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1  |  INTRODUC TION

An overwhelming health concern about cases suffering from acute 
respiratory distress was first discovered in Wuhan, Hubei Province, 
China, in December (2019). These cases turned out to be affected 
by corona virus disease 2019 (COVID- 19) with substantial casual-
ties. The aetiology of COVID- 19 had been determined as a novel co-
rona virus, now known as severe acute respiratory syndrome corona 
virus 2 (SARS- CoV- 2; Ahn et al., 2020; Dhama et al., 2020). Corona 

viruses possess large (~30- kb) single- stranded, positive- sense RNA 
genomes that are divided into a 50 two- thirds and a 30 third (Ge 
et al., 2020; Lai et al., 2020). The first two- thirds code for 2 large 
polyproteins that are proteolytically cleaved into non- structural 
proteins essential for the production of new viral genetic material. 
The rest codes for structural proteins and carry the accessory genes 
that produce virions and alter the host response (Ge et al., 2020; 
Lai et al., 2020). Unfortunately, asymptomatic or minimally symp-
tomatic patients affected by COVID- 19 could silently transfer the 
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Abstract
This study aimed to screen healthy individuals who contracted COVID- 19 for erectile 
dysfunction (ED) and to determine the potential risk factors that can predict ED in 
these individuals. One hundred and seven cases versus 90 controls agreed to partici-
pate in the study. Two structured interviews with 1 month interval were conducted. All 
participants were evaluated by the validated Arabic version of the international index 
of erectile function (IIEF- 5) and assessment of the psychological state by Hamilton 
depression rating scale (HDRS). Interestingly, the study had demonstrated a signifi-
cant difference in mean testosterone level between cases and controls (3.91 ± 2.31, 
5.04 ± 2.22, p < 0.001 respectively). Additionally, the study had demonstrated a sig-
nificant difference in mean IIEF- 5 score between cases and controls (22.63 ± 2.79, 
23.54 ± 1.26, p < 0.041 respectively). Moreover, there were significant differences in 
mean anxiety and stress scores of the cases before and after COVID- 19 (4.95 ± 4.03, 
6.19 ± 3.55, p = 0.022, 12.75 ± 9.98, 15.30 ± 7.42, p = 0.024 respectively). A multiple 
logistic regression model for predicting ED occurrence post- COVID- 19 had revealed 
that smoking, baseline IIEF- 5 score and COVID- 19 severity (p = 0.022, p = 0.017, 
p = 0.021, p = 0.009, p = 0.008 respectively) were the only significant independent 
variables.
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disease to too many people, leading to an exponential increment in 
its casualties (Mostafa, 2021). Interestingly, overwhelming evidence 
had shown that ‘silent’ asymptomatic forms of COVID- 19 were as-
sociated with subclinical microvascular involvement resulted in long- 
term cardiovascular sequel in these patients (Liu et al., 2020; Long 
et al., 2020; Oran & Topol, 2020; Vittori et al., 2020). The onset of 
more severe forms of COVID- 19 provoked endothelial dysfunction 
that was associated with different comorbidities (Bernard et al., 
2021). Remarkably, oral epithelial cells and other respiratory tract 
areas are the most susceptible sites to viral entry as they have an 
extensive expression of angiotensin- converting enzyme 2 (ACE2; 
Xu, Zhong, et al., 2020; Xu, Chen, et al., 2020; Zhang et al., 2020; 
Zhou et al., 2020).

Thus, COVID- 19 is an endothelial disease that causes systemic 
manifestations as a result of tissue ischaemia that occurs from 
changes in endothelial thrombotic/fibrinolytic balance (Libby & 
Luscher, 2020). Consistently, apoptosis of the endothelial cells de-
stroys the pulmonary microvascular and alveolar epithelial cells re-
sulting in vascular leakage and alveolar oedema that ends in hypoxia 
with subsequent multiple organ failure (Ye et al., 2020). Moreover, 
many of the co- factors expressed by endothelial cells are used by 
COVID- 19 to invade host cells (Pons et al., 2020). It is worth men-
tioning that erectile dysfunction (ED) had been recognized as a 
benchmark of endothelial disease (Guay, 2007; Jannini, 2017). 
Consequently, a hypothetical link between ED and COVID- 19 had 
been hypothesized (Sansone et al., 2021). Another potential link is 
shared risk factors for ED and COVID- 19 (Caci et al., 2020; Mahase, 
2020; Mollaioli et al., 2020; Romanelli et al., 2010). Moreover, adult 
male Leydig cells secrete ACE2 which substantiated the possibility of 
testicular damage following infection (Douglas et al., 2004). A state 
of subclinical testicular dysfunction can occur in COVID- 19 suggest-
ing impaired steroidogenesis (Ma et al., 2020; Pal & Banerjee, 2020). 
We aimed in the current prospective case– control study to screen 
healthy individuals who contracted COVID- 19 for ED. Consequently, 
we would be able to determine the potential risk factors that can 
predict ED in these individuals.

2  |  MATERIAL AND METHODS

The current case– control study was conducted on healthy men con-
tracted COVID- 19. They were recruited from specialized units at 
Kasr Al- Ainy hospital in addition to other specialized hospitals set 
for isolating these patients from January (2021) to May (2021).

The study was performed in accordance with the Helsinki 
Declaration guidelines (2013) after receiving institutional review 
board approval. All participants provided a written informed con-
sent. COVID- 19 was confirmed after using the reverse transcrip-
tion polymerase chain reaction (RT- PCR) test of pharyngeal and 
nasal swabs. The severity of COVID- 19 was determined following 
the guidelines stated by Xu, Zhong, et al. (2020). According to these 
guidelines, the frame is characterized by aetiology, epidemiology, 

pathology, clinical characteristics, diagnostic criteria, classification, 
clinical warning indicates severe and critical cases, differential diag-
nosis, case finding and reporting, treatment, criteria for discontinua-
tion and discharge, transfer principles, nosocomial infection control 
(7th version). The infectious agent is COVID- 19 (4th version) which 
may also be asymptomatic (5th version). The condition may be trans-
mitted by respiratory droplet and contact transmission (4th version) 
in addition to aerosols transmission (6th version) or transmission by 
contact with faeces and urine (7th version). Finally, the susceptible 
population is the crowd (4th to 7th versions).

2.1  |  Inclusion criteria of the patients

Healthy males aged 20– 40 years and sexually active that tested 
COVID- 19 positive was invited to join the study. They should finish 
the management protocol and had been discharged at least 2 weeks 
prior to joining the study.

2.2  |  Exclusion criteria of the patients

All patients with endocrinal diseases, neurological diseases, pros-
tatic diseases, pelvic trauma or spinal cord injury, peyronie's disease 
or curvature, alcoholics, metabolic syndrome and chronic illnesses 
(diabetes mellitus, hypertension, liver disease, renal failure, cardio-
vascular disease) were excluded.

2.3  |  Inclusion criteria of the controls

Ninety age- matched married potent men were included. They did 
not contract COVID- 19 and were attending our clinic for fertility po-
tential checkup.

Eight hundred and eighty men were admitted to the aforemen-
tioned hospitals during the period where the study was conducted. 
After exclusion criteria, 300 cases remained and only 107 cases 
agreed to participate in the study as patients versus 90 controls. All 
cases were contacted via telephone 2 weeks after their discharge 
from the isolation hospital. They were evaluated for the first time 
within 1 month after being diagnosed of having COVID- 19 as some 
cases needed to stay at the isolation hospital for 1 to 2 weeks. One 
month afterwards, they were evaluated for the second time. They 
were exposed to full history taking, clinical examination and evalua-
tion of potency by the validated Arabic version of the international 
index of erectile function (Shamloul et al., 2004). They were also 
assessed for the psychological state by Hamilton depression rat-
ing scale (HDRS; Hamilton, 1960). Finally, a morning 5 cc blood was 
withdrawn from the participants for total testosterone evaluation 
after a 12 h overnight fasting. Total testosterone was measured once 
using fully automated electrochemiluminescent immunoanalyzer 
Cobas 400 (Normal value: 1.88– 8.8 ng/ml).
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2.4  |  Statistical analysis

Collected data were coded, entered and analysed using statistical 
package for social sciences (SPSS) version 25 software (IBM SPSS 
Inc.) program for analysis. The Kolmogorov– Smirnov was used to 
verify the normality of the distribution of variables and accordingly 
paired t tests were used as test of significance for the studied vari-
ables in patients group. Mann– Whitney test was used as test of sig-
nificance for comparing cases and control groups. Chi- square test 
for association between categorical variables was used. The signifi-
cance of the obtained results was judged at the 5% level.

3  |  RESULTS

Socio- demographic data of the cases are listed in Tables 1 and 2. 
The majority of the cases maintained good erection post- COVID- 19 
(Table 3). The current study had shown a significant difference 
in mean IIEF- 5 score of the cases before and after COVID- 19 
(23.53 ± 1.21, 22.63 ± 2.79, p < 0.001 respectively; Table 4). The 
study had also shown a significant difference in mean depres-
sion score of the cases before and after COVID- 19 (7.08 ± 3.47, 
8.47 ± 5.88, p 0.014 respectively; Table 4). Moreover, there were 
significant differences in mean anxiety and stress scores of the 
cases before and after COVID- 19 (4.95 ± 4.03, 6.19 ± 3.55, p = 
0.022, 12.75 ± 9.98, 15.30 ± 7.42, p = 0.024 respectively; Table 4). 
Interestingly, the study had demonstrated a significant difference in 
mean testosterone level between cases and controls (3.91 ± 2.31, 
5.04 ± 2.22, p < 0.001 respectively; Table 5). Also, there was a sig-
nificant negative correlation between serum testosterone in cases 
and COVID- 19 severity (r =	−0.226,	p = 0.019).

Additionally, the study had demonstrated a significant differ-
ence in mean IIEF- 5 score between cases and controls (22.63 ± 2.79, 
23.54 ± 1.26, p < 0.041 respectively; Table 5). Conversely, the smok-
ing status between cases and controls did not show any statistical 
significance (Table 5). A multiple logistic regression model for post- 
COVID- 19 ED had revealed that smoking, baseline IIEF- 5 score and 
COVID- 19 severity were the only significant independent variables 
(p = 0.022, p = 0.017, p = 0.021, p = 0.009, p = 0.008 respectively; 
Table 6). As shown in table (6), the EXP (β) for the odds ratio (OR) 
evaluation with a 95% degree of confidence had demonstrated that 
the probability of post- COVID- 19 ED in smokers was 7.643 times 

more likely compared to non- smokers. Furthermore, a 1% drop in 
the baseline IIEF- 5 score determined a decrease in OR for post- 
COVID- 19 ED with 60.5%. The probability of post- COVID- 19 ED 
in moderate and severe cases was 28.402 and 47.793 times more 
likely compared to mild cases respectively. Conversely, there was 
non- significant association between post- COVID ED and age and 
baseline HDRS score (p > 0.05).

4  |  DISCUSSION

Recently, several studies had demonstrated that sexual quality of life 
and function might be negatively affected due to COVID- 19 (Li et al., 
2020; Panzeri et al., 2020; Sansone et al., 2021). The current study 
had shown that COVID- 19 was associated with ED in healthy males 
and low testosterone level. Consistently, Duran et al. (2021) and 
Sansone et al. (2021) have revealed similar findings. On the other 
hand, Omar et al. (2021) had shown that majority of their male cases 
did not report ED during COVID- 19 lockdown.

Notably, we excluded plausible causes of ED as diabetes mellitus, 
hypertension and cardiovascular diseases as ED is a well- recognized 
interface of systemic comorbidity (Jannini, 2017). Thus, our study 
asserted the tight link between contracting COVID- 19 and ED. In 
addition, our study had revealed that probability of ED occurrence 
post- COVID- 19 in moderate and severe cases was 28.402 and 
47.793 times more likely compared to mild cases respectively. The 
findings of our study can be seen in line with the aetiopathological 
mechanisms relating ED, endothelial disease and COVID- 19 together 
(Sansone et al., 2021). Furthermore, a very recent study had de-
tected COVID- 19 virus in the penis after initial infection in humans 
as well as widespread endothelial cell dysfunction from COVID- 19 
infection (Kresch et al., 2021). The present study had demonstrated 
significant differences in serum testosterone between cases and 
controls. Moreover, the study had revealed a significant negative 
correlation between serum testosterone in cases and COVID- 19 se-
verity. The low testosterone associated with COVID- 19 can be ex-
plained by the facts that adult Leydig cells express ACE2 that is used 
by the virus as an entry point to the cells using the transmembrane 
protease serine 2 (TMPRSS2; Oran & Topol, 2020). Thus, testicu-
lar involvement occurs due to COVID- 19 infection through ACE2 
(Douglas et al., 2004). Changes in the coagulation status leading to 
development of ischaemia at a microvascular level with subsequent 

Cases (n = 107) Minimum Maximum Mean SD

Age (years) 24 40 32.66 ±4.83

Marriage duration (years) 1 15 5.92 ±3.94

IIEF- 5

Before COVID- 19 22 25 23.53 ±1.21

After COVID- 19 4 25 22.63 ±2.79

Total Testosterone (ng/ml) 1 8.90 3.90 ±2.31

Note: Key: IIEF- 5 = the validated Arabic version of the international index of erectile function.

TA B L E  1 Socio-	demographic	data	of	
the cases
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testicular injury could be added as another theory for testicular 
damage in COVID- 19 (Flaifel et al., 2021). Further, a state of hyper-
gonadotropic hypogonadism can independently occur as a result 
of testicular damage (Kadihasanoglu et al., 2021; Ma et al., 2020; 
Okcelik, 2021; Pal & Banerjee, 2020; Rastrelli et al., 2021). It is well 

known that testosterone modulates endothelial function (Isidori 
et al., 2014).

Thus, impaired testosterone secretion from the affected testis 
could be added as an indirect negative impact of COVID- 19 on ED 
(Sansone et al., 2014). Moreover, our study had revealed significant 
differences in scores of HDRS between cases and controls in ad-
dition to the cases pre and post- COVID- 19. This finding could be 
expected by the negative impact of the relatively high mortality in-
flicted be COVID- 19 together with the stressful lock down measures 
(Omar et al., 2021). The current study did not reveal any role for de-
pression and anxiety as potential predictive factors of ED in healthy 
individuals after contracting COVID- 19. This finding could be seen 
in agreement with that reported by Omar et al. (2021) who found 
that majority of their male cases were not suffering from ED and no 
sexual relationship stress despite the fact that they were suffering 
from depression and anxiety. The current study is one of the first to 
highlight the potential role of smoking and baseline IIEF- 5 score and 
severity of COVID- 19 to predict the occurrence of ED in healthy in-
dividuals post- COVID- 19. Several observational studies had demon-
strated an evidence based medicine about a positive dose– response 
association between quantity and duration of smoking and risk of 
ED (Cao et al., 2014). Thus, smoking can make healthy individuals 
post- COVID- 19 at a higher risk of suffering from ED following re-
covery from this pandemic. Additionally, Sansone et al. (2021) had 
demonstrated a link between ED, endothelial disease and COVID- 19 
together. Furthermore, Oran and Topol (2020) had revealed that low 
testosterone was associated with COVID- 19. In the same context, 
our study had revealed a significant negative correlation between 
serum testosterone in cases and COVID- 19 severity. Thus, severe 
COVID- 19 infection can make healthy individuals post- COVID- 19 
at a higher risk of suffering from ED following recovery from this 
pandemic.

Finally, baseline ED was found to be one of the predictors of ED in 
healthy individuals post- COVID- 19 as 29 individuals out of 107 were 
suffering from ED ranging from mild- to- severe ED. Thus, the presence 
of mild ED can make healthy individuals post- COVID- 19 at a higher 
risk of suffering from ED following recovery from this pandemic as 24 
cases out of 27 cases were suffering from mild ED. Also, this finding 
asserts the negative impact of COVID- 19 on ED. Admittedly, there are 
several weakness points in our study. Firstly, lack of full data for the 

TA B L E  2 Frequency	and	distribution	of	smoking	and	main	
complaint and severity of COVID- 19 among cases

Cases (n = 107)
Frequency 
(n)

Percentage 
(%)

Smoking Smokers 45 42.1

Non- smokers 62 57.9

Main complaint of 
COVID- 19

Cough 62 57.9

Diarrhoea 42 39.3

Fever 51 47.7

Muscle pain 39 36.4

Loss of smell 36 33.6

Loss of taste 36 33.6

Sore throat 18 16.8

Headache 13 12.1

Fatigue/
weakness

101 94.4

COVID- 19 severity Mild 53 49.5

Mod 35 32.7

Severe 19 17.8

TA B L E  3 Shows	the	frequency	and	distribution	of	erectile	
dysfunction (ED) severity among the cases post- COVID- 19 
according to the international index of erectile function

Frequency
Percentage 
(%)

No ED (22– 25) 78 72.9

Mild ED (17– 21) 24 22.42

Mild- to- moderate ED (12– 16) 3 3

Moderate ED (8– 11) 1 1

Severe ED (1– 7) 1 1

Cases (n = 107) Mean SD p value

IIEF- 5 Before COVID- 19 23.53 ±1.21 <0.001

After COVID- 19 22.63 ±2.79

Depression Before COVID- 19 7.08 ±3.47 0.014

After COVID- 19 8.47 ±5.88

Anxiety Before COVID- 19 4.95 ±4.03 0.022

After COVID- 19 6.19 ±3.55

Stress Before COVID- 19 12.75 ±9.98 0.024

After COVID- 19 15.30 ±7.42

Key: IIEF- 5 = the validated Arabic version of the international index of erectile function.

TA B L E  4 Comparison	between	
the validated Arabic version of the 
international index of erectile function 
(IIEF) and Hamilton depression rating 
scale (HDRS) scores before and after 
COVID- 19 infection in the cases
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participants’ sexual function before contracting COVID- 19. Although 
we used the validated Arabic index during the first visit for this pur-
pose, yet, it covered only the preceding 4 weeks before joining the 
study. The same limitation can also be seen for serum testosterone and 
scores of HDRS. Lack of long- term follow- up as well is one of the lim-
itations. Finally, it should be stated that a one point drop in IIEF- 5 score 
although statistically significant is not clinically significant.

5  |  CONCLUSION

Severe COVID- 19 can be associated with ED in healthy individuals 
after recovery as a complication. Interestingly, smoking and baseline 

erectile status as well as COVID- 19 severity are the most important 
predictive factors of ED in these individuals.
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TA B L E  5 Comparison	between	age	and	total	testosterone	and	the	validated	Arabic	version	of	the	international	index	of	erectile	function	
and smoking between cases and controls

Minimum Maximum Mean SD p value

Age (years) Cases 24 40 32.66 ±4.83 0.903

Controls 22 40 32.76 ±5.02

Testosterone (ng/ml) Cases 1 8.90 3.90 ±2.31 <0.001

Controls 1.80 9.20 5.04 ±2.22

IIEF- 5 Cases before COVID- 19 22 25 23.53 ±1.21 0.945

Controls 22 25 23.54 ±1.26

Cases after COVID- 19 4 25 22.63 ±2.79 0.041

Controls 22 25 23.54 ±1.26

Frequency Percentage (%) p value

Smoking Cases Smokers 45 42.1 0.736

Non- smokers 62 57.9

Controls Smokers 40 44.4

Non- smokers 50 55.6

Key: IIEF- 5 = the validated Arabic version of the international index of erectile function.

TA B L E  6 Logistic	regression	analysis	of	the	correlation	between	the	study	variables	and	the	occurrence	of	erectile	dysfunction	in	
patients who contracted COVID- 19

β SE Wald p value Exp (β) 95% CI for EXP(β)

Age (years) 0.007 0.095 0.005 0.942 1.007 0.836 1.213

Smoking (smokers) 2.034 0.889 5.232 0.022 7.643 1.338 43.656

Smoking 
(Non- smokers)

Baseline IIEF- 5 −0.930 0.388 5.737 0.017 0.395 0.184 0.845

Different grades of COVID- 19

Mild 7.689 0.021

Moderate 3.346 1.287 6.762 0.009 28.402 2.280 353.834

Severe 3.867 1.454 7.071 0.008 47.793 2.764 826.337

HDRS

Depression −0.081 0.103 0.622 0.430 0.922 0.753 1.128

Anxiety 0.103 0.091 1.274 0.259 1.108 0.927 1.325

Stress 0.043 0.038 1.241 0.265 1.044 0.968 1.125

Key: IIEF- 5 = the validated Arabic version of the international index of erectile function, HDRS = Hamilton depression rating scale.
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