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KEYWORDS Abstract Objective: According to the high prevalence of coronavirus disease (COVID-19) and
Tadalafil; the subsequent risk of men’s sexual health, we decided to investigate the efficacy of tadalafil
Erectile dysfunction; on improvement of men with erectile dysfunction caused by COVID-19.

COVID-19; Methods: In this study, 70 outpatients who were recovered from COVID-19 without acute res-
Sexual function piratory distress syndrome with negative polymerase chain reaction test and a complaint of

erectile dysfunction were divided into two groups: 35 patients who received tadalafil 5 mg
daily and 35 who received placebo. For each patient, basic assessment of sexual function
was performed using the 5-item version of the International Index of Erectile Function (lIEF)
questionnaire. Then, treatment was started from two months after complete recovery of
COVID-19 with negative polymerase chain reaction test for 3 months. At the end of the treat-
ments, the patients were re-evaluated for sexual function using the complete version of IIEF
questionnaire. Finally, the results before and after treatment in the intervention group were
compared with those of the control group.

Results: Treatment with both tadalafil and placebo improved the patients’ sexual function
criteria compared to the baseline. However, this improvement was significantly higher in
the intervention group with tadalafil than the control group with placebo (p<0.05).
Conclusions: Daily administration of tadalafil 5 mg seems to be effective and safe for improve-
ment of erectile dysfunction caused by COVID-19.
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1. Introduction

The recent pandemic of coronavirus disease (COVID-19) with
severe acute respiratory corona virus 2 (SARS-Cov2) has
caused a wide range of diseases from asymptomatic patients
to severe respiratory distress [1,2]. The disease involves
various organs of the body through cytokines as promoters of
inflammatory and thrombotic processes in the microvascular
system [3,4]. Evidence shows that endothelial damage
caused by the virus is a strong stimulant of systemic disor-
ders [5]. One of the disorders in COVID-19 patients is erectile
dysfunction (ED), and its prevalence in the male population
with COVID-19 is reported to be about 31.8% [6]. ED is
inability to attain or maintain penile stiffness for satisfac-
tory sexual intercourse [7]. Since ED is one of the main
symptoms of endothelial dysfunction [8,9], hypotheses
about the potential correlation between ED and COVID-19
have been proposed [10]. It has also reported that COVID-
19 is more common and severe in men, which can lead to
ED. These two disorders have common risk factors including
high blood pressure, obesity, diabetes, and a history of
cardiovascular disease [11,12]. In patients with post-
COVID19 ED, in addition to endothelial dysfunction, other
mechanisms such as subclinical hypogonadism, psychological
distress, pulmonary hemodynamic disturbance, and immu-
nological disorders have been suggested as the causative
factors [10]. One of the approved and safe oral treatment
for ED is the phosphodiesterase 5 (PDE5) inhibitor such as
sildenafil or tadalafil [13]. Recent studies support oral PDE5
inhibitor potential adjuvant use in the protocols combating
COVID-19 manifestation, especially along with the respira-
tory complication [14]. According to the high prevalence of
COVID-19 and the subsequent risk of men’s sexual health,
we decided to investigate the efficacy of tadalafil on
improvement of men with ED caused by COVID-19.

2. Patients and methods

The Institutional Ethics Committee of Tehran University of
Medical Sciences approved our study protocol and all its
procedures (IR.TUMS.MEDICINE.REC.1399.929 and IRCTID:
IRCT20170807035551N2). A randomized, double-blind, pla-
cebo controlled, clinical trial was conducted at Tehran
Shariati hospital, Iran from December 2020 to June 2021.
The data that support the findings of this study are available
on request from the corresponding author. The data are not
publicly available due to privacy or ethical restrictions. At
first, 257 patients (126 met inclusion criteria; 131 did not)
were assessed. Inclusion criteria were 30—50-year-old out-
patients with ED following recovery from COVID-19 without
acute respiratory distress syndrome with negative poly-
merase chain reaction test. After that, 109 patients (39 met
exclusion criteria; 70 did not) who recovered from COVID-19
without acute respiratory distress syndrome with negative
polymerase chain reaction test and with a complaint of
ED were interested to participate in this investigation.
Exclusion criteria were patients with anatomical penis dis-
order, history of penis trauma, history of neurological dis-
orders (such as spinal cord injury, stroke, and migraine),

cardiovascular disease, use of nitrate drugs, hypertension,
diabetes, liver disease, hypogonadism, hyperlipidemia, hy-
potension, impaired laboratory tests, smoking, obesity, poor
follow-up, positive history of nocturnal and morning erec-
tion, and a history of ED before COVID-19. Finally, 70 pa-
tients were divided into two groups of intervention
(recipient of tadalafil) and control (recipient of placebo) by
using a computer-generated randomization table of equal
numbers. Each group consisted of 35 patients (Fig. 1). ED
was defined as the inability to attain or maintain penile
stiffness for satisfactory sexual intercourse at enrollment.
Patients were enrolled after obtaining informed consents. A
form containing demographic information including age,
height, weight, education, socioeconomic status, and
severity of ED was prepared for patients based on the 5-item
version of the International Index of Erectile Function (lIEF)
questionnaire. Then, laboratory evaluations including serum
creatinine, complete blood count, fasting blood sugar, liver
enzymes, lipid profile, and total serum testosterone were
recorded for patients. For each patient, basic assessment of
sexual function including erectile function, orgasm func-
tion, sexual desire, intercourse satisfaction, and overall
satisfaction was done using the complete version of IIEF
questionnaire, and their scores were calculated. This study
was double-blinded and none of the research personnel and
patients was aware of the type of treatment. For blinding,
completely similar capsules were considered for both groups
with the same of appearance and packaging. The capsules
prescribed for the intervention group contained tadalafil
5 mg, and the capsules prescribed for the control group
contained 5 mg of sugar. Treatment was started from 2
months after complete recovery of COVID-19 with negative
outcome of polymerase chain reaction test. Patients were
treated with daily administration of one capsule for 3
months. Patients were advised to discontinue the drugs if
they had side effects. At the end of treatments, the patients
were re-evaluated for sexual function using the complete
version of IIEF questionnaire, and their erectile function,
orgasm function, sexual desire, intercourse satisfaction, and
overall satisfaction were recorded. Finally, the results
before and after treatment of patients in the intervention
group were compared with patients in the control group.
Data were analyzed using SPSS-26 with Chi-square test and
Student’s t-test. A p-value of 0.05 was considered significant
for all tests.

3. Results

During the study, eight patients were excluded from the
study due to poor follow-up. Finally, the results before and
after treatment were compared between 30 patients in the
control group (placebo) and 32 patients in the intervention
group (tadalafil 5 mg daily). Two patients reported tran-
sient dyspepsia, and only one patient reported transient
headache as a complication during treatment. Neverthe-
less, all patients completed the course of treatment. The
mean age of 62 patients with ED following COVID-19 was
about 40 years, and none of the patients complained of ED
before being infected with COVID-19. Distribution and
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COVID-19 + ED
(n=257)

Inclusion criteria were 30-50-year-old outpatients
with ED following recovery from COVID-19
without ARDS with negative PCR test

Meet inclusion criteria
(n=126)

Didn’t meet inclusion criteria
(n=131)

| Not interested (n=17) |

Interested (n=109)

| Randomized (n=70) |

Excluded (n=39)
Smoker (n=18)
HTN (n=2)

| Trial (n=35)

| | Placebo (n=35)

DM (n=3)
| Hypogonadism (n=1)

Cardiovascular disease (n=2)
HLP (n=4)
Obesity (BMI>30 kg/m?) (n=7)

| F/U (n=32) | |

F/U (n=30)

| Previous ED history (n=2)

Figure 1  The study flow chart according to PRISMA statement. COVID-19, coronavirus disease of 2019. ARDS, acute respiratory
distress syndrome; BMI, body mass index; DM, diabetes mellitus; ED, erectile dysfunction; HTN, hypertension; HLP, hyperlipidemia;

PCR, polymerase chain reaction.

comparison of basic and clinical demographic characteris-
tics of patients in the two groups are shown in Table 1.

As shown in Table 1, there was no significant difference
between the two groups in terms of age, height, weight,
level of education, socioeconomic status, and severity of
ED (p>0.05).

Comparison of the patients’ laboratory data including
serum creatinine, complete blood count, fasting blood
sugar, liver enzymes, lipid profile, and total serum testos-
terone between the two groups are shown in Table 2.

The mean serum testosterone was 5.23 ng/mL in the
placebo group and 4.95 ng/mL in the intervention group,
which was not significantly different (p>0.05). Also, data
analyses showed that there was no significant difference
between the two groups in terms of other laboratory data
(p>0.05).

The results of the patients’ sexual function based on the
complete version of IIEF questionnaire [7] in five subgroups
including erectile function, orgasm function, sexual desire,
intercourse satisfaction, and overall satisfaction before
and after treatment between the two groups are shown in
Table 3. According to Fig. 2, treatment with tadalafil and
placebo improved the patients’ sexual function criteria
including erectile function, orgasmic function, sexual
desire, intercourse satisfaction, and overall satisfaction
compared to the baseline in both groups. However, this
improvement was significantly higher in the intervention
group with tadalafil than the control group with placebo
(p<0.05).

Table 1  Distribution and comparison of basic and clinical
demographic characteristics of patients in the two groups.

Characteristic Placebo Tadalafil p-
(n=30) (n=32) Value®

Age?, years 39.23+2.45  41.37+2.34 0.06
Height®, cm 175.2+43.35 173.46+4.31  0.08
Weight®, kg 68.13+4.76  70.84+6.22 0.06
Education” 0.95

Illiterate 2 (6.7) 3 (9.4)

Pre-university 13 (43.3) 15 (46.9)

University 15 (50.0) 14 (43.8)
Socioeconomic status (monthly income)® 0.57

Poor (<7 million
Rials)

10 (16.1) 9 (14.5)

Moderate (7—14 12 (19.4) 17 (27.4)
million Rials)
Good (>14 8 (12.9) 6 (9.7)
million Rials)
ED severity (IIEF-5 questionnaire)® 0.85
Mild (17—-25) 19 (30.6) 19 (30.6)
Moderate (11 10 (16.1) 11 (17.7)
—16)
Severe (0—10) 1(1.6) 2 (3.2)

IIEF-5, the 5-item version of the International Index of Erectile
Function.

@ Values are presented as mean+standard deviation.

® Values are presented as n (%).

¢ Analysed with Student’s t-test or Chi-square.
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Table 2 Comparison of laboratory data of patients between the two groups.

Laboratory data Placebo?® Tadalafil® p-Value®
White blood cell, 103/pL 7.24+0.97 6.85+0.58 0.10
Hemoglobin, g/dL 14.87+0.85 15.16+0.75 0.16
Platelets, 103/uL 229.03+37.11 250.12+53.09 0.07
Testosterone, ng/mL 5.23£1.07 4.95+0.84 0.26
Fasting blood sugar, mg/dL 91.23+3.32 92.56+2.93 0.10
Triglyceride, mg/dL 118.73+£16.07 125.75+16.01 0.09
Cholesterol, mg/dL 165.86+16.79 170.46+10.80 0.20
Alanine aminotransferase, U/L 18.73+2.85 19.37+2.47 0.34
Aspartate aminotransferase, U/L 19.73+2.57 20.06+1.86 0.56
Creatinine, mg/dL 0.92+0.18 0.93+0.20 0.87

2 Values are presented as mean+standard deviation.
b Analysed with Student’s t-test or Chi-square.

Table 3  Comparison of the patients’ sexual function scores
before and after treatment between the two groups based
on International Index of Erectile Function questionnaire.

Sexual function Placebo? Tadalafil® p-Value®
score
Erectile function

Pre-treatment 16.86+3.04 16.28+2.96 0.42

Post-treatment  21.50+3.49  26.31+2.81 0.0001

A(Post—Pre) 4.63+2.0 10.0+1.6 0.001
Orgasmic function
Pre-treatment 5.73+1.96 5.35£1.73 0.41

Post-treatment  7.63+1.47 7.56+1.37 0.0001

A(Post—Pre) 1.940.8 2.2+0.9 0.16
Sexual desire

Pre-treatment 7.56+1.60 7.03£1.71 0.21

Post-treatment  8.66+1.42 8.97+1.10 0.0001

A(Post—Pre) 1.14+0.6 1.941.1 0.001

Intercourse satisfaction
Pre-treatment 5.24+1.51
Post-treatment  6.37+1.35

4.97+1.47 0.54
8.16+1.01 0.0001

A(Post—Pre) 1.24+0.5 3.2+0.7 0.001
Overall satisfaction
Pre-treatment 5.00+1.20 4.56+1.66 0.24

Post-treatment  6.20+1.56 7.12+1.54 0.0001
A(Post—Pre) 1.24+0.8 2.6+0.5 0.001
A(Post—Pre), post-treatment score minus pre-treatment score.

@ Values are presented as mean+standard deviation.
b Analysed with Student’s t-test or Chi-square.

4. Discussion

Recent studies investigated the effect of COVID-19 on male
sexual health and reproduction, suggesting that COVID-19
impairs the quality of life and sexual function [15,16]. Most
studies confirm that erectile function is an excellent indi-
cator of systemic health and vascular function [17]. Integ-
rity of vascular endothelial function is essential for
maintaining erectile function [18]. Increased inflammatory
cytokines such as TNFa, IL-6, and IL-1f in COVID-19 patients
cause vascular endothelial dysfunction in multiple organs
[19]. Also, endothelial dysfunction in the penile vessels

30 .
M Placebo baseline

M Post-placebo therapy
Tadalafil baseline
M Post-tadalafil therapy

Mean score

e

@@ 0‘969

Figure 2 Comparison of the patients’ sexual domain scores
before and after treatment between the two groups based on
International Index of Erectile Function questionnaire.

causes ED [20,21]. Moreover, increased inflammatory cy-
tokines have been associated with clinical progression of
sexual dysfunction, especially ED [22]. Angiotensin con-
verting enzyme 2 acts as the receptor for the SARS-CoV-2
virus and allows it to infect the cell. SARS-Cov2 virus can
cause testicular damage by binding to ACE-2 expressed on
mature Leydig cells [23,24]. This damage impairs ste-
roidogenesis and then leads to decreased serum testos-
terone level and subclinical hypogonadism. These
conditions exacerbate ED [25,26]. Testosterone suppresses
inflammation and modulates endothelial function by
increasing the levels of anti-inflammatory cytokines such as
IL-10 and decreasing the levels of proinflammatory cyto-
kines such as TNFa, IL-6, and IL-1B [27,28]; thus, low serum
testosterone level exacerbates ED. Furthermore, recent
reports suggest that decreased blood oxygen saturation
following pulmonary involvement in COVID-19 patients
causes ED by reducing nitric oxide synthesis [29,30].
Sexual function is strongly associated with physical and
mental health. In the recent COVID-19 pandemic, there
were numerous reports of increased rates of post trauma

63
64
65
66
67
68
69
70
VAl
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
11
112
113
114
115
116
117
118
119
120
121
122
123
124



NV OO NONUT DN WN =

ocoococuvuuUuTouoTuuuUuooioTuoToonUu b DDA DA DBADNDDANDBDNWWOWWOWWOWOWOWOWNDNENNNMNDNMNNNNMNMNMNN=S2A =222 A A aAaAaaaa
N2 OOVONOOURAWN-_OVOONOCOUUAWN-_COUOVONOCOURAWN_OOVWONOU AWN=_OOVONOUNAWN-=O

AJURS512_proof m 19 August 2022 m 5/6

Asian Journal of Urology xxx (XXxx) Xxx

stress disease, depression, and anxiety in the general
population and especially in COVID-19 patients [31,32].
These explain decreased sexual activity and libido in both
gender during recent COVID-19 pandemic [33,34]. Also,
hypogonadism following COVID-19 exacerbates mood dis-
orders and decreases libido [35,36]. Hamilton et al. showed
that psychological stress inhibited the hypothalamic-
pituitary-gonadal axis by increased serum cortisol levels,
which could be a cause of sexual dysfunction [37]. Carcedo
et al. reported that higher sexual satisfaction was associ-
ated with lower levels of depression and anxiety [38].

One of the most effective treatments for ED is the PDE5
inhibitor class. Sildenafil since 1998 and Tadalafil since
2013 after FDA approval have been widely used to treat ED
[39,40]. PDE5 inhibitor blocks the catalytic action of the
enzyme that degrades cyclic guanosine monophosphate,
the downstream effector of the erection mediator nitric
oxide; then, it facilitates the signal transduction mecha-
nisms of the corpus cavernosal smooth muscle relaxation
required for penile erection [41]. Recent studies have
suggested the possible role of this class of drugs in the
management of COVID-19 [42]. These drugs can play a
role in the management of COVID-19 with their anti-
inflammatory, antioxidant, immune response regulation,
and anti-apoptotic properties [43]. In fact, these drugs are
used to treat primary pulmonary hypertension by reducing
vascular resistance [44].

Theoretically, daily administration of tadalafil could be
useful for improving vascular endothelial function and
reducing fibrosis. Therefore, administration of this drug
may, on the one hand, improve pulmonary fibrosis and, on
the other hand, improve the ED caused by COVID-19 [14].
Also, the results of our study confirm that daily adminis-
tration of tadalafil 5 mg can improve ED caused by COVID-
19. Patients in the intervention group who were treated
with tadalafil had a significant improvement in sexual
function parameters based on the complete version of IIEF
questionnaire including erectile function, orgasm func-
tion, libido, sexual satisfaction, and overall satisfaction
compared to those in the control group. However, patients
in the control group showed less improvement of ED in the
follow-up, which could be due to the role of psychological
factors or reduction in the process of systemic inflamma-
tion over time.

The limitations of our study were the low sample size
and impossibility of long-term follow-up. Also, our study did
not include another control group of those experiencing ED
without a history of COVID-19 to further elucidate whether
tadalafil has greater instead of worse efficacy between
COVID-19 ED and regular ED. In addition, we could differ-
entiate only organic ED from psychological ED, but we could
not able to differentiate the other causes of ED.

5. Conclusion

Daily administration of tadalafil 5 mg seems to be effective
and safe for improvement of ED caused by COVID-19.
However, in the future, further studies are suggested with
larger sample size and longer follow-up to confirm our
results.
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