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Prior COVID-19 infection associated with increased risk of newly
diagnosed erectile dysfunction
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We sought to assess if COVID-19 infection recovery is associated with increased rates of newly diagnosed erectile dysfunction.
Using IBM MarketScan, a commercial claims database, men with prior COVID-19 infection were identified using ICD-10 diagnosis
codes. Using this cohort along with an age-matched cohort of men without prior COVID-19 infection, we assessed the incidence of
newly diagnosed erectile dysfunction. Covariates were assessed using a multivariable model to determine association of prior
COVID-19 infection with newly diagnosed erectile dysfunction. 42,406 men experienced a COVID-19 infection between January
2020 and January 2021 of which 601 (1.42%) developed new onset erectile dysfunction within 6.5 months follow up. On
multivariable analysis while controlling for diabetes, cardiovascular disease, smoking, obesity, hypogonadism, thromboembolism,
and malignancy, prior COVID-19 infection was associated with increased risk of new onset erectile dysfunction (HR 1.27; 95% CI
1.1–1.5; P= 0.002). Prior to the widespread implementation of the COVID-19 vaccine, the incidence of newly diagnosed erectile
dysfunction is higher in men with prior COVID-19 infection compared to age-matched controls. Prior COVID-19 infection was
associated with a 27% increased likelihood of developing new-onset erectile dysfunction when compared to those without prior
infection.

IJIR: Your Sexual Medicine Journal; https://doi.org/10.1038/s41443-023-00687-4

INTRODUCTION
As of April 2022, the SARS-CoV-2 virus has led to over 80 million
COVID-19 infections and 970,000 deaths in the United States alone
[1]. As the pandemic has evolved, the role of endothelial
dysfunction during COVID-19 infection and associated long-term
sequalae have come into focus [2–4]. Given the well-known
association of erectile dysfunction (ED) and cardiovascular disease,
many have hypothesized there may be increased risk of ED
following COVID-19 [5–11].
Initial reports describing increased risk of ED after COVID-19

have been limited to small cohort studies (<75 COVID-positive
men), but have shown reduction of International Index Erectile
Function-5 (IIEF-5) scores after COVID-19 infection and increased
rates of ED compared to age-matched controls [10, 12, 13].
Evaluation of corporal tissue months after COVID-19 infection
revealed persistence of COVID-19 peplomers suggesting a
possible pathophysiologic mechanism for ED [7]. An association
between COVID-19 infection and ED has been shown in two
population-level studies [5, 6]. However, the databases utilized
require follow-up to occur in participating institutions in order be
captured and as a result, may underestimate the true association
[5, 6] IBM MarketScan, an insurance claims database of over 215
million policy holders, is able to capture longitudinal follow up
regardless of the location in which follow up occurs.
Given this preliminary evidence, we hypothesize that the

incidence of newly diagnosed ED will be higher in men with a

history of COVID-19 infection compared to men without prior
COVID-19 infection. Thus, we sought to assess the rate of newly
diagnosed ED in those with a history of COVID-19 infection
compared to those without a history of COVID-19 infection using a
large healthcare claims database.

METHODS
Data source
After obtaining IRB approval (00123727), we retrospectively queried a large
health care claims database, IBM MarketScan, to identify men with a first-
time diagnosis of COVID-19 and ED. Data from 2020 is the latest currently
available data in IBM MarketScan. Thus, our study period was between
January 2020 to January 2021. IBM MarketScan is uniquely able to capture
both inpatient, outpatient, and virtual medical visits at any institution
given that data is collected based on insurance claims. Available de-
identified data includes demographic data, International Classification of
Disease (ICD) 9 and 10 diagnosis/procedure codes, Common Procedure
Terminology codes, and National Drug Codes. These unique advantages
are particularly useful for longitudinal studies and have been leveraged to
assess surgical subspecialty outcomes in otolaryngology, neurosurgery,
and urology [14–17].

Outcomes
Using ICD 9 and 10 codes, (Supplementary Table 1) we identified men who
had a diagnosis of COVID-19 between January 2020 and January 2021 who
subsequently were diagnosed with ED for the first time. This cohort was

Received: 21 August 2022 Revised: 17 February 2023 Accepted: 28 February 2023

1Division of Urology, University of Utah, Salt Lake City, UT, USA. 2Surgical Population Analysis Research Core, University of Utah, Salt Lake City, UT, USA.
✉email: Kevin.Hebert@utah.edu

www.nature.com/ijirIJIR: Your Sexual Medicine Journal

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41443-023-00687-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41443-023-00687-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41443-023-00687-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41443-023-00687-4&domain=pdf
http://orcid.org/0000-0003-3652-8942
http://orcid.org/0000-0003-3652-8942
http://orcid.org/0000-0003-3652-8942
http://orcid.org/0000-0003-3652-8942
http://orcid.org/0000-0003-3652-8942
https://doi.org/10.1038/s41443-023-00687-4
mailto:Kevin.Hebert@utah.edu
www.nature.com/ijir


compared to age-matched controls without diagnosis of COVID-19 in the
same study period. Inclusion criteria included men >18 years with COVID-
19 infection (exposure). (Supplementary Fig. 1) Exclusion criteria included
men with prior history of ED and newly diagnosed ED secondary to
radiation or genitourinary surgery. (Supplementary Fig. 1). Our primary
outcome was newly diagnosed ED. (Supplementary Fig. 1).

Statistical analysis
We modeled the likelihood of men with a history of COVID-19 infection to
subsequently develop newly diagnosed ED compared to men without a
history of COVID-19 infection using a Cox proportional hazards model
starting on June 17th, 2020 (Date at which 10% of COVID-19 infections had
occurred). The Occurrence of ED was adjusted for common ED risk factors
including age, prostate cancer, cardiovascular disease, hypogonadism,
obesity, smoking, and diabetes mellitus [11, 18–22]. Bladder cancer,
hypertension, hyperlipidemia, spinal cord injury, and geographic region
were included as additional cofactors.

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

RESULTS
Demographics and comorbidities
After applying exclusion criteria, we identified 87,525 men who were
continuously enrolled in MarketScan between January 2020 and
January 2021 of which 42,406 experienced an insurance-claims
documented COVID-19 infection. (Fig. 1) Men with documented
COVID-19 infection were more likely to have a prior history of
diabetes mellitus (COVID-19 14.7%; Control 11.5%), hyperlipidemia
(COVID-19 39.3%; Control 35.5%), hypertension (COVID-19 35.5%;
Control 30.6%), and hypogonadism (COVID-19 6.6%; Control 4.9%).
(Table 1) Current smoker status was more common in the control
group (COVID-19 7.3%; Control 8.5%). (Table 1).

Outcomes
Between January 2020 and January 2021, 1111 new diagnoses of
ED were identified in men without prior history of ED. (Table 2) Of
the 1111 men with newly diagnosed ED, 601 (54.1%) occurred in
men with a prior COVID-19 infection compared to 510 (45.9%) in
the control group. (Table 2) Newly diagnosed ED occurred in 1.4%
and 1.1% of the COVID-19 and control cohorts, respectively.
On multivariable logistic regression, prior COVID-19 infection

was independently associated with newly diagnosed ED (Hazard
Ratio, 1.27; 95% CI [1.1–1.5]; P= 0.002). Several additional
covariates were also associated with ED including: diabetes

Fig. 1 COVID-19 positive case counts by date. Red line denotes
point at which 10% of COVID-19+ cases had occurred (6-17-2020).
From this time point until the end of 2020, the incidence of newly
diagnosed erectile dysfunction was assessed in men with and
without prior COVID-19 infection.

Table 1. Demographic breakdown of population stratified by prior
covid case versus control status.

Variable Control COVID+ Full Cohort

Total 45,119 (51.6) 42,406 (48.5) 87,525 (100)

Age 41 (32–49) 41 (32–49) 41 (32–49)

Region

Northeast 9025 (20) 8515 (20.1) 17,540 (20.0)

Midwest 9955 (22.1) 8846 (20.9) 18,801 (21.5)

South 19,338 (42.9) 19,768 (46.6) 39,106 (44.7)

West 6664 (14.8) 5189 (12.2) 11,853 (13.5)

Other 137 (0.3) 88 (0.2) 225 (0.3)

Population
density (urban)

39,444 (87.4) 35,847 (84.5) 75,291 (86.0)

Charlson Comorbidity Index

0 36,557 (81.0) 32,240 (76.0) 68,797 (78.6)

1 6356 (14.1) 7178 (16.9) 13,534 (15.5)

2 1468 (3.3) 1929 (4.6) 3397 (3.9)

3+ 738 (1.6) 1059 (2.5) 1797 (2.1)

Comorbidities

Bladder Cancer 79 (0.2) 67 (0.2) 146 (0.2)

Prostate Cancer 316 (0.7) 349 (0.8) 665 (0.8)

Prostatectomy 28 (0.1) 46 (0.1) 74 (0.1)

Diabetes
Mellitus

5196 (11.5) 6235 (14.7) 11,431 (13.1)

Cardiovascular
Disease

2768 (6.1) 3372 (8.0) 6140 (7.0)

Hyperlipidemia 16,030 (35.5) 16,670 (39.3) 32,700 (37.4)

Hypertension 13,807 (30.6) 15,034 (35.5) 28,841 (33.0)

Hypogonadism 2218 (4.9) 2796 (6.6) 5014 (5.7)

Spinal
Cord Injury

51 (0.1) 58 (0.1) 109 (0.1)

Body Mass Index
(BMI) 25–30

4176 (9.3) 3757 (8.9) 7933 (9.1)

Body Mass Index
(BMI) 30–40

4874 (10.8) 5516 (13.0) 10,390 (11.9)

Body Mass Index
(BMI) 40+

1357 (3.0) 1903 (4.5) 3260 (3.7)

Smoking 3818 (8.5) 3082 (7.3) 6900 (7.9)

Deep Vein
Thrombosis

427 (1.0) 445 (1.1) 872 (1.0)

Pulmonary
Embolism

241 (0.5) 269 (0.6) 510 (0.6)

Continuous variables presented as median (with inter-quartile range).
Categorical variables presented as number (with percentage of group).
Percentages in ‘Total’ row denote percentage of full cohort. Percentages in
other rows denote percentage of group.

Table 2. Newly diagnosed erectile dysfunction events in those
without prior COVID diagnosis (Control) versus men with prior history
of COVID+ test.

Variable Control COVID+ Full cohort

Outcome

Erectile Dysfunction 510 (1.1) 601 (1.4) 1111 (1.2)

Cohort percentages in parentheses.

K.J. Hebert et al.

2

IJIR: Your Sexual Medicine Journal



(HR 1.34), 1-year increase in age (HR 1.05), hypogonadism (HR
2.04), BMI 25–30 (HR 1.27), and BMI 30–40 (HR 1.34). (Table 3)
When controlling for the previously mentioned covariates, the
Kaplan Meier graph of our Cox regression analysis highlights a
lower erectile dysfunction disease-free survival associated with
men with prior history of COVID-19 compared to those without a
history of infection (Fig. 2).

DISCUSSION
This study showed a significant association of prior COVID-19
infection with a new diagnosis of ED when evaluated on a
population level and when controlled for common risk factors for
ED (age, diabetes, prostate cancer, hypogonadism, BMI, and smoking
status). COVID-19 infection was associated with a 27% increased risk
of ED, roughly comparable to a new diagnosis of diabetes.

The link between ED and COVID-19
Although the overall body of literature linking COVID-19 infection
to ED is limited, there has been increasing evidence of this

association over the past 18 months. The role of endothelial cell
dysfunction during COVID-19 infection and its subsequent impact
on organ systems has been well documented in the literature
[23–25]. This led many to hypothesize that COVID-19 infection
may influence subsequent risk of ED. However, the initial studies
evaluating this association were limited by small sample size and
short follow-up.
In March 2021, Sansone et al. reported increased self-reported

ED men with recent COVID-19 infection compared to age-
matched controls [10]. Between April and May 2020, 25 men
with a recent COVID-19 infection were assessed for ED using an
online survey and were compared to 75 age-matched controls.
The authors reported increased risk of ED in the COVID-19 cohort
(28%) compared to controls (9.33%). In this study, COVID-19
infection was independently associated with ED (OR 5.66) [10].
In July 2021, a potential pathophysiologic basis was described

by Kresch et al. who confirmed the presence of COVID-19
peplomers in corporal tissue of two patients undergoing inflatable
penile prosthesis surgery for newly reported erectile dysfunction
after COVID-19 infection [7]. The authors concluded that COVID-19
infection-related endothelial dysfunction may increase risk of ED
[7].
In August 2021, Nassau et al. reviewed potential mechanisms

for COVID-19-related ED highlighting the increased susceptibility
of men for developing COVID-19 infection-related morbidity and
mortality [9]. The authors further described the role of ACE2 and
TMPRSS2 which are required for SARS-CoV-2 uptake and are
ubiquitous within endothelial cells. These findings further
reinforced the potential association of COVID-19 infection with
vasculogenic ED [9].
In November 2021, Hu et al. assessed the risk of new erectile

dysfunction in 67 men following COVID-19 infection 6 months
prior [12]. At 3 and 6 months following infection, patients were
evaluated with symptom checklist 90 and IIEF-5. Compared to
controls, men with prior COVID-19 infection had increased risk of a
first-time ED diagnosis (44.8% versus 17.1%) [12].
To date, only two studies have assessed the association of

COVID-19 and ED on a population level. In February 2022, Chu
et al. compared 230,517 men with prior COVID-19 infection to
232,645 men without documented COVID-19 infection using the
TriNETx database between January 2020 and November 2021 [5].
The authors found an increased association of ED following
COVID-19 infection, OR 1.20 (1.004–1.248; P= 0.04) [5]. A similar
association was shown by Katz et al. using a database of
participating the University of Florida Healthcare System centers
[6]. The authors identified 3098 COVID-19-recovered men
between January 2020 and June 2021 with this cohort being
3.68 times more likely to report ED compared to controls [6].
Although, electronic health record (EHR) databases such as
TriNetX have the distinct advantage of including both insured
and uninsured patients, there are many limitations of longitudinal
data in these databases, since patients may often get care outside
of the health care system that is used for the study.

Why our data is unique
EHR-based databases such as TriNetX, and Informatics for
Integrating Biology, and the Bedside Database collate medical
records from participating healthcare institutions medical records.
The Informatics for Integrating Biology and the Bedside Database,
utilized by Katz et al. included participating University of Florida
Healthcare Centers [6]. While the TriNetX Database is made up of
63 participating institutions in 8 countries with 93% of patients
being from the United States [26]. However, a significant limitation
of these databases is that it requires patients to seek longitudinal
medical care at the institutions represented in the database. For
example, a patient is admitted to a tertiary center for a COVID-19
infection early in the pandemic, recovers, and then subsequently
presents to their local primary care provider to report new onset

Table 3. Model effects from Cox-Proportional Hazards Model.

HR 95% CI P -Value

COVID+ 1.27 1.09–1.47 0.002

Age 1.05 1.04–1.07 0.000

Bladder Cancer 1.25 0.4–3.93 0.697

Prostate Cancer 1.24 0.74–2.10 0.409

Diabetes Mellitus 1.34 1.16–1.56 0.000

Cardiovascular Disease 0.90 0.73–1.11 0.339

Hypogonadism 2.04 1.71–2.43 0.000

BMI 25–30 1.27 1.06–1.53 0.011

BMI 30–40 1.34 1.15–1.60 0.000

BMI 40+ 1.08 0.81–1.43 0.604

Smoking 1.12 0.92–1.38 0.268

Deep Vein Thrombosis 1.16 0.69–1.95 0.565

Pulmonary Embolism 0.63 0.27–1.46 0.284

P-values of 0 indicate < 0.001. Effect of COVID and comorbidities relative to
patients without that comorbidity. Effect of age represents increase of one
year. HR Hazard Ratio, 95% CI 95% Confidence Interval, BMI Body Mass
Index. Bolded P-values denoted for statistical significance.

Fig. 2 Kaplan Meier Curve. Kaplan Meier curve representing
proportion without ED among those with and without prior
COVID-19 infection.
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ED. Both the primary care provider and the tertiary center must be
members of the same EHR database to adequately capture this
longitudinal data which likely underestimates the effect of COVID-
19 infection. This limitation is a unique strength of the IBM
MarketScan database.
The IBM MarketScan commercial claims database includes over

3 billion medical encounters made by 215 million policy holders,
spouses, and dependents. Most importantly, medical visits and
associated diagnoses are captured longitudinally as long as
insurance is billed, thus, patients do not have to receive all of
their care in a participating EHR database institution to be
captured. In the previously discussed example, a patient present-
ing to a tertiary hospital for a COVID-19 infection early in the
pandemic who subsequently received follow-up care at a primary
care physician’s office would be accurately captured as long as
insurance was billed for each encounter. This unique characteristic
allows increased accuracy for longitudinally collected data and
may explain why our cohort had an increased rate of newly
diagnosed ED following COVID-19 infection (1.42%) compared to
Chu et al. (0.48%) [5]. It should be emphasized, that this higher
capture rate using MarketScan occurred with shorter follow-up of
6.5 months compared to Chu et al. (exact follow-up not reported;
estimated Jan 2020 to time of manuscript acceptance Aug 2021)
[5].
Despite a maximum follow-up time of 6.5 months, our findings

showed a 27% increased risk of first-time ED compared to controls
over the same timeframe. (Table 3) The results of our study
are likely biased towards less of an association of COVID-19 and
ED, since there were likely some patients in the control arm with
COVID-19 that were never captured in claims data. If everyone
that had COVID-19 was captured the association may be higher
between COVID-19 and erectile dysfunction. However, it should be
acknowledged that this selection bias occurs at baseline in the
population given that patients may have cleared a COVID-19
infection without symptoms and thus without a positive test. In
fact, the COVID-19 positive test rate in our study mirrored the
positive test rate seen in the US through 2020. (Fig. 1 &
Supplementary Fig. 2)
As the most recent available data in MarketScan is January

2021, our data only represents the first 9 months of the pandemic
and limits our ability for long-term follow-up. However, our
dataset removes vaccine administration, over-the-counter home
testing, and variant strains as potential confounders. The first
COVID-19 vaccine administered in the US was on December 14th,
2020, with only 2.8 million Americans receiving the first dose of
the two-shot series by the conclusion of 2020 (<1% of US
population) [27]. Likewise, Federal Drug Administration approval
of the first over-the-counter COVID-19 antigen test did not occur
until December 15th, 2020 [28]. Lastly, variant strains of SARS-
COV-2 are associated with varying degrees of transmissibility and
pathogenicity. Initial SARS-COV-2 variants Alpha (B.1.1.7) and Beta
(B.1.351) were first documented in the United Kingdom and South
Africa, respectively [29]. However, both strains were not labeled
variants of concern by the World Health Organization until
December 18th, 2020 [29]. Thus, our findings may be more
representative of the association of COVID-19 infection prior to
widespread vaccine uptake, home testing, and variant strain
transmission.

Next steps
This initial data, showing an increased association of new-onset ED
following COVID-19 recovery warrants further evaluation. First, our
findings should be confirmed in claims databases with longer
follow up as it becomes available. This data along with population
data in the setting of increasing vaccination should be evaluated
to determine if vaccination on a population level reduces the risk
of new-onset ED. Until data is available on the impact of
asymptomatic infection and infection in the setting of prior

vaccination, our data should reinforce the findings from Katz and
Chu et al. [5, 6] and be used to inform patients of the short-term
risks associated with COVID-19 infection.

Limitations
Our study is not without limitations that are inherent to the
retrospective analysis of an insurance claim database. First, race
and socioeconomic status were not available and could impact
our findings. Available data is based on medical diagnoses
associated with an insurance claim. Thus, COVID-19 home tests
or outpatient tests in which an insurance claim is not submitted
are not captured. As a result, it is likely that our capture rate of
COVID-19 infection is underestimated. Likewise, MarketScan data
is only available through the end of 2020 which represents the
early stage of the COVID-19 pandemic and limited the follow-up
window to observe our outcome.
Additionally, individual medical records (paper charts or

electronic medical records) are not available in this database
which has several implications. First, we are unable to specifically
assess the morbidity associated with each COVID-19 infection. As a
result, we intentionally did not stratify COVID-19 cohort by
diagnosis location (inpatient versus outpatient) as MarketScan
lacks the granular details that would allow us to delineate an
admission that was primarily related to a COVID-19 infection
versus admission for a different diagnosis with an associated
finding of COVID-19 positivity. It should be acknowledged that
there is likely a step wise increase in risk of ED following COVID-19
infection depending on location of diagnosis (outpatient versus
inpatient) and intensive care utilization. However, it is important to
note that these limitations would bias our findings to a lower
association between ED and COVID-19 and there is likely a
stronger association than our study results show.

CONCLUSION
In this cohort of >87,500 unvaccinated men with continuous
follow-up through the first year of the COVID-19 pandemic,
COVID-19 infection was associated with a 27% increased like-
lihood of subsequent ED when controlled for diabetes, smoking
status, cardiovascular disease, and obesity. Future studies should
focus on the morbidity of COVID-19 infections, vaccination status,
and subsequent ED risk given the high prevalence of COVID-19
infections and the ubiquity of vaccines.

DATA AVAILABILITY
The data that support the findings of this study are available from IBM MarketScan
but restrictions apply to the availability of these data, which were used under license
for the current study, and so are not publicly available. Data are however available
from the authors upon reasonable request and with permission of IBM MarketScan.
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