows us to draw the conclusion that either a
beta-blocker alone or the addition of the beta-blocker
to the diuretic regimen significantly affected mor-
bidity and mortality. There is, nevertheless, some
indirect evidence suggesting that beta-blockers may
have benefits in middle-aged and younger patients, as
pointed out by Staessen et al.[12].

Beta-blockers in the elderly
hypertensive: A

pathophysiological/pharmacological
mismatch

High blood pressure is no doubt a powerful risk
factor for heart attack, stroke, sudden death and
other cardiovascular morbidity and mortality. Ever
since the pioneering observation of Freis[13], we have
been led to believe that a reduction of blood pressure
(achieved by a diuretic alone or in combination) will
per se reduce high-blood-pressure-related cardiovas-
cular morbidity and mortality. However, since the
unexpected findings of the above meta-analysis,
should we not conclude that this reduction is not
necessarily related to the reduction of millimeters of
mercury per se regardless of the means by which it
is achieved? Yes, beta-blockers do reduce blood
pressure but so do leeches, snake poison, etc. The
following discussion covers some of the points that
may possibly account for the failure of beta-blockers
to reduce morbidity and mortality in the elderly
hypertensive patient.

Effects of beta-blockers on systemic
haemodynamics

Except in the early or borderline phase, the haemo-
dynamic profile of established essential hypertension
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is characterized by normal cardiac output and high
systemic vascular resistance[14]. In the elderly patient
with essential hypertension, cardiac output has been
reported to be low, and systemic vascular resistance
greatly elevated[15,16]. The provocative work of
Fries[17] and Folkow[18] has well documented that
systemic vascular resistance parallels hypertensive
vascular disease. Antihypertensive therapy should
therefore aim to diminish vascular resistance, by
affecting it either functionally or structurally, and to
preserve systemic blood flow, i.e., cardiac output.
Most antihypertensive agents including the diuretics
produce a fall in vascular resistance while sparing
systemic flow. The only notable exception to this rule
is the beta-blocker as a class. Numerous studies have
attested to the fact that beta-blockers (with the excep-
tion of the few vasodilating compounds) lower
arterial pressure by decreasing cardiac output, while
systemic vascular resistance increases. In fact, Lund-
Johansen has reported that even after 5 years of
atenolol therapy, cardiac output remained depressed
and systemic vascular resistance increased when
compared with pretreatment levels[19].

A review of 85 studies on 10 different blockers
showed an increase in peripheral resistance and a
decrease in cardiac output with short-term treatment,
whereas with long-term treatment, cardiac output
remained depressed although total peripheral resist-
ance fell somewhat but remained distinctly above
normal levels[20]. Thus, while lowering arterial press-
ure, beta-blockers produce a haemodynamic effect
exactly the opposite to that desirable in the patient
with essential hypertension. By shifting the haemody-
namic profile from a normal-cardiac-output, high-
vascular-resistance pattern to a low-cardiac-output,
high-vascular-resistance pattern, beta-blockers make
the hypertensive patient haemodynamically older and
thereby may well accelerate the biological clock[15,16].

Effects of beta-blockers on the heart

The common or garden variety of hypertensive heart
disease is characterized by left ventricular hypertro-
phy, most often of the concentric type (i.e., thickening
of the wall at the expense of chamber volume), the
consequences or sequelae of which are impaired
filling and contractility, ventricular arrhythmias,
and impaired coronary reserve[21]. Beta-blockers
have been documented to reduce left ventricular
hypertrophy to some extent, but they seem to be less
efficacious than most other drug classes[22–24]. In the
elderly, Schulman et al.[24] in a thorough double-
blinded study reported that atenolol failed to reduce
left ventricular hypertrophy, whereas verapamil pro-
duced a fall in left ventricular mass in parallel with a

reduction in arterial pressure. One might argue that
by improving left ventricular filling and reducing
heart rate, beta-blockers may have a beneficial effect
on hypertensive heart disease. However, heart rate
decreases spontaneously with age, and, in most
elderly patients, the negative inotropic effect of beta-
blockers is undesirable. A decrease in left ventricular
contractility has been documented very early in the
course of hypertensive heart disease[25,26], and in the
patient with impaired contractility, beta-blockade in
doses to treat hypertension should be avoided.

Effects of beta-blockers on vascular disease

Hypertensive vascular disease, the common denomi-
nator of hypertensive target organ involvement, is
characterized by functional and structural changes
of all layers in the arterial wall[18]. Unlike the ACE
inhibitors and the calcium blockers, beta-blockers
(with the exception of the vasodilating compound)
do not reduce pulse pressure, arterial compliance,
pulse-wave reflections or shear stress.

In a very thorough double-blind randomized
trial, Schiffrin et al.[27] showed that media–lumen
ratios of subcutaneous resistance arteries were
reduced with an ACE inhibitor (cilazapril), whereas
no significant change was observed after 1 year of
beta-blocker therapy. In both treatment groups,
blood pressure decreased to the same extent. In a
2-year follow-up, the same group of investigators
reported progressive normalization of the structure of
the resistance artery of patients with essential hyper-
tension who were treated with an ACE inhibitor and
with a calcium antagonist, whereas there was no
change in patients treated with beta-blockers, despite
the fact that arterial pressure was lowered to the same
extent in both treatment groups[28,29].

Effects of beta-blockers on hypertensive
renal disease

Hypertensive renal disease in the early stages is
characterized by a decrease in renal blood flow, a
relatively well-preserved glomerular filtration rate,
and an increase in filtration fraction[30–33]. With a few
notable exceptions, beta-blockers have been reported
to further diminish renal blood flow and thereby
to increase filtration fraction[33]. In some
instances, even a decrease in glomerular filtration rate
has been reported with beta-blockade[34]. Micropro-
teinuria has been shown, to some extent, to parallel
renal disease, particularly in hypertensive patients
with diabetes[35–38]. Data assessing the effects of beta-
blockade on microproteinuria are inconsistent.
Whereas with short-term therapy microproteinuria
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diminishes under beta-blockade, prolonged beta-
blocker therapy fails to reduce microproteinuria
compared with therapy with either ACE inhibitors
or non-dihydropyridine calcium antagonists, despite
equal antihypertensive efficacy[35].

Of note, in a recent randomized controlled
trial in hypertensive patients with chronic renal fail-
ure, enalapril significantly slowed the progression
toward end-stage renal failure when compared with
beta-blockers[39]. The fact that blood pressure control
was similar in both treatment groups indicates that
the effect on renal function was not mediated through
blood pressure, suggesting that either enalapril has a
blood-pressure-independent beneficial effect or the
beta-blocker has a blood-pressure-independent
detrimental effect on renal function.

Metabolic effects of beta-blockers

The reports on the effects of beta-blockers on serum
lipoprotein and carbohydrate metabolism are con-
flicting. Several thorough review studies conclude
that beta-blockers increased triglyceride levels and
decreased high density lipoprotein (HDL)-cholesterol
levels[40–44]. Beta-blockers with intrinsic sympathomi-
metic activity have a lesser effect on triglycerides and
HDL than beta-blockers without intrinsic sympa-
thetic activity. Kasiske et al., in a recent review of 474
studies, showed that cardioselectivity diminished the
increase in triglyceride levels and that the effects
of beta-blockers on HDL cholesterol appeared to
diminish with duration of treatment[44].

Non-diabetic hypertensive patients may be at
a higher risk for developing diabetes when treated
with beta-blockers[45–48]. However, in the elderly the
effects of beta-blockers on both lipid and carbohy-
drate metabolism may be of less a concern than in the
younger patient who will be exposed to them for a
much longer period of time.

Beta-adrenergic responsiveness and age

Several experimental and human studies have docu-
mented that normative ageing is accompanied by a
progressive decrease in cardiovascular responsiveness
to beta-adrenergic stimulation[43,49–52]. The age-
associated changes in cardiovascular findings are
accompanied by increased plasma catecholamine
levels[15,53], similar to the effects observed with beta-
blocker therapy. In an elegant study assessing the
effects of acute beta-adrenergic receptor blockade on
age-associated changes in cardiovascular perform-
ance with exercise, Fleg and collaborators[54] have

shown that the age-associated declines in maximal
heart rate and left ventricular contractility with exer-
cise are probably manifestations of a reduced beta-
adrenergic responsiveness. This would indicate that
‘physiological beta-blockade’ accounts for the attenu-
ated cardiac acceleration and myocardial contractility
in the elderly. Not surprisingly, the hypertensive
elderly patient will very poorly tolerate a pharmaco-
logical beta-blockade that is superimposed on the
intrinsic physiological one.

The effects of beta-blockers on exercise
capacity

Elderly subjects respond to exercise with a blunted
increase in heart rate and ejection fraction and a
greater use of the Frank-Starling mechanism when
compared with the younger patient. Exercise capacity
progressively diminishes with age, more so in the
hypertensive than in the normotensive population. By
exerting a negative chronotropic and negative ino-
tropic effect, beta-blockers further diminish exercise
capacity in the elderly and are, therefore, particularly
ill-tolerated in those patients who remain physically
active.

Effects of beta-blockers on co-morbidity in
the elderly

Hypertension is rarely an isolated disorder in the
elderly patient. Chronic obstructive pulmonary dis-
ease, peripheral vascular disease, diabetes mellitus,
depressive disorders, and sexual dysfunction are
co-morbid conditions frequently encountered in the
geriatric population. Although none of these
co-morbid conditions is a direct contraindication to
using beta-blockers, their presence not only makes
beta-blockers less desirable as first-line antihyperten-
sive drugs, but they are also prone to diminish the
patient’s tolerability for beta-blockers.

Conclusions

Beta-blockers have been used for the treatment of
hypertension for more than three decades. Despite
their well-documented potential for lowering milli-
meters of mercury, no study is available that shows
that beta-blockers, either in monotherapy or when
added to diuretic therapy, diminish cardiovascular
morbidity and mortality. Quite to the contrary, a
recent meta-analysis in the elderly reported little if
any benefits of beta-blocker therapy when compared
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with placebo or other therapy, despite the fact that
blood pressure was lowered in the blocker group. In
this context it must be remembered that blood pres-
sure is a surrogate end-point that often, but not
always, correlates with real end-points, i.e., heart
attack, strokes, sudden death, etc. By favourably
affecting the surrogate end-point (blood pressure)
without
reducing the real end-points (heart attacks and
death), beta-blockers are prone to lull physicians and
patients into a sense of false security. The reason for
the inefficacy of beta-blockers may lie in their inher-
ent unfavourable effect on systemic haemodynamics
and on pathophysiological findings in the arterial
tree, the heart, the kidneys, and the brain, and to a
lesser extent on the metabolism of lipids and carbo-
hydrates. Thus, antihypertensive therapy with beta-
blockade needlessly exposes the elderly to the cost
and adverse effects of these drugs without conferring
any benefits. The irony is that the very studies that
demonstrate inefficacy of beta-blockers in the elderly
was used as an argument by the JNC-V to promote
them to a ‘preferred’ status. Until proven otherwise,
beta-blockers should no longer be considered appro-
priate for monotherapy of essential hypertension in
the elderly.
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[46] Bengtsson C, Blohmé G, Lapidus L, Lissner L, Lundgren H.
Diabetes incidence in users and non-users of antihypertensive
drugs in relation to serum insulin, glucose tolerance and
degree of adiposity: a 12-year prospective population study of
women in Gothenburg, Sweden. J Intern Med 1992; 231:
583–8.

[47] Pollare T, Lithell H, Selinus I, Berne C. Sensitivity to insulin
during treatment with atenolol and metoprolol: a randomised,
double blind study of effects on carbohydrate and lipoprotein
metabolism in hypertensive patients. Br Med J 1989; 298:
1152–7.

[48] Lithell H, Pollare T, Vessby B. Metabolic effects of pindolol
and propranolol in a double-blind cross-over study in hyper-
tensive patients. Blood Press 1992; 1: 92–101.

[49] Lakatta EG, Gerstenblith G, Angell CS, Shock NW,
Weisfeldt ML. Diminished inotropic response of aged myo-
cardium to catecholamines. Circ Res 1975; 36: 262–9.

[50] Guarnieri T, Filburn CR, Zitnik G, Roth GS, Lakatta EG.
Contractile and biochemical correlates of beta-adrenergic
stimulation of the aged heart. Am J Physiol 1980; 239:
H501–8.

[51] Feldman RD, Limbird LE, Nadeau J, Robertson D, Wood
AJ. Alterations in leukocyte beta-receptor affinity with aging.
A potential explanation for altered beta-adrenergic sensitivity
in the elderly. N Engl J Med 1984; 310: 815–9.

[52] Stratton JR, Cerqueira MD, Schwartz RS et al. Differences in
cardiovascular responses to isoproterenol in relation to age
and exercise training in healthy men. Circulation 1992; 86:
504–12.

[53] Vlachakis ND, Aledort L. Hypertension and propranolol
therapy: effect on blood pressure, plasma catecholamines and
platelet aggregation. Am J Cardiol 1980; 45: 321–5.

[54] Fleg JL, Schulman S, O’Connor F et al. Effects of acute
â-adrenergic receptor blockade on age-associated changes
in cardiovascular performance during dynamic exercise.
Circulation 1994; 90: 2333–41.

30 F. H. Messerli and E. Grossman

Eur Heart J, Vol. 20, issue 1, January 1999


