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Phosphodiesterase type 5 inhibitors (PDE5i) is the only approved oral treatment for erectile dysfunction (ED) in the US, and
alternative management remains necessary when this treatment fails or is contraindicated. Targeting other pathways than the NO-
cGMP pathway and/or combining this approach with PDE5i may introduce new treatments for men who are unresponsive to PDE5i.
This study aims to evaluate whether Mirabegron improves erectile function in men with concurrent overactive bladder and mild to
moderate ED. Twenty subjects, 40–70 years old, registering International Index of Erectile Function (IIEF) score 11–25 and
International Prostate Symptom Score 8–20, were treated with Mirabegron therapy for 12 weeks. Study participants were re-
administered IIEF and OAB-q questionnaires on weeks 2, 4, 8, and 12 and assessed for adverse events. The primary and secondary
endpoints were an increase in the IIEF-5 score of 4 units and a decrease in the Overactive Bladder questionnaire (OAB-q) symptom
severity score of 10 units between study time points. Thirteen men completed the 12-week study. Mirabegron treatment improved
the IIEF-5 scores in five patients (38.4%) by 4 points or more, whereas IIEF-5 scores were not affected by Mirabegron treatment in
eight patients (61.5%). There were no clinically relevant decreases in the IIEF-5 score. Significant improvements were observed in
intercourse satisfaction at week eight compared to baseline (p= 0.01). Orgasmic function and sexual desire were not affected by
Mirabegron treatment. As expected, Mirabegron treatment reduced OAB symptoms based on OAB-q short form (p= 0.006) and
OAB-q total health-related quality of life (HRQL) scores compared to baseline (p= 0.03). Residual bladder volumes were not affected
by treatment. No serious side effects were reported during the study period. This study suggests that Mirabegron may improve
both EF and OAB-related symptoms in some individuals without causing serious adverse events.
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INTRODUCTION
Erectile dysfunction (ED), defined as “the inability of men to
achieve and/or maintain an erection sufficient for satisfactory
sexual performance", affects millions of men with increasing
global prevalence [1–4]. Phosphodiesterase type 5 inhibitors
(PDE5i) are usually recommended by clinicians as first-line therapy
due to their favorable clinical efficacies and safety profiles. The
effectiveness of PDE5i in men with ED for successful sexual
intercourse is ~65%, and it is less effective in men with some
conditions such as diabetes mellitus and following pelvic surgeries
[5–7]. PDE5i is the only approved oral treatment for ED in the US,
and alternative management remains necessary when this
treatment fails or is contraindicated. Targeting other pathways
to induce corpus cavernosum (CC) relaxation or inhibit its
contraction than the NO-cGMP pathway and/or combining this
approach with PDE5i may introduce new treatments for men who
are unresponsive to PDE5i.
The beta-3 adrenergic receptor (β3-AR) has been demon-

strated in human CC, suggesting that it may have a physiologic
role in mediating penile erection [8]. The activation of β3-AR
mediates CC relaxation via mainly the cAMP-PKA pathway [9].
Other mechanisms also have been implicated in CC relaxation,
such as direct activation of K+ channels and closure of voltage-
gated Ca2+ channels, cGMP accumulation by NO release,

and stimulation of the H2S pathway [10, 11]. However, there
are controversial findings in the literature, and the role of β3-AR
for penile erection in men is still unclear and needs further
studies.
Mirabegron is the first β3-AR agonist that has been approved

for the treatment of overactive bladder (OAB) [12]. It exploits the
essential role of the β3-adrenergic pathway in detrusor smooth
muscle relaxation. OAB symptoms are associated with an
increased risk of ED in men and may share a common
pathophysiologic mechanism [13]. Mirabegron may act simulta-
neously in the bladder, urethra, prostate, and CC via β3-AR
activation and offers a pharmacologic target for ED. Preclinical
studies showed that Mirabegron evokes CC relaxation and
increases in vivo erection responses by activating β3-AR
independent from the NO-cGMP pathway [14]. However, other
studies have described its effect involving alpha-1 adrenergic
receptor (α1-AR) blockage independent of β3-AR activation and
cAMP accumulation [15].
In the present study, we hypothesized that Mirabegron may act

simultaneously in the bladder and CC via β3-AR activation serving
as a potential erectogenic treatment for men with ED and OAB.
Therefore, this study aimed to evaluate whether Mirabegron
improves erectile function (EF) in men with concurrent OAB and
mild-to-moderate ED.
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MATERIAL AND METHODS
Patients
Twenty patients with mild-to-moderate ED and symptoms of OAB, aged
18–70 years, were recruited from the urology clinic at the Johns Hopkins
Medical Institutions. Inclusion criteria were the presence of OAB
symptoms for at least 3 months with at least eight micturitions
per day and at least three episodes of urgency in a 3-day period and
mild, mild-to-moderate, or moderate ED based on the International
Index of Erectile Function-Erectile Function domain (score 11–25 out of
30) [16]. Exclusion criteria were concurrent ED therapy, prior pelvic
surgery (including prostatectomy, cystectomy, transurethral proce-
dures), prior penile surgery, history of priapism, history of neurologic
disease (such as spinal cord injury, Parkinson’s disease, multiple
sclerosis), uncontrolled hypertension (systolic blood pressure >140
mmHg or diastolic blood pressure >90 mmHg), chronic kidney disease
stage 4 or 5 (estimate creatinine clearance rate <30 ml/min), moderate
or severe hepatic impairment (Child-Pugh Class B or C), concomitant use
of CYP2D6-metabolized drugs (metoprolol, desipramine, thioridazine,
flecainide, propafenone) or digoxin, post-void residual (PVR) amount
>150 ml, or evidence of urinary tract infection on urinalysis and/or urine
culture. The study was approved by the Institutional Review Board
(IRB00097439) and registered at www.ClinicalTrials.gov as
NCT02916693.

Study design
This was a single-center, phase 1, non-randomized, single-arm, interven-
tional study conducted prospectively from November 2017 to December
2019. Informed consents were obtained without monetary compensation.
After baseline evaluation, consisting of clinical history, physical examina-
tion including blood pressure, PVR measurement, urinalysis and/or urine
culture, and administration of the IIEF-15 Questionnaire and 5-item short
form version (IIEF-5) [17] and Overactive Bladder Questionnaire (OAB-q)
[18], patients were consecutively enrolled in a 12-week course consisting
of daily Mirabegron 25mg for 14 days and according to toleration could
continue on Mirabegron 25mg daily or proceed to receive Mirabegron
50mg daily taken for the next 10 weeks (Astellas Pharma US Inc, IL, USA).
Patients were monitored at weeks 2, 4, 8, and 12 by a physician and clinical
nurse with clinical visits that included repeat IIEF and OAB-q ques-
tionnaires, vital signs, PVR measurement, urinalysis, and clinical interview
for recording progress and medication changes and documenting adverse
event (AE) occurrences, and adherence to study drug. The principal
investigator performed monthly reviews with assessments of trial progress,
clinical outcomes, and the occurrence of AEs (Fig. 1).

Outcomes and statistical analysis
The primary efficacy outcome was a total mean increase of 4 or more
points from the baseline in the IIEF-5 score. The secondary endpoint was
OAB improvement, as reflected by a 10-point decrease from the baseline in
the OAB-q symptom severity score. These differences correspond with
minimum changes having clinical relevance.
There are no data to suggest the magnitude of the effect of Mirabegron

on ED. We performed power calculations that applied a statistical power of
80% and an alpha error of 0.05 for various scenarios characterizing a
pattern of means with an absolute increase from pretreatment to 12 weeks
of 4 units for IIEF and an absolute decrease of 10 units for OAB, and
plausible conservative (higher than expected) values for the within-subject
standard deviation.
Pretreatment IIEF and OAB scores were compared to post-treatment

scores at 4, 8, and 12 weeks. The primary analysis for both IIEF-15 and OAB
scores was repeated measures analysis of variance; if there were missing
time points, a mixed model was used. The primary endpoint measurement
was determined by TIME effect, i.e., change from the pretreatment value of
IIEF or OAB. In addition to absolute change in IIEF-5 or OAB scores, we
evaluated models of percentage change from the pretreatment value. If
the overall effect of TIME was statistically significant, we used paired t-tests
comparing pretreatment to each of the post-treatment values, with a
Bonferroni p value adjustment, to determine the time at which an increase
in IIEF-5 of at least 4 points or a decrease in OAB of at least 10 points is first
detected. Covariates to be evaluated as potential confounding factors
include age, comorbidity, or cause of ED, body mass index, and other
medications.
Data were analyzed using GraphPad Prism ver. 8 (GraphPad Software,

San Diago, CA, USA). A p value < 0.05 was considered statistically
significant.

RESULTS
A total of 20 patients were enrolled. Seven patients were lost to
follow-up and 13 (65%) remaining patients participated in the
study. Baseline demographic and clinical characteristics are shown
in Table 1.
At week 12, Mirabegron treatment improved the IIEF-5 scores in

five patients (38.4%) by 4 points or more, whereas IIEF-5 scores
were not affected by Mirabegron treatment in eight patients
(61.5%) (Fig. 2A). There were no clinically relevant decreases in
IIEF-5 score.

Fig. 1 CONSORT diagram of the clinical trial. The flow chart shows the inclusion and exclusion criterias, the number of patients, enrollment
and follow-up procedures, completed the study, and included in the final analysis.
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Mirabegron treatment was associated with significant improve-
ments in the IIEF-5 score at weeks 4 and 8 compared to baseline
(p= 0.0003), but not at week 12 (Fig. 2B).
Significant improvements were observed in intercourse satisfac-

tion at week 8 compared to baseline by Mirabegron treatment
(p= 0.01). Orgasmic function and sexual desire were not affected
by Mirabegron treatment.
As expected, Mirabegron treatment reduced OAB symptoms

based on OAB-q short form (p= 0.006) and OAB-q total health-
related quality of life (HRQL) scores compared to baseline
(p= 0.03) (Fig. 3A, B). Residual bladder volumes were not affected
by treatment.

Changes in mean numbers on IIEF, OAB-q scores, and PVR are
shown in Table 2.
AEs following Mirabegron treatment were infrequent and transient,

consistent with those associated previously with β3-AR agonist use;
no serious side effects were reported during the study period.
Nonserious expected and unexpected AEs are shown in Table 3.

DISCUSSION
Our study evaluated the effect of Mirabegron, a selective β3-AR
agonist, on EF in men with mild, mild-to-moderate, and moderate ED
and symptoms of OAB. A clinically meaningful improvement, defined
by a change of 4 points or more on IIEF-5 score, was observed in 5
out of 13 (38.4%) men at the end of the 12-week study. However,
definitive conclusions about the long-term efficacy of Mirabegron
treatment could not be determined, and the increased mean IIEF-5
scores declined following week 8. As expected, Mirabegron
improved OAB symptoms and HRQL without increasing PVR. The
findings from this study demonstrate potential clinical benefits and
safety of this therapy for those men with ED and OAB.
The primary objective of this study was to evaluate the changes in

IIEF-5 score by Mirabegron treatment in men with ED and OAB. The
use of validated questionnaires such as IIEF in the assessment of ED
is well established, and they have been widely used by the clinician
to determine the severity of the problem as well as evaluating
treatment effectiveness at follow-up visits. Based on previous
studies, a clinically meaningful difference in the IIEF-5 score was
determined by a 4-point change in the total score with estimated
sensitivity and specificity of 0.74 and 0.73, respectively [19]. In
addition, the clinically meaningful difference may vary according to
ED severity, and it could be as low as two points for mild ED [19]. At
the end of our study, the difference in IIEF-5 scores between
baseline and week 12 was not significant. However, Mirabegron
improved the IIEF-5 scores in seven patients (53.8%) by 2 points or
more. The nonsignificant improvements on IIEF-5 scores between
study timelines could yet be meaningful clinically. The decline in EF
response after week 8 cannot be readily explained.
We also evaluated the treatment effect on other domains of the

IIEF questionnaire, such as orgasmic function, sexual desire,
intercourse satisfaction, and overall satisfaction. Significant
differences in the intercourse satisfaction domain were found at
week 8, which includes questions 6, 7, and 8. This effect could be
related to the overall increase in EF that may have improved
satisfaction during sexual intercourse. In addition, question 6
assesses the number of attempts for sexual intercourse that could
have been promoted by being a participant in this study or relate
to an increase in self-confidence due to treatment.
Mirabegron is an alternative treatment option to antimuscari-

nics in patients with symptoms of OAB. Our results are in line with
previous studies that showed Mirabegron improved the symp-
toms of OAB based on both OAB-q short form and OAB-q total
HRQL [20–22]. Mirabegron was well-tolerated in our study, and
there was no discontinuation due to AEs. The most commonly
reported AEs were constipation, back or leg pain, and flu-like
symptoms, and no serious AE was reported. Previously, the overall
rate of AEs reported for Mirabegron treatment was 47%, while it
was 46% in our study [23]. The overall rate of study-related AEs
was 30% in our study, which is slightly higher than that described
in the literature (19%) [23, 24]. The higher rate of study-related AEs
could be related to having a small sample size [25]. However, all
AEs were transient, self-limiting, and nonserious.
The β3-AR agonist, Mirabegron, is an effective oral therapy for

LUTS associated with OAB. However, its effects on sexual function
are unclear. In vitro studies have shown that β3-AR exist in human
CC tissue, and activation of these receptors results in CC
relaxation, suggesting a potential pro-erectogenic effect in vivo.
It is noteworthy that the effect of Mirabegron on human CC
relaxation occurs at high concentrations, which may be 2–3 times

Table 1. Demographics and baseline characteristics.

No. pts 13

Mean pt age (SD) 60.2 (6.82)

No. age category (%)

Younger than 65 8 (61.5)

65 or older 5 (38.4)

No. ethnicity (%)

White 5 (38.4)

Black or African American 5 (38.4)

Hispanic or Latino 2 (15.3)

Others 1 (7.6)

Mean kg/m2 body mass index (SD) 30.1 (8.07)

No. comorbidities (%)

Diabetes mellitus 2 (15.3)

Hypertension 7 (53.8)

Hyperlipidemia 4 (30.7)

Cardiovascular disease 1 (7.6)

Cerebrovascular accident 1 (7.6)

No. smoking history (%)

Never smoker 5 (38.4)

Ex-smoker 5 (38.4)

Current smoker 3 (23.0)

No. alcohol use (%) 12 (92.3)

No. types of LUTS (%)

Storage symptoms 3 (23.0)

Voiding symptoms 0 (0)

Mixed symptoms 10 (76.9)

No. previous medication use for LUTS (%) 8 (61.5)

No. ED etiology (%)

Vascular 9 (69.2)

Diabetic 2 (15.3)

Neurogenic 0 (0)

Others 2 (15.3)

No. ED severity (%)

Mild 3 (23.0)

Mild to moderate 4 (30.7)

Moderate 6 (46.1)

No. duration of ED (%)

<1 year 3 (23.0)

1 or more 10 (76.9)

No. previous medication use for ED (%) 10 (76.9)

LUTS lower urinary tract symptom, ED erectile dysfunction.
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higher than the therapeutically effective dose in patients with OAB
[14, 26]. Previous studies indicate that Mirabegron is well-tolerated
at higher doses, and further clinical studies may serve to clarify its
dose-dependent effect on EF in men with ED and OAB [27–29].
The possible underlying mechanisms for β3-AR-induced CC

relaxation may involve a cGMP-dependent and NO-independent
pathway, the RhoA/ROCK pathway, or α-1-AR blockade [13, 23].
Previous studies showed that Mirabegron inhibits phenylephrine
(α1-AR)-induced smooth muscle contraction by a mechanism
dependent on α1-AR blockade [14, 30]. In addition, there is some
evidence from in vitro and in vivo studies showing that ROCK
inhibitors and PDE5i enhance Mirabegron-induced relaxation in
the CC and potentiate its effect [8, 14, 30]. These findings support
possible combination therapies between Mirabegron and ROCK
inhibitors or PDE5i in men with ED who do not respond to PDE5i.
We acknowledge several limitations due to the design of the

study, including a small sample size (a higher rate of lost to follow-
up due to consecutively enrolled eligible patients), a single-arm

Fig. 3 Changes in OAB-q short form and OAB-q Total HRQL scores. A Changes in mean OAB-q short form scores from baseline to weeks 2, 4,
8, and 12. B Changes in mean OAB-q total HRQL scores from baseline to weeks 2, 4, 8, and 12. * indicates significant difference compared to
baseline (p < 0.05).

Table 2. Scores of IIEF, OAB-q, and PVR at consecutive measurements.

Baseline Week 2 Week 4 Week 8 Week 12

IIEF-5 10.8 ± 3.9 12.7 ± 3.9 13.2 ± 3.2* 17 ± 5.6* 14.1 ± 5.7

EF 12.7 ± 5.4 13.8 ± 5.1 15.3 ± 4.2 17.8 ± 7.9 15.8 ± 6.9

Orgasmic function 6.8 ± 1.8 5.9 ± 2.4 7.1 ± 2.3 7.4 ± 2.1 6.7 ± 2.3

Sexual desire 7.0 ± 1.9 6.5 ± 2.3 6.4 ± 1.9 7.3 ± 2.2 6.9 ± 2.3

Intercourse satisfaction 6.5 ± 3.4 5.9 ± 3.1 6.1 ± 3.8 8.3 ± 4.3* 7.9 ± 4.6

Overall satisfaction 5.8 ± 2.1 5.4 ± 2.3 6.0 ± 2.1 5.7 ± 2.9 5.2 ± 2.5

OAB-q short form 17.3 ± 5.6 15.7 ± 5.6 13.2 ± 4.4* 12.7 ± 4.3* 12.7 ± 4.7*

Total HRQL score 35.3 ± 13.6 30.7 ± 11.4 30.0 ± 13.3 26.9 ± 10.6* 27.9 ± 14.7*

PVR (ml) 39.5 ± 44.8 43.9 ± 35.7 37.5 ± 38.6 31.9 ± 28.8 56.1 ± 66.1

Values are presented as mean ± SD.
IIEF-5 short form, Sexual Health Inventory for Men—1–7 (severe ED); 8–11 (moderate ED); 12–16 (mild–moderate ED); 17–21 (mild ED); 22–25 (no ED), IIEF
International Index of Erectile Function Questionnaire—EF erectile function: 1–10 (severe ED); 11–16 (moderate ED); 17–21 (mild–moderate ED); 22–25 (mild
ED); 26–30 (no ED), OAB-q Overactive Bladder Disease Questionnaire, PVR bladder post void residual volume.
*p < 0.05.

Table 3. Adverse events.

Nonserious expected adverse events n (%)

Headache 1 (7.7)

Elevated blood pressure 1 (7.7)

Nasal congestion 0 (0)

Urinary tract infection 0 (0)

Constipation 3 (23.1)

Back or leg pain 2 (15.4)

Dyspepsia 1 (7.7)

Flu-like symptoms 2 (15.4)

Nonserious, unexpected, study-related adverse events

Rash 1 (7.7)

Nonserious, unexpected, not study-related adverse events

Glycosuria 1 (7.7)

Proteinuria or hematuria 1 (7.7)

Fig. 2 Changes in IIEF-5 scores. A Difference in IIEF-5 scores at the end of 12-week study from the initial baseline. B Change in mean IIEF-5
scores from baseline to weeks 2, 4, 8, and 12. * indicates significant difference compared to baseline (p < 0.05). Pt patient.
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design with no control group, and a single-site study. However,
our intent was to perform a small initial investigation to identify a
possible signal of EF improvement efficacy. In addition to
including a control group, further study should add study arms
to evaluate the effect of different dosages of Mirabegron on EF in
men with ED. We were unable to ascertain the psychological or
general health improvement benefits of our intervention or the
possible impact of our attention among all study participants due
to the lack of a control group [31].
This study suggests that Mirabegron may improve both EF and

OAB-related symptoms in some individuals without causing
serious AEs. However, randomized controlled trials with long-
term follow-up periods and larger sample sizes are needed to
establish its role for ED treatment.
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