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Erectile dysfunction (ED) is a syndrome associated with
endothelial dysfunction, which may predict cardiovascular
events in men presenting with this syndrome. It has been
shown to be associated with a higher rate of acute myocardial
infarction and cardiovascular mortality, vascular inflammation,
and impaired endothelial function. In this review we present
the literature findings and describe the mechanistic pathways
that are known to be involved in this syndrome and its related
clinical consequences.
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ERECTILE DYSFUNCTION AND CARDIOVASCULAR RISK

Vascular erectile dysfunction (ED) is mechanistically related
with vascular disease and endothelial dysfunction. It is caused
by an impaired ability of the smooth muscle cells lining the
penile arterioles to relax, thereby inhibiting vasodilatation.

AGING

Aging changes sex hormones and causes endothelial dysfunc-
tion, expressed also as ED.

ANIMAL MODELS

A trial that examined whether exercise training could protect
from ED by enhanced penile endothelial nitric oxide synthase
(e-NOS) levels in aging rats showed that exercise training
increased serum testosterone levels in all age groups. Exercise
training protected against aging-induced decrease in e-NOS and
e-NOS protein levels in the penis [3].

HUMAN STUDIES

In a cohort study that included 802 patients (40-80 years old),
blood samples were drawn to measure testosterone levels.
Endothelial function was assessed by the flow mediated dilata-
tion of the brachial artery, and erectile dysfunction was assessed
by the International Index of Erectile Function 5 questionnaire
(available from http://www.croesoffice.org/Portals/0/Short_ITEE
pdf). The composite endpoint was major adverse cardiovascular
events (MACEs). It was found that subjects with lower serum
testosterone levels had higher prevalence of traditional risk fac-
tors such as hypertension, T2DM, dyslipidemia, obesity, and

Patients with vascular ED have practile dysfunction is one of the earliest endothelial dysfunction. Acute

significantly more ischemic heart
disease events compared with men
without ED [1]. Penile erection is
a hemodynamic process that is
composed of two synchronized components. The first (active)
requires a competent vascular endothelial function. The sec-
ond (passive) is based on a proper veno-occlusive mechanism.
Lifestyle modification may have a positive effect on ED, and it
has been shown that in patients without type 2 diabetes mel-
litus (T2DM), a greater decrease in systolic blood pressure was
associated with greater improvement in erectile function. This
beneficial effect of lowering blood pressure was observed in
patients with hypertension and in patients with dyslipidemia [2].

signs of endothelial dysfunction and
should be part of a routine screening
of men older than 45 years of age

myocardial infarction (AMI),
death after AMI, major stroke, and
all clinical events were more fre-
quent in patients with testosterone
levels < 300 ng/dl. Using multiple logistic regression analysis, it
was found that dyslipidemia, obesity, low testosterone level, and
ED were independent predictors of future MACEs [4].

ED is associated with cardiovascular disease and mortality;
however, the mechanism is not clear. A study that examined
endothelial function using the brachial artery method of
measuring flow mediated dilatation percent change (FMD%),
carotid intima-media thickness (IMT), coronary artery calcifi-
cation, and other vascular functions such as the ankle brachial
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index, toe-brachial index, and pulse wave velocity, found that
ED was associated with a 2.64% reduction in FMD% compared
to subjects without ED. Patients with ED also had a 0.09 mm
thicker IMT compared to those without ED. This study dem-
onstrated that ED is associated with subclinical mechanisms
leading to clinical atherosclerotic events and shows the need and
the importance of an aggressive cardiovascular risk assessment
and management of patients with ED [5].

A study that screened ED and associated cardiovascular risk
factors in 19,131 Israeli men (aged 34.0 * 7.1 years) found that
one out of four men (25.2%) presented with ED, which was
mild in 18.9%, mild to moderate in 4.4%, moderate in 1.1%,
and severe in 0.7%. In the severe group 45.2% had dyslipidemia,
25.6% were active smokers, 4.2% had essential hypertension,
and 1.6% had T2DM. ED was significantly associated with age
and diabetes mellitus (P < 0.0001) [6].

CAN WE PREDICT THE CLINICAL OUTCOME OF
PATIENTS WITH ERECTILE DYSFUNCTION?

The Henry Ford Exercise Testing Project (1991-2009) examined
the prognostic impact of maximal exercise capacity on the car-
diovascular event rate of men (40-60 years of age) treated for ED.
The study found that among the 1152 men who were followed,
each one metabolic equivalent of fitness
was associated with a 16% lower risk of
death with a non-significant reduction in
major adverse cardiovascular events and
T2DM. A higher baseline fitness was associated with improved
cardiovascular prognosis in middle-aged men treated for ED [7].

The Multi-Ethnic Study of Atherosclerosis examined the asso-
ciation between cardiovascular health and endothelial function
and the future development of ED. This study comprised 1136
men. Their erectile dysfunction status was evaluated at baseline,
as well as their endothelial function, measured by the brachial
artery method. The FMD% was better among men without ED.
ED prevalence was lower in men with a better cardiovascular
health. Future erectile dysfunction could be predicted by the car-
diovascular health and the cardiovascular risk score. Maintaining
a healthy lifestyle profile may improve quality of life for men on
the long run [8].

COULD ERECTILE DISFUNCTION PREDICT THE
DEVELOPMENT OF ACUTE MYOCARDIAL INFARCTION

A study that investigated the prevalence of ED in patients with
AMI and after 2 years of follow-up found that 40% of the patients
admitted with AMI had ED. After a 2-year follow-up, post-AMI,
the percentage of patients without ED increased by 13% while
the percentage of patients with severe ED significantly decreased
by 15%. Patients with ED had higher B type natriuretic peptide
levels and lower levels of nitric oxide. During the 2-year follow-

Smoking and obesity are risk
factors that may be a cause of
erectile dysfunction in young men

Figure 1. Mechanistic pathways leading to erectile dysfunction
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up, 9 patients died (69% had ED) and 22 were re-admitted to the
hospital (59% had ED). Low levels of nitric oxide were the best
predictors of ED during AMI and after 2 years. ED predicted
the worst outcomes of AMI: death and re-hospitalization [9].
Interestingly, a study that evaluated arterial stiffness and cardiac
function in patients with ED found
that phosphodiesterase-5 inhibitor
(tadalafil), given for ED, reduced pulse
pressure, systolic blood pressure, and
diastolic blood pressure, while increasing aortic dispensability
and aortic strain. Tadalafil positively affected arterial stiffness and
left ventricular diastolic function in patients with ED who did not
have a known atherosclerotic risk factor or cardiac disease [10].

ERECTILE DYSFUNCTION AND SLEEP APNEA SYNDROME

ED is quite common in men with obstructive sleep apnea syn-
drome (OSA). Studies showed that treating OSA by continuous
positive airway pressure (CPAP) improved ED. A controlled
study was designed to examine this hypothesis, and 60 men
with moderate to severe OSA and ED were randomized to 12
weeks of CPAP treatment (or sham CPAP) with 10 mg daily of
vardenafil (or a placebo) in a 2 x 2 factorial design. It was found
that CPAP increased the frequency of sleep related erections,
overall sexual satisfaction, and arterial stiffness. However, it did
not change erectile dysfunction and neither did a 10 mg dose
of vardenafil. CPAP improved overall sexual satisfaction, sleep
related erections, and arterial stiffness [11].

SLEEP DISORDERS AND ERECTILE DYSFUNCTION

Both obstructive sleep apnea (OSA) and ED are prevalent and
underdiagnosed. They co-exist, so that about half of the male
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Figure 2. Nitric oxide production in endothelial cells (endothelial nitric oxide
syntahse). Lack of nitric oxide leads to endothelial dysfunction, and erectile
dysfunction is one of the earliest clinical events expressing endothelial dysfunction.
Sleep disorders lead to endothelial dysfunction and to ED through ROS pathways
with activation of inflammatory genes and pro-inflammatory cytokines
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subjects with OSA also have ED and vice versa. OSA is associated
with cardiovascular mortality, and ED could be used as a pheno-
typic marker of cardiovascular disease. It could be that endothe-
lial dysfunction may be the common
pathophysiological mechanism linking
OSA and ED to cardiovascular mor-
bidity and mortality [12].

Clinical studies have demonstrated
a link between ED and sleep disorders. A MEDLINE search
found an association between ED and sleep disorders, and hor-
monal, neural and endothelial mechanisms have been implicated
in linking sleep disorders with ED.

More than that, treating sleep disorders by continuous
positive airway pressure (CPAP) has been shown to improve
ED [13].

POSSIBLE MECHANISTIC PATHWAYS: NITRIC OXIDE,
INFLAMMATION, AND OXIDATIVE STRESS

There are several possible pathways, and most of them are
related to nitric oxide-dependent pathways, vascular inflam-
mation, and oxidative stress.
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Sleep disorders are associated with
endothelial dysfunction as well
as cardiovascular death, cardiac
events, and erectile dysfunction

INFLAMMATION

Roumeguere and colleagues [14] investigated markers of
inflammation and oxidative stress in the corpus cavernosum.
They examined the impact of inflammatory markers on erectile
function and endothelial function. The researchers recruited 97
subjects without ED who completed the ED questionnaire. Lipid
profile, myeloperoxidase-dependent oxidized low-density lipo-
protein (LDL), interleukin 8 (IL-8), and interleukin 18 (IL-18)
were measured. After RNA extraction, e-NOS level was mea-
sured as well. IL-18, myeloperoxidase-dependent oxidized LDL,
and myeloperoxidase/Apo B levels were significantly increased
in the corpus cavernosum compared to arm blood. ED score
correlated with IL-18 levels in the venous blood, in the corpus
cavernosum, and also with IL-8. IL-18 and myeloperoxidase-
dependent LDL significantly inhibited e-NOS mRNA expres-
sion in human aortic endothelial cell line. This study demon-
strated the important role of inflammation and oxidative stress
in the mechanism of erectile function.

OBESITY

Obesity was related to ED. To examine the effect of obesity on erec-
tile function, two groups of mice were studied. One group consisted
of lean mice (Zucker lean) and the other group was composed of
fat mice (Zucker fat). Insulin tolerance and erectile function were
evaluated and the researchers found that erectile function was sig-
nificantly impaired in the group of fat mice. However, low inten-
sity extracorporeal shockwave therapy significantly improved the
erectile function. Endothelial cells from the penis of the fat mice
were damaged, with a significant regeneration after the shockwave
therapy. This study clearly showed that obesity impairs erectile
function by causing smooth muscle cells atrophy, endothelial dys-
function, and lipid accumulation in the corpus cavernosum. Low
intensity extracorporeal shockwave therapy restored penile hemo-
dynamics of the penile endothelium
in the fat mice, improved endothelial
function, and reduced lipid accumula-
tion. Further studies showed that the
mechanism was related to enhancement
of activation of endothelial progenitor cells that prompted cellular
proliferation and accelerated penile tissue regeneration [15].

FOLATE PATHWAY

Another related pathway is the folate-homocysteine pathway.
Homocysteine impaired erectile function via several mecha-
nisms. Patients with ED had lower levels of folic acid and higher
levels of homocysteine compared to those without ED [16].

GENETICS

A strong link between vascular endothelial growth factor
(VEGF) and penile erectile function has been documented.
VEGEF can regulate blood flow to the corpus cavernosus and
control the penile vasomotor tone. A study that investigated
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VEGF polymorphisms and their relationship to ED among 688
men (= 55 years old) showed that subjects who had T2DM,
hypertension, or the VEGF 2578A allele also presented with
ED. All three VEGF genes (460C, 1154A, and 2578A) were sig-
nificantly associated with coronary artery disease. Those with
hypertension had the 1154A and 2578A alleles. A significant
association (logistic regression analysis) was found between the
VEGF 2578A allele carrier and ED. The prevalence and sever-
ity of ED were significantly increased with an increment of the
2578A allele number [17].

Since nitric oxide bioavailability is impaired in ED, the
gene encoding e-NOS could be of interest for understanding
the physiology of ED. A study that investigated the association
between the G894 polymorphism in the e-NOS gene and ED
among 449 men found that ED was associated with T2DM,
hypertension, sleep apnea syndrome, older age, body mass
index, and testosterone level. In a multiple regression analysis,
age was found to be the only independent factor associated with
ED. No association was found between ED and any genotype
or allelic form [18].

THE FUTURE: STEM CELLS TRANSPLANTATION

Several novel therapeutic options have been suggested in recent
years, including stem cells transplantation.

Animal model studies investigated several cells transplanta-
tion approaches:

o The combined transplantation of mesenchymal stem cells
(MSCs) and endothelial progenitor cells (EPCs) on resto-
ration of ED in rats with cavernous nerve injury (human
MSCs and EPCs were injected to the per prostatic area) and
erectile function was measured 2 weeks later. Combined
transplantation of MSCs and EPCs improved ED much bet-
ter than a single cell-type transplantation with a much higher
expression of nitric oxide level, and increased endothelial
and smooth muscle contents of the corpus cavernosum [19].

o Another approach is to transplant adipose derived stem cells
to improve erectile dysfunction. It was found that adipose-
derived stem cells (ADSCs) secreted higher levels of insulin
growth factor, beta fibroblast growth factor, and VEGE
Transplantation of ADSCs to aged rats partially normalized
levels of these growth factors and enriched the contents of
cavernous smooth muscle and endothelium in the corpus
cavernosus of these rats [20].

CONCLUSIONS

In this review we described the known data on ED and the
mechanistic pathways leading to this syndrome and to its car-
diovascular complications. We believe that understanding the
mechanism will lead to the development of new medications

and clinical management that will improve the ED and its car-
diovascular complications.
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