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pelvic ganglia to smooth muscles and the endothelial cells
of the corpora cavernosa (4). Low testosterone levels are
associated with decreased libido, ED, decreased energy,
depressive symptoms, and fatigue (5). Changes in testos-
terone levels after COVID-19 may not only increase the
severity of ED but also cause ED alone (6).
The relationship between COVID-19 and testosterone is
based on contracting the disease, the severity of the dis-
ease and progression of the disease. COVID-19 makes use
of Transmembrane protease serine 2 (TMPRSS2) to pene-
trate into the host cell and androgen receptors are tran-
scription supportive for TMPRSS2. The higher the testos-
terone level, the easier it is for COVID-19 to penetrate
into the host via this mechanism (7). Besides, TMPRSS2
is up-regulated in prostate cancer where it supports
tumor progression, thus these patients may have a higher
risk of SARS-CoV-2 infection. TMPRSS2 inhibitors may
be useful for the treatment or prevention of COVID-19
(8). On the contrary, some other studies have reported
that low testosterone levels are associated with acute res-
piratory distress syndrome (ARDS) by increasing proin-
flammatory cytokines and they intensify COVID-19
infection in elderly men (9).
ED which is caused by COVID-19 appears to be associat-
ed with both vascular endothelial damage and reduction
in testosterone level. Even though the studies in the last
year mostly focused on primary disease due to the pan-
demic, In some studies, COVID-19 and its effects on sex-
ual life have begun to be revealed and suggestions are
made in terms of sexual health, especially through
andrology associations (10), but the results on effects of
COVID-19 infection on the male reproductive system are
currently insufficient as they are based on a small number
of patients and therefore are often contradictory (11). 
Our study aimed to figure out the factors which may play
a role in the development of ED in our patients with
COVID-19 and the effect of testosterone level on the
prognosis of COVID-19.

MATERIALS AND METHODS

Study design and patients
Our study has been designed after being approved by
the Republic of Turkey Ministry of Health and the local
ethics committee (Ethical committe approval number:
1303/27.01.2021) and 210 patients who were admitted
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INTRODUCTION
The global coronavirus disease (COVID-19) results in a
cytokine storm that leads to the development of micro-
thrombosis and diffuse intravascular coagulation (DIC) (1).
Despite the fact that lungs are the organs which are pri-
marily targeted in cytokine storm, the cardiovascular sys-
tem is also affected. The autopsies which were performed
showed that there were signs of endothelial damage, pul-
monary embolism, bleeding at multiple levels including
alveolar, microangiopathy, and vascular dysfunctions in
the form of vasculitis (2).
The relationship between Erectile Dysfunction (ED) and
COVID-19 develops due to vasculogenic and hormonal
causes which were caused by the primary disease. The
vasculogenic damage and ED are also seen as predictors
of a cardiovascular pathology which may be observed in
patients in the future (3). Testosterone, which is the most
important hormone in male erection, modulates almost
every component involved in erectile function, from the
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to our clinic with a complaint of ED between April-
December 2020 were evaluated prospectively. Written
consent forms were obtained from all patients who par-
ticipated in the study. In order to figure out the erectile
conditions of the patients, the IIEF-5 questionnaire, five-
item short version of the international index of erectile func-
tion (IIEF-EF), was used. This questionnaire was designed
in a form assessing the first month before COVID-19
infection and the period after COVID-19. According to
this form, scores between 5-7 were considered as severe,
8-17 as moderate, 17-21 as mild and 22-25 as no ED.
Male patients with an elapsed time at least six months
after COVID-19 and who did not have ED according to
the IIEF-5 score before COVID-19 infection, and whose
testosterone level was measured for varicocele, premature
ejaculation, infertility reasons in the last year were includ-
ed in our study. Furthermore, Beck depression scale was
used to determine the current depressive states of the
patients. Patients with minimal depression (0-9) accord-
ing to this scale were included in the study. The patients
who had comorbidities before COVID-19 such as obesi-
ty, hypertension, diabetes or heart disease, the patients
who have used drugs (such as beta blocker) that can
cause ED during and after COVID-19, the patients with
who had an increase in smoking and alcohol use after
COVID-19, the patients with an elapsed time of less than
6 months after COVID-19, the patients whose testos-
terone levels were not known before COVID-19, the
patients who did not have a minimal depression level
according to the Beck depression scale, the patients with
an IIEF-5 score of 21 and below, the patients who had
treatment for ED before COVID-19, whose detailed med-
ical history could not be taken and who did not have edu-
cation level enough to fill in IIEF-5 form were not includ-
ed in the study. After being evaluated according to the
exclusion criteria, our study was carried on with 70
patients. 
The ages of the patients, their results of COVID-19 poly-
merase chain reaction (PCR) test, testosterone level,
reports consistent with COVID-19 observed in thoracic
computed tomography (CT) and the presence of hospital-
ization in intensive care unit were recorded. The patients
were evaluated after being classified under three different
groups according to their ages. The patients aged between
20-40 were recorded in group 1, the ones aged between
40-60 were recorded in group 2 and the ones aged 60 or
over were recorded in group 3. The levels of serum testos-
terone before and after COVID-19 were compared among
the groups. The relationship between the levels of testos-
terone and the hospitalization in the intensive care unit
and ED states of the patients hospitalized in the intensive
care unit were evaluated. 

Data collection
The electronic hospital information system was used to get
epidemiological data, including demographic, clinical and
laboratory findings. Considering the circadian rhythm of
testosterone release, the total testosterone which were
measured in the venous blood sample between 7 and 11 in
the morning were recorded. Peripheral venous blood sam-
ples were evaluated in the Central Laboratory of Adana City
Training and Research Hospital by using the standard pro-

cedures. Biochemical hormonal parameters were measured
by Siemens ADVIA 1800 automatic biochemistry analyser
(Siemens Healthcare Diagnostics Inc, Laboratory Diagnostics,
Advia Centaur XPT, Erlangen, Germany, manufactured in
Ireland).

Statistical analysis
SPSS 23.0 package program (IBM, Armonk, NY) was used
in the statistical analysis of data. Categorical measure-
ments were summarized as numbers and percentages,
continuous measurements were summarized as mean,
standard deviation and minimum-maximum. The appro-
priateness of the variables to normal distribution was
investigated by using Kolmogorov-Smirnov/Shapiro-Wilk
Tests. Mann-Whitney U test and Wilcoxon test were used
in the groups which do not agree with normal distribu-
tion. Spearman correlation analysis was benefited from in
the comparison of the relationship between the numeri-
cal variables. Statistical significance level was taken as
0.05 in all tests.

RESULTS
The mean age in our study was 52.3 ± 13.5 years. When
the groups were considered, it was seen that 22.9% (n =
16) of the patients were in group 1, 47.1% (n = 33) were
in group 2 and 30% (n = 21) were in group 3. The mean
IIEF score of the patients was 23 before COVID-19 and
11.03 after COVID-19 (Table 1).
No statistical difference was observed between the
patient’s age and the rate of hospitalization in the inten-
sive care unit (p > 0.05). A statistically significant differ-
ence was observed between the IIEF scores of the patients
with and without intensive care need in the period after
COVID-19 (p < 0.05).
Testosterone levels of patients with intensive care need
were significantly higher than those of the patients with-
out intensive care need (p < 0.05) (Table 2). 
Testosterone levels after COVID-19 were found signifi-
cantly lower than the testosterone levels before COVID-
19 (p < 0.001). In all three groups, it was seen that testos-
terone levels and IIEF scores after COVID-19 were statis-
tically and significantly different compared to the ones
before COVID-19 (p < 0.05). As the age of the patients
increased, IIEF scores after COVID-19 and testosterone
levels before and after COVID-19 were found to be sig-
nificantly lower (p < 0.05). Also, there was a statistically
significant relationship between IIEF scores and testos-
terone levels (p < 0.05). While there was a positive corre-

Table 1. 
Demographic data and mean IIEF according 
to the patient groups.

Age Frequency (n) Percentage (%)
20-40 16 22.9
40-60 33 47.1
60 and over 21 30

Mean ± SD Mediann (min-max)
Age 52.33 ± 13.51 56 (22-74)
IIEF Score before COVID 23.5 ± 1.57 23 (22-25)
IIEF Score after COVID 11.03 ± 3.76 11 (5-18)
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lation between the testosterone level findings, the IIEF
scores before COVID-19 (r = 0.383) and the IIEF scores
after COVID-19 (r = 0.423) of the patients who partici-
pated in the study, there was a negative correlation
between the ages of the patients and the IIEF scores
before COVID-19 (r = -0.675) and the IIEF scores after
COVID-19 (r = -0.557) (p < 0.05) (Table 3).

DISCUSSION
We showed with this study that COVID-19 causes ED in
all age groups, reducing testosterone levels seriously.
Moreover, we also oberved that the higher the testos-
terone levels during COVID-19, the more severe the dis-
ease progresses. To the best of our knowledge, a similar
study suggesting that COVID-19 causes ED has not been
published before in the related literature.

ED is multidimensional and commonly male sexual dys-
function involves a change in any component of the erec-
tile response, including organic, relational, and psycho-
logical. Non-endocrine (neurogenic, vasculogenic, and
iatrogenic) and endocrine pathways may cause ED (12,
13). Endothelial dysfunction equals erectile dysfunction
or vice versa (ED-ED). It is presented in the literature that
the prevalence of ED can be up to 30% in young men and
that the rare of ED is further increased in elderly due to
diseases of coronary and penile arteries (14-16). 
In COVID-19 infection, the ACE enzyme, which provides
access to host cells, is expressed by endothelial cells and
the fragile vascular bed is affected preparing the ground
for the development of ED (17-22).
Testosterone deficiency is one of the most important hor-
monal causes of ED development. Testosterone modu-
lates almost all components of the erectile mechanism,
down to the endothelial cells in the corpus cavernosum.
Current EAU guidelines recommend to measure baseline
testosterone levels in all men who admit with a complaint
of ED (7). Araujo et al. showed in their studies that the
testosterone levels of 24% of men aged between 30-79
were below 300 and 5.6% of them had symptomatic
androgen deficiency (23). Yassin et al. reported that testos-
terone replacement therapy (TRT) improved erectile func-
tion in hypogonadal men who previously received phos-
phodisterase-5 inhibitor (PDE5I) before (24). Rizk et al.
suggested that the use of TRT as monotherapy in patients
with mild ED was effective (25). Our present study shows
that patients of all age groups are affected, although ED
which develops after COVID-19 seems to affect more eld-
erly patients. It was also revealed that testosterone levels
of the patients were significantly lower in all age groups,
especially in elderly patients.
In COVID-19 infection, Leydig cells in the testicles are
damaged and this testicular damage causes a decrease in
serum testosterone levels (26). Ling Ma et al. reported that
testosterone/luteinizing hormone (LH) ratios were signifi-
cantly lower in patients with COVID-19 infection (27).
Vanhorebeek et al. observed that there was a decrease in
testosterone level in the acute phase of COVID-19 (28).
Also Okçelik reported that testosterone levels decreased
during acute COVID-19 infection and especially in
patients with pulmonary involvement (29). It was also
concluded in our study that the significant decrease in the
testosterone levels of patients after COVID-19 is an indi-
cator of a possible testicular damage and this finding sup-
ports the studies in the literature. 
Testosterone is a hormone which has an effect not only
on the erection mechanism but also on many functions in
the body. Inflammation is known to be suppressed as a
result of the decrease in pro-inflammatory cytokines and
the increase of anti-inflammatory cytokines while
responding to infections. It was shown in the study of
Mohamad et al. that testosterone suppresses inflammation
by increasing anti-inflammatory cytokines and decreasing
pro-inflammatory cytokines (30). Malkin et al. conducted
a crossover study with 27 men with symptomatic andro-
gen deficiency. They concluded that testosterone treat-
ment decreased pro-inflammatory cytokine levels and
increased the concentration of interleukins, which are
some of the anti-inflammatory cytokines (31). Although

Table 2. 
Rates of hospitalization in the intensive care according to
groups, evaluation of hospitalization in the intensive care and
IIEF score before and after COVID-19 and correlation between
the hospitalization in the intensive care and testosterone level.

20-40 40-60 60 and over P
(n = 16) (n = 33) (n = 21)

n (%) n (%) n (%)

Hospitalization in the intensive care Yes 5 (31.2) 11 (33.3) 6 (28.6) .93
No 11 (68.8) 22 (66.7) 15 (71.4)

IIEF score before COVID IIEF score after COVID P
Median (min-max) Median (min-max)

Hospitalization in the intensive care    No 24 (22-25) 13 (5-18) < .001
Yes 23 (22-24) 8 (5-13) < .001
p .95 < .001

Testosterone level P
Median (min-max)

Hospitalization in the Intensive care No 291 (112-531) < .001
Yes 390 (180-680)

Table 3. 
Comparison of the IIEF scores and testosterone levels 
before and after COVID-19, evaluation of the IIEF scores 
and testosterone levels before and after COVID-19 according
to groups and correlation between testosterone level, age 
and IIEF score.

Mean ± SD P
IIEF Score before COVID 23.5 ± 1.57 < .001
IIEF Score after COVID 11.03 ± 3.76
Testosterone level before COVID 345.67 ± 109.48 < .001
Testosterone level after COVID 297.31 ± 96.04
According to groups 20-40 40-60 60 and over P

(n = 16) (n = 33) (n = 21)
Median (min-max) Median (min-max) Median (min-max)

IIEF score before COVID 24(23-25) 23 ( 22-25) 22 (22-23) .9
IIEF score after COVID 14(6-18) 11 (5-18) 8 (5-17) < .001
Testosterone before COVID 400 (213-531) 390 (122-680) 225 (112-423) < .001
Testosterone after COVID 300 (230-449) 300 (100-600) 200 (100-400) < .001

Testosterone level Age
r p r p

IIEF score before COVID 0.383 .001 -0.675 < .001
IIEF score after COVID 0.423 < .001 -0.557 < .001
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our study did not focus on any evaluation in this direc-
tion, we assume that the low testosterone level in patients
after COVID-19 may have contributed to inflammation.
We also believe that the investigation of the effect of TRT
on the clinical findings of the patients should be support-
ed by prospective studies.
During the cytokine storm caused by COVID-19, low
testosterone can also affect the prognosis of the disease.
Jiawei et al. have suggested in their study that testosterone
may play a role in the chain of events leading to the pro-
gression of COVID-19 infection due to the cytokine
storm. It was concluded with this study that there may be
a negative correlation between ACE2 expression and
COVID-19 mortality as a result of suppression of ACE2
expression by inflammatory cytokines accompanying the
decrease in androgens and oestrogens in the elderly (32).
Giagulli et al. has shown that testosterone can make men
susceptible to a common COVID-19 infection compared
to oestrogen, and low serum testosterone levels in severe
patients make men, especially older, susceptible to poor
prognosis or death (33). Papadopoulos et al. reported that
low testosterone levels are associated with ARDS increas-
ing the severity of COVID-19 infection in elderly men
and they added that normal testosterone levels may also
provide some slight protection against COVID-19 (13).
Similar studies in the literature support a relationship
between the need for intensive care and low testosterone
levels in COVID-19 infection (34, 35). Studies have also
been reported that testosterone affects by using a differ-
ent mechanism apart from the cytokine mechanism dur-
ing COVID-19 infection. It has been reported in the study
of Lii et al. that the first biological step which is necessary
for the potential infectivity of COVID-19 is to activate
ACE2 as the entry receptor and to use cellular transmem-
brane protease serine 2 (TMPRSS2) to prepare spike pro-
tein (36). Hoffmann et al. showed in their study that viral
spread and pathogenesis are provided in infected hosts by
spike proteins becoming ready by TMPRSS2 (37).
Heurich et al. presented in their study that TMPRSS2 can
also break down ACE2 for viral entry and that androgen
receptor activity is a requirement for the transcription of
the TMPRSS2 gene (38). There are studies reporting that
high testosterone levels are associated with poor progno-
sis in COVID-19 through this mechanism. Wambier et al.
reported that the hyperandrogenic phenotype may be
associated with increased viral load, increased viral
spread, and severity of lung involvement for COVID-19
(39). It was reported by Rozhivanov et al. that both
TMPRSS2 expression and a more severe course of coron-
avirus infection were observed in men with hyperandro-
genism. In this context, some researchers suggested the
creation of androgen deprivation with drug treatments for
men at high risk of developing COVID-19 (40). There are
some contrasting views in the literature on the effect of
testosterone level on COVID-19 prognosis and further
studies are required to support them. The results of our
study showed that patients with high testosterone levels
need intensive care more and this supports the studies in
the literature claiming that high testosterone level is a
poor prognostic factor for COVID-19.
There are some limitations of our study. Our study
reflects the results of one centre and includes a limited

number of patients. Besides, although we have excluded
many factors that cause ED (such as obesity, hyperten-
sion, diabetes or heart disease), the ED mechanism is
dependent on a lot of factors that our study may not have
been able to evaluate adequately since a non-ED vital dis-
ease is discussed. Other limitations are that the psycho-
logical state of the patients may have affected the IIEF-5
score, and conditions such as varicocele and infertility
may cause low testosterone levels, which may affect our
results.
However, to the best of our knowledge, our study is one
of the first studies showing that COVID-19 causes erectile
dysfunction and there are only a limited number of stud-
ies in the literature on this subject. We hope that our
study will make a considerable contribution to the litera-
ture with this aspect.

CONCLUSIONS
COVID-19 can cause erectile dysfunction in men of all
age groups, and high testosterone increases the rate of
hospitalization in the intensive care unit by intensifying
the disease.
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