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Abstract
Beta blockers are used for the management of arterial hypertension and are gold standard treatment for coronary
artery disease and heart failure, medical conditions that affect large numbers of older patients and are associated
with very high morbidity and mortality rates.
Lifelong therapy in primary and secondary prevention (without and with established cardiovascular disease,
respectively) is limited by low adherence to drugs which is accompanied by increased mortality. Drug adverse
events and impaired quality of life are among the main causes of poor adherence to therapy. Erectile dysfunction is
the ‘prima ballerina’ of drug-induced life quality impairment. Beta blockers exert detrimental effects on erectile
function. In contrast, nebivolol (a third generation beta blocker with vasodilating properties and proven efficacy in
patients with hypertension and heart failure) does not share the unfavourable effects of other beta blockers on
erectile function due to increased nitric oxide bioavailability.
Therefore, Nebivolol represents an attractive option for patients with hypertension, heart failure, and other related
diseases who need to be treated with beta blockers.

Keywords: Antihypertensive drugs; Antihypertensive therapy; Beta
blockers; Erectile dysfunction; Hypertension; Nebivolol; PDE-5
inhibitors; Sexual dysfunction Abbreviations: ACE: AngiotensinConverting Enzyme; cGMP: Cyclic Guanosine MonoPhosphate ; MR
NOED: Metoprolol vs Nebivolol Study of Erectile Dysfunction; PDE:
Phosphodiesterase; PDE-1: Phosphodiesterase type 1; PDE-5:
Phosphodiesterase type 5; PDE-6: Phosphodiesterase type 6; PDE-11:
Phosphodiesterase type 11

arterial hypertension, in patients with cardiovascular risk factors and
in patients with cardiovascular disease is of utmost importance for
several reasons [9-11]. Mainly, because erectile dysfunction frequently
precedes coronary artery disease by 3-5 years and provides the
opportunity to detect and appropriately manage asymptomatic heart
disease, and because erectile dysfunction severely impairs the quality
of life of patients and their sexual partners, which can be effectively
and safely managed even in patients with cardiovascular disease.

Background

Discussion

Cardiovascular disease is the leading cause of mortality worldwide.
Arterial hypertension is a major cardiovascular risk factor, affects
almost one third of the adult population and is associated with
approximately 7.6 million deaths annually [1]. High blood pressure
affects the human vasculature and results in functional and structural
alterations of the vessels all over the body [2]. Erectile dysfunction is
currently considered of vascular origin in the vast majority of cases in
middle-aged and older individuals, due to diffuse atherosclerosis and
functional abnormalities of the penile arteries [3]. It is therefore of no
surprise that erectile dysfunction is highly prevalent in patients with
cardiovascular risk factors (arterial hypertension, diabetes mellitus,
obesity, dyslipidemia) or overt cardiovascular disease (coronary artery
disease, heart failure, stroke), with rates ranging from 40% to 90% that
are significantly greater than in individuals free of cardiovascular
disease [4-8].
Erectile dysfunction remains under-reported, under-detected and
under-treated, despite significant advances in the post phosphodiesterase (PDE) -5 inhibitors era [4,5]. The timely
recognition and management of erectile dysfunction in patients with
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Nebivolol
Nebivolol is a third-generation beta blocker with vasorelaxing
properties [12]. Vasodilatory actions are shared by some other beta
blockers as well (carvedilol and labetalol), however these actions are
due to concomitant alpha blockade. In contrast nebivolol results in
vasodilatation due to increased nitric oxide bioavailability via a direct
stimulatory effect on endothelial nitric oxide synthase [13-15].
Nebivolol possesses some additional attractive characteristics, since
it is the most selective beta-1 blocker available, has a long half-life and
its trough-to-peak ratio is 90% [16].
Of major importance, nebivolol unlike traditional beta blockers
does not exert detrimental effects on glycose homeostasis
(deterioration of insulin sensitivity and increased risk for new-onset
diabetes mellitus) [17] even in combination with diuretics [18], is
effective in patients with endothelial dysfunction [19], has a superior
effect on central aortic pressure and left ventricular wall thickness
compared to other beta blockers [20-22], is more effective in patients
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with nitric-oxide sensitive hypertension such as in patients with
autonomic failure [23], does not impair the walking ability in patients
with symptomatic peripheral artery disease [24], exerts beneficial
effects on small arteries and micro-circulation in hypertensive patients
[25], restores functional sympatholysis in hypertensive patients [26],
and stimulates platelet nitric oxide production thus exerting thromboprotective effects [27]. These characteristics differentiate nebivolol
from most available beta blockers and render nebivolol a good and
attractive candidate for the management of arterial hypertension and
cardiovascular disease (Table 1).
Traditional beta
blockers

Nebivolol

Blood pressure reduction

+

+

Cardiovascular event reduction

+

+

Coronary artery disease prevention

+

+

Coronary artery disease treatment

+

+

Heart failure prevention

+

+

Heart failure treatment

+

+

Nitric oxide bioavailability

-

+

Endothelial function

-

+

Central blood pressure

-

+

Target organ damage

-

?

Peripheral artery disease

-

+

Chronic obstructive pulmonary disease

-

+

Glucose homeostasis

-

+

New onset diabetes

-

+

Adverse events – Adherence to therapy

-

+

Table 1: Differences between traditional beta blockers and nebivolol in
cardiovascular and other disease conditions.
Several studies established the efficacy and safety of nebivolol for the
management of arterial hypertension, as monotherapy or combined
with other classes of antihypertensive drugs [28,29]. Recently, the fixed
dose combination of nebivolol and valsartan was found effective and
safe in a large clinical trial of more than 4,000 hypertensive patients
[30]. Nebivolol use has been also tested and proven effective and
tolerated in patients with heart failure [31-34].

Antihypertensive drugs and erectile dysfunction
The increased prevalence of erectile dysfunction in arterial
hypertension and other cardiovascular disease conditions raises the
question whether erectile dysfunction is the result of high blood
pressure and atherosclerosis or antihypertensive drugs contribute to
the appearance of erectile dysfunction [35-38]. Accumulating evidence
indicates that hypertension per se results in structural and functional
abnormalities of the penile tissue and subsequent erectile dysfunction
[3,6]. In addition, several antihypertensive drugs may cause erectile
dysfunction [10]. In summary, older antihypertensive agents (centrally
acting drugs, spironolactone, thiazides, beta blockers) exert negative
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effects on erectile function, while newer antihypertensive agents have
either neutral (ACE [Angiotensin-Converting Enzyme] -inhibitors,
calcium antagonists) or even positive effects (angiotensin receptor
blockers, nebivolol) [11].
A recent systematic analysis about the effects of antihypertensive
drugs on erectile function confirmed that renin-angiotensin-system
inhibitors (angiotensin receptor blockers and ACE-inhibitors) and
calcium antagonists have no relevant or even a positive effect on
erectile function, while diuretics and beta blockers may adversely
influence erectile function with the notable exception of nebivolol [39].

Beta blockers and erectile dysfunction
Beta blockers represent a widely heterogeneous class of drugs used
for the management of arterial hypertension and other cardiovascular
disease conditions, including coronary heart disease and heart failure.
Large variations in selectivity of beta-1 and beta-2 adrenergic receptor
blockade, in intrinsic sympathetic activity, and in vasorelaxation exist,
permitting practicing physicians the choice of the right beta blocker for
the individual patient.
Accumulating evidence points towards a detrimental effect of beta
blockers on erectile function [10,40]. The mechanisms underlying the
negative effects are yet unclarified and might include interference with
the hormonal milieu in the penile tissue, such as the sympathetic
nervous system (a major player in the erection and ejaculation
process), testosterone and luteinizing hormone.
The causal association between beta blockers and erectile
dysfunction has been recently questioned by a study that reported a
ten-fold increased detection of erectile dysfunction in patients taking
atenolol and knowing its side effects compared to patients who were
unaware of which drug they were given [41]. It was therefore suggested
that erectile dysfunction induced by beta blockers is actually perceived
and not real, due to a ‘nocebo’ effect. Although a ‘nocebo’ effect is
observed in some patients, it represents the exception and not the rule.
A wealth of evidence from experimental studies, observational studies
and randomized clinical studies that will be described below, strongly
indicates without any doubt that beta blockers exert detrimental effects
on erectile function, with the notable exception of nebivolol which acts
favorably on erectile function.

Nebivolol versus the other beta blockers in hypertensive
patients with erectile dysfunction
A diversity of the effects of various beta blockers on erectile
dysfunction has been suggested. Data from experimental,
observational, and clinical studies point towards a detrimental effect of
beta blockers on erectile function with the exception of nebivolol.
Nebivolol in hypertensive patients not only does not exert a negative
effect in clinical studies but seems to exert a positive effect on erectile
function through enhanced nitric oxide bioavailability.
Data from experimental studies: Nebivolol exerts beneficial effects
on the erectile tissue of experimental animals. In particular, nebivolol
increases serum nitrite/nitrate concentration by 3 times and plasma
cGMP (cyclic Guanosine MonoPhosphate) levels by 2.75 times,
enhances the endothelium-dependent relaxation of isolated human
corpus cavernosum and produces endothelium-dependent
vasodilatation of human penile resistance arteries [42]. In diabetic rats
with erectile dysfunction, it was found that nebivolol significantly
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improved the erectile response to electrical stimulation, while atenolol
had similar results with placebo (vehicle-treated animals) [42].

of Erectile Function questionnaire compared to patients on any other
beta blocker.

Nebivolol activates endothelial nitric oxide synthase in the smooth
muscle cells of penile corpus cavernosum tissue. It was found that
nebivolol results in a significant increase of endothelial nitric oxide
synthase activation and phosphorylation as well as nitric oxide
liberation in murine erectile tissue, whereas metoprolol does not exert
such effects [43].

Data from clinical studies. Several clinical studies confirm the
between-class and within class differences regarding the effects of
antihypertensive treatment on erectile function. Relevant studies are of
major clinical significance, since they provide meaningful evidence for
the clinical management of patients with arterial hypertension.

Another experimental study in apolipoprotein E knockout mice
revealed that endothelium-dependent relaxation of the corpora
cavernosa improved significantly with nebivolol but not with
metoprolol. Likewise, nebivolol use was associated with a significant
decrease of superoxide anion production via lipid peroxidation,
whereas metoprolol failed to exert such beneficial effects [44].
In another experimental study the effects of nebivolol were
compared with amlodipine. Nebivolol anticipated the appearance of
structural alterations in the penile tissue whereas amlodipine failed to
exert similar actions [45]. In addition, nebivolol increased the
expression of endothelial nitric oxide synthase achieving the levels
found in normotensive rats.
The detrimental effects of beta blockers on the penile structure were
also observed in two more experimental studies, one comparing
candesartan with atenolol in hypertensive rats and the other
comparing losartan and benazepril with atenolol and amlodipine in
rats with chronic renal insufficiency via subtotal nephrectomy [46,47].
It is therefore apparent from the findings of experimental studies
that nebivolol improves penile endothelial function and protects from
the development of structural and functional alterations in the penile
tissue, whereas other beta blockers do not exert these ‘peno-protective’
actions, therefore indicating an effect which is drug-specific and is not
shared by other beta blockers.
Data from observational studies: Data from observational studies in
patients with arterial hypertension strongly point towards betweenclass and within-class differences in the effects of antihypertensive
therapy on erectile function, indicating that beta blockers are
associated with erectile dysfunction and nebivolol represents the only
exception in this rule.
An observational, cross-sectional study of 634 consecutive young
and middle-aged subjects evaluated erectile function with different
antihypertensive drug classes [48]. Erectile function scores were
significantly lower with older antihypertensive agents (diuretics and
beta-blockers) than with modern antihypertensive agents (calcium
antagonists, ACE-inhibitors, angiotensin receptor blockers). Of note,
similar results were observed in females in another observational
cross-sectional study of 417 women [49].
A large, cross-sectional study of more than a thousand middle-aged
and older high-risk hypertensive patients reported the effects of betablockers on erectile function [50]. Erectile dysfunction was highly
prevalent (71%) among users of beta blockers for at least 6 months and
the dysfunction was of relatively high severity (16.1% severe; 16.8%
moderate; and 38.1% mild). The most important finding of the study
however was the diversity of the effects on erectile function among
beta blockers. Metoprolol and carvedilol use was associated with the
highest prevalence of erectile dysfunction, while nebivolol use was
associated with the lowest prevalence of erectile dysfunction, and the
effects of atenolol and bisoprolol were in between. Of note, patients on
nebivolol had higher scores in every aspect of the International Index
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Three small, randomized, double-blind clinical studies that were
carefully designed and conducted to specifically evaluate the effects of
antihypertensive therapy on erectile function uncovered the
detrimental effects of beta blockers. It was found that the use of beta
blockers (atenolol and carvedilol) worsened significantly the sexual
activity of hypertensive patients compared with either placebo or drugs
inhibiting the renin-angiotensin system [51-53].
Nebivolol non-unfavorable effects on erectile function were revealed
in three small, randomized, double-blind clinical studies. The
Metoprolol vs Nebivolol study of Erectile Dysfunction (MR NOED)
was specifically designed to evaluate the effects of antihypertensive
therapy on erectile function in hypertensive patients. The MR NOED
study was a randomized, double-blind study comparing nebivolol (5
mg) with metoprolol (95 mg) for 12 weeks in patients with mild
hypertension [54]. Blood pressure reduction was similar with both
drugs; however the effects of metoprolol and nebivolol on erectile
function differed significantly: metoprolol was associated with
detrimental effects on erectile function, while nebivolol was associated
with improvements on sexual activity scores and other subscores of
erectile function [54]. In a randomized, double-blind study of 131
middle-aged hypertensive men, the effects of nebivolol on sexual
function were compared with the effects of atenolol with and without
chlorthalidone. It was found that atenolol was associated with a
significant reduction of successful sexual intercourses per month (from
7.0 at baseline to 3.7 after 3 months; p<0.01), and the negative effects
were further exaggerated when atenolol was combined with
chlorthalidone (from 6.4 to 2.8, respectively; p<0.01). On the contrary,
the number of successful intercourses per month remained unaffected
during the 3-month treatment with nebivolol (from 6.4 to 6.0,
respectively; p: not significant [55]. Another randomized double-blind
study of 314 patients with arterial hypertension compared the effects of
nebivolol versus losartan on life quality, including sexual function. It
was found that there was no difference between the two groups
regarding the effects of nebivolol and losartan on sexual function,
suggesting that nebivolol does not share the detrimental effects of
other beta blockers on sexual function [56].
Sexual function has been assessed in some large randomized studies
as a secondary end-point. It has to be noted however that these older
studies have significant limitations, mainly the assessment of erectile
function with “primitive” methodology and not by validated
questionnaires. Of equal importance, these studies were conducted at
the pre-PDE-5 inhibitors era, a time at which erectile dysfunction was
a taboo issue and patients were not willing to discuss sexuality.

Switching beta blockers to nebivolol for hypertensive
patients with erectile dysfunction
The acknowledgement of a detrimental role of beta blockers on
erectile function and the evidence pointing towards a beneficial role of
nebivolol, generate the hypothesis that switching prior beta blocker
therapy to nebivolol might have beneficial effects in hypertensive
patients with erectile dysfunction.
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We have conducted an open, prospective study in 44 hypertensive
patients with erectile dysfunction while receiving beta-blockers, and
evaluated the effects of switching prior therapy to nebivolol (5-10 mg)
for 3 months. Erectile function was significantly improved in 68% of
the patients and was even normalized in more than half of patients
experiencing improvement [57]. It has to be noted however that this
was a small, open study and the results need to be confirmed by larger,
randomized clinical studies.

PDE-5 inhibitors in hypertension as concomitant therapies
PDE-5 inhibitors revolutionized the management of patients with
erectile dysfunction and represent the cornerstone of proposed
therapeutic algorithms by the American and the European Urological
Association and the first-line treatment for almost all types of erectile
dysfunction [58,59]. PDE-5 inhibitors increase the intracellular levels
of cGMP through PDE-5 inhibition and thus enhance nitric oxide
bioavailability in the penile tissue leading to penile erection [60]. Four
PDE-5 inhibitors are currently EU-approved and are available in the
European market (sildenafil, vardenafil, tadalafil, avanafil).
Avanafil is the latest PDE-5 inhibitor in the market and has two
important characteristics: a very rapid onset of action and a higher
specificity for PDE-5 [61]. Avanafil is efficacious within approximately
15 min of its administration, and successful sexual attempts may be
obtained as early as 10 min after dosing [62]. The high specificity of
avanafil for PDE-5 may minimize adverse events occurring by
inhibition of other PDE isoenzymes (PDE-6, PDE-1, and PDE-11), and
confer improved tolerability [63].
PDE-5 inhibitors possess vasodilating properties and result in small
reductions of blood pressure (usually 2-4 mmHg). This mild
hypotensive effect has been observed in hypertensive patients (treated
and untreated), patients with overt cardiovascular disease, and patients
with cardiovascular risk factors. PDE-5 inhibitors are very effective in
the management of erectile dysfunction. The response rates are about
70%, and are not significantly attenuated by the presence of either
overt cardiovascular disease or the co-existence of traditional
cardiovascular risk factors [64-67]. Equally important, the overall good
cardiovascular safety profile of PDE-5 inhibitors is maintained in
patients with either cardiovascular risk factors or overt cardiovascular
disease [68-72].
Concerns have been raised regarding the safety of PDE-5 inhibitors
in patients with arterial hypertension who are taking multiple
antihypertensive drugs due to the risk of significant hypotension. It has
been found however that PDE-5 inhibitors can be used concomitantly
even in patients on perplexed multidrug regime [3,10]. The only
exceptions are nitrates and alpha blockers. Nitrates are contraindicated in patients taking PDE-5 inhibitors and can be safely
administered 24 hours after sildenafil and vardenafil intake, and at
least 48h after tadalafil intake [58]. The hemodynamic effects of
nitrates co-administered with avanafil seem to be shorter in duration
than the ones observed with sildenafil [73]. The co-administration of
PDE-5 inhibitors with a-blockers is no longer contra-indicated, and
caution alone is recommended. Symptomatic clinically significant
hypotension may be avoided through several manoeuvres, including
drug dosing (half doses with careful up-titration) and time separation
(6 hours).
Benefits beyond the management of erectile dysfunction may also
occur in hypertensive patients using PDE-5 inhibitors. PDE-5
inhibitors are associated with substantially increased adherence to
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antihypertensive therapy [74]. Better blood pressure control has been
also reported in a large study of more than 6,500 hypertensive patients
[75], which was probably due to a more aggressive therapeutic strategy
and decreased discontinuation rates.
In conclusion, all available PDE-5 inhibitors are effective and well
tolerated drugs in the treatment of erectile dysfunction in patients with
arterial hypertension and in patients with controlled and carefully
monitored cardiovascular disease.

PDE-5 inhibitors and nebivolol: experimental data
Experimental data suggest a synergistic effect of PDE-5 inhibitors
with nebivolol on human corpus cavernosum: nebivolol significantly
augments sildenafil-induced elevation of plasma cGMP levels and
relaxation of isolated human corpus cavernosum [42]. Moreover,
erectile dysfunction was completely reversed with sildenafil in diabetic
rats pre-treated with nebivolol (112% for sildenafil plus nebivolol
compared to 69.6% for sildenafil alone) [42]. Another recent
experimental study evaluated the effects of nebivolol addition to PDE-5
inhibitors (sildenafil, vardenafil, and tadalafil) on the capacity of
PDE-5 inhibitors to relax human corpus cavernosum and vasodilate
human penile resistance arteries from organ donors without erectile
dysfunction and diabetic patients with erectile dysfunction [76]. It was
found that the addition of nebivolol significantly potentiated the
vasorelaxant properties of PDE-5 inhibitors and enhanced the
elevation of cGMP levels induced by PDE-5 inhibitors, pointing
towards a synergistic effect of nebivolol with PDE-5 inhibitors on
erectile mechanisms [76].
Concerns have been raised about the safety of this combination,
since excessive nitric oxide bioavailability might cause hypotension.
However, preliminary evidence does not support these concerns.
Experimental data in isolated vessel rings of rat aorta revealed that
both sildenafil and nebivolol induced vasodilatation as expected.
However, sildenafil did not potentiate the vasodilatory capacity of
nebivolol in the aorta [77]. The latter observation combined with the
abovementioned findings about the effects of this combination in the
penile tissue point towards a differential effect of the PDE-5 inhibitors
and nebivolol combination in different vascular beds. The synergistic
beneficial effects in the penile tissue are not accompanied by
synergistic effects in the aorta, which might have resulted in
hypotension.
Experimental evidence supports recent observational data: we have
recently reported the safety of nebivolol and PDE-5 co-administration
in 76 patients with arterial hypertension and erectile dysfunction [78].
No significant adverse effects were reported, suggesting that nebivolol
may safely be combined with PDE-5 inhibitors in hypertensive
patients, since the benefits in erectile dysfunction are not associated
with concerns for excessive symptomatic hypotension. The efficacy and
safety of this combination remains to be verified by large prospective
trials.

Perspectives
A wealthy of evidence points towards detrimental effects of beta
blockers on erectile function. The ability of nebivolol to increase nitric
oxide bioavailability is unique among beta blockers. This unique
property of nebivolol seems to prevent beta blocker-induced erectile
dysfunction, which frequently occurs with other beta blockers but not
with nebivolol. Therefore, nebivolol is useful for the management of
patients with essential hypertension, for whom the treating physician
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opts to use beta blockers and maintenance of erectile function is of
essence for the patient. In addition, nebivolol is useful in hypertensive
patients with erectile dysfunction while on beta blockers, since
switching of administered therapy to nebivolol might be associated
with benefits on erectile function.

Results
Erectile dysfunction is commonly found in patients with arterial
hypertension, cardiovascular risk factors and overt cardiovascular
disease. The vast majority of available evidence unveils a detrimental
role of beta blockers in erectile dysfunction. In contrast, experimental
and clinical data strongly point towards a beneficial effect of nebivolol
on erectile function via increased nitric oxide bioavailability. The
properties of nebivolol in regards to erectile dysfunction in
hypertensive patients are unique among beta-blockers, rendering
nebivolol an attractive choice in patients who care about erectile
function and need to be treated with beta blockers.
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