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Erectile dysfunction (ED) is a multi-factorial illness that is characterized by the presence of vascular atherosclerosis
and hormonal, lifestyle, age, neurological, and physiological factors, all occurring in a well-coordinated manner.
Among all of the listed characteristics, vascular disease is the most common cause of ED. Testosterone levels,
psychological concerns, such as performance anxiety, and iatrogenesis are all the variables that contribute to ED

development.

erectile dysfunction pathophysiology atherosclerosis cardiovascular disease

| 1. Introduction

Erectile dysfunction (ED) is a multi-factorial illness that is characterized by the presence of vascular atherosclerosis
and hormonal, lifestyle, age, neurological, and physiological factors, all occurring in a well-coordinated manner [
(2, Among all of the listed characteristics, vascular disease is the most common cause of ED [, Testosterone
levels, psychological concerns, such as performance anxiety, and iatrogenesis are all the variables that contribute
to ED development 4B, According to a variety of demographic studies, ED affects up to 150 million men globally &
1. As the world’s population ages, the prevalence of ED is expected to climb to 300 million men by 2025 Bl
Males aged 18-75 years in Europe had a prevalence of 19%, but men in the same age range in the UK had a
prevalence of 39% for life ED and 26% for current ED [EILJILL],

ED has been linked to future cardiovascular events (CVE) in various studies 12131 showing a high mortality rate
due to cardiovascular disease (CVD) and stroke. Various studies have shown that ED patients had a considerably
higher CVD risk than non-ED patients (14151161 The most prominent risk factors associated with ED and CVD are
diabetes, dyslipidemia, hypertension, smoking, and obesity, which lead to the development of oxidative stress, the
primary cause of endothelial dysfunction L7 Due to the reduction in endothelium-dependent vasodilation, there
have been changes in structural vascular abnormalities, such as increased carotid intima-media thickness (cIMT)

and the formation of atherosclerotic plaques 181191201
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Significantly, the majority of male sexual ED is now recognized to be arterial in origin, with endothelial dysfunction
serving as the common link (2122, The patient and his spouse are both negatively affected by ED, stressing the
need for addressing ED as soon as feasible (23|, Figure 1 indicates the relationship between CVD risk factors and
ED. From the above, it can be concluded that “There is a clear correlation between ED and CVD.” A
comprehensive investigation of ED and CVD can be beneficial in the early diagnosis of heart attacks, strokes, and
other unfavorable CVE [241123],

Diabetes Vasoconstriction

Sleep disorder Atherosclerosis
Hypertension Thrombosis

Anxiety Increased Autonomic

Tobacco Function

Figure 1. Relationship between CVD risk factors, ED, and CVD.

Several changes occur as a result of the advancement of ED, including the creation of exudates, bleeding, and
other symptoms 28, These modifications have been implicated in the development of CVD 28l Patients in the
more severe phases of ED have a higher risk of CVD, and once a patient has been diagnosed with a CVD risk,
coronary imaging is indicated to stratify the risks 3. Also essential for visualizing the plaque in coronary artery
disease (COAD), coronary artery imaging (CAI) is vital [, Intravascular ultrasonography and coronary

angiography are the most frequently used imaging modalities for the visualization of coronary plaque [28129],

The imaging modalities are costly and difficult to get one’s hands on, especially in underdeveloped nations B9, As
a result, it seems sensible to explore low-cost alternative imaging technologies that can still monitor carotid artery
disease (CTAD) in ED patients and risk-stratify them 2981 Vascular imaging technologies are useful for the
treatment and can save lives before they become life-threatening (121, Because the carotid artery and the coronary
artery have genetically similar compositions, B-mode carotid ultrasonography is a preferred alternative for CTAD
imaging of the carotid artery 32, Image-based phenotypes such as carotid intima-media thickness and carotid total
plague area can be used as CVD surrogates. Further, accurate and automated carotid plaque burden

guantification, risk stratification, and early monitoring of atherosclerotic disease in ED patients is therefore required
23]

Artificial intelligence (Al)-based methods have recently played a vital role in computer-aided diagnosis [34135],
especially in the detection and classification of several diseases 2837, Machine learning applications in medical
imaging have just lately risen to prominence, such as diabetes 38l; the risk stratification of cancer types such as
thyroid 39, liver BZ[4A prostate 41421 and ovarian 43; vascular screening “4: coronary artery disease risk

characterization 43[4€l: and surrogate biomarker CTAD imaging and its risk stratification 448, Previously, machine
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learning (ML) models were developed to predict CVD, as it contains a variety of features from the CVD datasets 42
[BOIB1I Recently, the deep learning (DL) algorithms have been used to segment the carotid plaque wall thickness
(521331 for CVD risk assessment. As a result, it may be conceivable to use these Al-based solutions to handle CVD

and stroke risk stratification in ED patients.

These contents would introduce (a) the clinical linking between ED and CVD and vice versa, along with the risk
factors of CVD in ED patients, and (b) the CVD risk stratification for the severity of heart failure and stroke in ED
patients based on Al. One can use the risk factors such as office-based biomarkers (OBBM), laboratory-based
biomarkers (LBBM), carotid ultrasound image phenotypes (CUSIP), and medicine usage (MedUSE) combined with
ED covariates for designing knowledge-based systems for CVD prediction. Thus, ML and DL solutions can help in
establishing the early CVD risk assessment of ED patients who are at a high risk of CVD or ischemic and

hemorrhage stroke.

2. Erectile Dysfunction and Cardiovascular Disease Links:
Clinical Evidence

The definition of a health risk is “a characteristic or incident that is associated with a higher probability of a certain
result, such as the occurrence of a disease.” 24, The Framingham Heart Study is a major milestone in terms of
identifying risk factors for CVD. The FHS’s work has considerably helped preventive medicine. As a result, the
focus shifted from treatment to prevention and education 2. All combined atherosclerotic plaque risk factors
should be considered relevant to CVD 8. Age, gender, a family background of CVD, and ethnicity should be
considered as non-modifiable CVD risk factors. Age is an indicator of duration, and it is linked to CVD risk. Age is
also the largest indicator affecting cardiovascular outcomes BAE8 Another well-known CVD risk factor is the male
gender. According to the FHS data, women’s CVD mortality is equivalent to that of males 10 years younger B9,
Another well-established, non-modifiable risk factor is a first-degree relative with a history of CvD BIEL, This link is
especially robust in younger people who have a strong family history of premature illness (6283l Even though these
risk variables are non-modifiable, their identification is important in clinical treatment because it helps in identifying

individuals who require more stringent control of modifiable CVD risk factors.

In addition to ischemic heart disease, stroke, and peripheral artery disease, hypertension has been linked to
several of the most significant atherosclerotic symptoms, including peripheral artery disease (PAD) 465l |n the
normal BP range (>115/75 mmHg), there is no solid evidence of a risk threshold for CVD 63l This link has been
seen in people of all ages, and it appears to be greater for systolic BP than diastolic BP 8867 Stroke and heart
disease fatalities increase more than multiple times for those aged 40—69 years who have an increase in their

blood pressure of 20 or 10 mm Hg 62,

Diabetes mellitus (DM) doubles or triples the risk of myocardial infarction or stroke, as well as the risk of CVD
mortality 889 This risk rises in proportion to the degree of glycemic change 9. Intermediate carbohydrate
metabolic anomalies have also been linked to a higher CVD risk 12 |n contrast to diabetes, diabetic people

have a higher risk of CVD due to the existence of additional metabolic abnormalities 3!,
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ED is generally referred to as a vascular disease, and it is generally known that it shares several health risks with
CVD, including obesity 8274 chronic renal disease 2!, poor socioeconomic status 28 low fruit and vegetable
consumption 8 inadequate physical activity L, metabolic syndrome 879 and elevated C-reactive protein
levels Y which are all well-known risk factors for CVD. In this context, a large prospective study evaluating the
effect of CVD risk variables on ED over 25 years showed that age, BMI, cholesterol, and triglycerides were all
highly associated with ED (22, Smoking, BMI, hypertension, cholesterol dietary consumption, and unsaturated fat

intake have all been linked to an increased risk of ED 881l Figure 2 indicates the shared risk factors of ED.

Shared risk factors of ED
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Figure 2. Shared risk factors of ED.

Therefore, in connection, ED affects around 75% of diabetes patients over the age of 60 and grows proportionately
with the severity of the condition 2. |t is possible that ED and penile atherosclerosis are the common
denominators between ED and diabetes [£3]. However, the link between these two clinical diseases is complex, and
additional pathophysiologic processes, such as autonomic neuropathy and hormonal abnormalities, may be

involved in the development of these two clinical conditions [22184],

2.1. The Pathophysiologic Link between ED and CVD

The pathophysiology of ED is dependent on the integrity of the endothelium [B2l8] Sexual drive induces the
production of NO and other endothelial mediators, resulting in stimulating sympathetic stimulation in the veins

feeding penile regions and an enhanced blood flow to the penis while blocking the vein discharge (8187 These
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occurrences cause blood to be trapped within the corpora cavernosa. This increase leads to system pressure and
an erection B8 The carotid arteries hypothesized that ED and COAD have the same involvement in the
pathogenesis pathway (2. ED and circulation stenosis may result from exposure to known risk factors. Due to the
systematic character of atherosclerosis, all arterial pathways may be harmed to the same amount, but the onset of
signs is linked to arterial size 229, |ncreased vascular tolerance for the same amount of endothelial dysfunction
and/or atherosclerotic burden is observed in bigger vessels when compared to smaller arteries [21. Alongside the
more compact ones, penile veins are smaller than other veins in the body 22, Compared to coronary arteries, they
are tiny, (1-2 mm) to (3—4 mm), with endothelial dysfunction at the very same level, and atherosclerosis may cause

a greater decline in blood flow [,

Consequently, the vascular system of the penile organ may serve as an early warning system for a wide range of
vascular conditions 22, Individuals with chronic coronary syndromes (CCS) are more likely to have ED than those
without CCS, according to this hypothesis. In this respect, Montorsi et al. 2l explained that for patients with chronic
coronary syndrome, ED is common before CAD symptoms appear. Most patients with CCS begin to have sexual
dysfunction three years before any cardiac symptoms appear. This contrasts with the rarity of sexual dysfunction in
those suffering from acute coronary syndrome 1. Appropriate arterial penile lesions were found in only 12.9% of
the cases, compared to a high frequency of 87% in the coronary system and 77% in the internal iliac artery area

(941 Figure 3 shows the CVD risk factors linked with inflammation, androgen, and endothelial dysfunction.
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Figure 3. CVD risk factors are linked with inflammation, androgen, and endothelial dysfunction.

A comprehensive reformulation of all available evidence revealed that, while the artery-size theory is crucial to
understanding the complicated relationship between ED and COAD, vasculogenic ED is also connected with
dynamic, macroscopically intangible irregularities linked to endothelial dysfunction and neurogenic hyperactivity
42 The usual indications of cardiovascular problems are quite often disguised in diabetics, causing a diagnostic
lag of COAD and difficulty in altering the disease’s natural history 3. In diabetes patients, an individual
relationship between ED and asymptomatic COAD has indeed been described 281871, Endothelial functioning is
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affected by low-grade inflammatory cytokines, which can lead to a thrombogenic state [28l, Several studies have
linked the development and intensity of ED to the elevated expression of inflammation biomarkers [24I43][461[47] The
major targets for androgen actions inside the penile and cardiovascular pathways are endothelium and sleek cells,

and congenital hypothyroidism is associated with an increased risk of arteriosclerotic remodeling [22I100],

As a result, it is found that people who have ED and risk factors for cardiovascular disease are more likely to have

a “silent COAD.” They should get a full CVD examination.

Mechanism of Penile Erection

The mechanism of the male penile erection, as well as cross-section, is shown in Figure 4A,B, where the aorta is
directly connected to the penal artery. A significant blood input is essential for successful sexual performance 191
(1021 As previously stated, normal penile erection is a neurovascular event that causes sexual stimulation and the

release of NO hormones from endothelial cells [1031(104]

Superficial and Dorsal artery
Deep dorsal vein and nerve

: \ Internal

e cavernosa
b vessels
Cavernosal
Internal NE
artery (dorsa
artery of peais) | Internal Fascia of
i o

Figure 4. (A) Mechanics of penile erection (courtesy of Atheropoint™, Roseville, CA, USA). (B) Cross-sectional of

the penis (courtesy of Atheropoint™, Roseville, CA, USA).

As a result, strong blood flow from the heart to the penal muscle cells is required for a proper erection 03111081 A]|
these processes cause blood to be caught inside the corpora cavernosa (Figure 4B), resulting in intracavernous

pressure and an erection 197,

2.2. The Effect of SARS-CoV-19 on Erectile Dysfunction
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SARS-CoV-2, the interaction of the enhanced ACE2 and the transmembrane protease serine 2 with a component
of the spike protein, accelerates binding and transit into vascular endothelium cells 2981, According to the studies,
endothelial dysfunction is a significant contributor to COVID-19 symptoms 199110l The Table 1 show the
relationship between ED with CVD or coronary artery disease. Direct viral invasion of testicular tissue via ACE2
receptors, temperature-related testicular injury resulting from sustained high fever, inflammatory and autoimmune
responses, and viral infection-related oxidative stress are some of the suggested causes of this damage [111]
(1121 Figure 5 explains the biological link between ED and CVD/Stroke and Figure 6 validates the biological link
between SARS-CoV-19 with ED.

Unhealthy Lifestyle,
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Diabetes, P RoS T

Chronic Infection,
Mental Stress
Impaired of NO
dependent Signaling
Endothelial Dysfunction
: Impaired
Ath: !
Blood flow in Penis l
> .

|
Myocardial Infraction Erectile Dysfunction

Figure 5. The biological link between ED and CVD/Stroke. RoS: reactive oxides stress, NO: nitric oxide, Up Arrow:

depicts increase, Down Arrow: depicts decrease.
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Figure 6.

depicts inc

Relation

SN Citations * ME PS
Bonetti et al. ED

1 [113] with LBBM 45
(2002) CVD
Montorsi et ED

2 al. @ with LBBM 34
(2005) CAD
Kirby et al. ED

3 [16] with OBBM  NR
(2005) CAD
Vlachopoulos ED

4 et al. 114 with LBBM  NR
(2007) CAD

5 Diaconu et al. ED OBBM, 231
[115] with LBBM
(2011) CVD

Outcome

ED is a systemic disease that
contributes significantly to the
advancement of atherosclerosis
and its associated
complications. There is a need
for direct evidence that
therapeutic improvements in
endothelial function resulted in
decreased CVE rates.

Because of the progressive or
simultaneous alterations in
microvascular and
macrovascular function, ED is
fundamentally an atherosclerotic
disorder in its origin and
progression.

ED and COAD are two distinct
clinical manifestations of the
same systemic illness, with
pathological causes and risk

factors that are quite similar to

one another. Because of
increased understanding of the
emergency department as a
barometer for cardiovascular
health, it is possible to take
early action to reduce future CV
risk.

ED, inflammation, and low
testosterone levels in the
bloodstream are all risk factors
and pathophysiological links that
are shared by cardiovascular
disease and erectile
dysfunction.

Both erectile dysfunction and
CVD are symptoms of the same
illness. ED symptoms often
appear three to five years
before the onset of symptoms of

Treatment

NR

NR

NR

NR

phosphodiesterase-5
inhibitors, alprostadil
(prostaglandin E1)
intracavernous
injections, alternatives

Up Arrow:
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SN Citations Rela}ktlon ME PS Outcome Treatment

coronary artery disease, and for the management of
they may serve as an early ED.

warning indication that CVD is
on the verge of manifesting

itself. As a result, male patients
with CVD risk factors should

have their erectile dysfunction

checked regularly.

ED is a sign of cardiovascular
disease. As a result, guys with
NR ED should be thoroughly
LBBM evaluated for cardiovascular risk
factors to avoid future CVE
(MACE).

Yannas et al. ED
6 (54] with
(2011) CVD

NR

ED and cardiovascular disease
(CVD) are two symptoms of the
same systemic illness.
Atherosclerosis and blood
vessel constriction are caused
by the interplay of CV risk
factors, androgens, and chronic
inflammation in the blood
vessels. Endothelial dysfunction
and autonomic hyperactivity, for
example, are both isotropic
alterations in the body.

ED
With LBBM NR
CVvD

Gandaglia et

al. 821 (2014) AR

Distinguishing between
symptoms of ED and

cardiovascular disease (CVD)

demands a distinct strategy.

Atherosclerosis and vascular
. 13 ED constriction are associated with

8 le(;(t)fé')u with ?:Em 1757 each other, and this association NR

CVD is generated by the combination

of CV risk factors, androgens,

and chronic inflammation.

Atherosclerosis and autonomic
hyperactivity are both apparent

alterations that are isotropic.

9 Roushias et ED OoBBM, 1768 Endothelial dysfunction is a NR
al, 181 (2018) with LBBM common denominator in the
CVvD pathophysiology of both erectile
dysfunction and cardiovascular
disease. ED is a warning
symptom of endothelial
dysfunction and a risk factor for
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SN Citations

Miner et al.
10 117
(2019)

Sayadi et al.
11 [L18]

(2021)

Katka et al.
12 119
(2021)

Inman et al.
13 120
(2021)

Imprialos et

14 a1 221 2021y

a

15 Rinkdniené et
al. 1221 (2021)

Relation

. ME
ED
with LBBM
COAD
ED
with OBBM
COAD
E.D OBBM,
with LBBM
COAD
ED
with LBBM
COAD
ED
with LBBM
CVD
[109][110]
ED LBBM
with
CVvD

PS

242

100

751

1402

NR

171

Outcome

cardiovascular disease. Early
detection and assessment of ED
redefines the risk of
cardiovascular disease and
allows for earlier intervention.
Patients with cardiovascular
disease should be treated and
monitored more closely if they
develop erectile dysfunction.

Angiographic studies show that
ED patients under the age of 60
had more severe COAD. This
connection is independent of
COAD and ED risk factors.

COAD is an indicator of
atherosclerosis. As a result, the
IIEF questionnaire can help
diagnose COAD early on.

Sexual health concerns are
crucial in cardiac patients. ED
predicts CVD due to shared risk
factors and pathophysiology.
Hypertension, dyslipidemia,
smoking, diabetes, obesity, and
a poor diet all contribute to
vascular endothelium
dysfunction.

ED and CAD may be signs of
the same vascular illness. In
young men, ED increases the
risk of future cardiac incidents,
but in older men, it appears to
have little predictive value.

Erectile dysfunction is a major
health condition that affects
many people, and it is more

common in people with
cardiovascular risk factors or
illnesses. Both ED and CVD
share pathophysiological
pathways.

ED is common in guys who
have had a MI. Men with a
hisfa2glof M| had greater

Treatment

NR

NR

NR

NR

Patients with or without
cardiovascular illness

. vascular
can use
phdsBHodiesterase e ultimate
. typq. 124phibitors as - the most
first-line ED treatment.
[123] sirculatory
an lead to
NR _
lothelium-
crease in

eNOS expression, which results in a decrease in NO production [2281127] |ncreased endothelium-bound cavernosal

tissue vasodilation is associated with hypertension and diabetes 1281,

https://encyclopedia.pub/entry/25752

12/24



Erectile Dysfunction and Cardiovascular Disease Links | Encyclopedia.pub

Relation ncertainty

SN Citations * ME PS Outcome Treatment

[&] - .
traditional CVD risk factors. Men uring this

with ED who have had a Ml are (130] bout safe

more prone to AH.
P Jtes, and

degradation in contact are some of the most significant contributors to a person’s experience of sexual troubles
;r%\‘s'éﬁféﬁldw{geﬁfnﬁg%Tﬁ%'%g%ﬁl@l@il@ﬁ@n CVD, ME: method of evaluation, PS: patient size, OE: outcome,

TE: treatment, NR: not reported, MI: myocardial interaction, OBBM: office-based biomarker, LBBM: lab-based

BiexoRlk@ssNRanatégprstetbn differences, as well as a lack of privacy while confined, have both been linked to the

development of sexual difficulties and dissatisfaction [1331134] COVID-19 infection, on the other hand, has the

potential to negatively impact male sexual function by inducing endothelial damage, which can result in erectile

dysfunction, testicular injury, and psychological alterations [L341235],

It can be hypothesized that erectile dysfunction occurs more frequently in the presence of heart issues when the

endothelium and smooth muscle are dysfunctional. Endothelial dysfunction impairs blood flow to the heart and the

penis, contributing to the development of atherosclerosis.
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