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Tip of the iceberg: erectile dysfunction and COVID-19
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The novel severe acute respiratory syndrome coronavirus 2 caused the coronavirus 2019 (COVID-19) pandemic that resulted in
more than 150 million infections and 3.5 million deaths globally. COVID-19 affected men more than women, emerging with more
severe disease and higher mortality rates. Androgens may be responsible for the underlying reason of more severe disease, as
androgen receptors have been implicated to mediate viral cell entry and infection. Besides, male reproductive organs have been
reported to be affected by the especially severe disease, resulting in erectile dysfunction (ED). In this narrative review, we aimed to
gather possible mechanisms of the development of ED led by COVID-19. Current evidence illuminates endothelial dysfunction,
direct testicular damage, and the psychological burden of COVID-19 that are of the pathways of ED. Although the proposed
underlying mechanisms partly fail to answer the questions by which COVID-19 leads to ED, it is important to monitor men who
recovered from COVID-19 regarding the sexual dysfunction sequelae of infection and address the long‐term consequences.
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INTRODUCTION
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
labeled as the coronavirus disease (COVID-19) broke out in Wuhan,
China in December 2019 [1]. COVID-19 outbreak has become a
pandemic with an impact on all social and economic activities
throughout the world due to the high mortality rates threatening
the global public health with even catastrophic influence felt
worldwide. This unprecedented condition for mankind made the
World Health Organization (WHO) declare the virus as a pandemic
on March 11, 2020 [2].
Although COVID-19 impacts all age groups, it is more prevalent

in male patients with fatal outcomes in cases with comorbidities
such as hypertension, diabetes, and obesity [3, 4]. The SARS-CoV-
2-driven immune-inflammatory responses such as cytokine storm
and microvascular thrombo-embolic events leading to pulmonary
and cardiovascular system-related critical clinical manifestation
might be the tip of the iceberg, with potentially multi-organ
dysfunction-driven clinical conditions emerging eventually [5, 6].
Many sexually active people facing economic and psychological

pressures and COVID-19-driven health problems made it unavoid-
able that sexual and reproductive health would be affected in
several ways. Sexually active people have experienced due to
COVID-19 decreased frequency of sexual life and sexual satisfaction
[7, 8]. The pandemic of COVID-19 has disrupted relationships
between partners regarding sex life and sexual function [9]. Among
the complications of COVID-19, immediate or eventual, erectile
dysfunction (ED), as the surrogate marker of particularly cardio-
vascular diseases endothelial dysfunction has been reported. The
relationship between ED and COVID-19 as presented in real life is
in line with the pathophysiological mechanisms connecting ED,
endothelial dysfunction, and COVID-19 [10–12]. An increasing
number of studies in the relevant literature make it possible
to correlate primarily organic or primarily psychogenic ED with

SARS-CoV-2 infection-associated disease [11, 13–15]. This review
article evaluates male sexual dysfunctions connected COVID-19
with associated endothelial dysfunction, testicular insufficiency and
psychological burden.

COVID-19-DRIVEN ENDOTHELIAL DYSFUNCTION AND
ERECTILE DYSFUNCTION
SARS-CoV-2 is enabled by the interplay of expressed angiotensin-
converting enzyme 2 (ACE2) expressed and the transmembrane
protease serine 2 (TMPRSS2) with a part of the spike protein
facilitating SARS-CoV-2 docking and passage into vascular endothe-
lium cell [16]. Recent immunohistochemical evidence-based studies
show that the loss of the SARS-CoV-2-infected endothelial cells’
physiological functions and emerging endothelial damage results in
a thrombo-embolic change of the vascular lumen, formation of
immune-thrombosis, and circulatory disorder in multiple organs. The
emerging evidence show that endothelial dysfunction is a pivotal
determinant of COVID-19 symptoms [17, 18]. The final and visible
result of the cells coming from the endothelium taken by SARS-CoV-
2 is the thrombo-embolic vascular lumen change in the endothe-
lium, the formation of immunothrombosis and the emergence
of reversal in many organs. Endothelial dysfunction is a key
determinant of COVID-19 symptoms [17, 18] (Fig. 1). In hospitalized
COVID-19 cases, comorbidities such as hypertension, obesity, and
diabetes, cardiovascular disease with underlying endothelial
damage are widely evident [19, 20]. Therefore, endothelial dysfunc-
tion is a common denominator in reported COVID-19 comorbidities.
Moreover, ACE2 expression decreases with old age predicts a lower
rate of SARS-CoV-2 infection in the older population [21]. The
ACE2 system plays a vital role in cellular homeostasis perseveration
against viral infection, specifically in COVID-19 infection and
is widely distributed in the pulmonary and vascular system and
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testicles especially in the lung, heart, kidneys and testis [22].
Endothelial dysfunction pathophysiology and damage offers insights
into COVID-19-related mortality and morbidity.
Normal erectile function is a result of complex mechanisms

including neural, vascular, and hormonal signaling. Impairment of
psychological, neurological, hormonal, vascular, and cavernosal
factors, individually, or in combination, can induce ED. Numerous
pathophysiological pathways can exist together and have
combined a negative impact on erectile function [23]. The
underlying reason for COVID-19-driven ED could be the associa-
tions established between endothelial dysfunction and the SARS-
CoV-2 corrupting the physiological pathways involved in the
regulation of erection. ED is associated with various causal factors
such as age, diabetes mellitus, dyslipidemia, hypertension,
cardiovascular disease, BMI/obesity/waist circumference, and
metabolic syndrome [23, 24]. Alongside the developments in the
conception of cardiovascular physiology, the most vigorous efforts
in understanding the physiology of penile erection have focused
on enlightening mechanisms related to the functions of the
endothelium and vascular smooth muscle of the corpus caverno-
sum. Endothelial cells and neurons play an active and dynamic
role in the vascular smooth muscle tonus. The presence or the
emergence of ED facilitates the risk of future progressive
cardiovascular events, cerebrovascular events, and all-cause
mortality, with an incline towards a higher risk of cardiovascular
mortality [25]. Therefore, ED could be a manifestation of coronary
artery and peripheral vascular disease and also as a potential
indicator of cardiovascular disease [26, 27]. The relationship of
comorbidity factors, SARS-CoV-2, and vascular dysfunction/injury
has been extensively reported along with the role of comorbidity
factors and SARS-CoV-2 in vascular dysfunction and vascular
injury. Endothelial dysfunction is related to factors such as aging,
hypertension, and diabetes. SARS-CoV-2 can also cause vascular
damage directly or indirectly by stimulating immune response
which results in excessive cytokine production (cytokine storm)
that can also lead to vascular damage [28].
On the other hand, epidemiological data also highlighted the

relationship between ED and immuno-inflammatory system such

as inflammatory bowel disease, kidney disease, rheumatic disease,
psoriasis, gouty arthritis and ankylosing spondylitis as other
potential risk factors [27]. Moreover, inflammatory cytokines such
as TNF-α, IL-6 and IL-1β that occur in hyperinflammation of COVID-
19 have been shown to be associated with clinical progression of
sexual dysfunction [29, 30].
A well-known fact is that nitric oxide (NO) synthesized with

healthy endothelial cells is the primary mediator in the
endothelium-dependent relaxation process in the corpus caver-
nosum. Diminished nitric oxide synthase (eNOS) expression-driven
lowered NO bioavailability is the primary cause of endothelial
dysfunction. Attenuation of endothelium-bound vasodilation of
cavernosal tissue is present in diabetes [31]. Limited bioavailability
of the endothelium-synthesized dilating molecule NO resulting
from oxidative stress is the main mechanism mediating limited
endothelium-dependent dilation with aging [32]. Immunohisto-
chemical analyses have revealed suppressed endothelial eNOS
expression in the corpus cavernosum of COVID-19 (+) male
patients compared to non-COVID-19 (–) cases, in line with
endothelial dysfunction [33].
One of the most important evidence shows the presence of viral

RNA in COVID-19 (+) specimen subsequent to SARS-CoV-2 viral
spikes in penile vascular endothelial cells of the COVID-19 (+)
patients [33]. This condition can be considered as an important
notion for widespread endothelial cell dysfunction and ED. One of
the delayed COVID-19-related silently growing problems seems to
be ED since the penile system is covered up with endothelial rich
blood vessels just as the lung, heart and kidney.

THE TESTICULAR AFFINITY OF ACE2 RECEPTORS FOR SARS-
COV-2
SARS-CoV-2, the virus that causes COVID-19, can infect host cells
by interacting the viral spike (S) protein with membrane-bound
ACE2 on the respiratory epithelium [34]. ACE2 receptors have
been identified in various systems, including the cardiovascular,
gastrointestinal, neuroendocrine, genitourinary, and respiratory
systems [35]. Human testicular tissue also contains these receptors

Fig. 1 Possible pathways through which COVID-19 causes erectile dysfunction. For ACE2 mediated cell entry of the SARS-CoV-2, co-
expression of one more protein-Transmembrane protease serine 2 (TMPRSS2) is essential. Binding of SARS-CoV-2 to ACE2 receptor at the
endothelial cell surface disrupts endothelial signaling and therefore leads to endothelial injury. In the same way, altered ACE2 signaling
stemmed from SARS-CoV-2 in the testis cause malfunction in Leydig and Sertoli cells. Psychological distress due to COVID-19 risen by social
isolation, imposed lockdowns, uncertainty, fear of death, etc., may cause sexual distress as well.
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on both germ and somatic cells [35]. Results from the bioinfor-
matic analysis have demonstrated that ACE2 is highly expressed in
Leydig cells, seminiferous tubules, and germ cells [36]. A study also
revealed that the testicular tissue has the highest concentration of
ACE2 receptors compared to other human tissues, even higher
than the lung tissue, which is the main target of the virus.
Immunohistochemical analysis showed high ACE2 expression in
sperm and Leydig cells, moderate expression in seminiferous
vesicle glands, and low expression in the prostate and bladder
[37]. Besides, the presence of another transmembrane protease
named TMPRSS2 seems to play an essential role in the clinical
infection of SARS-CoV-2. This protease assists the breakdown of
the viral S protein favoring its fusion and invasion into the cell [16].
Interestingly, both ACE2 and TMPRSS2 are shown to be androgen-
regulated [38, 39]. These facts all together bring up a hypothesis
that the tissue of the testicles may be vulnerable to contamination
by this new virus, reinforcing the importance of monitoring the
testicular function in infected patients.
Current literature seems to corroborate this hypothesis. A study

by Ma et al. [40] demonstrated lower testosterone and higher LH
levels in a cohort of reproductive-aged SARS-CoV-2-infected
males, compared to age-matched healthy controls [41] (Fig. 1).
Rastrelli et al. showed that patients infected with SARS-CoV-2
might have decreased total and free testosterone levels, and these
lower levels of testosterone levels positively correlate with disease
progression [41]. Similarly, Çayan et al. showed that circulating
testosterone levels decreased in patients infected with SARS-CoV-
2, and lower testosterone levels were associated with mortality
[42]. In another study, testosterone deficiency was found in 74% of
the patients with COVID-19 compared with 38% in age-match
control men [43]. A recent large case–control study demonstrated
that COVID-19 is associated with lower circulation total testoster-
one levels and related to secondary hypogonadism in a high
percentage of infected patients (85%) [44]. We understand from
this evidence that testicular damage may be a harmful
consequence of the infection and may contribute to other
components (endothelial dysfunction and physiological burden)
causing ED.
To date, there is no definite consensus regarding COVID-19

infection and its effect on the male reproductive system. Studies
regarding the presence of SARS-CoV-2 mRNA or virus in the
semen or testicular tissue have shown contradictory results. Some
studies report no evidence of the presence of SARS-CoV-2 in the
semen or testicular tissue and on the other hand, some studies
report the presence of SARS-CoV-2 in testicular tissue with clinical
evidence of hypergonadotropic hypogonadism or damage to
spermatogenesis [45, 46]. As with anything new, there are more
suspicions and hypotheses than certainties in terms of COVID-19
effects on the male reproductive system [36]. However, based on
current knowledge, the health care system needs to consider the
male reproductive system involvement in critically ill patients [47].
The hypothetical mechanisms for this damage include direct viral
invasion to testicular tissue through ACE2 receptors, temperature-
related testicular damage resulting from persistent high fever,
secondary inflammatory, and autoimmune responses, and viral
infection-related oxidative stress [48, 49]. Further studies are
needed, including long-term follow-up of the patients after
COVID-19 infection, since clinical and epidemiological evidence
regarding the effects of COVID-19 on reproductive health and
future infertility of male patients is scarce.

THE PSYCHOLOGICAL BURDEN OF THE COVID-19 PANDEMIC
AND THE ASSOCIATED RESTRICTIVE MEASURES AS RISK
FACTORS FOR ED
As an attempt to limit the spread of the SARS-CoV-2 virus,
governments and policies entities across the world implemented
several unprecedented restrictive measures, such as social

distancing, isolation, and imposed lockdown, that have drastically
altered people’s lives and had a profound effect on multiple
aspects of the global economy [50]. Even though such measures
represented an effective strategy in controlling COVID-19 disease,
they have also exposed individuals to increased psychological
distress. The extent to which these measures affected the general
public’s mental health is yet to be known. However, the dramatic
effects of social isolation and distancing measures have been
extensively recognized in several areas of individuals’ health and
well-being [51, 52]. Along with the pervasive fear of contracting
the virus, the uncertainty regarding the future, the financial,
economic, and overall global losses, and the reduced social
support during confinement have contributed to the experience
of significant levels of psychological distress, exacerbation of
worry, anxiety, and depression in individuals of the general
population worldwide [52] (Fig. 1). This sudden and dramatic new
reality (e.g., working from home, homeschooling, unexpected
unemployment, being away from loved ones, new familiar and
relationship dynamics) could also have contributed to triggering
underlying mental vulnerabilities in healthy individuals and/or in
reactivating psychiatric illnesses in those with pre-existing mental
health conditions [52–54].
The overall sense of uncertainty and unpredictability associated

with the COVID-19 pandemic and the adopted restrictive
measures, along with individuals’ increased levels of experienced
emotional distress, also affected interpersonal and intimate
relationships during this critical period and in the long term
[55]. Individual’s concerns related to safe intimate/sexual interac-
tions, forced separation of intimate partners, and escalation in
marital conflicts and deterioration in communication are among
the most relevant contributing factors to the experience of an
individual’s sexual difficulties and sexual dissatisfaction during this
period [56–58]. Discrepancies in sexual desire or in sexual
expression and lack of privacy during confinement, have also
been identified as contributing to the intensification of sexual
problems and sexual distress [59]. In fact, this context of the
pandemic crisis created a unique opportunity for studying the
impact of adverse events in individuals’ sexuality and sexual
functioning, and a growing body of research has emerged over
the past year as a result.
Despite the evidence indicating a paradoxical increase of sexual

desire and sexual activity during this critical period in men and
women [60, 61], possibly occurring as a strategy to cope with
negative affective states and as an attempt to regulate negative
emotions, most studies have been reporting on the negative
effects of the COVID-19 pandemic and associated mitigating
measures on sexual functioning and satisfaction [62–67].
A significant decline in male sexual function, particularly the
deterioration of erectile response, has been consistently reported
and identified as being strongly associated with anxiety and
depressive symptoms experienced during the current pandemic
crisis [9, 68]. Accordingly, lower levels of psychological adjustment
during imposed confinements were found to impact negatively
erectile function, along with sexual desire, and sexual and overall
satisfaction in men, above and beyond the single effects of the
confinement [69]. These findings have drawn attention to the
importance of conceptualizing male’s sexual functioning within a
contextual frame, highlighting the importance of current life
stressors (e.g., critical life events) and their intersection with
psychological adjustment in the modulation of male’s sexuality
and sexual functioning [69, 70].
Indeed, the context of the COVID-19 pandemic crisis has been

proposed as a long-term stressor, representing a critical period
with the potential to work as a precipitant factor in triggering
erectile problems in men [71]. Under perceived adverse
circumstances (e.g., social isolation, concerns related to finances,
new family and relationship dynamics, concerns related to
intimacy and the sexual partner), erectile difficulties can be
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expected to emerge (or be exacerbated if associated with a
myriad of organic risk factors) as a result of the activation of
individual’s psychological vulnerabilities in response to increased
emotional distress [71]. Along with specific dysfunctional sexual
beliefs (e.g., age-related beliefs, male conservative sexual beliefs,
and “macho beliefs”), personality traits such as neuroticism and
extraversion have been shown to play an essential role as
vulnerability factors for the development and maintenance/
exacerbation of male sexual problems [72–77]. There is recent
evidence showing the relevance of neuroticism and low
extraversion, as well as age-related sexual beliefs, in predicting
sexual functioning and distress in men during the current COVID-
19 pandemic crisis.
Under such challenging contextual circumstances, sexual

arousal response may be affected by cognitive interference that
hinders an individual’s effective processing of sexual and erotic
stimuli during sexual situations, in response to the activation of a
perceived internal or external threat, or anticipated negative
consequences of sex (e.g., being infected with SARS-CoV-2) [78].
The inefficient cognitive processing of sexual stimuli due to
cognitive distraction (e.g., distracting thoughts related to sexual
performance and its consequences, fear of contagion) compro-
mises the activation of the physiological and subjective sexual
responses necessary for an adequate sexual response to occur, as
well as to the experience of sexual pleasure. As a result, a decrease
in sexual arousal will be inevitable and will heighten an
individual’s attention to performance-related concerns (excessive
focus on erection loss), resulting in a cascade of negative self-
appraisals associated with sexual failure and its consequences
(e.g., “there’s must be something wrong with me”, “I won’t be able
to sexually satisfy my partner”), contributing to man’s withdrawal
of the sexual situation. The recurrent experience of an inconsistent
sexual arousal response and the learned tendency to respond
to failure over time will intensify an individual’s negative emotions
and distress and amplify anxiety-related concerns about sexual
performance, contributing to the avoidance of future sexual
situations [78].
In light of the current pandemic crisis scenario and its

associated implications as representing a risk factor for the
development/exacerbation of ED in vulnerable individuals, along
with a myriad of emotional conditions, awareness for sexual and
mental health has become an international public health priority
[79]. Several local and international institutions (e.g., World
Association for Sexual Health, WHO) have been leading specific
actions to increase information, resources, and support during the
pandemic crisis, in an attempt to mitigate its detrimental effects
on mental and sexual health and well-being of the general
population worldwide. In addition, as sexual activity and sexual
satisfaction may play an essential protective role in individuals’
mental health and well-being during the COVID-19 pandemic,
specialized support interventions targeting overall sexual pro-
blems should be available during this period. This is particularly
relevant regarding ED as it has been recently suggested as a
potential long-term consequence of COVID-19, given the sig-
nificant increase of self-reported erectile problems in men with
previously reported SARS-CoV-2 infection [80]. Therefore, a
comprehensive and effective clinical intervention for ED emerging
in such a challenging context requires an integrated and
multidisciplinary approach, combining biomedical and tailored
psychological interventions to the patient’s needs and circum-
stances (e.g., cognitive-behavior therapy, sex therapy). Such
specialized interventions may be delivered using both the
conventional form and an e-Health format [56] and should be
focusing on promoting individual’s and/or couple’s sexual
functioning and satisfaction, along with the management of
concomitant medical or psychiatric conditions, not only during the
current pandemic COVID-19 crisis but also in the short and long
term [27, 81–83].

CONCLUSION
Most data support the role of COVID-19 in ED. Although the exact
pathophysiology is not fully elucidated, we strove to gather the
most probable reasons around this topic and elaborate on related
mechanisms. In summary, COVID-19 infection could affect male
sexual function through endothelial damage in erectile tissue,
testicular damage, and psychological alterations. Long-term and
well-designed studies are needed to clarify the role of COVID-
19 on ED.
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