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Introduction

W orld over hypertension remains one of the major risk 
factors for cardiovascular & cerebrovascular diseases. Its 

prevalence is increasing due to increasing longevity, obesity, 
changes in diet and a sedentary lifestyle coupled with stress. The 
WHO hypertension guidelines clearly point out that treatment 
of hypertension prevents cardiovascular diseases and extends 
life but hypertension remains poorly detected and even worse, 
poorly managed.

Beta blockers are among one of the safest and most effective 
antihypertensive drugs available. So impressive have been their 
utility in hypertension that all Joint National Committees (JNCs) 
from JNC 1 to the latest JNC7 have recommended betablockers 
as first line of therapy in hypertension. The discovery of 
betablockers in particular propanolol by Sir James Black in 
1962 was described by the Nobel committee as the “greatest 
breakthrough in pharmaceuticals against heart illness since the 
discovery of Digitalis 2000 years ago”.1

Ever since the antiischemic, antihypertensive and antifailure 
properties of betablockers were discovered (in that order) there 
have been notable changes in our perspective and use of these 
agents. The anti-ischemic role is well accepted, the anti-failure 
properties are increasingly recognized but the antihypertensive 
role is being questioned.2 The controversy over the use of 
betablockers as first line therapy in hypertension was fuelled 
by the new recommendations of the National Institute for 
Health and Clinical Excellence (NICE) in collaboration with the 
British Hypertension Society. They suggested that betablockers 
should not be preferred as first line of therapy, a combination of 
betablockers and diuretic puts the patient at an increased risk of 
diabetes, and in patients aged less than 55 years an ACE inhibitor 
or angiotensin receptor blocker is preferred. 

Atenolol was first introduced in 1976 and has been approved 
by the US FDA from August 1981 as a therapeutic agent for both 
hypertension and coronary artery disease. Atenolol is one of the 
most commonly prescribed betablockers all over the world with 
more than 40 million prescriptions per year in the US alone.3

This article aims to address these controversies, in particular 
the effectiveness of atenolol in hypertension

Pharmacokinetics of Atenolol
Atenolol is a β1 selective antagonist with lowest lipid 

solubility among all betablockers. It differs from Pindolol and 
Proponolol in that it does not have an intrinsic sympathomimetic 
action or membrane stabilising activity. It acts by competing 
with catecholamines for binding at β1 adrenergic receptors 
in the heart and vascular smooth muscle, thus inhibiting 
sympathetic stimulation. This results in reduction in heart rate, 
cardiac output, systolic and diastolic blood pressure. Reduction 
in peripheral resistance is gradually seen with chronic therapy. 
Endocrine and metabolic actions of Atenolol include lowering 
of plasma renin activity and free fatty acid levels. Although 
Atenolol may prolong insulin-induced hypoglycemia, this is less 
than that of nonselective beta-blockers. Atenolol has a complex 

effect on lipid metabolism; however, it’s less than that of other 
nonselective betablockers. Betablockers have a little effect on 
LDL but do increase plasma VLDL and triglyceride levels and 
lower plasma HDL levels.4

Atenolol is hydrophilic, hence, relatively lower concentrations 
are found in brain tissue. Absorption after an oral dose is often 
incomplete and peak plasma levels are obtained 2 – 4 hours later. 
Although plasma, half life is 6 – 8 hours, it is increased in renal 
failure as the major route of excretion is through the kidneys.

Antihypertensive Effects
Atenolol lowers both systolic and diastolic blood pressures 

but postural hypotension is uncommon. The reduction in lying, 
standing and exercise BP is 15 – 20%. Most patients respond to 
a single oral dose of 50 mg daily. Higher doses of 100 and 200 
mg do not significantly alter blood pressure levels. All beta 
blockers are not equally effective in lowering blood pressure. 
Beta 2 blockade by preventing beta 2 vasodilatory response 
may increase resting blood pressure. Thus non-selective agents 
like Propanolol and Nadolol are less effective than Atenolol in 
lowering BP. Atenolol is only moderately beta 1 selective, and 
at 100 mg it blocks 80% of β1 receptors and 20% of β2 receptors. 
On the other hand highly selective β1 blockers like Bisoprolol 
are more effective in controlling BP, since they do not block 
beta 2 receptors.

As renin secretion is mediated via β1 receptors, beta blockers 
reduce plasma renin in both normals and hypertensives.5 
Atenolol and other beta blockers increase beta receptor 
sensitivity and triggers inhibitory responses at a lower BP. This 
results in a fall in mean blood pressure.

A 24 hour control of blood pressure is important particularly 
during the early morning times when BP peaks. The peak to 
trough BP control ratio over 24 hours of Atenolol is only 31% as 
compared to a 78% ratio of Bisoprolol, so patients are vulnerable 
in the early morning peak to adverse cardiovascular events.6

Review of Atenolol Trials
This is broadly divided into trials, which compared Atenolol 

to other antihypetensives and atenolol used in observational 
trial or vs placebo.

Atenolol vs Placebo Trials
The Medical  Research Council  tr ial  for treatment of 

hypertension in older adults was a UK based randomized 
placebo controlled trial.7 Patients were randomized to atenolol 
50 mg daily or hydrochlorothazide plus amiloride and compared 
to a placebo. Results of this trial showed that compared to the 
placebo group the diuretic treated group significantly reduced 
stroke, coronary and all cardiovascular events. There was no 
significant reduction in these end points in the atenolol treated 
group. Hence atenolol was not effective in the older hypertensive 
age group. Subgroup analysis showed that control of blood 
pressure was poorer in smokers, especially in those randomized 
to atenolol, and active treatment with a drug reduced events 
only in nonsmokers. However, the percentage of smokers was 
similar in the diuretic and atenolol treated groups.
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The Dutch TIA trial study group was a double-blind placebo 
controlled-randomized trial in which 1473 patients being treated 
for TIA with aspirin were given 50mg of atenolol or a placebo 
and followed up for 2.6 years.8 The objective was to find out 
whether 50 mg of atenolol/day reduced death from vascular 
events like stroke or myocardial infarction when compared to 
a placebo. Analysis of the results showed that atenolol did not 
have any favorable effect on the primary or secondary outcome 
events. There was trend towards a lower incidence of fatal or 
nonfatal stroke and a higher incidence of adverse cardiac events 
in the atenolol treated group. The authors concluded that in 
patients with TIA / nondisabling stroke, atenolol did not prevent 
important vascular events.

David Blackburn and associates conducted a retrospective 
cohort study in Saskatchewan Canada on the use of atenolol as 
the initial antihypertensive agent.9 This was an observational 
trial and 3 other cohorts included were thiazide diuretics, a 
calcium blocker and an ACE inhibitor. The study was done to 
see whether Atenolol was associated with an increased risk for 
cardiovascular morbidity and mortality. Authors found that 
compared with the other 3 drugs, Atenolol treated patients had 
a similar clinical outcome, with no increase in adverse events.

The HEP trial was a randomized controlled study in which 
elderly hypertensives in the age group 60-79 years were treated 
with Atenolol and compared to placebo.10 The mean follow up 
was for 4.4 years and thiazide diuretics were added to 60% of 
patients in the Atenolol group. There was a 30% reduction in 
stroke in the Atenolol treated group.

The TEST trial was a Swedish multicentre study in patients 
who had a recent TIA / stroke.11 The effect of Atenolol and 
placebo in reducing death, MI and stroke was analyzed. 10% 
of patients who were on Atenolol therapy withdraw due to 
side effects of atenolol. This study failed to show any statistical 
significant reduction in death or a repeat stroke. There was a 
favorable trend in the atenolol treated group in reducing MI 
and overall mortality (statistically nonsignificant).

Trials Comparing Atenolol with Other 
Antihypertensives

These include the UKPDS, ELSA, HAPPHY, LIFE, STOP, 
CONVINCE and INVEST trials. The study by Savoia etal used 
Atenolol as add on therapy to other antihypertensives. Other 
trials of relevance being discussed are post hoc analysis of 
Life trial by Fyhrquist etal and Cruickshank etal”s study with 
Atenolol in moderate to severe hypertensive patients.

UKPDS – a prospective randomized trial included 1148 mild 
to moderate hypertensive patients with Type II diabetes and a 
mean age of 56 years.12 2 groups of patients with tight and less 
tight control of blood pressure were analyzed at the end of 8 
years. In the “tight” BP control group, patients were assigned 
to either Captopril or Atenolol. Results of the study showed that 
there was a trend to superiority of Atenolol over Captopril in 
reducing both primary and secondary end points including all 
cause mortality, cardiovascular mortality, peripheral vascular 
disease and microvascular disease.

The ELSA trial was a fairly large European trial which was 
conducted over a 4 year period and hypertensive patients were 
treated either with Lacidipine or Atenolol.13 The carotid internal 
medial thickness and plaques in the carotid arteries were 
analyzed. There was no significant difference in cardiovascular 
events in both treatment arms though plaque regression and 

reduction in intimal medial thickness, was more in the Lacidipine 
treated group.

The HAPPHY trial compared Beta blockers Atenolol and 
Metoprolol to a diuretic in patients with mild to moderate 
hypertension. The incidence of fatal stroke was slightly lower in 
the beta blocker treated arm. Total mortality and cardiovascular 
events were same in both groups. The incidence of fatal and 
non-fatal coronary artery disease was slightly higher in the 
Atenolol treated group (statistically insignificant)

In the LIFE trial patients with hypertension and ECG signs of 
left ventricular hypertrophy (LVH) were treated with Atenolol 
or Losartan with an option of add-on therapy with a diuretic.15 
Patients were followed up for a mean of 4.7 years. The study 
showed clearly Losartan was superior to Atenolol in reducing all 
cause and cardiovascular mortality and new onset diabetes. This 
is despite similar BP lowering effects of both drugs. Importantly 
the benefit of Losartan was more in the elderly hyeprtensives.

The STOP hypertension trial was a prospective randomized 
multicentre trial conducted in Sweden in 1627 elderly patients 
with hypertension.16 Metoprolol controlled release, Atenolol, 
Pindolol and a diuretic were compared. All drugs were equally 
effective in lowering Diastolic BP. However the diuretics were 
more effective in lowering systolic BP. Among the beta blockers, 
Pindolol was more potent in lowering systolic BP, but Atenolol 
was more effective in reducing HR.

Cruickshank etal, studied 939 patients with moderate to 
severe hypertension who were followed upto 10 years and 
treated with Atenolol with add-on therapy of diuretics, with 
or without vasodilators.17 Stroke mortality was reduced by 
50%, LVH was reversed and all-cause and MI related mortality 
reduced.

The INVEST study was a large trial involving 22576 patients 
with hypertension and coronary artery disease (CAD) treated 
with Verapamil sustained-release or Atenolol.18 If required, 
add-on therapy with Trandolapril or diuretic was allowed. Both 
groups were equally effective in lowering blood pressure, and 
clinical outcomes including death, non-fatal MI and stroke were 
similar in all group at end of two years.

The CONVINCE trial compared Verapamil to Atenolol or 
diuretic in hypertensive patients.19 It was a multicentre trial 
involving 15 countries involving 16,602 participants. Reduction 
in systolic and diastolic BP was similar in all groups. The 
primary outcome including stroke, MI and cardiovascular 
death were similar in both groups. They proved that Atenolol 
was as effective as Verapamil. However, there was statistically 
insignificant trend of 18% lower incidence of acute MI and 15% 
higher incidence of stroke in the Verapamil treated group.

The ASCOT – BPLA trial again was a large trial involving 
19,257 hypertensive patients in the 4th – 7th decade.20 Patients 
either received Amlodepine or Atenolol. Option of add-on 
therapy with Doxazocine was available. There was no difference 
between the two groups in primary end-point, non-fatal and 
fatal MI. Both systolic and diastolic BP was better lowered with 
Amlodepine. With regard to the secondary and tertiary end 
points Amlodepine was superior in reducing cardiovascular 
events, cardiac mortality and new onset diabetes.

Discussion
Meta-analysis of the studies, which compared Atenolol to 

placebo revealed there was no differences in outcome between 
Atenolol and placebo with respect to all-cause mortality, 
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cardiovascular mortality or myocardial infarction.21 This 
is despite significant differences in BP lowering in favor of 
Atenolol. The stroke risk was lower in the Atenolol group 
compared to the non-treated groups. In fact in the HEP trial there 
was a 43% reduction in stroke in the Atenolol group compared 
to placebo.10 But 60% of the patients in the Atenolol treated arm 
had added on treatments with other antihypertensives and only 
20% of patients had Atenolol as monotherapy.

The MRC trial of treatment in older hypertensives showed 
active therapy with diuretics or Atenolol would significantly 
reduce cardiovascular events compared to a placebo.7 However, 
the diuretic was more effective that Atenolol inspite of the 
adverse lipid effects like elevation of LDL cholesterol. They may 
have been due to a better BP lowering effect of the diuretics. 
Interestingly, the lack of a cardio-protective effect of Atenolol 
was also seen in the HAPPHY study.14 On subgroup analysis 
it was evident that lowering of BP was important in reducing 
adverse events. In the MRC trial, control of BP in smokers 
assigned to the Atenolol arm was definitely poor. This may 
have affected the final result of the study. The stroke risk in the 
Atenolol group was 2 – 4 hours that of the diuretic group but a 
small reduction in stroke was seen in nonsmokers.

Blackburn et al in their study compared Atenolol to diuretic, 
ACE inhibitor and calcium blockers. The mean age of the patients 
in their study was 60 years. They found that Atenolol was equally 
effective as the other drugs and not associated with any adverse 
cardiovascular events. The HEP trial in elderly hypertensives 
showed that treatment with Atenolol resulted in a 30% reduction 
in stroke. Needless to say 60% of patients treated with atenolol 
had a diuretic added subsequently.

In the Dutch TIA trial again Atenolol had no clear benefit in 
reducing adverse events like stroke and cardiac events. But the 
number of patients enrolled in the Atenolol arm was only 732 
and it is difficult to draw conclusions from such a small study 
group. Secondly, the patients enrolled in the Atenolol arm were 
at lower risks for vascular events as patients with diabetes and 
heart failure were excluded. Only 25% of patients in Atenolol 
group had history of hypertension vs 50% in the placebo group. 
So annual risk for a combined adverse effect was more in the 
latter group. Finally, at end of 3 years only 64% in the surviving 
group were taking Atenolol. Twice as many patients in the 
atenolol group stopped medication compared to placebo due 
to side effects. This would have definitely affected the results. 

The ASCOT BPL trial, which compared Amlodepine to 
Atenolol found with regard to the primary end point of all cause 
mortality, non-fatal MI and fatal coronary artery disease both the 
drugs were equally effective.20 Secondary and tertiary end-points 
for cardiovascular outcomes were in favour of Amlodepine. The 
drawbacks of the trial were that it had an open label therapy that 
would have influenced treatment of patients and documentation 
of events. Next, the test was prematurely terminated without 
prospectively publishing the criteria for termination of the study. 
This would make the results non-interpretable

Among the comparative trials of Atenolol, the UKPDS 
and CONVINCE trials were favourable and INVEST trial did 
not show a clear advantage of Atenolol over Verapamil. The 
LIFE, ASCOT BPL & STOP hypertension trials showed a less 
favourable outcome in atenolol treated patients. The TEST and 
the HEP trial were the only observational trials of Atenolol, 
which showed a favourable outcome. 

In diabetic patients with hypertension, 2 studies compared 
atenolol to an ACE inhibitor / ARB. In LIFE trial Atenolol was 

compared to losartan and in UKPDS Atenolol was compared 
to Captopril.  Divergent results came out. UKPDS had a 
comparatively younger age group (mean age 56 years) vs the 
LIFE in which the mean age was 67 years. In the LIFE trial 
both drugs were equally effective in lowering BP but all cause 
mortality and primary end points were less in Losartan group. 
Losartan had lesser side effects than Atenolol and ECG evidence 
of LVH regressed with Losartan. In contrast, the UKPDS showed 
a trend towards less primary outcomes in the atenolol group. 
This included diabetes-related total mortality, stroke, MI and 
both macro and micro vascular disease. Tight control of BP with 
either Captopril or Atenolol reduced both macrovascular and 
microvascular complications. Both drugs are equally effective 
in reducing fatal and nonfatal complications of diabetes and 
heart failure. There were no additional renoprotective effects of 
Captopril compared to Atenolol. All though HbA1C increased 
initially in Atenolol group, at end of 9 years levels were near 
similar in both groups.

Conclusion
Young hypertensive patients have a relatively compliant 

peripheral vasculature. They have high plasma renin activity and 
increased sympathetic tone. Atenolol effectively reduces plasma 
renin activity and, by its betablocking effect reduces the effect of 
circulating catecholamines on target organs. This could explain 
the efficacy of atenolol in the UKPDS trial and lack of benefit 
in the LIFE trial (older hypertensives). As young hypertensives 
have a relatively compliant vasculature the blockade of beta 2 
receptors on the blood vessels and increase in tone would be 
less harmful than in older patients with a non-compliant rigid 
vasculature. Although diuretics are as effective as Atenolol in 
reducing BP the cardiovascular protective effects could be more 
due to its blockade of sympathetic activity.

Reduction in central aortic pressure plays an important 
role in reducing cardiovascular complications. The CAFÉ 
trial clearly showed Atenolol was less effective than calcium 
blockers in reducing aortic pressures.22 Calcium blockers reduce 
peripheral resistance and slow reflection waves from peripheral 
to central. The decrease in peripheral compliance causes an 
increased amplitude of the reflection wave from the periphery. 
If the reflected wave arrives back at the aortic root in systole, it 
augments the peak aortic pressure. Betablockers with vasodilator 
properties like Nevibolol was superior to Atenolol in reducing 
aortic pulse pressure.23

In the elderly hypertensive patients the peripheral vaculature 
becomes less compliant and there is a rise in diastolic BP. 
Importantly, with aging there is a reduction in plasma rennin 
activity and decrease in sensitivity of beta receptors. Atenolol 
will thus be less effective. The increasing peripheral resistance 
causes an augmented reflected wave and rise in aortic systolic 
pressure. As the reflected wave does not appear in diastole the 
coronary filling is reduced. Hence, an ACE inhibitor or ARB 
would be more effective, thus explaining the results of the MRC7 
and LIFE15 studies.

Hypertensive patients with LVH(left ventricular hypertrophy) 
invariably have a high peripheral resistance. In the elderly 
hypertensive the increasing systolic load faced by the heart will 
result in more hypertrophy of the cardiomyocytes. Atenolol, as it 
does not reduce central aortic pressure, will not cause significant 
regression in LVH. This could explain superiority of Losartan 
to Atenolol in regression of LVH.

Atenolol with a plasma half-use of 6-7 hours does not 
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control 24 hour BP as effectively especially in the early morning 
vulnerable period. This may explain the trend towards higher 
fatal and nonfatal cardiovascular events in the HAPPHY14 trial

In hypertensive patients with coronary artery disease 
Atenolol could still have a benefit viz-a-viz its action in reducing 
cardiac work (HR, stroke volume), improving diastolic filling 
of heart and the coronaries, and reduction in the threshold for 
ventricular fibrillation.

Finally, in diabetic hypertensive patients, the UKPDS trial 
showed that the tight control of BP was responsible for the 
potential benefits of Atenolol, despite its adverse metabolic 
effects like increase in insulin resistance, transient elevation in 
HbA1C, increase in weight and adverse lipid profile.

In middle-aged obese hypertensives who have a narrow 
pulse pressure the MRC, UKPDS and IPPPSH studies shows 
betablockers like Atenolol are more effective than placebo or 
diuretics in reducing cardiovascular events.

The overwhelming pool of evidence suggests that older 
antihypertensives like Atenolol will have a lesser role to play 
in the future. Newer betablockers and the ACE inhibitor / 
ARB’s are more effective in lowering blood pressure and 
adverse events. But, in special subgroups as mentioned earlier, 
Atenolol still has a role to play if not as primary therapy as a 
second line therapy. In developing countries like India with cost 
considerations playing an important role in patent compliance, 
atenolol need not be relegated to the background.
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