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ABSTRACT

Cardiovascular disease (CVD) and erectile dysfunction (ED) are two conditions that often coexist.
Both diseases are consequences of the systemic vascular disease, sharing common risk factors,
like diabetes mellitus, arterial hypertension, smoking, obesity, dyslipidaemia. Furthermore, they
share the same pathological basis, endothelial dysfunction. Symptoms of ED precede with three
to five years the clinical manifestations of CVD. This period may be a window of opportunity for
the early initiation of a prompt therapeutic action for cardiovascular risk factors. This article
reviews the incidence and prevalence of CVD and ED, the common risk factors, the pathophysio-
logical link between the two diseases, and the current diagnosis and management strategies of
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patients with CVD and ED, in order to prevent myocardial infarction, stroke or heart failure.

Introduction

Cardiovascular disease (CVD) and erectile dysfunction
(ED) are two conditions that often coexist. Both dis-
eases are consequences of the systemic vascular dis-
ease, sharing common risk factors, like diabetes
mellitus, arterial hypertension, smoking, obesity and
dyslipidaemia [1]. Furthermore, they share the same
pathological basis, endothelial dysfunction.

According to the European Association of Urology,
ED can be defined as the persistent inability to obtain
and maintain an erection that is sufficient for achiev-
ing a satisfactory sexual performance [2]. This path-
ology has severe consequences on patients’ quality of
life, due to the low self esteem, depression and ten-
dency of self-isolation that these patients tend to
develop over time [3].

Erectile dysfunction can predict CVD, before the
onset of symptoms of a cardiovascular event, being a
marker for coronary artery disease [1]. Symptoms of
ED precede with three to five years the clinical mani-
festations of the CVD [1]. This period may be a win-
dow of opportunity for the early initiation of a prompt
therapeutic action for cardiovascular risk factors.

Epidemiological studies reported that both condi-
tions, ED and CVD, have a high incidence and

prevalence worldwide [1]. Several studies showed that
ED has a prevalence up to 42% in patients with CVD
[4,5]. Thompson et al. first reported the relationship
between ED and CVD in 2005 [6]. In their study on
10,000 men, these authors demonstrated that the
severity of ED correlates with the risk of CVD [6].

Pathophysiological links

Normal erectile function is related to a normal arterial
flow. The average size of penile arteries, which ensure
blood flow to the corpora cavernosa, is 1-1.5 mm,
while the average size of coronary arteries is 2.7-4.3
mm [7]. These differences in the arteries size may
explain why symptoms of ED occur years before symp-
toms of coronary artery disease. The penile arterial
blood flow is impaired earlier than the coronary blood
flow in male patients with systemic atherosclerosis.
Vascular atherosclerotic infiltration has a negative
impact on erectile function.

Patients with atherosclerosis, dyslipidaemia, dia-
betes mellitus, renal disease, coronary artery disease,
arterial hypertension present endothelial dysfunction,
which is an important pathophysiological link to vas-
culogenic ED [8]. Erectile dysfunction is a result of the
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altered endothelial function, being an early event in
the process of atherosclerosis. The endothelium
releases vasodilator and vasoconstrictor factors, which
regulate the coagulation cascade. The endothelial cells
produce prostaglandins, involved in the normal pro-
cess of vasodilation, but also produce factors involved
in vasoconstriction, like angiotensin Il and endothelin.
The normal erectile function is based on the vasodila-
tion process, mediated by the nitric oxide. The nitric
oxide is produced by endothelial nitric oxide synthase
(eNOS), acting on the vascular lumen and on the sur-
rounding muscle cells, with increased vasodilation
mediated by cGMP. Vascular endothelium is the main
structure involved in adequate tissue perfusion [8]. In
normal physiological conditions, vascular endothelium
has anticoagulant and antiaggregant functions due to
the activity of anti-thrombin Ill, a heparin-like mol-
ecule. In atherosclerotic patients, with endothelial dys-
function, endothelial cells produce pro-coagulant and
pro-aggregant factors, such as factor von Willebrand,
fibronectin and thrombospondin. In endothelial dys-
function, the coagulation cascade is altered, leading to
thrombus formation as the atherosclerotic process
progresses [9,10].

Kaiser et al. performed a study on 30 patients with
ED and found out that these patients had abnormal
endothelial-dependent vasodilation of the brachial
artery, compared with men without ED [11]. In several
studies, patients with ED had high levels of high-sensi-
tive C-reactive protein, which indicates chronic inflam-
mation [12]. C-reactive protein induces chemokines,
which alter the vascular endothelium [12]. Numerous
studies revealed that atherosclerosis is associated with
inflammation [13]. Badimon et al. showed a higher
prevalence of endothelial dysfunction in patients with
ED and inflammation, compared with patients with
normal erectile function [10].

In the Olmstead County Study, men with ED, aged
between 40 and 49 years, had a 50-fold higher risk of
a cardiovascular event than men without ED [13].
ADVANCE (Action in Diabetes and Vascular Disease)
trial revealed that ED may predict CVD in diabetic
men [14]. Men diagnosed with diabetes mellitus pre-
sent also endothelial dysfunction, as a consequence of
the nitric oxide synthesis disorder and poor glycaemic
control [15,16]. Type Il diabetes patients have dam-
aged endothelial cells because of the increased
amount of reactive oxygen species (ROS). Benvenuti
et al. showed that diabetes has a negative impact on
erectile parameters in patients with coronary artery
disease [17]. Also, Benvenuti et al. demonstrated that

vascular occlusion plays a major role in ED in diabetic
patients [17].

Arterial hypertension is associated with an
increased sympathetic activity, which leads to
impaired endothelial vasodilation [18]. High blood
pressure is one of the causes of ED, through structural
alterations of the vascular wall and reduced vasodila-
tory capacity [15]. Mulligan and Katz reported in their
study that high blood pressure has a negative impact
on erectile function [19].

Dyslipidaemia is another risk factor for endothelial
dysfunction. Dyslipidaemic patients with angiographi-
cally normal coronary arteries have endothelial dys-
function, secondary to reduction of nitric oxide
synthesis [20].

Endothelial dysfunction is present in obese patients.
Obesity is associated with cytokines-like circulating
intercellular adhesion molecules-1 (ICAM-1), E and P
selectins, interleukin 6, which impair the endothelial
function [21]. In obese patients, impairment of endo-
thelium-dependent vasodilation has been demon-
strated [22].

Smoking is associated with endothelial dysfunction,
because of the toxic effect on endothelial cells,
leading to structural and functional changes, with
decreased activity of eNOS, activation of thrombotic
factors and increased synthesis of ROS, with endothe-
lial damage [20].

Clinical and paraclinical evaluation of patients
with cardiovascular disease and erectile
dysfunction

A number of studies showed that, in two-thirds of
men, ED precedes the clinical onset of CVD with two
or three years [1]. In men without ED, in the same age
group, the relative risk for CVD is 4.3%, while in men
with ED is 16.6% [1]. In the COBRA trial, a study of
700 subjects with CVD and abnormal erectile function,
Montorsi et al. showed that ED was present in 42-57%
of cases [23].

Erectile dysfunction is a predictor of early CVD [24].
Shamloul et al. reported that ED predicts 100% the
ischaemic heart disease [25]. The study of Gazzaruso
et al. revealed that men with ED had a higher inci-
dence of major cardiovascular events compared with
men with a normal erectile function [26].

In a study conducted by Montorsi et al., on 300
patients with ED, 49% had coronary artery disease
documented by coronary angiography [23]. Sixty
seven percent of patients reported that symptoms of
ED preceded the symptoms of the coronary disease



by 34 months [23]. The COBRA trial revealed that the
rate of ED in patients with coronary artery disease
documented by angiography differs depending on
atherosclerotic background, the severity of ED being
related with severity of coronary artery disease [27].
The COBRA trial revealed that the severity of ED is
related to the symptoms and extent of coronary artery
disease [27].

Patients with ED may experience major cardiovas-
cular events, such as acute myocardial infarction,
unstable or stable angina, congestive heart failure,
sudden cardiovascular death, stroke. Pectoral angina
induced by effort is usually a result of coronary artery
stenosis. In these patients, penile vessels are severely
obstructed [24].

The Princeton Consensus classifies patients with ED
and CVD into three categories: patients at low, inter-
mediate or high risk [25]. Patients in the low risk
group are men without symptoms at moderate exer-
cise, less than three risk factors for CVD, and with nor-
mal sexual activity. Intermediate risk patients have
mild, stable angina, signs and/or symptoms of heart
failure NYHA class Il and at least three risk factors for
CVD. Patients in the high risk group present symptoms
of unstable angina, uncontrolled values of blood pres-
sure and symptoms of heart failure NYHA class Ill or
IV; also, they present sexual dysfunction.

In diabetic patients with asymptomatic coronary
artery disease, ED may be the only symptom, because
these patients do not present typical episodes of
angina. Erectile dysfunction may predict coronary
artery disease in patients with type 2 diabetes melli-
tus. Gazzaruso et al. showed that the incidence of ED
in diabetic patients with silent ischaemia is 33.8% and
in diabetic patients without silent ischaemia is 4.7%
[28]. Sexual dysfunction precedes the symptoms of
coronary artery disease with 38.8 months in all
patients with type 1 diabetes [29].

All patients with ED require an initial cardiovascular
risk assessment, including personal and familial history
(with focus on early cardiovascular comorbidities),
physical exam, blood pressure measurement, fasting
serum glucose, serum creatinine, total testosterone,
complete serum lipids profile (total lipids, total choles-
terol, LDL-cholesterol, HDL-cholesterol, triglycerides),
and resting electrocardiogram (ECG). Depending on
the results of initial cardiovascular risk assessment,
transthoracic echocardiography, stress echocardiog-
raphy, treadmill exercise test, coronary angiography
may be needed, for an early diagnosis of CVD and
prompt therapeutic intervention. Subsequently, the
risk of future cardiovascular events will be stratified
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according to the risk scales. Based on Framingham
score, the relative risk of developing coronary artery
disease in men with moderate or severe ED is 4.9% in
the age range of 30-39 years and 21.1% for the age
group 60-69 years [30].

The evaluation of the patients who suffer from ED
should always include a detailed medical and sexual
history, in order to establish the duration of sexual
dysfunction, to identify its onset and to exclude fac-
tors or pathologies that frequently associate ED. Often,
the evaluation of the patient’'s partner is useful for
identifying a factor that can trigger a change in the
patient’s mental status and could be responsible for
his sexual dysfunction. Psychometric questionnaires,
such as the International Index for Erectile Function
(IIEF) and the Sexual Health Inventory for Men (SHIM),
are essential for the evaluation of erectile function,
sexual desire, intercourse, orgasmic function, as well
as for establishing the efficiency of the treatment [2].
A detailed physical examination can reveal anomalies
of the genitourinary tract (penile deformities, prostatic
disease), endocrine (signs of hypogonadism), vascular
and neurological systems, that could explain the pres-
ence of ED.

Blood tests should include blood glucose, choles-
terol and triglycerides, high-density lipoproteins, gly-
cated haemoglobin (HbA1C) and hormonal tests
(testosterone, prolactin and luteinising hormone). A
urine exam should be performed, in order to detect
albuminuria.

The evaluation may also include specific diagnostic
tests, such as: nocturnal penile tumescence and rigid-
ity test (electronic device placed on the penis over the
night, which monitors the number of erections, their
duration and the penile rigidity during the erections),
intracavernous injection test (injection of different
types of vasodilators agents into the base of the penis,
that usually lead to penile tumescence within 10-15
minutes), penile duplex ultrasound, arteriography,
dynamic infusion cavernosometry, cavernosography (in
patients who suffer from vascular pathology associ-
ated with ED), psychological and psychiatric evaluation
[2].

The ECG may reveal ischaemic changes.
Transthoracic echocardiography can visualise myocar-
dial kinetic anomalies and other anomalies specific to
the ischaemic coronary disease.

The treadmill exercise test is an investigation used
in patients with ED for early diagnosis of coronary
heart disease. Montorsi et al. reported that exercise
stress tests were positive in 56% of patients with ED
and in 5% of those without [23]. Patients with ED
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have a reduced capacity of exercise, with a reduced
test duration, compared to patients without ED [31].
Patients diagnosed with ED will be symptomatic ear-
lier during the test, with ECG changes, compared with
men without ED. Furthermore, the more severe is ED,
the higher the incidence of cases of coronary artery
disease diagnosed during the test [24]. In patients
with mild ED, the stress test can be normal [23]. The
treadmill exercise test is recommended for assessing
the patient’s cardiovascular risk. In this context, the
patient is classified in the low risk group if he has a
stress test of over four minutes, with normal blood
pressure, without symptoms or ECG changes and with-
out anomalies of wall motion. The patient is at inter-
mediate or high risk if he presents symptoms, changes
on ECG or abnormal values of blood pressure. In
patients with conditions that do not permit the exer-
cise test, a dipyridamole stress test can be per-
formed [25].

When the exercise stress test is positive, coronary
angiography is recommended, as the gold standard
for the diagnosis of coronary artery disease. ED corre-
lates with the coronary stenosis severity and with the
number of coronary vessels affected [31]. The quality
of erection decreases with increased severity of coron-
ary stenosis [32]. If ED is severe in men with stable
angina, it means that a multi-vessel coronary disease
is present [31]. There are also studies reporting that in
patients with ED diagnosed with coronary artery dis-
ease at angiography, 67% had symptoms of ED before
the onset of coronary symptoms [33].

Stress echocardiography is a method which can
detect the coronary artery disease [23]. This method is
used especially for patients with ED, without clinical or
electrical changes on the treadmill exercise test.

Non-contrast computed tomography (CT) scan is a
non-invasive method, which can be used to reveal cor-
onary calcifications (mostly in elderly patients) and to
calculate the coronary artery calcification score (CACS).
This score is important because coronary artery calcifi-
cation is associated with a higher probability to
develop coronary artery disease. In patients with ED,
coronary artery calcification was observed at a
younger age than in those who do not present signs
of ED [10].

AngioCT is a minimally invasive method, which can
reveal coronary stenosis and can exclude severe cor-
onary obstruction [33]. AngioCT can exclude severe
coronary artery disease in patients with low or inter-
mediate coronary artery calcium score. This method is
used for patients with aggressive treatment strategy
[34]. Non-contrast CT and angioCT are methods used

in patients with high risk for coronary artery disease,
but with a negative effort test [34]. The study of
Chiurlia et al. revealed that multi-slice CT showed an
increased prevalence of coronary artery calcification in
patients with ED, compared with the same age
patients without ED [10].

Treatment of patients with cardiovascular
disease and erectile dysfunction

Erectile dysfunction is associated with increased all-
cause mortality, mostly cardiovascular mortality. The
Massachusetts Male Aging Study, a prospective-based
study of 1709 men, revealed that men with ED had a
26% higher risk of mortality of all cause and 43%
higher risk of death because of CVD [35]. Also, in
ONTARGET/TRANSEND trial of 1549 men with CVD, ED
was a mortality marker [27]. This trial showed that ED
is a predictor of myocardial infarction, stroke and
heart failure in patients with CVD [27]. Patients with
ED and cardiovascular risk factors should be treated
aggressively, according to the guidelines. Life-style
changes and the management of risk factors are the
first steps to prevent the complications of CVD in
patients with ED. Lifestyle changes include increased
physical activity and weight control, unsaturated fat
diet, smoking cessation, reducing alcohol intake, main-
taining normal values of blood pressure [31]. Men
with an active lifestyle have a lower incidence of
ED [25].

Cardiovascular risk factors, like diabetes, hyperten-
sion, dyslipidaemia, need a treatment strategy.
Pharmacological treatment in patients with ED and
CVD includes beta-blockers, diuretics, calcium channel
blockers, statins, fibrates and angiotensin-converting
enzyme inhibitors (ACEls) [36], phosphodiesterase-5
inhibitors, intracavernous injections with alprostadil
(prostaglandin E1), papaverine, phentolamine or the
combination of these two agents, intraurethral or top-
ical use of alprostadil.

Other therapeutic options for the management of
ED are vacuum erection devices, constriction rings,
low-intensity extracorporeal shock wave therapy (the
existing data regarding its use and efficiency is lim-
ited), and penile prosthesis implantation. Despite the
fact that penile prosthesis implantation represents the
final solution for patients with pharmacological refrac-
tory ED, this alternative offers great results in terms of
patients satisfaction and efficiency. Treatment should
include antianginal drugs and antiplatelet agents [9].

In 1998, the first phosphodiesterase-5 inhibitor, sil-
denafil, was introduced. The success that this new



class of drugs had achieved at that moment in terms
of efficiency, patients’ overall satisfaction, ease of use
and secondary reactions, has made it the first choice
in the management of ED. In the years that followed
its introduction on the pharmaceutical market, several
new phosphodiesterase-5 inhibitors, with superior
safety profiles, have been released (vardenafil, tadalafil,
avanafil) [35]. Numerous studies have underlined the
efficiency of phosphodiesterase-5 inhibitors in prevent-
ing the structural changes that occur over the years at
the level of the small vessels, especially in diabetic
patients [36]. This class of drugs has been shown to
significantly reduce the oxidative stress and its end
products, the inflammatory response and especially
the interleukin-6 level, this pro-inflammatory cytokine
being known for its implication in the endothelial dys-
function, as well as in the atherosclerosis process [37].
The daily use of phosphodiesterase-5 inhibitors in a
small dosage has proved to be very efficient regarding
the endothelial dysfunction improvement, these
agents also providing encouraging results in reversing
and even preventing the cavernousal structural
changes that occur in diabetic patients. Therefore, it
may be correct to assume that they are efficient also
on other small vessels [35].

The use of phosphodiesterase-5 inhibitors is contra-
indicated in patients who have suffered a myocardial
infarction or a stroke during the last 6 months, who
had severe arrhythmias, arterial hypo or hypertension,
unstable angina, severe heart failure. Concomitant use
of phosphodiesterase-5 inhibitors and nitrate agents
should be avoided, due to the risk of unpredictable
variations of the blood pressure. The simultaneous use
of these agents with antihypertensive drugs could
slightly increase the hypotensive effect of the lat-
ter [2].

Statins reduce cholesterol and also have pleiotropic
effects, improving the endothelial function [34].
Gazzaruso et al. suggest there is no difference in
patients with or without ED regarding the treatment
with ACEls, angiotensin-receptor blockers, beta-block-
ers, calcium-channel blockers, diuretics, insulin or oral
antidiabetic agents, in terms of indications and dos-
age [26].

In hypertensive patients with ED, angiotensin ||
receptor blockers (ARBs) can improve the erectile func-
tion [36]. Some of these drugs administered in
patients with CVD may induce ED as a side effect.
However, in most patients, ED is rather an effect of
the underlying disease. The study conducted by
Montorsi et al. revealed that, without treatment with
beta-blockers, ED has a negative prognosis, although
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beta-blockers have an adverse effect on erectile func-
tion [23]. From beta-blockers, nebivolol was not associ-
ated with ED in clinical trials [38].

Gazzaruso et al. showed that diabetic patients with
coronary artery disease proved at angiography are at
high risk for major acute cardiac events [26]. Also,
Gazzaruso et al. revealed that phosphodiesterase-5
inhibitors reduce cardiovascular morbidity and mortal-
ity in diabetic patients [26]. Using the Kaplan-Meier
method, Do et al. showed that statin use is associated
with a lower rate of major cardiovascular events in
patients with ED [39]. Statins and phosphodiesterase-5
inhibitors, used in diabetic patients with ED and CVD,
are associated with risk reduction of cardiovascular
events. Studies revealed that in diabetic patients thia-
zide diuretics reduce the risk of ED [39].

Conclusions

Erectile dysfunction represents an early manifestation
of subclinical vascular disease. Erectile dysfunction and
CVD may be considered as manifestations of the same
disease. Symptoms of ED appear usually three to five
years before symptoms of coronary artery disease and
may be a warning for the development of CVD.
Therefore, male patients with cardiovascular risk fac-
tors should be routinely screened for ED. An aggres-
sive therapeutic strategy addressing the major
cardiovascular risk factors is justified in patients with
ED, in order to prevent the complications of CVD and
to improve the prognosis of these patients.
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