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Abstract: Erectile dysfunction (ED) is defined as a man’s consistent or recurrent inability to
attain and/or maintain penile erection enough for successful vaginal intercourse. ED affects
a large part of the population, increasing its incidence with age and comorbidities. It is
estimated by the year 2025, 322 million men will suffer from ED. Incidence of ED has been
related not only to chronic diseases such as diabetes mellitus, metabolic syndrome, hyperli-
pidemia, psychiatric diseases or urinary tract diseases, but also to hypertension and especially
to antihypertensive treatments. This review summarizes current knowledge about the man-
agement of ED in hypertensive men and its role as cardiovascular disease predictor.
Keywords: crectile dysfunction, cardiovascular diseases, hypertension, antihypertensive
agents

Introduction

Erectile dysfunction (ED) is defined as a man’s consistent or recurrent inability to
attain and/or maintain penile erection enough for successful vaginal intercourse.'
Erectile dysfunction affects a large part of the population, increasing its incidence
with age. It is estimated by the year 2025, 322 million men will suffer from this
disease.’

Incidence of ED has been related to chronic diseases such as diabetes mellitus,
metabolic syndrome, hyperlipidemia, psychiatric diseases or urinary tract diseases;
but also to hypertension and especially to antihypertensive treatments.'

Many theories that explain the relationship between ED and hypertension have
been proposed and the treatment of ED in hypertensive patients generates contro-
versy. Under those circumstances, it is needed an actualized review of the relation-
ship between these two entities which gathers the last knowledge published about
this issue.

Epidemiology
Several epidemiologic studies from different countries have shown that the pre-
valence of erectile dysfunction is very high in the population. The Massachusetts
Male Ageing Study (MMAS) evidenced that ED affects 52% of men over 40 years
in United States and the European Male Ageing Study (EMAS) showed
a prevalence from 6% to 64% (average 30%), rising with age.’

Multiple risk factors such as hypertension can heighten the possibility of
suffering ED. A large registry of high-risk hypertensive patients showed that the
prevalence of ED was 71%, although most were light to moderate grade® and
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different studies have obtained an odds ratio range from
1.30 to 2.79, for ED in hypertensive population.’

Pathophysiology
Penile erection is a neurovascular event modulated by
psychological and hormonal factors. In sexual stimula-
tion, the nerve impulses cause the release of neurotrans-
mitters, mainly nitric oxide (NO), from the cavernous
nerve terminals and endothelial cells relaxing factors in
the penis, resulting in the relaxation of the smooth mus-
cles of the arteries and arterioles that supply to the
erectile tissue causing an increase in flow blood of the
penis. At the same time, relaxation of the trabecular
smooth muscle increases the distensibility of capillaries,
to facilitate rapid filling and capillary system expansion.
Thus, the subtunical venous plexus is compressed
between the trabeculae and the tunica albuginea, result-
ing in almost total occlusion of venous flow. These
events catch the blood inside the corpora cavernosa and
carry to the penis from a flaccid position to an erection
with an intracavernous
100 mm Hg.
Detumescence may be the result of a cessation of the

pressure of approximately

release of neurotransmitters, the second messenger’s inter-
ruption by phosphodiesterase, as well as a sympathetic dis-
charge during ejaculation. Smooth muscle contraction
trabecular reopens venous vessels, blood trapped is expelled,
and flaccidity returns.® Hypertension can interfere at some
points of this process, causing erectile dysfunction.

Embryology

Penis circulation and vascular system have the same embry-
ological precedence, so penis can be considered as
a prolongation of the vascular system. Therefore, it is inferred
that every damage that modifies the systemic circulation will

alter the penis circulation.’

Arterial Stiffness

Over the years, smooth muscle of the peripheral vascular
system suffers a degeneration of its smooth muscle cells,
being replaced by collagen. As consequence, penis vessels
lose their ability to store the blood necessary for the penile
erection.

A loss of approximately 15% of muscle cells it is needed
for the beginning of blood leak at penis vessels.® This smooth
cells apoptosis is clearly related to the age and genetically
defined in each person, but rat studies have shown that
hypertensive rats developed earlier, penis vessels changes

such as medial thickening, lumen narrowing, and increase
of vascular resistance, compared with normotensive rats.’

Endothelial Dysfunction

NO is the main neurotransmitter involved in penile erection.
In hypertension, maintained high blood pressure values
leads to premature aging and increased turnover of endothe-
lial cells, resulting in a decreased ability to release NO from
the endothelium.'® This had been classically one of the
proposed mechanisms to explain the relationship between
hypertension and ED, but in the last years, the publication of
a study has questioned this theory. Hurt et al'' had suggested
that NO implicated in the sustained penile erection is deliv-
ered by neuronal NO synthase and not by endothelial NO
synthase as it was thought.

Testosterone
Testosterone is necessary for the correct functioning and for
the preservation of the penis structure.'”> Doppler studies
have shown that penile arterial insufficiency is more fre-
quent, in men with low levels of testosterone. > In addition,
testosterone deficiency and penile arterial dysfunction
appear to be physiologically related through endothelial
dysfunction, being appropriate testosterone levels necessary
for the maintenance of intrapenile NO synthase levels.’
The relation between testosterone levels and high
blood pressure has been described in different studies.
According to Mulligan T,'* hypertensive men have
a significantly higher risk of having low testosterone
levels, compared to normotensive men (relative risk:
1.84). Many hypotheses have been proposed to explain
this connection but the mechanism is not clear: some
genes could intervene in both regulation of blood pressure
and steroidogenesis; hypertension could act as an inhibitor
of steroidogenesis;” finally, hypertension treatment with
thiazides, beta-blockers or spironolactone has been related
with decreased testosterone levels.'”

Other Pathologies Associated with

Hypertension

Hypertension is tightly related to other pathologies such as
chronic renal failure or heart failure which have been
related to ED.

Chronic Renal Failure

Erectile disfunction prevalence in patients with chronic
kidney disease (CKD) is almost 50-70%, in different
degrees.'®'” The cause of this relationship seems to be
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the uremia produced in CDK, which could cause hyper-
prolactinemia, reducing testosterone levels and it has been

related too with an elevation of NO inhibitor levels.'®!”

Heart Failure

Sexual activity absence is present in 30% of heart failure
(HF) patients.?® This correlation has an important psycholo-
gical factor, but HF can produce ED in different ways. On
the one hand, HF is a complex syndrome associated with
several metabolic alterations, which include impairment of
nitric oxide synthase activity and vascular relaxation. On
the other hand, HF has been related to anabolic deficiency.
Jankowska et al?' found an inverse relation between HF
grade (New York Heart Association) and total testosterone
levels. Finally, HF patients are commonly treated with thia-
zides or beta-blockers, and as already mentioned above,
these drugs can reduce testosterone levels.

Management of Erectile
Dysfunction in Hypertensive

Patients

A detailed history of the patient's disease is essential for
a correct diagnosis of the cause of erectile dysfunction. It
must be focused on detecting possible comorbidities, toxic
habits or drugs which could explain ED, especially mental
health medications which have been classically associated
with sexual dysfunction. Some psychosexual factors can
be the cause of the disease and should be addressed in the
interview: anxiety, stress, low self-esteem, relationship
with sexual partner or possible symptoms of female sexual
dysfunction. Furthermore, the doctor must examine possi-
ble penis abnormalities, signs of hypogonadism, as well as
perform a rectal examination to rule out prostatic pathol-
ogies. In addition, it is recommended to complement the
history and exploration with basic laboratory profile,
including testosterone levels.

Moreover, ED severity can be measured with the
International Index of Erectile Function 5 (IIEF-5) scale. This
scale is a validated, self-administered questionnaire that eval-
uates the most relevant aspects of male sexual function, such as
erectile strength, orgasm, desire, satisfaction with intercourse,
and overall satisfaction. The IIEF classifies the severity of ED
into five categories stratified by score: No ED,** > Mild,'" '
Mild to moderate,'> '® Moderate,> ! Severe.> ">

Hypertension Treatment
Hypertension medical treatment has a wide range of possibi-
lities including beta-blockers, diuretics, angiotensin receptor

blockers, calcium antagonists, mineralocorticoid antagonists,
alpha-blockers, renin inhibitors and angiotensin-converting
enzyme inhibitors among others.”> Blood pressure control

can be achieved almost equally with all medical

therapies,>*>

although some strategies add some positive
issues, mainly on tolerability or side effects. Doumas et al
describe that ED prevalence in untreated hypertensive
patients is lower than in treated hypertensive patients.*®
Moreover, hypertensive patients with blood pressure con-
trolled also have lower prevalence of ED.?” Therefore, it is
necessary to know which antihypertensive drugs are recom-

mended in these patients (Table 1).

Unrecommended Drugs

Beta-blockers have been classically related to ED. The
DELTHA study, a cross-sectional, observational study con-
ducted in 1007 hypertensive male patients treated with a beta-
blocker agent for at least 6 months reported a prevalence of
ED as high as 71%.* That effect was higher in first-generation
beta-blockers, as propranolol, or second generation, as ateno-
lol or metoprolol, than in newest beta-blockers, which possess
vasodilatory actions through of blockade of alpha adrenocep-
tors and release NO. MR NOED,28 a randomized double-
blind study, compared treatment with metoprolol vs nebivolol
in hypertensive patients and found a deterioration of ED in
patients treated with metoprolol, while patients treated with
nebivolol improved ED scores.

Aldosterone antagonist, mainly spironolactone, pro-
duces frequently ED and decreased libido. These side
effects are due to the androgen receptors blockage that
spironolactone produces, instead, other aldosterone
antagonists like eplerenone with less affinity for these
receptors, have not demonstrated higher prevalence of
ED, when compared with placebo.*’

Thiazide diuretics association with ED has been classically
described in several studies. The Trial of Antihypertensive

Interventions and Management (TAIM)*® was a randomized,

Table | Antihypertensive Treatments Recommended or Not in
Patients with Erectile Dysfunction

Recommended Not Recommended

o First- secondgeneration beta- e Nebivolol

blockers

o Aldosterone antagonist (mainly e Angiotensin-converting enzyme

aldosterone) inhibitors

® Thiazide diuretics o Angiotensin receptor blockers

o Calcium channel blockers
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placebo-controlled study that evaluated the effect of chlortha-
lidone and atenolol with placebo in overweight hypertensive
patients. The TAIM study showed higher erectile problems
incidence in chlorthalidone treated patients (28%; 95% CI
15-41%), compared with placebo (3% 95% CI 0-9%).

Recommended Drugs

Nebivolol is a third-generation beta-blocker that produces
peripherical vasodilation, blocking alfa-adrenergic recep-
tors and inducing NO release. Cordero et al carried out
a cross-sectional and observational study of 1242 hyper-
tensive male patients treated with beta-blockers for at least
6 months and found that nebivolol was independently and
inversely associated with ED (odds ratio 0.22; 95% CI:
0.05-0.88).”” The DELTHA study showed that hyperten-
sive patients without ED were more frequently treated
with nebivolol than with other beta-blockers.* An open,
prospective study of men with hypertension, treated- with
first
an improvment in erectile function when their treatment

and second-generation beta-blockers, showed
was switched to nebivolol in 68% of patients.?!
Angiotensin receptor blockers (ARB) are expected to
improve the penile erection due to their block of angiotensin
vasoconstrictor effect. A prospective study was performed to
investigate the effect of valsartan on sexual function (mea-
sured by the IIEF) in 3.500 hypertensive males. In previously
untreated patients, ED prevalence was significantly reduced
from 65% to 45% (p < 0.0001). In patients treated with other
drugs, switched to valsartan, ED prevalence was reduced

from 75% to 53%.%2

Erectile Dysfunction Treatment
(PDE-5 inhibitors) still
remain as the first-line drugs for the treatment of erectile

Phosphodiesterase-5-inhibitors

dysfunction in patients with normal testosterone levels.*
The effects of PDE-5 inhibitor therapy combined with anti-
hypertensive drugs were studied by Bohm et al analyzing 35
double-blind, placebo-controlled, and randomized investiga-
tions, with a total of 8115 patients divided into two groups:
placebo and sildenafil. The analysis of data obtained an equal
frequency of adverse events related to antihypertensive treat-
ment in both groups, without influence by the number of
different antihypertensives administered. The occurrence of
adverse effects associated with blood pressure was low, and
was comparable between the individual groups.**

Due to vasodilator effect of PDE-5 inhibitors, hyper-
tensive patients can benefit from combinate treatment with
antihypertensive and PDE-5 inhibitors. Furthermore, an

effective treatment with PDE-5 inhibitors could reduce
CVD risk in two ways. First, as result of ED, patients
reduce the sexual intercourse frequency and a low fre-
quency of sexual activity (once a month or less) have
been identified as an independent risk factor of a high
CVD risk (hazard ratio 1.45; 95% CI: 1.04-2.01), com-
pared with 2 or more intercourse per week.*> Second,
a low CVD treatment adherence is related to a higher
risk of adverse events’® and PDE-5 inhibitors treatment
has been associated with an improvement in antihyperten-
sive drug adherence.’’

Although PDE-5 inhibitors are generally secure in
combination with antihypertensive drugs, the administra-
tion with organic nitrates or guanylate cyclase stimulators
as riociguat is contraindicated due to the risk of sympto-
matic hypotension. This interaction is explained by the
following mechanism. The enzyme PDES is found mainly
in the blood vessels of the corpus cavernosum, but also in
the systemic and cardiac vessels. When PDES is activated,
it breaks down cGMP, reducing smooth muscle relaxation;
so PDES inhibitors will produce a decrease in cGMP
degradation, increasing their levels. On the other hand,
all the different formulations of organic nitrates are con-
sidered to increase NO levels, which in turn increases
cGMP levels. If a decreased degradation of cGMP is
added to an increased production, the result is an elevated
hypotensive response.*® In spite of the contraindication,
recent studies have suggested the utility of the combina-
tion of both drugs in the treatment of resistant hyperten-
sion and pulmonary hypertension.*’

Testosterone replacement therapy (TRT) is a second-
line treatment for ED in patients with hypogonadism.
A large meta-analysis that studied a total of 17 randomized
placebo-controlled trials* proved that TRT improved ED
scores in almost 33—75% of patients with hypogonadism.
The treatment with TRT in patients with increased risk of
cardiovascular disease (CVD) causes controversy. Some
studies suggested an increased risk of CVD in patients
treated with TRT; the Testosterone in Older Men with
Mobility Limitations (TOM trial),*' was a placebo-
controlled randomized trial to investigate adverse events
associated to TRT and included a total of 209 men (mean
age, 74 years) with a total serum testosterone level of 100
to 350 ng/dl. Most of these men suffered from chronic
diseases such as hypertension. After 6 months of treat-
ment, in the TRT group, 23 men suffered adverse cardio-
vascular events, compared with 7 men in the placebo
group, suggesting a higher risk of cardiovascular events
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in patients treated with TRT and the trial was stopped. Xu
et al*? conduced a meta-analysis including 27 placebo-
controlled randomized trials and found an increased risk
of a cardiovascular-related event (odds ratio: 1.54, 95%
Confidence Interval: 1.09-2.18) in men treated with TRT
compared with men treated with placebo.

On the other hand, recent studies have shown that TRT
can be a safe treatment in patients with hypogonadism and
increased risk of CVD. Sharma et al*’ retrospectively
examined 83,010 men with documented low testosterone
levels. They found a significant reduction in all-cause
mortality, myocardial infarction, and stroke, in patients
treated with TRT, compared with untreated patients.
Cheetham et al** conducted a retrospective review which
compared 8808 hypogonadal men who received TRT and
35,527 untreated hypogonadal patients and found a lower
risk of CVD in treated patients. Traish et al*’ recently
published an observational prospective study in 656 men
with symptomatic hypogonadism, 360 of whom received
TRT, and 296 not received any treatment. The incidence of
death in 10 patient-years was 0.1145 in the control group
(95% CI: 0.0746—0.1756) and 0.0092 in the TRT group
(95% CI: 0.0023-0.0368), with an estimated reduction in
mortality for the TRT group between 66% and 92%. The
study also suggested a progressive decrease in systolic
blood pressure and diastolic blood pressure from baseline
in patients treated with TRT. Corona et al*® recently pub-
lished a random effect meta-analysis considering all avail-
able data from pharmaco-epidemiological studies as well
as randomized placebo-controlled trials to study the asso-
ciation between TRT and cardiovascular risk in men. They
finally analyzed 32 trials and concluded that TRT was not
associated with any significant difference in the incidence
of major adverse cardiovascular events with respect to
placebo (odds ratio: 0.97; 95% confidence interval 0.64—
1.46; p=0,88).

Intracavernosal injection is a second-line therapy for
ED that achieves a predictable and fast erection in less
than 10 minutes. Alprostadil is the most frequently used
drug and it is also available as an intraurethral pellet.'
Intracavernous injections can increase peripheral blood
levels of alprostadil which can result in hypotension, so
care should be taken when using it together with other
hypotensive drugs.

Vacuum constrictive devices are an alternative option
for ED patients. These devices are cheap and do not
present many problems in their use, but the degree of
satisfaction among patients is low." Hypertensive patients

do not need any special precautions or treatment
modifications.

Finally, penile prosthesis is the third line treatment for
ED and it is intended for patients who have failed the
previous treatment options. Hypertensive patients do not
need direct modifications.

Lifestyle Modifications
Hypertension and ED share some risk factors, mainly
sedentary lifestyle, diet, obesity, smoking habit and an

1*” conducted

elevated alcohol consumption. Gupta et a
a large meta-analysis, including 6 clinical trials and con-
cluded that lifestyle modifications for cardiovascular risk
factors were associated with statistically significant
improvement in sexual function (IIEF): weighted mean
difference of 2.66 (95% CI: 1.86-3.47). Cigarette smoking
has been demonstrated as a dose-dependent risk factor for
ED. He et al*® studied the association between smoking
habit and ED among 7684 men without vascular disease.
The odds ratio of erectile dysfunction was 1.41 (95% CI:
1.09, 1.81) for cigarette smokers compared with never
smokers. The Massachusetts Male Ageing Study
(MMAS) identified obesity as an independent predictor
of ED.* Different studies have shown a relative risk of
ED in men with a body mass index>25 ranging from 1.5 to
3.0.%

Physical activity has been demonstrated to reduce ED
risk. The MMAS described a 70% of ED risk reduction
in men who regularly exercise, compared with those who
do not exercise regularly.*” A cross-sectional analysis of
data from 2126 men showed an elevated prevalence of
ED in those men who do not exercise in the last 30 days,
compared with those who regularly exercise: odds ratio
1.94 (95% CI: 1.32-2.83).>' Cheng et at>® conduced
a meta-analysis including 11 studies and suggested
a lower risk of ED in men who usually do physical
activity compared with sedentary men: odds ratio 0.53
(99% CI: 0.31, 0.91).

Benefits of Mediterranean diet in patients with cardio-
vascular risk have been demonstrated.”®> Mediterranean
diet is characterized by a high intake of olive oil, fruit,
nuts, vegetables, and cereals; a moderate intake of fish and
poultry; a low intake of dairy products, red meat, pro-
cessed meats, and sweets; and wine in moderation, con-
sumed with meals. This diet should be recommended for
patients with ED and hypertension. A moderation of alco-

hol and salt consumption should be also recommended.
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Erectile Dysfunction as CVD

Predictor
Arterial size is not homogeneous throughout the entire
cardiovascular system. The penile arteries measure
between 1 and 2 cm in diameter, left anterior descending
artery (LAD) measures between 3 and 4 cm and internal
carotid measures between 5 and 7 cm.>* Considering this,
the same arterial plaque volume might not cause symp-
toms of ED if it is located in penile vessels but, in contrast,
could affect myocardial perfusion and induce cardiac
symptoms if it is present in a coronary artery (Figure 1).
Several studies have been recently published support-

1°° conducted a meta-

ing this theory. Vlachopoulos et a
analysis with 14 prospective studies involving 92,757
participants and a mean follow-up of 6.1 years. The
pooled relative risks for men with ED were 1.44 (95%
CI: 1.27-1.63) for total CVD compared with men with-
out ED. In the same way, Dong et al’® conducted a meta-
analysis including 12 prospective studies and 36,744
participants and showed that the overall combined rela-
tive risks for men with ED compared with men without
ED were 1.48 (95% CI: 1.25 to 1.74) for CVD. Montorsi
et al’’ conduced the COBRA trial to investigate the
prevalence of ED in patients with coronary artery disease
(CAD). They found that ED prevalence in men with
chronic coronary disease was 65%. In these, ED symp-
toms appeared before CAD detection in 93% of men,
with a mean time interval of 24'?7¢ months.

As shown above, there is evidence that suggested the
importance of ED as a predictor of developing CVD and
The Princeton III Consensus recommended that sexual
function should be incorporated into CVD risk assessment

for all men.”®

A B

Figure | Two arterial plaques with the same size in two different arteries. (A)
Penile artery: @ |-2cm with an obstruction>50%. (B) Coronary artery: @ 3—4cm
with an obstruction <50%.

Future Options for Erectile

Dysfunction Treatment

Due to the high prevalence of erectile dysfunction and its
impact on the quality of life of patients, the research of
new therapies for treat ED never stops.

In 2016, Frey et al’® published a pilot study to investigate
the effect of low-intensity extracorporeal shockwave therapy
(LI-ESWT) in 16 patients with ED after bilateral nerve-
sparing radical prostatectomy. The basis of this treatment is
the hypothesis that the shockwaves increase the expression of
growth factors and endothelial nitric oxide synthase, result-
ing in subsequent angiogenesis and regeneration of nerve
fibers. The results were that after a month of treatment with
LI-ESWT, patients improve IIEF score in a mean of 3.5
points (range —1 to 8; p=0.0049).

In addition, in recent years, there is a growing interest in
the use of stem cells to treat ED. There are published studies
based on rat models that describe an improvment in erectile
function,®” but by the moment, further studies in humans are
needed that provide more knowledge about this therapy.

Key Take-Home Messages

ED is a highly prevalent in patients with hypertension and
has a multifactorial etiology, especially if patients also
have established cardiovascular disease. We propose 4
major recommendations for patient-to-physician commu-
nication improvements:

e First: Primary prevention of cardiovascular disease,
with good control of cardiovascular risk factors and
avoid smoking, preserves vascular function and
reduces the incidence of ED; therefore, the first
and best treatment for ED is the prevention of the
main causes related to its incidence.

e Second, most patients with hypertension need medical
treatments and, very often, with drug combinations.
Several therapeutic families can induce or worsen and,
therefore, should be avoided in patients with initial
symptoms of ED. This leads to the third tip.

e Third, physicians should actively search for symptoms
and signs of ED. The IIEF is feasible and reliable tool
for the assessment of ED that can help physicians on
decision-making but, also, patients to understand its
disease.

e Fourth, once ED is clinically evident patients have
an increased risk of cardiovascular events and
diminished quality of life. Both issues are highly

submit your manuscript

236

Dove

Vascular Health and Risk Management 2020:16


http://www.dovepress.com
http://www.dovepress.com

Dove

Hernandez-Cerda et al

relevant and should encourage physicians and
patients to increase risk factor control and start
specific treatment, or individual assessment, of ED.

In conclusion, ED is highly prevalent in patients with

hypertension. It should be actively screened, prevented

and treated for physicians involved in patients with hyper-

tension because it is a marker of higher cardiovascular risk

that, also, impairs quality of life.
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