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ABSTRACT

توج اكتشاف مثبطات بيتا حقبة جديدة في علاج أمراض القلب 
قادمة.  لسنوات  الدوائية  البحوث  اتجاه  غير  كما  الدموية  والدورة 
1964م  عام  الإكلينيكية  الممارسة  في  البروبرانولول  تدشين  منذ 
تبوأت مثبطات بيتا مكانة خاصة بين الخيارات المتاحة في مواجهة 
أمراض القلب والدورة الدموية، خاصة للمرضى الذين يعانون من 
أكثر  إحدى  الأدوية  هذه  زالت  ولا  القلبية،  التروية  نقص  أمراض 
القلبية.  وغير  القلبية  الأمراض  معالجة  في  استخداماً  المجموعات 
أمراض  بين  من  الراهن  الوقت  في  بيتا  مثبطات  استخدام  يشمل 
ضغط  وارتفاع  القلبية،  التروية  نقص  الدموية:  والدورة  القلب 
بين  ومن  القلبي.  والفشل  القلب،  ضربات  انتظام  وعدم  الدم، 
استخداماتها غير القلبية علاج الماء الأزرق )الجلوكوما(، والصداع 
العابر، والرعشة الحميدة، والأعراض  النصفي )الشقيقة(، والقلق 
تتناول  المراجعة  هذه  الدرقية.  الغدة  لتضخم  المصاحبة  القلبية 
بعض التغيرات والتطورات التي اعترت الاستخدامات الإكلينيكية 
لمثبطات بيتا، والأساس العلمي المنطقي لاستخداماتها، إضافة إلى 
الدم  ضغط  علاج  في  باستخداماتها  تحيط  التي  الحديثة  الخلافات 

المرتفع ومميزات العناصر الجديدة في المجموعة.

The invention of beta (β)-blockers culminated in a new 
era in the treatment of cardiovascular diseases (CD), and 
changed the course of pharmacology research for years 
to come. Since the introduction of propranolol into 
clinical practice in 1964, β-blockers enjoyed a special 
place in the clinicians’ armamentarium against CDs, 
especially for patients with ischemic heart diseases, and 
are still one of the most extensively used therapeutic drugs 
in both cardiac and non-cardiac ailments. Current uses 
of β-blockers in CDs include ischemic heart diseases, 
hypertension, cardiac arrhythmias, and heart failure. 
Other substantial non-cardiac uses include glaucoma, 
migraine, situational anxiety, benign essential tremors, 
and cardiac symptoms of thyrotoxicosis. This review 
covers some of the evolutionary changes of clinical uses 
of β-blockers, the rationale for their use, some recent 
controversies surrounding their use for treatment of 
hypertension, and advantages of newer additions to the 
group. 
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The purpose of this review was to determine the 
current consensus, or at least the difference of 

opinions of various investigators regarding the use of 
beta (β)-blockers in the treatment of hypertension, in 
light of the recent clinical findings. It can safely be stated 
that there is no other class of pharmacological agents, 
such as β-blockers that revolutionized the treatment of 
cardiovascular diseases (CDs) so much, and changed 
the course of pharmacology research for years to come. 
Beta-blockers are still one of the most extensively used 
therapeutic drugs in both cardiac and non-cardiac 
ailments, but they have also been the subject of 
debates for different reasons in past decades. Since the 
introduction of propranolol into clinical medicine in 
19641 (propranolol was only approved by the US Food 
and Drug Administration (FDA) for treatment of angina 
in 1973),2 a number of β-blockers have been added to the 
clinicians’ arsenal to treat a myriad of diseases. However, 
the primary targets of β-blockers are CDs. Current uses 
of β-blockers in CDs include ischemic heart diseases 
(IHDs), hypertension, cardiac arrhythmias, and heart 
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failure (HF), although they remained contraindicated 
in patients with HF for approximately a quarter of a 
century after their introduction into clinical practice. 
Other substantial non-cardiac uses include glaucoma, 
migraine headaches, situational anxiety, benign essential 
tremors, and cardiac symptoms of thyrotoxicosis. The 
prototype propranolol was developed when even the 
physiological/pharmacological roles of β-adrenergic 
receptors (β-ARs), let alone their subtypes, had not 
been clearly delineated. Propranolol was developed to 
primarily treat angina pectoris, and to reduce morbidity 
and mortality associated with it.1 Nevertheless, the 
underlying mechanism for this effect soon led to include 
its use for the treatment of hypertension,2 and cardiac 
arrhythmias.3 Since then a number of β-blockers, 
both selective and non-selective for β-ARs, and some 
with additional properties have been developed, and 
their uses expanded. This review covers some of the 
evolutionary changes of clinical uses of β-blockers, some 
recent controversies surrounding their use for treatment 
of hypertension, and the advantages and disadvantages 
of newer additions to the group. 

Autonomic control of the heart. Sympathetic 
autonomic control of the heart is exerted through 
G-protein-coupled β-ARs. Stimulation of β-ARs by 
endogenous ligands, norepinephrine and epinephrine, 
results in increased cardiac contractility and heart rate 
(HR), via G-protein/adenylyl cyclase transduction 
pathways that are important factors in the maintenance 
of blood pressure (BP). An increase in HR and 
contractility enhances oxygen consumption by the heart 
muscle, a factor that plays a critical role in the causation 
of angina in the presence of coronary insufficiency. The 
concept of α and β-ARs originally proposed by Ahlquist 
in 19484 lay unrecognized for more than a decade before 
the development of β-blockers. Sir James Black,5 the 
inventor of β-ARs antagonists, defines receptors as “any 
devices that receive information, signals, and so forth.” 
The heart expresses both α- and β-ARs families, the role 
of cardiac β3- and α-adrenergic receptors in cardiac 
diseases is still in the evolutionary stage, and is being 
delineated. In a normal non-failing heart, approximately 
80% of the expressed receptors are β1-ARs and 20% 
β2-ARs; the ratio becomes almost equal in a failing 
heart, when β1-ARs are down-regulated correlating 
with the severity of the heart disease.6 The density of 
β1-ARs also declines with old age due to increased 
sympathetic activity.7 Myocardial β3-adrenergic 
receptors are found both in the atria and ventricles, 
and are over-expressed in HF and hypertension.8 
They may be coupled through the inhibitory G (Gi) 

protein, or through the stimulatory Gs proteins.9 The 
β3-AR stimulation results in the decrease of cAMP 
generation, which is in contrast to the stimulation of 
β1- and β2-ARs that increase the formation of cAMP, 
and in decreased cardiac contractility via release of 
nitric oxide (NO).10 The β3-ARs inhibit hypertrophic 
response to neurohormonal stimulation through NO 
synthase-mediated mechanism.11 Despite the potential 
for α- and β-ARs exploitation for many heart diseases, 
for all practical purposes, so far β1-AR blockers have 
been the only target for clinical applications. 

Hypertension. Use of β-blockers to treat 
hypertension started in the 1960’s, as these agents were 
enormous improvement in terms of adverse effects 
over the existing antihypertensive drugs in vogue at 
the time, such as ganglionic blockers, guanethidine, or 
methyldopa.3 However, since the introduction of newer 
classes of antihypertensive drugs, such as angiotensin-
converting enzyme inhibitors (ACEIs), angiotensin 
receptor blockers (ARBs), and calcium channel blockers 
(CCBs), β-blockers have been subjected to a more 
stringent scrutiny and their performance is usually 
compared with these new agents. The β-blockers are 
still preferred in hypertensive patients who have suffered 
from myocardial infarction (MI), or other forms of 
IHDs, and HF due to systolic dysfunction,12 but not 
in hypertensive patients without comorbidities.13 Beta-
blockers are usually avoided in patients suffering from 
bronchial asthma, or with airway hyper-reactivity. Their 
use as first-line therapy for hypertension first came under 
criticism in the 1990’s when it was shown by meta-
analyses of clinical trials that β-blockers did not prevent 
coronary heart disease (CHD), or significantly reduce 
cardiac and all-cause mortality. Propranolol showed little 
benefit against stroke and none on coronary events in 
elderly British patients.14 Beta-blockers were also found 
less effective in lowering systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) in hypertensive 
patients than those treated with ACEIs, ARBs, and 
CCBs, and significantly less patients continued their 
treatment with β-blockers.15

The American Heart Association/American College 
of Cardiology (AHA/ACC), however, continued to 
recommend β-blockers as first-line drugs in patients 
with CHD to increase exercise tolerance and reduce 
morbidity and mortality.16 Another adverse observation 
against β-blockers was that the use of β-blockers with 
diuretics produced more new diabetes than other 
antihypertensive drugs, such as CCBs or ACEIs.17  

In the meantime, the United Kingdom’s National 
Institute of Clinical Excellence (NICE) Guidelines in 
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200618 recommended not using β-blockers as first-line 
treatment for hypertension that brought this important 
group of drugs to the forefront of academic discussion. 
Some cohort studies suggested that hypertensive patients 
with a high resting HR, and free from other overt heart 
ailments, are at an increased risk for all-cause and 
cardiovascular death. However, the use of β-blockers to 
reduce HR was not superior to other antihypertensive 
drug classes in reducing all-cause and cardiovascular 
mortality.18 In fact, a lower HR in β-blockers users 
was found associated with increased all-cause and 
cardiovascular mortality, MI, and HF.19 An overall 
U-shaped relationship between HRs and the prognosis 
was reported, after a prospective study of 528 patients 
with resistant hypertension monitored for ambulatory 
BP for a median of 4.8 years. Both fast (>75 bpm or 
>70 bpm for nighttime), and slow (<60 bpm or <55 
bpm for nighttime) HRs were predictors of mortality; 
while a fast HR was a significant predictor in patients 
using β-blockers, the slow HR was a more important 
predictor in those not using β-blockers.20 The 7th 
report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood 
Pressure (JNC 7) found atenolol lacking in protection 
against stroke,21 and meta-analyses of other clinical trials 
reported it less effective against cardiovascular outcomes 
compared with other antihypertensive drugs.22 Other 
reports also did not support using β-blockers as 
first-line treatment as they showed relatively weak 
effect on reducing stroke, especially the non-selective 
β-blockers,23 or reduce the incidence of CHD.24 Use 
of first (propranolol) and second generation β-blockers 
(atenolol) as initial therapy for hypertension causes a 
modest reduction in cardiovascular events, but they are 
not credited with reducing all-cause mortality.25 

Despite the disagreements, most national guidelines 
still do not forbid the use of β-blockers as first-line drugs 
for the initial treatment of hypertension. The European 
Society of Hypertension (ESH) Task Force dismissed 
the classification and ranking of antihypertensive drugs 
into first, second, or third-line drugs, as the classification 
is not justified on scientific and practical basis.26 The 
ESH contends that the 5 major antihypertensive drug 
classes, that is, CCBs, ACEIs, ARBs, β-blockers, and 
diuretics, do not differ significantly in their ability to 
lower BP, or offer an unequivocal proof of protection 
against overall cardiovascular risks, such as stroke, or 
MI.27 A similar outcome was reported by Fretheim et 
al,28 after a comparative meta-analysis of 25 clinical 
trials of these major classes of antihypertensive drugs 
for their effectiveness and ability for primary prevention 

of cardiovascular events. None of these 5 major 
antihypertensive drug classes was consistently superior 
to another class across different outcomes. While 
ARBs were superior to β-blockers in reducing all-cause 
mortality, HF, and diabetes incidence, β-blockers 
proved better for angina prevention. Diuretics were also 
better than β-blockers in reducing all-cause mortality, 
MI, stroke, and HF. Beta-blockers were also inferior 
to ACEIs, CCB and β-blockers for all-cause mortality, 
MI, and stroke. Despite the fact that some of these 
findings were not based on very strong evidence, the 
authors, based on these comparisons, suggested against 
using β-blockers or α-blockers as first-line drugs for 
hypertension. However, one caution here is that all 
β-blocker trials included in this analysis were carried 
out on atenolol, which may not be representative of 
all β-blockers, especially the third generation. Some 
strongly supported the argument that the cardio-
protection in hypertensive patients is achieved by 
lowering the BP, regardless of how it is achieved.29

Many current guidelines allow any of the major 
antihypertensive drug classes to be considered for 
initiation, or maintenance of antihypertensive therapy 
in a given patient provided there is no contraindication 
for a particular class of drug, and the therapy is 
individualized.26,30 The US National Health And 
Nutrition Examination Survey (NHANES) of 2010 
showed a 57% increase in the use of β-blockers from 
2001-2002 to 2009-2010 period compared with 23% 
increase in the use of diuretics, 31% with ACEIs, and 
100% with ARBs.31 One must keep in mind that ARBs 
were introduced into clinical practice in the mid-1990’s 
and had a low baseline use in 2001-2002, while 
β-blockers use was already high. However, guidelines 
from the UK’s National Institute for Health and Care 
Excellence (NICE) does not recommend β-blockers as 
preferred initial therapy for hypertension,32 and the JNC 
8 did not include β-blockers in their recommendations 
for the initial antihypertensive therapy.33 In a global 
survey of the use of antihypertensive drugs, the 
International Society of Hypertension-affiliated 
representative societies of 31 countries reported using 
ACEIs, ARBs, CCBs and diuretics; β-blockers were 
only preferred for patients with IHD.34 

Variations within β-blockers. All β-blockers are 
not equal as they are a heterogeneous group of drugs 
with variations in selectivity for β-adrenoceptors and 
additional qualities, such as lipophilicity, inverse agonist 
and intrinsic sympathomimetic activity, membrane 
stabilizing property, and α-receptors blocking activity. 
The third generation β-blocker, nebivolol has additional 
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NO-mediated vasodilating and antioxidant properties. 
However, some of the effects of β-blockers are similar 
qualitatively as a drug class effect, and some vary due to 
individual properties of a drug. Representative members 
of different generation of β-blockers with their specific 
activities are mentioned in Table 1.

Cardiovascular events incidence (MI, HF, and stroke) 
was not statistically different in patients who used second 
generation atenolol, or metoprolol for controlling their 
hypertension over a median observation period of 5.2 
years.35 Atenolol use is also associated with reduction in 
high density lipoprotein levels which correlates with SBP 
response.36 Similarly, both nebivolol (third generation) 
and metoprolol (second generation) reduced HR, 
brachial BP, and mean arterial pressure (MAP), but the 
central aortic BP, pulse pressure (PP), and left ventricular 
septal wall thickness were significantly reduced only 
in the nebivolol treatment group after one year of 
treatment.37 Both carvedilol and propranolol do not 
differ significantly in reducing hepatic venous pressure 
gradient in portal hypertension, though they differ in 
many properties, and belong to the third (carvedilol) 
and first (propranolol) generation.38 Similarly, both 
atenolol and metoprolol produce similar reductions in 
BP and do not affect vascular endothelial function, but 
atenolol increases the peripheral augmentation index.39 

When metoprolol or atenolol was added to an existing 
treatment regimen of low dose hydrochlorothiazide, 
metoprolol was more effective in sustained reduction of 
24-hour and early morning BP than atenolol.40

Nebivolol is significantly more effective in lowering 
aortic PP than atenolol, though both are equally effective 
in lowering brachial BP and aortic stiffness in treatment-
naïve patients with isolated SBP hypertension.41 
However, in a comparative study of nebivolol with 
metoprolol, for relief of symptoms of intermittent 
claudication in peripheral artery disease (PAD), and 
mild to moderate hypertension, both treatments 
significantly improved claudication distance without 
improving quality of life.42 Vascular insulin sensitivity 
is blunted by metoprolol but preserved by carvedilol in 
patients with type 2 diabetes,43 and carvedilol treatment 
for 6 months significantly increased coronary flow 
reserve, and endothelium function, and lowered the 
left ventricular mass index compared with metoprolol 
treatment of hypertensive patients with left ventricular 
hypertrophy.44 Moreover, in the Glycemic Effects in 
Diabetes Mellitus: Carvedilol-Metoprolol Comparison 
in Hypertension (GEMINI) trial,45 both carvedilol and 
metoprolol reduced BP significantly, but carvedilol 
showed better metabolic effects in all races and both 
genders. Metoprolol significantly increased hemoglobin 

Table 1 -  Representative beta-blockers of different generations with specific properties.

Agent Generation Metabolism Lipophilicity ISA MSA α
1
-RB NO-vasodilation Antioxidant activity

Non-selective
Propranolol First Hepatic High - ++ - - -
Timolol First CYP2D6 Moderate - - - - -
Pindolol First Hepatic Low +++ + - - -
Penbutolol First Hepatic High + - - - -
Nadolol First NM Low - - - - -
Labetalol Third Hepatic Low + + + - -
Carvedilol Third CYP2D6 Moderate - ++ + - +
Carteolol Third Hepatic Low ++ - - + -

Selective
Atenolol Second NM Low - - - - -
Acebutolol Second Hepatic Low + + - - -
Betaxolol Second Hepatic Moderate - + - - -
Bisoprolol Second 50% N-CYP Low - - - -
Esmolol Second Non-hepatic Low - - - - -
Metoprolol Second CYP2D6 Moderate - - or + - - -
Nebivolol Third CYP2D6 - + +
Celiprolol Third      Not available Low + - - + -

ISA - intrinsic sympathomimetic activity, MSA - membrane stabilizing activity, α1-RB - alpha 1-receptor blocking activity, NO-vasodilation - nitric 
oxide-induced vasodilation, NM - not metabolized, CYP - cytochrome P450, 50% N-CYP - 50% metabolized by non-CYP route, 

+ (present), - (absent)
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A(1c) in all groups, except in the non-white/non-black 
group, and carvedilol was better in both white and 
female subgroups.45 Results of some important clinical 
trials and comparative studies and meta-analyses are 
briefly presented in Table 2.

Third generation β-blockers. Third generation 
β-blockers, such as carvedilol, Labetolol and nebivolol, 
have unique properties ascribed to each one of them. 
Labetolol is a non-selective β-blocker with additional α1 
receptors blocking activity and no significant effect on 
HR and cardiac output.46 It also has specific indication 
for pheochromocytoma before surgery, and pregnancy-
induced hypertension (preeclampsia), though recent 
observations indicate more hospitalization of infants 
during infancy for respiratory distress syndrome, sepsis 
and seizures whose mothers were treated with labetalol 

during pregnancy, compared with those treated 
with methyldopa.47 Carvedilol is also a non-selective 
β-blocker with α1-receptor blocking activity, and is 
indicated for left ventricular dysfunction following 
MI, chronic primary hypertension, and mild to severe 
chronic HF, due to its limited effects on HR, and 
cardiac contractility.48  

Nebivolol is the newer and highly selective β-blocker 
with vasodilating property due to stimulation of 
endothelial nitric oxide synthase, and the resultant NO 
release from endothelium. It also directly reacts with free 
radicals, scavenging reactive oxygen species (ROS), and 
thus reducing oxidative stress.49 Nebivolol significantly 
lowers sitting SBP and DBP in mild to moderate 
hypertension, even in patients with African heritage,50 
in Hispanics,51 and with a response rate ranging from 

Table 2 - Selected studies on beta-blockers for use in the management of hypertension.

Study Study design Number of patients Findings

Srivastava et al1 Double-blind prospective trial          20 Treatment benefits versus placebo did not 
reach statistical significance

Prichard and Gillam2 Prospective trial        109
92 of the patients in propranolol group 

achieved a supine, or standing BP of 100 mm 
Hg or less

MRC Working Party14 Randomized, placebo-controlled, 
single-blind trial in elderly 4,396 (aged 65-74 years)

Atenolol-treated patients showed no 
significant reduction in stroke, coronary 

events, and all CV events

Gupta et al (ASCOT)17 Randomized, comparator trial   19,257 Patients assigned to atenolol +/- thiazide 
developed more NOD

Lindholm et al22 Meta-analysis of 7 randomized trials   27,433 β-blockers raised the risk of stroke

Law et al27 Meta-analysis of 108 randomized trials 464,000 No significant difference among major 
antihypertensives

Fretheim et al28 Meta-analysis of 25 randomized trials 164,671 β-blockers not superior to other 
antihypertensives

Mahmud and Feely41 Comparator trial of atenolol and 
nebivolol         40 Nebivolol, but not atenolol, reduced aortic 

stiffness

Bangalore et al19 Comparative meta-analysis of 22 
clinical trials  68,222 β-blockers-induced decreased HR increased 

risk of cardio-vascular events and death
Phillips et al (GEMINI)45 Comparative trial of carvedilol and 

metoprolol
    1,235 Carvedilol is better in hypertensive patients 

with diabetes

Lewin et al53 Nebivolol monotherapy in stage II 
hypertension        290 Nebivolol was significantly effective even in 

patients with BMI >30 Kg/m2

Zeltner et al69 Comparative trial of ramipril vs 
metoprolol in PCKD         46 No significant difference in proteinuria, renal 

function, and LVMI in 3 years follow-up 

Caglar and Dincer (PROBE)72
Comparative trial of nebivolol and 

ramipril in hypertensive patients with 
LV hypertrophy

      106 Nebivolol significantly reduced LVMI, and at 
a lower dose

Collier et al (ASCOT-BPLA)80
Comparative trial of atenolol and 
amlodipine in younger and older 

hypertensive patients
  19,257

Amlodipine reduced relative risk of CV events 
more effectively than atenolol in both older 

and younger patients

Pareek et al92
Comparative trial of metoprolol XL/
amlodipine combination vs losartan/

amlodipine combination
       148 Both combinations were equally effective in 

lowering SBP and DBP

CV - cardiovascular, NOD - newonset diabetes, HR - heart rate, BMI - body mass index, LVMI - left ventricular mass index, 
PCKD - polycystic kidney disease, SBP - systolic blood pressure, DBP - diastolic blood pressure
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66-68.9% at doses of 5-20 mg once daily.52 Nebivolol 
monotherapy significantly lowered both SBP and DBP, 
and a higher percentage (30.6%) of individuals achieved 
target BP (<140/90 mm Hg) compared with placebo in 
a group of patients where 63.9% had body mass index 
(BMI) of >30 Kg/m2, and 35.2% patients were black, 
and 37.3% Hispanics. However, in this study nebivolol 
was not effective in reducing SBP in black patients.53

In a retrospective analysis, monotherapy with 
nebivolol was effective for patients of all age groups 
with stage I to II hypertension as it significantly lowered 
DBP at various dosages (5-20 mg/day) but the SBP in 
a population older than 62 years was only significantly 
lowered at 20 mg dose because this age group tends 
to have higher baseline SBP values.54 Nebivolol 
monotherapy is as effective as combination therapy with 
a diuretic, CCB, or other antihypertensive and with a 
favorable adverse effects profile with more patients 
responding to monotherapy than in combination with 
a diuretic.55 Evening dosing of nebivolol significantly 
lowers daytime, nighttime, and 24 hour BP, and the 
pre-waking SBP, called the morning BP surge.56 Even in 
patients with pre-hypertension, nebivolol significantly 
reduces central aortic systolic, diastolic, and MAP, and 
significantly increases urinary nitrite/nitrite excretion, 
an indication of increased NO production.57 

Beta-blockers versus diuretics. Diuretics have been 
an integral part of antihypertensive therapy and their 
effectiveness is still without doubt, but with negative 
effects on patient’s metabolic profile.58 Both thiazide 
diuretics and β-blockers increase diabetes risk, but their 
combined use is frankly diabetogenic.59 Messerli et al60 
raised the question if β-blockers were useful as first-line 
antihypertensive therapy in the elderly, and they later 
reported that β-blockers use with diuretics, in fact, 
resulted in a worse outcome than the use of diuretics 
alone.61 Patients treated with diuretics, or in combination 
with other antihypertensive drugs, especially CCBs 
have significantly lower variation of 24-hour SBP than 
those treated with other antihypertensives.62 Thiazide 
diuretics reduce the risk of stroke more than β-blockers 
and ACEIs,63 but are associated with increased insulin-
resistance, and the risk of gout.64,65 Hydrochlorothiazide 
(HCTZ) also increases hepatic triglycerides level.66 
Chlorthalidone has lately been reported to be more 
effective than HCTZ in preventing cardiovascular 
events in hypertensive patients.67

Beta-blockers versus renin-angiotensin inhibitors.
The control rate of SBP and DBP in mild-to-moderately 
hypertensive middle-aged and elderly patients was 

significantly higher after a 12-week treatment with 
zofenopril than with atenolol.68 After a 3-year follow-up, 
both ramipril and metoprolol significantly decreased 
MAP, and showed no significantly different effects on 
renal function, albuminuria, and left ventricular mass 
index in patients with autosomal dominant polycystic 
kidney disease.69 Atenolol also increases triglycerides 
levels, but not as much insulin sensitivity as ramipril 
or candesartan, while significantly reducing more 
SBP than ramipril.70 In a study to observe any gender 
difference of antihypertensive effect of various drug 
classes, atenolol had a better BP-lowering effect and 
target BP was achieved more in Chinese women than in 
men, and women also experienced more adverse effects 
with sustained release nifedipine and captopril than 
men.71

In the PROBE trial,72 both nebivolol and ramipril 
significantly decreased left ventricular mass and mass 
index in hypertensive patients with left ventricular 
hypertrophy. However, the effect of nebivolol was 
significantly better than ramipril.72 In combination 
with lisinopril, nebivolol significantly lowers DBP in 
stage II diastolic hypertension compared with placebo, 
nebivolol, or lisinopril alone.73 Nebivolol was however, 
equally effective in reducing central systolic and DBP, 
peripheral PP, and the augmentation index, as quinapril 
and aliskiren in treatment-naïve patients with stage I-II 
hypertension.74 Treatment with atenolol or perindopril/
indapamide combination for one year, showed less 
reduction in 24 hour SBP, and pulse pressure in the 
atenolol group, but the ambulatory arterial stiffness 
index and aortic pulse wave velocity were similar in 
both treated groups.75 Perindopril and metoprolol-
treatment for 6 months also showed no significantly 
different effects on aortic elasticity in patients with pre-
hypertension.76 Metoprolol and valsartan also showed 
comparable effects on endothelial function and carotid 
artery elasticity, and reducing BP in mildly hypertensive 
patients.77 However, metoprolol was more effective in 
reducing 24-hour MAP without affecting artery stiffness 
than candesartan after the repair of aorta coarctation in 
hypertensive patients.78 Nebivolol is equally effective as 
valsartan in hypertensive patients with obstructive sleep 
apnea, but reduces HR significantly more than valsartan, 
which could be beneficial for certain patients.79

Beta-blockers versus calcium channel blockers. 
In the Anglo-Scandinavian Cardiac Outcomes 
Trial-Blood Pressure Lowering Arm (ASCOT-BPLA),80 
compared with atenolol, the amlodipine treatment of 
hypertension reduced the relative risk of cardiovascular 
events (non-fatal MI, fatal CHD) by 17% in patients 
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older than 65 years, and 15% in those younger than 65 
years. The events were higher in older patients and thus 
benefit was more significant in these patients.80 The 
amlodipine-treated group also showed lower within-
individual visit-to-visit, and 24-hour ambulatory 
blood pressure monitoring (ABPM) variability in 
SBP which also decreased, whereas variability in the 
atenolol-treated group increased over time. The lower 
variability in the amlodipine group was partly credited 
for the reduced risk of stroke in this group.81 The same 
ASCOT trial also showed a significant reduction in total 
cardiovascular events and procedures in a subgroup of 
patients with diabetes mellitus,82 and a significantly 
lower carotid SBP, a significant independent predictor 
of left ventricular mass index, in amlodipine-treated 
group than in atenolol group, despite no significant 
differences in brachial pressure.83 In a multicenter 
randomized comparative effectiveness trial (CLUE) 
of patients with SBP of 180 mm Hg or more during 
hypertensive emergency, nicardipine, and labetalol 
were compared regarding their ability to lower BP to 
a target level within 30 minutes without causing any 
end-organ hypo-perfusion. Both treatments lowered 
BP but patients treated with nicardipine reached the 
physician-specified SBP target range within 30 minutes 
than those treated with labetalol; HR was consistently 
lower in the labetalol group.84 

One of the arguments for use of β-blockers in 
hypertension has been the higher baseline HR. However, 
in the ASCOT trial,80 HR was significantly reduced 
more by atenolol than by amlodipine, but still the total 
cardiovascular events and procedures were reduced 
significantly more in amlodipine-treated hypertensive 
patients, an indication that higher baseline HR was 
not an impediment for amlodipine’s beneficial effects, 
and β-blockers use is not justified simply due to higher 
baseline HR in hypertensive patients uncomplicated 
by IHD.85 The INVEST trial86 also showed prevention 
of cardiovascular events by verapamil-SR equivalent to 
atenolol, but with a better subjective feeling of well-
being. 

Beta-blocker combinations. Multidrug treatment 
is required in many patients with uncontrolled 
hypertension. However, the order of initiation and 
addition was an interesting observation of Johnson et al.87 
They started 2 groups of uncomplicated hypertension 
patients on either HCTZ or atenolol monotherapy, and 
later added the ‘other’ drug to the regimen. The group 
initially started with HCTZ, and then added atenolol 
showed a greater BP-lowering response than when the 
order was switched, indicating the importance of the 

order, in which therapy was initiated with HCTZ and 
atenolol. In various dose combinations, atenolol with 
amlodipine was significantly more effective in lowering 
SBP and DBP, and more patients achieved target BP 
than patients treated with monotherapy with either 
drug.88 Atenolol with aliskiren was also more effective 
in lowering SBP and DBP than aliskiren alone, and 
patients with high baseline plasma renin activity (PRA) 
registered a significant drop in PRA in both atenolol/
aliskiren, and aliskiren groups than in atenolol-treated 
stage I-II hypertensive patients.89 

The Combination Therapy of Hypertension to 
Prevent Cardiovascular Event (COPE) Trial90 evaluated 
combinations of calcium channel blocker benidipine 
with an ARB, a β-blocker, or a thiazide diuretic in 
hypertensive patients to achieve target BP and prevent 
cardiovascular events. All combinations were similarly 
effective but in a sub-analysis the incidence of the 
primary cardiovascular end point in patients older than 
65 years was higher than those younger than 65 years. 
The hazard ratios for fatal and non-fatal stroke, and 
for new-onset diabetes in older patients on β-blocker 
combination were higher than with a thiazide and 
an ARB.90 Combining atenolol with nitrendipine 
significantly increases body weight and fasting blood 
glucose level in overweight and obese hypertensive 
patients, which needs to be controlled with metformin.91 
A fixed dose combination of metoprolol extended 
release with amlodipine was as effective, and well 
tolerated as a combination of losartan and amlodipine 
in reducing both SBP and DBP.92 However, combining 
carvedilol extended release with lisinopril was not 
superior to monotherapy with the either drug, except in 
high dose combinations, despite producing additional 
reduction in 24-hour mean DBP.93 Adding nebivolol 
to resistant stage I-II hypertensive patients undergoing 
antihypertensive therapy significantly improves the 
response and control rate.94 

Carvedilol in combination with lisinopril significantly 
improved endothelial function in hypertensive 
obese patients compared with a combination of 
hydrochlorothiazide and lisinopril, though oxidative 
stress was not significantly affected by either treatment.95 
In diabetic hypertensive patients receiving a renin-
angiotensin blocker, addition of carvedilol results in a 
significant reduction in triglycerides, total cholesterol, 
and non-HDL cholesterol levels, whereas addition of 
metoprolol caused an increase in both triglycerides and 
non-HDL cholesterol levels, and a decrease in LDL and 
HDL cholesterol levels.96 Addition of carvedilol but 
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not metoprolol to high-risk diabetic African-American 
patients, who had persistent microalbuminuria despite 
receiving ACEI treatment, improves endothelial 
function and reduced microalbuminuria.97 

A study judging the effectiveness of various 
antihypertensive drug classes showed that the average 
reduction (mm Hg, with 95% CI) in SBP achieved 
over a 24 hour period in descending order was: 10.3 
(9.9-10.8) for ARBs; 9.2 (8.6-9.9) for β-blockers; 
8.5 (7.9-9.0) for ACEIs; 8.8 (8.3-9.2) for CCBs; and 
8.8 (8.3-9.4) for diuretics. The percentage of patients 
reporting adverse effects attributable to treatment in 
descending order was: 9.9 for diuretics; 8.3 for CCBs; 
7.5 for β-blockers; 3.9 for ACEIs; and 0 for ARBs.98 The 
annual drug cost using standard doses was estimated to 
be the highest for ARBs, followed by ACEIs, CCBs, 
β-blockers, and diuretics.99 A similar conclusion was 
reached after a meta-analysis of randomized controlled 
clinical trials by the Blood Pressure Lowering Treatment 
Trialists’ Collaboration,100 who stated that there is little 
evidence from these overviews to support the preferential 
choice of particular drug classes for the prevention of 
cardiovascular events in chronic kidney disease. 

In conclusion, it is our view that β-blockers may 
no longer be the undisputed leader, however they still 
hold a special place in the treatment of cardiovascular 
diseases, including hypertension due to their cost-
effectiveness, and a reasonable adverse effects profile. 
While there are differences of opinion regarding their 
preference based on meta-analyses of clinical trials, 
there is still no unequivocal evidence against their use 
in all forms of cardiovascular diseases. Beta-blockers 
are still regarded useful for patients with IHD but 
more important is the individualization of therapy. 
Third generation β-blockers have many advantages 
over the first and second generation β-blockers, 
due to their unique properties and better effects on 
metabolic profile, and should be preferred whenever 
possible. Nevertheless, more comparative clinical trials 
involving third generation β-blockers and other classes 
of antihypertensive agents would be required to have 
a better understanding regarding the current role of 
β-blockers in the treatment of cardiovascular diseases.
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