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Abstract

Erectile dysfunction (ED) is the most common male sexual dysfunction and its prevalence is higher in men with
cardiovascular diseases (CVD). Inflammation, endothelial dysfunction and oxidative stress are important in the
pathogenesis in both of ED and CVD. Also aging, diabetes, smoking, sedantary life style and obesity are risk factors of
these disorders. CVD such as coronary artery disease, heart failure (HF), and ED share several common risk factors,
including diabetes mellitus, hypertension, smoking, and dyslipidemia. It is important to examine men with ED because

ED is a symptom which is observed before CVD appears.
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Introduction

Erectile dysfunction (ED) is the most common male sexual
dysfunction, is defined as the consistent or recurrent inability to acquire
or sustain an erection of sufficient rigidity and duration for sexual
intercourse persisting in 6 months and more (1). The prevalance of ED
is very high in the general population. A study of 2126 men in United
States stated that ED was seen in 24% of men aged 20 years and older.
The incidence of ED, which was seen in 5% between the ages of 20-39,
increased with age and it was seen in 70% of men aged 70 years and
older (2).

A multinational study (MALES) which is performed in 27,839
men aged 20-75 years in eight countries (Brazil, France, Germany,
Mexico, Italy, Spain, United Kingdom and United States) suggests that
the ED prevalance is 16% and it increases with age. ED prevalence is
higher in men with co-morbid situations like ischemic heart diseases
(IHD), hypertension, and psychosocial conditions like depression (3).

Pathophysiology of Erectile Dysfunction

Vascular and neural systems need to be healthy, correlated and
work properly for erectile function. Penis blood flow is supplied by
internal pudendal artery through the cavernose branches and its venous
outflow is performed with venules plexus which could be compressed
easily.

When the stimulation occurs for erection, spinal cord’s sacral
segment activates parasympathetic system and nitric oxide (NO) release
cascade. Increased NO raises intracellular cyclic guanosine
monophosphate (¢ (GMP)) which causes decreased intracellular calcium
levels. This results in relax of vascular smooth muscle and increase in
blood flow into the corpus cavernosum (4). The rapid flow of blood
causes compression to the venous plexus and decrease in venous
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outflow, and consequently the increase of intracavernous pressure causes
erection. Accordingly, the impairs of vascular and neural systems may
cause ED. The ED etiology is classified as psychological, physiological
(neural, vascular, hormonal, medications, etc) or mixed.

Psychological Factors of ED

Non-organic or sympathetic-mediated ED is defined as psychologic ED.
Performance anxiety (fear of failure during intercourse) is one of the
important factors related to ED. The other psychological factors are
depression and psychosocial stress. Although adequate studies have not
been conducted about psychogenic factor, psychologic ED is seen in a
significant proportion in the society (4).

Neurological Factors of ED

The deficit of nerve signalling to the corpora cavernosa causes
neurogenic ED. This can be caused by spinal cord injury, multiple
sclerosis, Parkinson disease, lumbar disc disease, traumatic brain injury,
radical pelvic surgery (radical prostatectomy, radical cystectomy, etc.) and
diabetic neuropathy. Spinal cord injury above T10 do not affect the local
penile functions but can cause ED by inhibiting the central nervous system
control. Spinal cord injury in sacral segment can cause functional and
structural changes in penis because of the inhibition of innervation. S2-S4
injury causes reflexogenic erections (5).

Hormonal Factors of ED
The major hormones for penile development and functions are

androgens and they have an important role in ED (6, 7). Hypogonadism in
men which is the deficiency of testosterone and dihydrotestosterone
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hormones called androgens affects approximately 5% of the adult male
population (8, 9). But the replacement of androjens in ED patients has
controversial results. Both of low levels of testosterone and ED seen in
older ages may cause discrepancies in these results. The increasing
association of ED and the progressive decline of testosterone levels with
ageing do not necessarily imply a causal link (10, 11).

Androgens have some other beneficial effects on both
cardiovascular and penile tissues. Endothelial cells and smooth-muscle
cells are the main cellular targets for direct androgen effects in both
tissues. Androgens promote vascular endothelial cell survival, reduce
endothelial expression of proinflammatory markers, and inhibit
proliferation and intimal migration of vascular smooth-muscle cells. In
turn, low androgen levels are associated with apoptosis of endothelial
cells and smooth-muscle cells in penis (12).

Additionally, the other hormones such as thyroid hormones,
prolactin, growth hormone, insulin-like growth factor 1,
dehydroepiandrosterone and oxytocin have roles in erectile function (13,
14). Although these hormones play roles in erectile physiology, their
impact on incidence of ED is thought to be low and awaiting more
detailed studies. Prolactin is the second cause of hormonal ED.
Hyperprolactinaemia inhibits gonadotropin secretion and induces
hypogonadism. Thus, prolactin should be evaluated together with
testosterone in men with ED.

Medications

The 25% of ED may be caused by medications like
antihypertensives, antidepressants, and antipsychotics but the exact
mechanism has not been clearly identified. Spesific medications which
causes ED are o-blockers, benzodiazepines, B-blockers, clonidine,
digoxin, histamine. Hz-receptor blockers, ketoconazole, methyldopa,
monoamine oxidase inhibitors, phenobarbital, phenytoin, selective
serotonin reuptake inhibitors, spironolactone, thiazide diuretics, and
tricyclic antidepressants (4). The use of antihypertensives such as
thiazide diuretics and B-blockers are most commonly associated with ED
(15).

Vasculogenic Factors of ED

Vascular diseases are the most common causes of ED. Thus
ED can be considered as a manifestation of an underlying vascular
disorder. In these circumstances, blood inflow reduces, arterial
insufficiency occurs and sometimes stenosis onsets and then all of them
lead to ED. Of the vascular diseases hypertension can be a risk factor for
ED. In hypertension cases, main cause of ED is alterations in the arterial
walls. Also chronic hyperglycemia promote endothelial damage and
vascular complications such as ED. In addition, atherosclerosis related
to various disorders can lead to arterial stenosis and the vascular injury
and decrease in oxygenation of affected tissue. Corpora cavernosal
oxygenation decreasing factors cause an increase in profibrotic cytokines
leading to increased collagen synthesis. When collagen synthesis
increases and replaces smooth muscle, this situation results in
impairment of vascular elasticity in penis (16). In turn, due to these
vascular alterations, ED can occur.

All factors mentioned above are also effective ones in the
development of cardiovascular diseases (CVD) such as IHD,
hypertension and atrial fibrillation. Indeed, if vasculogenic ED is present
in one patient, it can be an important risk factor for the presence of CVD.
In other words, ED and CVD can be regarded as sharing a common
underlying vascular pathology.

But ED becomes apparent 2-5 years before the onset of CVD.
This state can be best explained by arterial size hypothesis suggested by
Montorsi et al. (17). When common risk factors such as oxidative stress
and inflammation cause deterioration of vascular structures of the body,
endothelial dysfunction, intima-media thickening, vascular obstruction
and flow-limiting stenoses happen respectively. According to this,
because penile arteries are smaller than coronary arteries, disturbances
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in penil arteries’ blood flow result in earlier unwanted manifestations than
in any other larger vessels such as coronary arteries. Thus ED can be
considered as an early manifestation of systemic vascular disorders. In
genaral, plague can be tolerated by wider vascular structures but even if
stenosis does not even appear, as penile arteries are smaller, oxygenisation
reduces.

Impact of Inflammation and Endothelial Dysfunction
on ED and CVD

ED is a complex and multifactorial condition, but it is known that
endothelial dysfunction is an early event in the atherosclerotic process and
has a pivotal role in the pathophysiology of ED (18). Major
cardiometabolic risk factors such as diabetes, hypertension,
hypercholesterolemia, obesity, sedentary life style, smoking, and aging are
all associated with endothelial damage due to endothelial dysfunction; a
condition in which the endothelial layer of the small arteries fails to
function normally. Additionaly low grade inflammation results in
endothelial dysfunction. In one study aimed to show association among
endothelial dysfunction, inflammation and ED in patients with or without
IHD, it was found that serum levels of inflammatory and endothelial
dysfunction markers increased in ED patients with or without IHD.
Authors concluded that inflammation and endothelial dysfunction can be
important conditions in ED (19).

Oxidative Stress

In ED pathogenesis, oxidative stress has an important role. In
normal conditions, reactive oxygen species (ROS) are continuously formed
at low concentrations as a result of various reactions and these are
eliminated by enzmatic and nonenzymatic antioxidant molecules (e.g.
superoxide dismutase and ascorbic acid respectively). When either cells
are exposed to excessive levels of ROS or there is an imbalance between
pro-oxidants and antioxidants in favour of pro-oxidant, oxidative stress
exists. Superoxide (O2™) is the most important ROS. Excessive Oz and
NO react on each other to yield peroxynitrite. Peroxynitrite not only has an
important role in atherosclerosis (20) but also inactivates superoxide
dismutase. This situation results in more and more increased peroxynitrite
and decreased NO (21). Also, increased ROS especially Oz and
peroxynitrite can cause endothelial cell apoptosis. Thus NO releasing
decreases as well. (20). In addition to these effects, Oz~ has a
vasoconstrictory effect (22). All these events caused by oxidative stress
lead to not only ED but also CVD.

The Potential Risk Factors in ED and CVD

Aging

Today the studies showed that the aging is inevitable risk factor
for ED (23-25). Because aging causes endothelial dysfunction with
changing sex hormones like testesterone. It is known that men aged 30 start
facing decrease of serum testosterone levels by 1% every year (26) and it
is described as late-onset hypogonadism. Age-depended decrease in
testosterone production by luteal cells of testicle is partly cause of this
situation.

ED in men with late-onset hypogonadism is associated with
systemic endothelial dysfunction. Several studies has shown that
hypogonadism is one of the causes of the increased oxidative stress and
decreased NO bioavailability (27, 28). Also low-grade inflammation is
another mechanism by which hypogonadism alters endothelial function.

Recently it has been shown that lower testosterone levels are
correlated with higher risk of CVD (29). Also in one metaanalysis of 70
studies related to hypogonadism, it was demonstrated that hypogonadism
is associated with increased risk of CVD and cardiovascular mortality (30).

Obesity
Obesity, especially central obesity and physical inactivity are risk
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factors for not only ED but also for CVVD. Obesity generally includes risk
factors of CVD such as hyperglycemia, hypertension, elevated
trigliyceride and low density lipoprotein-cholesterol (LDL-C), and
decreased high density lipoprotein-cholesterol (HDL-C). The prevalence
of obesity in men reporting symptoms of ED may be as high as 79% (31),
but vascular risk factors seen in obesity mentioned above can be regarded
to have important role in ED.

In one experimental obesity model, authors showed that
obesity alone significantly impairs erectile function by inducing penile
smooth muscle atrophy, endothelial dysfunction, and lipid accumulation.
Furthermore, obesity treatment ameliorated the erectile function in
patients with obesity and ED (32). Also in an insulin-resistant obese rat
model investigating penile artery changes, reduction in the internal
diameter of the penile artery was observed (31).

Diabetes Mellitus

ED is a major complication of diabetes. In one metaanalysis
including 145 studies and 88 577 male participants with diabetes, the
overall prevalence of ED in diabetes was 59.1%. Type 2 diabetes patients
had higher prevalence for ED than those with type 1 diabetes (33).
Diabetic men also tend to have ED 10 to 15 years earlier compared to
non-diabetics (34). It was also reported that there was a positive
association between ED and glycaemic control (35).

As in CVD, it was shown that ED is the first symptom of
diabetes (36). Namely, in men with ED, the prevalence of diabetes
undiagnosed is higher than in the general population. So, erectile
dysfunction can be regarded as a determinant symptom of diabetes and
men with erectile dysfunction, should be scanned for diabetes (37).

Penile erection occurs as a result of smooth muscle relaxation
in the cavernous body and associated blood vessels. Decreased NO (has
a mojor role in the erection) and endothelial dysfunction have been
described in experimental diabetes models as well as in human (38).
Severe hyperglycemia causes increase in collagen content which shows
fibrosis formation and apoptosis, and also decrease in smooth muscle in
corporal tissue sections as well ather vascular structures (39) leading to
insufficient smooth muscle relaxation. Accordingly, corpora cavernose
smooth muscle relaxation reduces. Additionally, micro- and
macrovascular arterial disease due to oxidative stress, dyslipidaemia,
arterial hypertension, hypogonadism, and drug side effects are
contributing factors for ED. In one study it was found that that diabetes
negatively affects erectile parameters in patients with coronary artery
disease (37). In the same study it was indicated that vascular occlusion
due to above factors plays a great role in ED in patients with diabetes.

Regarding sexual activity and the psychological impact of ED
in men with diabetes mellitus, significant and positive associations have
been found between depressive symptoms and ED. In addition, ED
contributes strongly to poorer quality of life in men with diabetes
mellitus. Therefore, early detection of ED is essential to improve the
psychological health and men’s quality of life.

Smoking

Smoking is the most widespread addiction worldwide.
Smoking hasn’t only been associated with several types of cancer,
cardiovascular and respiratory diseases, but it has also been associated
with ever increasing risk of ED. One of the effect of smoking on
reproductive system is ED in men (40). It was demonstrated that
smoking causes lower levels of testosterone (41). Also smoking is
proven to cause lower levels of testosterone, arterial stenosis and
intensify vascular injury and thereby result in ED (40, 42).

In one study analysing the relationship between smoking and
ED, authors showed that while smoking is a risk factor for ED, risk of
developing ED is considered not to be markedly affected with changes
in smoking habits (43).

Smoking is a risk factor not only for coronary artery disease
and atherosclerosis but also ED and it doubles the likelihood of ED (44).
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According to some clinical studies, it is evident that smoking has some
negative effects on erectile function by causing impairment of
endothelium-dependent smooth muscle relaxation (44, 45). It is apparent
that the association of ED with CVD rises in smokers. Therefore, a young
men should be recommended to stop smoking even if he is not a patient
with ED.

Dyslipidemia

The association between atherosclerotic arterial disease and ED
is well-established. Early observations that cholesterol is a key component
of arterial plaques gave rise to the cholesterol hypothesis for the
pathogenesis of atherosclerosis. Elevated levels of LDL-C and
apolipoprotein B (apoB) 100, the main structural protein of LDL, are
directly associated with risk for atherosclerotic cardiovascular events.
Indeed, infiltration and retention of apoB containing lipoproteins in the
artery wall is a critical initiating event that sparks an inflammatory
response and promotes the development of atherosclerosis. The association
between hyperlipidemia and ED is originally attributed to atherosclerosis
in the hypogastric-cavernosal arterial bed, with a subsequent insufficiency
in penile arterial inflow (46). Thus LDL-C therapeutic possibilities now
exist to lower LDL-C to very low levels. On the other hand lower LDL-C
levels were significantly associated with lower free testosterone and lower
free androgen index in general men (47). And consequently serious
discussions in clinical practice continue about decreasing the levels of LDL
and the question of whether low LDL-C levels per se may provoke adverse
effects in humans arises. In one recent study aimed to explore the
association of LDL-C with androgen and ED in a general population of
men, authors found that free testosterone levels increased with increasing
LDL-C (48). But increased total cholesterol and LDL levels have impact
on ED due to above mentioned effects.

With regard to other lipid parameters, Pinnock et al. found that
high total cholesterol and triglyceride levels were independent predictors
of ED (49). Roumeguere et al. reported that patients with ED have low leles
of HDL-C (50). Because HDL transports cholesterol from extrahepatic
tissues to the liver, where removed from the body, higher levels of HDL is
considered as benefical.

Erectile Dysfunction and Ischemic Heart Disease

IHD is known as coronary artery disease and main type of CVD.
It is the main cause of death, accounting for >9 million deaths in 2016
according to the World Health Organization (WHO) estimates. The major
cause of myocardial ischemia is atherosclerosis and endothelial
dysfunction plays an important role in the atherosclerosis progression (51).
Many previous studies have documented that IHD and ED are linked. IHD
can be used to predict the risk of ED because both conditions have the same
risk factors. Conversely, ED may trigger events that further lead to IHD.

Also it was reported that there is a correlation between erectile
function and number of coronary vessel disease in patients with IHD (52).
In other words, severity of the ED correlates with the severity of the
coronary artery disease.

In another study authors aimed to evaluate the erectile function
in men with coronary artery disease and whether or not there is an
association between the degree of ED and the age of their first acute
myocardial infarction (53). In this study, male survivors of AMI in whom
AMI occurred before the age of 45 and after the age of 65 were
investigated. Patients of AMI survivors were divided to two groups and ED
incidence analyzed. While in post-AMI male patients younger (<45 years)
ED occurred in 33%, 90% of the older AMI patients (>65 years)
complained of ED. The overall increase in ED presence suggests that the
background of their coronary event is may reflect a generalized
atherosclerotic process (53). Furthermore, treatment for ED after a first
AMI (with phosphodiesterase-5 inhibitors) reduced mortality and HF
hospitalisation ratios (54). This finding supports the information of the ED
and CVD should be considered as different manifestations of a common
underlying vascular pathology.
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Erectile Dysfunction and Atrial Fibrillation

Atrial fibrillation (AF) is the most common type of arrhythmia
which is presented in 33 million people worlwide and it can affect quality
of life (55). AF causes 2-fold cardiovascular mortality. Although the
mechanism of AF is not yet fully established, oxidative stress, chronic
inflammation, endothelial dysfunction are thought to play an important
role in the development of AF (56-58).

Recent studies showed that AF may be a risk factor for ED
development (59, 60). ED prevalence in AF male patients is 57% (61).
A cohort study in 19.258 people suggested that AF is an independent risk
factor for the development of ED (59). ED and AF have similar
etiologies like endothelial dysfunction, inflammation, oxidative stress,
vascular and hemodynamic deterioration especially due to
atherosclerosis (62, 63). AF predisposes hypercoagulation via changing
the blood flow in the the heart and increasing the level of coagulation
markers as fibrinojen and P-selectin and it generates vascular risk
correspondingly (64).

In a study which presented in 129 male patients, the association
of protrombotic situations and peripheral thromboembolism like
microthrombi in penile arteries in AF patients and its impact on ED were
investigated. The association between ED and peripheral
thromboembolism was evaluated with CHADS; and CHA2DS2VASc
scores. Both of these scores were significantly higher in with ED groups
than without ED groups which mean ED in patient with AF is associated
with elevated cardioemblic risk. This results showed that ED diagnosis
should be a marker for prothrombotic situations especially for men over
65 (65). But a cohort study with 6273 people in Taiwan suggested that
there was no relation between AF and ED (66). These controversial
results may be caused by presence of IHD, diabetes mellitus, chronic
obstructive pulmonary disease, chronic renal failure, stroke and
medications like beta-bloker which are more common in AF group than
the control group. This situation increases the probability of bias.

Erectile Dysfunction and Hypertension

Arterial Hypertension is a CVD that leads to important
systemic alterations and impairs normal organ function over time. It
affects 1 in 3 adults in the United States (67). Also it was well defined
that association between hypertension and ED was obvious. In
hypertensive population, ED is more frequent than in normotensive ones
(68, 69).

In case of prolonged high systemic blood pressure, endothelial
damage occurs and this results in entothelial dysfunction. Additionally
high levels of circulation of vasoactive molecules such as angiotensin Il
can lead to entothelial alterations. As mentioned earlier penile arteries
are smaller and have a greater endothelial surface. Thus, high degree of
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