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Abstract

Key Points

IMPORTANCE Combining 2 first-line treatments for erectile dysfunction (ED) or initiating other
modalities in addition to a first-line therapy may produce beneficial outcomes.

Question Are different combination
therapies associated with improved
outcomes compared with first-line

OBJECTIVE To assess whether different ED combination therapies were associated with improved
outcomes compared with first-line ED monotherapy in various subgroups of patients with ED.

monotherapy in various subgroups of
individuals with erectile dysfunction?
Findings This systematic review and

DATA SOURCES Studies were identified through a systematic search in MEDLINE, Cochrane Library,

meta-analysis of 44 studies with 3853

and Scopus from inception of these databases to October 10, 2020.

men found that combination therapy
with phosphodiesterase type 5

STUDY SELECTION Randomized clinical trials or prospective interventional studies of the outcomes

inhibitors and antioxidants was

of combination therapy vs recommended monotherapy in men with ED were identified. Only

associated with improved erectile

comparative human studies, which evaluated the change from baseline of self-reported erectile

dysfunction without increasing the

function using validated questionnaires, that were published in any language were included.

number of adverse events. Treatment
with phosphodiesterase type 5

DATA EXTRACTION AND SYNTHESIS Data extraction and synthesis were performed according to

inhibitors and daily tadalafil,

the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting

low-intensity shockwave therapy, or a

guideline.

vacuum erectile device were associated
with additional improvement based on

MAIN OUTCOMES AND MEASURES A meta-analysis was conducted that included randomized
clinical trials that compared outcomes of combination therapy with phosphodiesterase type 5 (PDE5)
inhibitors plus another agent vs PDE5 inhibitor monotherapy. Separate analyses were performed for
the mean International Index of Erectile Function (IIEF) score change from baseline and the number
of adverse events (AEs) by different treatment modalities and subgroups of patients.

limited data.
Meaning Results of this study suggest
that combination therapy should be
considered as a first-line treatment for
difficult-to-treat cases of erectile
dysfunction.

RESULTS A total of 44 studies included 3853 men with a mean (SD) age of 55.8 (11.9) years.
Combination therapy compared with monotherapy was associated with a mean IIEF score
improvement of 1.76 points (95% CI, 1.27-2.24; I2 = 77%; 95% PI, −0.56 to 4.08). Adding daily
tadalafil, low-intensity shockwave therapy, vacuum erectile device, folic acid, metformin
hydrochloride, or angiotensin-converting enzyme inhibitors was associated with a significant IIEF
score improvement, but each measure was based on only 1 study. Specifically, the weighted mean
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difference (WMD) in IIEF score was 1.70 (95% CI, 0.79-2.61) for the addition of daily tadalafil, 3.50
(95% CI, 0.22-6.78) for the addition of low-intensity shockwave therapy, 8.40 (95% CI, 4.90-11.90)
for the addition of a vacuum erectile device, 3.46 (95% CI, 2.16-4.76) for the addition of folic acid,
4.90 (95% CI, 2.82-6.98) for the addition of metformin hydrochloride and 2.07 (95% CI, 1.37-2.77)
for the addition of angiotensin-converting enzyme inhibitors. The addition of α-blockers to PDE5
inhibitors was not associated with improvement in IIEF score (WMD, 0.80; 95% CI, −0.06 to 1.65;
I2 = 72%). Compared with monotherapy, combination therapy was associated with improved IIEF
(continued)
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Abstract (continued)

score in patients with hypogonadism (WMD, 1.61; 95% CI, 0.99-2.23; I2 = 0%), monotherapyresistant ED (WMD, 4.38; 95% CI, 2.37-6.40; I2 = 52%), or prostatectomy-induced ED (WMD, 5.47;
95% CI, 3.11-7.83; I2 = 53%). The treatment-related AEs did not differ between combination therapy
and monotherapy (odds ratio, 1.10; 95% CI, 0.66-1.85; I2 = 78%). Despite multiple subgroup and
sensitivity analyses, the levels of heterogeneity remained high.
CONCLUSIONS AND RELEVANCE This study found that combination therapy of PDE5 inhibitors
and antioxidants was associated with improved ED without increasing the AEs. Treatment with PDE5
inhibitors and daily tadalafil, shockwaves, or a vacuum device was associated with additional
improvement, but this result was based on limited data. These findings suggest that combination
therapy is safe, associated with improved outcomes, and should be considered as a first-line therapy
for refractory, complex, or difficult-to-treat cases of ED.
JAMA Network Open. 2021;4(2):e2036337. doi:10.1001/jamanetworkopen.2020.36337

Introduction
Erectile dysfunction (ED) has an increasing worldwide prevalence and is associated with a complex,
pathophysiological mechanism.1,2 In patients with primary organic causes, phosphodiesterase type 5
(PDE5) inhibitors are considered the first-line monotherapy because of their safety profile, rapid
efficacy, and convenient oral administration.3 Other recommended first-line treatment modalities
include intracavernosal injections, topical or intraurethral alprostadil, vacuum erectile device, and
low-intensity extracorporeal shockwave therapy (Li-ESWT).4
PDE5 inhibitors and other first-line ED treatments provide great initial benefits for most
patients.4-6 Switching among first-line ED treatments may prove helpful for some nonresponders.4-6
However, more than half of the patients have reported dissatisfaction, presented low adherence
rates, or even abandoned the first-line ED therapeutic options because of lack of efficacy,
inconvenient administration, adverse events (AEs), or contraindications.7-9 Before considering penile
prosthesis implant, individuals may use a combination of 2 or more first-line ED treatments or other
modalities in addition to first-line ED treatments, which seems, in this context, to be associated with
beneficial outcomes.10 Moreover, in some individuals with curable causes of ED, such as
hypogonadism, the coadministration of ED treatments and population-targeted therapies, such as
testosterone, may prove successful.11 On the other hand, the benefit of combination therapy may
inevitably come at the cost of more treatment-related AEs.12,13
Within this framework, we generated a systematic review and meta-analysis to compare the
outcomes of different ED combination therapies with those of first-line monotherapy in various
subgroups of patients with ED.

Methods
Data Sources and Searches
We predefined the objectives and methods in a protocol registered at PROSPERO
(CRD42020193401), revised some methods based on editor and peer review comments, and
followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting
guideline.14 Two of us (I.M. and N.P.) conducted a systematic search in MEDLINE, Scopus, and Cochrane
Library from inception of these databases to October 10, 2020. In addition, we hand-searched sources
of gray literature, including clinical trial registries and conference abstracts published in major urological
and sexual medicine journals. We perused the reference lists of all eligible studies as well as relevant
reviews. The detailed search syntax and search string are presented in eAppendix 1 in the Supplement.
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Selection Criteria
We included randomized clinical trials (RCTs) or prospective interventional studies of the outcomes
of combination therapy vs recommended monotherapy (PDE5 inhibitors, intracavernosal injections,
topical or intraurethral alprostadil, vacuum erectile device, or Li-ESWT) among men with ED. We
considered only comparative human studies, which evaluated the change from baseline of selfreported erectile function using validated questionnaires, that were published in any language.
Conversely, studies that compared combination therapy with placebo or with a nonrecommended
monotherapy were excluded. Accordingly, we did not include articles that evaluated the treatment of
psychogenic ED with psychosocial and behavioral interventions. Similarly, we did not consider
studies of the role of acupuncture or traditional Chinese medicine. Studies that evaluated
combination treatment in patients with Peyronie disease and phase 1 clinical trials were also
excluded. When multiple records with potential overlapping populations were identified, only the
most recent study was included.

Data Extraction and Risk-of-Bias Assessment
Two of us (I.M. and N.P.) assessed the titles and abstracts of all retrieved articles. Full text of
potentially eligible articles was evaluated according to the selection criteria. Data extraction was
performed independently in a predesigned spreadsheet (Microsoft Excel; Microsoft Corp). For each
included article, we tabulated study and participant characteristics data as well as outcomes of
combination therapy and monotherapy. Any disagreements were resolved by consensus between 2
of us (I.M. and N.P.).
In studies that assessed erectile function at multiple time points, only baseline and last
evaluation data were extracted. Similarly, in studies of the outcome of different therapeutic doses,
we used only the data from patients assigned to the highest available approved dose. When the SD
for the mean erectile function change from baseline was not reported, the SD was obtained from the
relevant SE, CI, or P value.15 When not enough data were available to calculate SDs, the data were
imputed from the correlation coefficient reported in other included trials.15 With a sensitivity analysis
of different values of correlation coefficient, we found that the overall result of the analysis did not
change by the imputed SDs. Regarding AEs, we initiated an exploratory approach by synthesizing the
data on any AEs reported in the included studies. Study authors were directly contacted for missing
data or further information.
To evaluate the risk of bias in each study, we used the RoB-2, a risk-of-bias tool, for RCTs16 and
the Robins–I tool for nonrandomized trials.17 Discrepancies were resolved through consensus
between 2 of us (I.M. and N.P.). Accordingly, we assessed the publication bias and small-study bias by
a visual assessment of funnel plot asymmetry and by the Egger test.18

Data Synthesis, Statistical Analysis, and Grading of Evidence
Because of the scarcity of identified non–PDE5 inhibitor monotherapies and combination therapies,
we performed an inverse variance random effects meta-analysis that included RCTs that compared
the combination treatment of PDE5 inhibitors plus another agent with the PDE5 inhibitor
monotherapy. We calculated the weighted mean differences (WMDs) for the mean International
Index of Erectile Function (IIEF) score change and the odds ratios for the number of AEs with the
corresponding 95% CIs and 95% prediction intervals (PIs). The PIs aim to estimate the interval of the
observed treatment outcome of future relevant studies.15 We performed separate analyses for the
mean IIEF score change and the number of AEs by different treatment modalities and subgroups of
patients with ED. For the mean IIEF score change, we undertook a subgroup analysis with RCTs that
included responders or nonresponders to PDE5 inhibitors. Accordingly, we conducted sensitivity
analyses with placebo-controlled RCTs and with studies at low risk of bias.
Heterogeneity was estimated with the I2, and its statistical significance was calculated with the
Cochran Q test.19 All statistical analyses were performed with the meta package in R, version 3.6.3
(R Foundation for Statistical Computing).
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We used the GRADE approach to ascertain the overall strength of evidence across the trials.20
Two of us (I.M. and N.P.) graded risk of bias, inconsistency, indirectness, imprecision, and publication
bias for the mean IIEF score change from baseline and number of AEs.

Results
A total of 44 studies with 3853 men were included in the qualitative synthesis.21-64 The mean (SD)
patient age was 55.8 (11.9) years. Participants were followed up for a mean (SD) duration of 13.6 (7.8)
weeks and had a mean ED duration of 2.9 years. All study authors assessed ED at baseline and at the
end of each study follow-up using the erectile function domain of the IIEF-15 (IIEF-ED)65 or the IIEF-5
questionnaire.66 Except for 1 trial that assessed Li-ESWT vs platelet-rich plasma,62 all other studies
evaluated the outcomes of PDE5 inhibitors as part of combination therapy and/or
monotherapy.21-61,63,64 Across the included trials, sildenafil citrate and tadalafil were the preferred
PDE5 inhibitors.21-61,63,64 Some studies examined PDE5 inhibitors as a continuous daily, low-dose
drug,21,23-25,27-30,33,39-42,56,58,63 whereas other studies evaluated it as an on-demand, high-dose
agent taken prior to intercourse.22,26,31,32,34-38,43-55,57,59-61,64 The study selection process is
illustrated in eAppendix 2 and 3 in the Supplement, and the characteristics of all included studies are
described in the Table.

Risk of Bias and Publication Bias
The overall risk of bias was low in 12 RCTs,23,25,26,29,33,34,41,43,45,47,49,50 with some concerns found in
16 RCTs21,22,27,28,30,35,38,39,44,46,48,51-53,62,64 and high risk of bias in 8 RCTs24,31,32,36,37,40,42,61
(eAppendix 4 in the Supplement). Accordingly, 3 non-RCTs54,57,63 were considered as having low risk
of bias and 5 non-RCTs54,56,58-60 as having moderate risk of bias (eAppendix 5 in the Supplement).
Funnel plot inspection and Egger test indicated potential publication bias and small-study bias
(eAppendix 6 in the Supplement).

Treatment Modalities
In the meta-analysis, we included 32 RCTs that compared the combination treatment of PDE5
inhibitors plus another agent with PDE5 inhibitors monotherapy. A total of 1428 participants were
treated with a combination of PDE5 inhibitors plus another agent, and 1360 participants received
PDE5 inhibitors monotherapy.21-52 Combination therapy compared with monotherapy was
associated with a mean IIEF score improvement of 1.76 points (95% CI, 1.27-2.24; I2 = 77%; 95% PI,
−0.56 to 4.08). The addition of testosterone to PDE5 inhibitors was associated with a mean IIEF
score improvement of 2.27 points (95% CI, 0.9-3.65; I2 = 71), and the addition of antioxidants was
associated with an improvement of 1.99 points (95% CI, 1.34-2.63; I2 = 59%). Combining PDE5
inhibitor treatment with daily tadalafil, Li-ESWT, vacuum erectile device, folic acid, metformin
hydrochloride, or angiotensin-converting enzyme inhibitors was associated with significantly
increased mean IIEF score compared with PDE5 inhibitors monotherapy, but each measure was
based on only 1 study. Specifically, the weighted mean difference (WMD) in IIEF score for the addition
of daily tadalafil was 1.70 (95% CI, 0.79-2.61), 3.50 (95% CI, 0.22-6.78) for the addition of
low-intensity shockwave therapy, 8.40 (95% CI, 4.90-11.90) for the addition of a vacuum erectile
device, 3.46 (95% CI, 2.16-4.76) for the addition of folic acid, 4.90 (95% CI, 2.82-6.98) for the
addition of metformin hydrochloride and 2.07 (95% CI, 1.37-2.77) for the addition of angiotensinconverting enzyme inhibitors.
In contrast, the mean IIEF score did not improve significantly with the addition of α-blockers
(WMD, 0.80; 95% CI, −0.06 to 1.65; I2 = 72%) or pentoxifylline (WMD, 0.56; 95% CI, −0.26 to 1.38;
I2 = 4%) to PDE5 inhibitors. The comparison of the outcomes of all combination modalities vs PDE5
inhibitor monotherapy is presented in Figure 1 and eAppendix 7 in the Supplement. Among the
studies reporting data on AEs between the 2 groups, the treatment-related AEs did not differ
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Open-label RCT

Placebocontrolled RCT

Open-label RCT

Open-label RCT

Placebocontrolled RCT

Placebocontrolled RCT

Pre-/
postprospective
open-label RCT

Open-label RCT

Open-label RCT

Placebocontrolled RCT

Placebocontrolled RCT

Open-label RCT

Aversa et al,22
2003; Italy

Baccaglini et al,23
2020; Brazil

Bayraktar and
Albayrak,24
2019; Turkey

Buvat et al,25
2011; France, Italy,
Germany, Finland,
Spain, Holland, UK,
and US

Cavallini et al,26
2005; Italy

Chen et al,53
2004; Israel

Chen et al,27
2012; China

Cui et al,28
2015; China

El Taieb et al,29
2019; Egypt

Abu El-Hamd and
Hegazy,30
2020; Egypt

El-Wakeel et al,31
2020; Egypt

Study design

Abolyosr et al,21
2013; Egypt

Source; study
location
Combination therapy

Monotherapy
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Sexually active male
patients older than 50
y with organic ED

Patients with ED aged
≥60 y

Patients with diabetic
ED

Patients with ED

Patients with diabetic
ED

Nonresponders to
monotherapy who
subsequently received
combination therapy

Patients with induced
ED after radical
prostatectomy

Patients with
hypogonadism +
nonresponders to
PDE5i

Patients with ED

Patients with induced
ED after open or
laparoscopic radical
prostatectomy

Nonresponders to
PDE5i

Sildenafil 50 mg on
demand + L-arginine 3
g/d

L-arginine 5 g/d

Tadalafil 5 mg/d +

L-arginine 5 g/d

Tadalafil 10 mg/d +

Tadalafil 5 mg/d +
sildenafil 50 mg on
demand

Tadalafil 5 mg/d +
losartan potassium 50
mg/d

Sildenafil 100 mg/d +
VED

Sildenafil 100 mg on
demand + propionyl-Lcarnitine 2 g/d + acetylL-carnitine 2 g/d

Tadalafil 10 mg/d +
testosterone gel 50-100
mg/d

100

Tadalafil 5 mg/d

Sildenafil 50 mg on
demand

Tadalafil 5 mg/d +
placebo

Tadalafil 10 mg/d +
placebo

Tadalafil 5 mg/d

Tadalafil 5 mg/d

Sildenafil 100 mg or
VED in a crossover
design for
nonresponders

Sildenafil 100 mg on
demand + placebo

Tadalafil 10 mg/d +
placebo gel

70

60

54

180

62

161

77

173

144

92

8

6

8

12

12

24

16

12

6

16

4

16

Participants, Follow-up,
No.
wk

20
Sildenafil 100 mg on
demand + transdermal
placebo patch

Tadalafil 5 mg/d + aspirin Tadalafil 5 mg/d
100 mg/d

Tadalafil 5 mg/d +8
sessions of Li-ESWT
(once/wk)

Sildenafil 100 mg on
demand + transdermal
testosterone patch 5
mg/d

Patients with
Sildenafil citrate 50 mg/d Sildenafil 50 mg/d
BPH-related LUTS + ED + doxazosin mesylate 2
mg/d

Population

Table. Characteristics of All Included Studiesa

Active: 56.2
(4.4)
Control: 56.3
(5.1)

Active: 66.3
(6.13)
Control: 66.1
(6.1)

Active: 45.3
(4.3)
Control: 43.0
(5.9)

Active: 32.4
(10.6)
Control: 33.4
(9.9)

Active: 45.4
(14.9)
Control: 46.1
(12.9)

NA

Active: 63.0
(3.9)
Control: 61.0
(4.4)

Active: 58.3
(7.56)
Control: 59.9
(7.38)

Active: 47.1
(14.3)
Control: 46.5
(13.7)

Active: 64.6
(5.3)
Control: 64.6
(5.3)

Active: 54.0
(2.0)
Control: 56.0
(4.0)

NA

Participant age

Mean (SD), y
ED duration

Active: 1.1
(1.89)
Control: 1.9
(2.16)

Active: 4.3
(1.95)
Control: 4.2
(1.92)

Active: 4.4
(0.3)
Control: 5.0
(0.5)

Active: 1.2
(1.59)
Control: 1.1
(0.98)

Active: 2.1
(0.97)
Control: 2.2
(0.98)

NA

Active: 1.3
(0.33)
Control: 1.2
(0.36)

Active: 5.1
(4.4)
Control: 5.9
(4.9)

NA

NA

NA

NA

Adverse events

(continued)

Mild, similar AEs on both groups, except for
gastritis, which was more common in the
active group. No AE-related dropouts were
reported in both groups.

No AE-related dropouts were reported in
both groups.

No AE-related dropouts were reported in
both groups.

Active: flushing: 7; headache: 4; dyspepsia:
4. Control: flushing: 6; headache: 5; muscle
pain: 4. No AE-related dropouts were
reported in both groups.

Active: hypotension: 2; dizziness: 2;
headache: 1. Control: headache: 1;
rhinorrhagia: 1. No AE-related dropouts
were reported in both groups.

No AE-related dropouts were reported in
both groups.

Active: headache: 8; flushing: 7; dizziness:
3. Control: headache: 9; flushing: 8;
dizziness: 3. No AE-related dropouts were
reported in both groups.

No serious AEs related to treatment in both
groups. 4 AE-related dropouts in the active
group and 7 in the control group.

Active: dyspepsia: 5; headache: 3; flushing:
2. Control: headache: 10; flushing: 7;
dyspepsia: 4. 2 AE-related dropouts in the
active group and 5 in the control group.

No AEs were reported during Li-ESWT. No
AE-related dropouts were reported in both
groups.

No noticeable AEs or AE-related dropouts
were reported in both groups.

Slight dizziness and blurring, especially in
active group. No AE-related dropouts were
reported in both groups.
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Placebocontrolled RCT

Placebocontrolled,
crossover,
prospective
interventional
study

Placebocontrolled RCT

Placebocontrolled RCT

Pre-/
postprospective
interventional
study

Open-label RCT

Open-label RCT

Open-label RCT

Open-label RCT

Gentile et al,34
2004; Italy

Gutierrez et al,54
2005; Spain

Hamidi Madani
et al,35
2013; Iran

Herrmann et al,36
2006; US

Hwang et al,55
2006; Taiwan

Jin et al,37
2011; China

Jung and Heo,38
2008; South Korea

Kaplan et al,39
2007; US

Karami et al,40
2016; Iran

Pre-/
postprospective
interventional
study

Open-label RCT

Gallo et al,33
2020; Italy

Kim et al,56
2013; South Korea

Open-label RCT

Study design

Engel,32
2011; US

Source; study
location

Tadalafil 5 mg/d +

Sildenafil 100 mg on
demand + oral
testosterone
undecanoate 160 or 240
mg/d

Sildenafil 100 mg on
demand + atorvastatin
80 mg/d

Tadalafil 10 mg on
demand + folic acid 5
mg/d

Sildenafil 50 mg on
demand + IC PGE1
injections 20 μg/2 wk

Sildenafil 50 mg
twice/wk + propionyl-Lcarnitine 2 g/d

L-arginine 2.5 g/d

Sildenafil 25 mg/d +
alfuzosin 10 mg/d

Tadalafil 20 mg 3
times/wk + alfuzosin
hydrochloride 10 mg/d

Patients with
hypogonadism + ED

Tadalafil 5 mg/d +
intramuscular
testosterone
enanthate/4 wk

Patients with
Tadalafil 20 mg/d +
BPH-related LUTS + ED tamsulosin hydrochloride
0.4 mg/d

Patients with
moderate to severe
untreated LUTS

Patients with
previously untreated
LUTS + ED

Monotherapy

Tadalafil 5 mg/d

Tadalafil 20 mg/d

Sildenafil 25 mg/d

Tadalafil 20 mg 3
times/wk

Sildenafil 25-100 mg
on demand

Sildenafil 100 mg on
demand

Sildenafil 100 mg on
demand + placebo

Tadalafil 10 mg on
demand + placebo

IC PGE1 injections 20
μg/2 wk + placebo

Sildenafil 50 mg
twice/wk + placebo

Tadalafil 5 mg/d

Tadalafil 20 mg 3
Tadalafil 20 mg 3
times/wk + VED at least 5 times/wk
times/wk

Combination therapy

Patients with
Sildenafil 25-100 mg on
BPH-related LUTS + ED demand + doxazosin 4
mg/d

Patients with
hypogonadism +
nonresponders to
PDE5i

Nonresponders to
PDE5i

Patients with diabetic
ED

Nonresponders to
PDE5i

Patients with diabetic
ED

Patients with ED

Patients with induced
ED after bilateral
nerve-sparing robotic
radical prostatectomy

Population

Table. Characteristics of All Included Studiesa (continued)

46

122

42

101

250

32

16

83

40

40

200

23

24

12

12

12

24

16

12

12

8

24

12

48

Participants, Follow-up,
No.
wk

NA

Active: 67.9
(8.8)
Control: 68.2
(7.8)

Active: 63.1
(6.9)
Control: 64.5
(5.9)

NA

Active: 61.7
(5.3)
Control: 60.8
(5.9)

NA

Active: 57.0
(14.0)
Control: 61.0
(9.0)

Active: 55.7
(6.22)
Control: 57.7
(5.98)

NA

Active: 63.7
(4.5)
Control: 64.1
(9.0)

Active: 56.7
(9.9)
Control: 56.2
(9.8)

NA

Participant age

Mean (SD), y
ED duration

NA

NA

Active: 2.2
(0.45)
Control: 2.1
(0.45)

NA

NA

NA

(continued)

No noticeable AEs or AE-related dropouts
were reported in both groups.

Active: myalgia: 4; back pain: 3; headache:
3. Control: back pain: 4; myalgia: 3;
headache: 3. 3 AE-related dropouts in the
active group and 1 in the control group.

No serious AEs reported during the study. 3
AE-related dropouts in the active group
(gastric upset: 2; dizziness: 1) and 2 in the
control group (flushing: 1; dyspepsia: 1).

No AE-related dropouts were reported in
both groups.

Active: headache: 9; dizziness: 8; flushing:
6 Control: headache: 5; dizziness: 4;
flushing: 4. No AE-related dropouts were
reported in both groups.

No AE-related dropouts were reported in
both groups.

1 Dropout because of atorvastatin-related
AE.

Active: folic acid + tadalafil were well
tolerated. Control: headache: 3; low back
pain: 3; flushing: 1. No AE-related dropouts
were reported in both groups.
Active: 2.0
(1.5)
Control: 1.6
(0.9)
Active: 4.2
(4.8)
Control: 2.6
(2.9)

No noticeable AEs or AE-related dropouts
were reported in both groups.

Active: mild gastric pain: 2. Control: none
reported. No AE-related dropouts were
reported in both groups.

Active: dyspepsia: 14; headache: 11;
myalgia: 9. Control: dyspepsia: 11;
headache: 8; myalgia: 8. No AE-related
dropouts were reported in both groups.

AEs after tadalafil were headache, flushing,
and muscle ache, and AEs after VED were
minor local discomfort. 3 Dropouts in the
control group because of lack of efficacy or
adverse effects were reported.

Adverse events

NA

Active: 5.7
(5.33)
Control: 5.3
(6.3)

NA

NA
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Open-label RCT

Placebocontrolled RCT

Open-label RCT

Pre-/
postprospective
interventional
study

Placebocontrolled RCT

Pre-/
postprospective
interventional
study

Pre-/
postprospective
interventional
study

Pre-/
postprospective
interventional
study

Pre-/
postprospective
open-label RCT

Kumar et al,42
2015; India

Law et al,43
2020; Singapore

Liguori et al,44
2009; Italy

McMahon et al,57
1999; Australia

Morano et al,45
2007; Italy

Nandipati et al,58
2006; US

Ozdal et al,59
2008; Turkey

Palmieri et al,60
2020; Italy

Raina et al,61
2005; US

Placebocontrolled RCT

Placebocontrolled RCT

Kim et al,41
2017; South Korea

Rey-Valzacchi
et al,46
2012; Argentina

Study design

Source; study
location
Combination therapy

Nonresponders to
PDE5i + nondiabetic,
insulin-resistant
patients

Nonresponders to
monotherapy who
subsequently received
combination therapy

Nonresponders to
PDE5i + at least 1
cardiovascular risk
factor

Patients with ED

Patients with induced
ED after bilateral
nerve-sparing robotic
radical prostatectomy

Patients with diabetic
ED

Nonresponders to IC
injections

Tadalafil 5 mg/d +
placebo

Monotherapy

Sildenafil 100 mg on
demand + pentoxifylline
1200 mg/d

IC injections of
alprostadil or mix of
alprostadil,
papaverine, and
phentolamine on
demand

Sildenafil 50 mg
twice/wk + placebo

Sildenafil 100 mg on
demand

68

22

16

93

44

58

237

315

VED on demand

30

72

16

NA

4

8

24

12

NA

12

8

8

12

Participants, Follow-up,
No.
wk

Maximum dose on
109
demand or daily PDE5i

Sildenafil 100 mg on
Sildenafil 100 mg on
demand + placebo
demand + metformin
hydrochloride 1700 mg/d

Sildenafil 100 mg on
demand + VED on
demand

6 Sessions of Li-ESWT
(twice/wk) + maximum
dose of on demand or
daily PDE5i

Sildenafil on demand +
Sildenafil on demand
pentoxifylline 1200 mg/d

Sildenafil 50 mg/d + IC
injections of alprostadil
or mix of alprostadil,
papaverine, and
phentolamine on demand

Sildenafil 50 mg
twice/wk + propionyl-Lcarnitine 2 g/d

Sildenafil 100 mg on
demand + IC injections of
alprostadil, papaverine,
and phentolamine
mesylate on demand

Tadalafil 20 mg on
demand

Sildenafil 100 mg on
demand + placebo

Tadalafil 10 mg/d +
Tadalafil 10 mg/d
pentoxifylline 1200 mg/d

Patients with
Tadalafil 20 mg on
BPH-related LUTS + ED demand + alfuzosin 10
mg/d

Patients with ED

Patients with ED

Patients with
Tadalafil 5 mg/d +
BPH-related LUTS + ED tamsulosin 0.4 mg/d

Population

Table. Characteristics of All Included Studiesa (continued)

Active: 65.7
(5.2)
Control: 62.6
(6.6)

NA

57.9 (10.7)

NA

NA

Active: 57.8
(7.0)
Control: 54.0
(7.4)

NA

Active: 61.5
(5.8)
Control: 60.8
(8.0)

Active: 59.3
(12.85)
Control: 60.1
(8.03)

Active: 47.0
(7.0)
Control: 46.7
(6.7)

Active: 61.8
(5.71)
Control: 61.9
(6.83)

Participant age

Mean (SD), y
ED duration

NA

NA

2.8 (2.4)

NA

NA

NA

NA

NA

NA

NA

NA

Adverse events

(continued)

Active: mild gastrointestinal AEs: 9.
Control: mild gastrointestinal AEs: 1. No
AE-related dropouts were reported in both
groups.

No AE-related dropouts were reported in
both groups.

1 Patient developed Peyronie disease.

No noticeable AEs or AE-related dropouts
were reported in both groups.

IC injections: penile discomfort: 2.
Sildenafil: headache: 2. No AE-related
dropouts were reported in both groups.

No AE-related dropouts were reported in
both groups.

Active: headache: 15; penile pain: 15;
flushing 12. Control: headache: 30;
flushing: 25; dyspepsia: 12. 4 AE-related
dropouts in the active group (headache,
dizziness, dyspepsia, and flushing) and 3 in
the control group (headache and
dyspepsia).

No severe AEs were reported during the
study. 2 AE-related dropouts in the active
group (myalgia, dizziness, and sensation of
heaviness) and 1 in the control group (back
pain and headaches).

Active: gastrointestinal: 4; neurological: 4;
musculoskeletal: 2. Control:
gastrointestinal: 2; neurological: 1. 3
AE-related dropouts in the active group and
1 in the control group.

Active: headache: 11; back pain: 3; nasal
stuffiness: 2. Control: headache: 9; back
pain: 4; nasal stuffiness: 2. No AE-related
dropouts were reported in both groups.

Active: headache: 8; nasal congestion: 5;
ocular hyperemia: 5. 2 Serious AEs.
Control: headache: 3; gastritis: 2; flushing:
1. 1 Serious AE. No AE-related dropouts
were reported in both groups.
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Open-label RCT

Study design

Open-label RCT

Placebocontrolled,
crossover RCT

Placebocontrolled RCT

Open-label RCT

Open-label RCT

Open-label,
crossover RCT

Shamloul et al,48
2005; Egypt

Shirai et al,49
2018; Japan

Spitzer et al,50
2012; US

Sun et al,64
2014; China

Tuncel et al,51
2010; Turkey

Vicari et al,52
2010; Italy

6 sessions of Li-ESWT
(once/wk) + 3 IC
injections of PRP (once/2
wk)

Combination therapy

Sildenafil 100 mg/d +
VED on demand

Sildenafil on demand +
transdermal testosterone
gel up to 15 g/d

transresveratol 300 mg/d

L-citrulline 800 mg/d +

PDE5i on demand +

Sildenafil on demand +
oral testosterone
undecanoate 120 mg/d

Sildenafil 100 mg on
demand + transdermal
testosterone gel 5 g/d

Patients with diabetic
ED

Sildenafil 100 mg
twice/wk + L-arginine,
propionyl-L-carnitine,
and nicotinic acid once/d

75

112

VED on demand

Sildenafil 100 mg
twice/wk

a

53

40

66

140

20

20

24

8

12

14

8

8

NA

NA

Active: 43.0
(9.5)
Control: 45.0
(9.2)

Active: 55.1
(8.3)
Control: 54.6
(8.5)

NA

NA

Active: 56.8
(10.2)
Control: 59.1
(9.4)

Active: 65.7
(9.1)
Control: 65.5
(6.3)

NA

Participant age

Mean (SD), y

Data are presented as mean (SD).

Sildenafil on demand
+ transdermal placebo
gel

PDE5i on demand +
placebo

Sildenafil on demand

12

12

12

Participants, Follow-up,
No.
wk

75
Sildenafil 100 mg on
demand + transdermal
placebo gel

Tadalafil 5 mg/d +
placebo

6 sessions of Li-ESWT
(once/wk)

Monotherapy

Patients with
Sildenafil 25 mg 4 d/wk + Sildenafil 25 mg 4
BPH-related LUTS + ED tamsulosin 0.4 mg/d
d/wk

Diabetic
nonresponders to
PDE5i

Patients with
hypogonadism + ED

Nonresponders to
PDE5i

Patients with
hypogonadism +
partial responders to
PDE5i

Patients with
hypogonadism +
nonresponders to
PDE5i

Patients with
Tadalafil 5 mg/d +
BPH-related LUTS + ED tamsulosin hydrochloride
0.4 mg/daily

Patients with ED

Population

Abbreviations: AE, adverse event; BPH, benign prostatic hyperplasia; ED, erectile dysfunction; IC, intracavernosal;
Li-ESWT, low-intensity extracorporeal shock wave therapy; LUTS, lower urinary tract symptoms; NA, not available;
PDE5i, phosphodiesterase type 5 inhibitors; PGE1, prostaglandin E1; PRP, platelet-rich plasma; RCT, randomized
clinical trial; VED, vacuum erectile device.

Placebocontrolled RCT

Shabsigh et al,47
2004: US

Sebastianelli et al,63 Placebo2019; Italy
controlled,
prospective
interventional
study

Ruffo et al,62
2020; Italy

Source; study
location

Table. Characteristics of All Included Studiesa (continued)

ED duration

NA

NA

Active: 2.63
(1.89)
Control: 2.85
(1.77)

NA

NA

NA

NA

NA

NA

Adverse events

Active: headache: 4; dyspepsia: 1. Control:
headache: 14; flushing: 12; dyspepsia: 3.
The frequency of sildenafil AEs was reduced
during combination therapy.

No AE-related dropouts were reported in
both groups.

All AEs were mostly mild. Sildenafil:
flushing: 6; nausea: 5; headache: 5. VED:
penile bruising: 6; numbness: 5. No
AE-related dropouts were reported in both
groups.

Active: respiratory: 14; musculoskeletal:
14; dermatologic: 12.
2 Serious AEs. Control: dermatologic: 15;
respiratory: 14; musculoskeletal: 14.
4 Serious AEs. 5 AE-related dropouts in the
active group and 1 in the control group.

13 Patients completed the study without
AEs.

3 Patients on sildenafil reported mild
headache. No AE-related dropouts were
reported in both groups.

1 AE-related dropout in the active group
and none in the control group.

Active: headache: 4; back pain: 3;
ejaculatory dysfunction: 2. Control:
headache: 2; nasopharyngitis: 1; back pain:
1. No serious AEs or AE-related dropouts
were reported in both groups.

No AEs or AE-related dropouts were
reported in both groups.
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significantly between combination treatment and PDE5 inhibitor monotherapy (odds ratio, 1.10; 95%
CI, 0.66-1.85; I2 = 78%) (eAppendix 8 in the Supplement).

Subgroups of Patients With ED
Participants with ED were further classified into those with lower urinary tract symptoms (LUTS),
hypogonadism, prostatectomy-induced ED, or monotherapy-resistant ED or other subgroups. Other
subgroups included monotherapy-naive individuals with diabetes, hypertension, or other primary
ED with organic causes.
Compared with monotherapy, combination treatment was associated with a significant IIEF
score improvement in patients with hypogonadism (WMD, 1.61; 95% CI, 0.99-2.23; I2 = 0%), with
monotherapy-resistant ED (WMD, 4.38; 95% CI, 2.37-6.40; I2 = 52%), or with prostatectomyinduced ED (WMD, 5.47; 95% CI, 3.11-7.83; I2 = 53%) and those in other ED subgroups (WMD, 1.52;
95% CI, 1.04-2.00; I2 = 61%). Conversely, patients with LUTS, who were all treated with an α-blocker
in addition to a PDE5 inhibitor, did not report a statistically significant change in erectile function.
The outcomes of combination therapy compared with PDE5 inhibitor monotherapy in all identified
subgroups are displayed in Figure 2 and eAppendix 9 in the Supplement. Furthermore, among all
subgroups of patients with ED, the treatment-related AEs did not differ significantly between the
combination therapy and monotherapy groups (eAppendix 10 in the Supplement).
To explore substantial heterogeneity, we performed subgroup and sensitivity analyses.
Combination therapy was associated with a significant mean IIEF score improvement in both
responders (WMD, 1.55; 95% CI, 1.06-2.04) and nonresponders (WMD, 3.02; 95% CI, 1.17-4.87) to
PDE5 inhibitors (eAppendix 11 in the Supplement). Moreover, the significant IIEF score improvement
associated with combination therapy of testosterone and antioxidants was maintained when we
included only placebo-controlled RCTs or studies at a low risk of bias (eAppendix 12 and 13 in the
Supplement).

Figure 1. Forest Plot of the Mean Difference in International Index of Erectile Function (IIEF) Score of Different Combination Therapies
vs Phosphodiesterase Type 5 inhibitors (PDE5i) Monotherapy
Patients
receiving
combination
therapy, No.

Patients
receiving
monotherapy,
No.
WMD (95% CI)

PDE5i with α-blocker vs PDE5i (8 studies)
Heterogeneity: I2 = 72%; P <.01

487

438

0.80 (–0.06 to 1.65)

28.0

PDE5i with testosterone vs PDE5i (5 studies)
Heterogeneity: I2 = 71%; P <.01

187

176

2.27 (0.90 to 3.65)

14.5

PDE5i with Li-ESWT vs PDE5i (1 study)
PDE5i with aspirin vs PDE5i (1 study)

36
67

41
65

3.50 (0.22 to 6.78)
–0.60 (–2.08 to 0.88)

1.5
3.4

PDE5i with antioxidant vs PDE5i (9 studies)
Heterogeneity: I2 = 59%; P =.01

313

314

1.99 (1.34 to 2.63)

29.4

Subgroup

Favors
monotherapy

Favors
combination therapy

Weight, %

PDE5i with ACEI vs PDE5i (1 study)

31

31

2.07 (1.37 to 2.77)

4.5

PDE5i with PDE5i vs PDE5i (1 study)

90

90

1.70 (0.79 to 2.61)

4.3

PDE5i with VED vs PDE5i (1 study)

13

7

8.40 (4.90 to 11.90)

1.4

PDE5i with folic acid vs PDE5i (1 study)

35

48

3.46 (2.16 to 4.76)

3.7

PDE5i with atorvastatin vs PDE5i (1 study)

8

4

–0.60 (–11.16 to 9.96)

0.2

PDE5i with pentoxifylline vs PDE5i (2 studies)

147

140

0.56 (–0.26 to 1.38)

6.5

PDE5i with metformin vs PDE5i (1 study)
Heterogeneity: I2 = NA; P = NA

14

6

4.90 (2.82 to 6.98)

2.6

Overall

1428

1360

1.76 (1.27 to 2.24)

Heterogeneity: I2 = 77%; P <.01

100.0

(-0.56 to 4.08)
–15

–10

–5

0

5

10

15

WMD (95% CI)

ACEI indicates angiotensin-converting enzyme inhibitor; Li-ESWT, low-intensity extracorporeal shockwave therapy; VED, vacuum erectile device; and WMD, weighted mean
difference.
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Grading Quality of Evidence
The quality of evidence was downgraded to moderate for the mean IIEF score change from baseline
because of serious inconsistency (attributed to high levels of heterogeneity) and indirectness
(attributed to various study selection criteria). For similar reasons, the quality of evidence for the
number of AEs was also downgraded to moderate. Details about the grading of evidence for both
outcomes are provided in eAppendix 14 in the Supplement.

Discussion
This systematic review and meta-analysis demonstrated that combination therapy of 2 first-line ED
treatments or other treatment modalities plus PDE5 inhibitors was associated with improved erectile
function without increased treatment-related AEs, compared with PDE5 inhibitor monotherapy.
Based on these findings, patients with resistant ED may experience good outcomes after receiving
combination therapy without the risk of increased AEs. In patients undergoing radical prostatectomy,
postoperative initiation of combination treatment may be associated with improved erectile
function. The combination of PDE5 inhibitor with antioxidants, such as propionyl-L-carnitine or
L-arginine, was associated with better outcomes compared with PDE5 inhibitors monotherapy. On

the other hand, in patients with LUTS, α-blockers did not seem to be associated with greater
advantages when coadministered with PDE5 inhibitors. Despite multiple subgroup and sensitivity
analyses, the levels of heterogeneity remained high for all outcomes and the 95% PIs were wide for
all measures, indicating high variability in the outcomes of different combination therapies in
future studies.
These findings are not only statistically significant but also clinically important. In particular, the
IIEF-ED score displays a minimal clinically important difference (MCID), defined as the smallest
difference that patients may actually perceive as beneficial after treatment.67 To attain an MCID, a
minimal IIEF-ED score improvement from baseline of 2 points for patients with mild ED, 5 points for
moderate ED, and 7 points for severe ED must be reported.67 In the present study, because we
compared the mean difference of both the IIEF-ED and IIEF-5 scores between combination therapy
and PDE5 inhibitor monotherapy and not each group with its baseline IIEF score, we could not
perform an MCID-based analysis. Still, the phenomenally modest additional mean improvement in
IIEF score of 1.76 points after combination therapy compared with PDE5 inhibitor monotherapy
could boost erectile function to an MCID in many patients. Based on the previous findings, in the 2

Figure 2. Forest Plot of the Mean Difference in International Index of Erectile Function (IIEF) Score With Combination Therapies
vs Phosphodiesterase Type 5 inhibitors (PDE5i) Monotherapy in All Identified Subgroups
Patients
receiving
combination
therapy, No.

Patients
receiving
monotherapy,
No.

WMD (95% CI)

LUTS (8 studies)
Heterogeneity: I2 = 72%; P <.01

487

438

0.80 (–0.06 to 1.65)

28.0

Hypogonadism (4 studies)
Heterogeneity: I2 = 0%; P =.81

177

166

1.61 (0.99 to 2.23)

12.3

Radical prostatectomy (3 studies)
Heterogeneity: I2 = 53%; P =.12

81

83

5.47 (3.11 to 7.83)

5.8

Monotherapy–resistant ED (4 studies)
Heterogeneity: I2 = 52%; P =.10

45

33

4.38 (2.37 to 6.40)

7.6

Other patients with ED (13 studies)
Heterogeneity: I2 = 61%; P <.01

638

640

1.52 (1.04 to 2.00)

46.3

Overall

1428

1360

1.76 (1.27 to 2.24)

100.0

Subgroup

Heterogeneity: I2 = 77%; P <.01

Favors
monotherapy

Favors
combination therapy

Weight, %

(–0.56 to 4.08)
–15

–10

–5

0

5

10

15

WMD (95% CI)

ED indicates erectile dysfunction; LUTS, lower urinary tract symptoms; and WMD, weighted mean difference.
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most difficult-to-treat subgroups (PDE5 inhibitor monotherapy–resistant ED and prostatectomyinduced ED), combination therapy displayed the best outcomes and led to an additional increase in
IIEF score of more than 4 points compared with PDE5 inhibitor monotherapy.
Erectile dysfunction and LUTS are 2 of the most frequent conditions in aging male populations
and thus have implications for quality of life.68 The direct association of α-blockers with cavernosal
smooth muscle relaxation has been proven in both animals and humans.69,70 Moreover, it has been
reported that the combination of α-blockers and PDE5 inhibitors leads to substantial tissue relaxation
in the cavernosal and prostatic tissue.70 The findings in this study are in accordance with those of the
most recent meta-analysis that reported no significant difference in the mean IIEF score change
between combination therapy and PDE5 inhibitor monotherapy.71 Similarly, the nonbeneficial
outcomes of pentoxifylline for erectile function was somewhat expected because pentoxifylline also
presents controversial efficacy when used as a monotherapy for the management of ED.72 Therefore,
pentoxifylline was not likely to further improve ED when administered in addition to PDE5 inhibitors.
Erectile dysfunction and hypogonadism often coexist in aging men, and androgens may also
have a direct association with the corpora cavernosa.11 The latter led some researchers to evaluate
erectile function improvement after combination therapy of testosterone and PDE5 inhibitors in
patients with hypogonadism.47,48,50 The results of this study point toward an additive efficacy of
combination treatment compared to monotherapy. Therefore, testosterone replacement therapy
and PDE5 inhibitors may be preferred from the beginning of ED symptoms in patients with
hypogonadism.11
This meta-analysis also highlighted the superiority of concomitant administration of substances
with antioxidant properties (such as L-arginine or propionyl-L-carnitine) and PDE5 inhibitors. Given
that PDE5 inhibitors improve nitric oxide (NO) bioavailability, increased oxidative stress may
decrease the levels of NO and, in turn, may be associated with lower response rates to PDE5
inhibitors monotherapy.73 It has been reported that L-arginine increases the levels of NO74 and that
propionyl-L-carnitine, through its antioxidant activity, decreases reactive oxygen species–mediated
NO deactivation.34 Therefore, the concurrent administration of antioxidants with PDE5 inhibitors
may represent an ED treatment that could improve the outcomes of PDE5 inhibitors. Still, further
research into this treatment is necessary.
Recent data from a high-volume center demonstrated that, despite the advancements in
surgical techniques and postoperative care, recovery from prostatectomy-induced ED has not
substantially improved in the past decade, highlighting the need for novel treatment strategies.75
Findings from the present study suggest that, compared with monotherapy, combination treatment
significantly improved erectile function in men who underwent radical prostatectomy. In this scope,
combination therapeutic approaches could be a good solution for this difficult-to-treat subgroup of
patients.
In the past few years, new ED treatment modalities, such as Li-ESWT, have been making their
way through the clinical pipeline, and other treatments, such as platelet-rich plasma injections and
stem cell therapy, have been gaining clinical attention.76,77 PDE5 inhibitors in combination with
Li-ESWT seem to provide beneficial outcomes for nonresponders to PDE5 inhibitors.78 Accordingly,
the superiority of platelet-rich plasma plus Li-ESWT over Li-ESWT monotherapy has been reported.62
Moreover, findings from an animal study have suggested that Li-ESWT combined with stem cell
therapy is associated with improved neoangiogenesis and decreased penile corpora autophagy,
compared with either treatment alone.79 All of these reports point toward these emerging therapies
as potentially effective treatment modalities for the management of ED. Still, RCTs that compare
different combination strategies are warranted to produce evidence for the optimal combination
treatment.

Limitations
This study has some limitations. First, we imputed missing SDs based on correlation coefficients
reported in the included studies. Although this method is recommended by the Cochrane
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Collaboration and the robustness of the results was validated with a sensitivity analysis, the findings
should be interpreted with caution. Moreover, given the scarcity of available data, we could not
perform a subgroup analysis by severity of ED; therefore, firm conclusions about the association
between improved outcomes and some combination treatment modalities in some patient
subgroups should not be drawn. Second, we could not evaluate the long-term advantages of
combination therapy because of the short follow-up period in all identified studies. Third, we did not
identify any study that compared different types of combination treatments. The 95% PIs and the
levels of heterogeneity remained high after subgroup and sensitivity analyses. High levels of
heterogeneity were attributed to the different study design and selection criteria among the
included studies. Accordingly, the potential publication bias also limited the extrapolation of
these results.

Conclusions
The findings of this systematic review and meta-analysis demonstrated that combination therapy
was a safe and effective option for the management of ED in individuals who reported limited or no
response after use of PDE5 inhibitors. Antioxidants added to PDE5 inhibitors was associated with
improved ED without increasing the AEs, and the addition of daily tadalafil, Li-ESWT, or a vacuum
erectile device seemed to be effective, but research data are scarce. Conversely, combination of
PDE5 inhibitors and α-blockers was not associated with improved outcomes compared with PDE5
inhibitor monotherapy in patients with LUTS. These results suggest that combination therapy should
be the initial preference in patients with hypogonadism or prostatectomy-induced ED. Nevertheless,
substantial heterogeneity was detected across all analyses. The established therapeutic algorithms
of ED should be reevaluated to consider combination therapy as the first-line treatment for
refractory, complex, or difficult-to-treat cases of ED.

ARTICLE INFORMATION
Accepted for Publication: December 16, 2020.
Published: February 18, 2021. doi:10.1001/jamanetworkopen.2020.36337
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2021 Mykoniatis I
et al. JAMA Network Open.
Corresponding Author: Ioannis Mykoniatis, MD, MSc, Department of Urology, Faculty of Medicine, Aristotle
University of Thessaloniki School of Health Sciences, Ethnikis aminis 41, Thessaloniki 54436, Greece (g_mikoniatis
@hotmail.com).
Author Affiliations: Department of Urology, Faculty of Medicine, Aristotle University of Thessaloniki School of
Health Sciences, Thessaloniki, Greece (Mykoniatis, Pyrgidis, Sountoulides, Hatzichristou); Department of Urology,
Martha-Maria Hospital Nuremberg, Nuremberg, Germany (Pyrgidis, Sokolakis, Hatzichristodoulou); Department
of Pharmaceutical Technology, Aristotle University of Thessaloniki, Thessaloniki, Greece (Ouranidis); Department
of Chemical Engineering, Aristotle University of Thessaloniki, Thessaloniki, Greece (Ouranidis); Department of
Hygiene, Social-Preventive Medicine & Medical Statistics, Aristotle University of Thessaloniki Medical School,
University Campus, Thessaloniki, Greece (Haidich); Department of Urology, Jessa Hospital, Hasselt University,
Hasselt, Belgium (van Renterghem); Department of Urology, University Hospitals Leuven, Leuven, Belgium (van
Renterghem).
Author Contributions: Drs Mykoniatis and Pyrgidis had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.
Concept and design: Mykoniatis, Pyrgidis, Ouranidis, Sountoulides, Hatzichristou.
Acquisition, analysis, or interpretation of data: Mykoniatis, Pyrgidis, Sokolakis, Ouranidis, Haidich, van
Renterghem, Hatzichristodoulou, Hatzichristou.
Drafting of the manuscript: Mykoniatis, Pyrgidis, Haidich, Hatzichristou.
Critical revision of the manuscript for important intellectual content: Mykoniatis, Sokolakis, Ouranidis, Sountoulides,
van Renterghem, Hatzichristodoulou, Hatzichristou.
JAMA Network Open. 2021;4(2):e2036337. doi:10.1001/jamanetworkopen.2020.36337 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a College of Physicians & Surgeons of British Columb User on 05/31/2021

February 18, 2021

12/17

JAMA Network Open | Urology

Assessment of Combination Therapies vs Monotherapy for Erectile Dysfunction

Statistical analysis: Mykoniatis, Pyrgidis, Sokolakis, Ouranidis, Haidich.
Administrative, technical, or material support: Pyrgidis, Sountoulides, Hatzichristodoulou, Hatzichristou.
Supervision: Mykoniatis, Sokolakis, Sountoulides, van Renterghem, Hatzichristodoulou, Hatzichristou.
Conflict of Interest Disclosures: None reported.
Funding/Support: This study was cofunded by the European Union and Greece through the Operational
Programme Competitiveness, Entrepreneurship and Innovation under the Research–Create–Innovate project
code T1EDK-00540.
Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.
REFERENCES
1. Feldman HA, Goldstein I, Hatzichristou DG, Krane RJ, McKinlay JB. Impotence and its medical and psychosocial
correlates: results of the Massachusetts Male Aging Study. J Urol. 1994;151(1):54-61. doi:10.1016/S0022-5347(17)
34871-1
2. Gratzke C, Angulo J, Chitaley K, et al. Anatomy, physiology, and pathophysiology of erectile dysfunction. J Sex
Med. 2010;7(1 pt 2):445-475. doi:10.1111/j.1743-6109.2009.01624.x
3. Chen L, Staubli SEL, Schneider MP, et al. Phosphodiesterase 5 inhibitors for the treatment of erectile
dysfunction: a trade-off network meta-analysis. Eur Urol. 2015;68(4):674-680. doi:10.1016/j.eururo.2015.03.031
4. Salonia A, Bettochi C, Carvalho J, et al. EAU guidelines on sexual and reproductive health. 2020. Accessed
October 5, 2020. https://uroweb.org/guideline/sexual-and-reproductive-health/
5. Burnett AL, Nehra A, Breau RH, et al. Erectile dysfunction: AUA Guideline. J Urol. 2018;200(3):633-641. doi:10.
1016/j.juro.2018.05.004
6. Mulhall JP, Giraldi A, Hackett G, et al. The 2018 revision to the process of care model for evaluation of erectile
dysfunction. J Sex Med. 2018;15(9):1280-1292. doi:10.1016/j.jsxm.2018.06.005
7. Corona G, Rastrelli G, Burri A, et al. First-generation phosphodiesterase type 5 inhibitors dropout:
a comprehensive review and meta-analysis. Andrology. 2016;4(6):1002-1009. doi:10.1111/andr.12255
8. Hatzichristou D, Moysidis K, Apostolidis A, et al. Sildenafil failures may be due to inadequate patient
instructions and follow-up: a study on 100 non-responders. Eur Urol. 2005;47(4):518-522.
9. Stridh A, Pontén M, Arver S, Kirsch I, Abé C, Jensen KB. Placebo responses among men with erectile
dysfunction enrolled in phosphodiesterase 5 inhibitor trials: a systematic review and meta-analysis. JAMA Netw
Open. 2020;3(3):e201423. doi:10.1001/jamanetworkopen.2020.1423
10. Dhir RR, Lin H-C, Canfield SE, Wang R. Combination therapy for erectile dysfunction: an update review. Asian
J Androl. 2011;13(3):382-390.
11. Isidori AM, Buvat J, Corona G, et al. A critical analysis of the role of testosterone in erectile function: from
pathophysiology to treatment-a systematic review. Eur Urol. 2014;65(1):99-112. doi:10.1016/j.eururo.2013.08.048
12. Munk NE, Knudsen JS, Comerma-Steffensen S, Simonsen U. Systematic review of oral combination therapy
for erectile dysfunction when phosphodiesterase type 5 inhibitor monotherapy fails. Sex Med Rev. 2019;7(3):
430-441. doi:10.1016/j.sxmr.2018.11.007
13. Moncada I, Martinez-Salamanca J, Ruiz-Castañe E, Romero J. Combination therapy for erectile dysfunction
involving a PDE5 inhibitor and alprostadil. Int J Impot Res. 2018;30(5):203-208. doi:10.1038/s41443-018-0046-2
14. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097. doi:10.1371/journal.pmed.1000097
15. Higgins JPT, Thomas J, Chandler J, et al (eds). Cochrane Handbook for Systematic Reviews of Interventions.
2nd ed. John Wiley & Sons; 2019.
16. Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ.
2019;366:l4898.
17. Sterne JA, Hernán MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies
of interventions. BMJ. 2016;355:i4919. doi:10.1136/bmj.i4919
18. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test.
BMJ. 1997;315(7109):629-634.
19. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. 2003;327
(7414):557-560.

JAMA Network Open. 2021;4(2):e2036337. doi:10.1001/jamanetworkopen.2020.36337 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a College of Physicians & Surgeons of British Columb User on 05/31/2021

February 18, 2021

13/17

JAMA Network Open | Urology

Assessment of Combination Therapies vs Monotherapy for Erectile Dysfunction

20. Guyatt GH, Oxman AD, Vist GE, et al; GRADE Working Group. GRADE: an emerging consensus on rating quality
of evidence and strength of recommendations. BMJ. 2008;336(7650):924-926.
21. Abolyosr A, Elsagheer GA, Abdel-Kader MS, Hassan AM, Abou-Zeid AMM. Evaluation of the effect of sildenafil
and/or doxazosin on benign prostatic hyperplasia-related lower urinary tract symptoms and erectile dysfunction.
Urol Ann. 2013;5(4):237-240.
22. Aversa A, Isidori AM, Spera G, Lenzi A, Fabbri A. Androgens improve cavernous vasodilation and response to
sildenafil in patients with erectile dysfunction. Clin Endocrinol (Oxf). 2003;58(5):632-638.
23. Baccaglini W, Pazeto CL, Corrêa Barros EA, et al. The role of the low-intensity extracorporeal shockwave
therapy on penile rehabilitation after radical prostatectomy: a randomized clinical trial. J Sex Med. 2020;17(4):
688-694. doi:10.1016/j.jsxm.2019.12.024
24. Bayraktar Z, Albayrak S. Efficacy and safety of combination of tadalafil and aspirin versus tadalafil or aspirin
alone in patients with vascular erectile dysfunction: a comparative randomized prospective study. Int Urol
Nephrol. 2019;51(9):1491-1499.
25. Buvat J, Montorsi F, Maggi M, et al. Hypogonadal men nonresponders to the PDE5 inhibitor tadalafil benefit
from normalization of testosterone levels with a 1% hydroalcoholic testosterone gel in the treatment of erectile
dysfunction (TADTEST study). J Sex Med. 2011;8(1):284-293. doi:10.1111/j.1743-6109.2010.01956.x
26. Cavallini G, Modenini F, Vitali G, Koverech A. Acetyl-L-carnitine plus propionyl-L-carnitine improve efficacy of
sildenafil in treatment of erectile dysfunction after bilateral nerve-sparing radical retropubic prostatectomy.
Urology. 2005;66(5):1080-1085. doi:10.1016/j.urology.2005.05.014
27. Chen Y, Cui S, Lin H, et al. Losartan improves erectile dysfunction in diabetic patients: a clinical trial. Int J Impot
Res. 2012;24(6):217-220.
28. Cui H, Liu B, Song Z, et al. Efficacy and safety of long-term tadalafil 5 mg once daily combined with sildenafil
50 mg as needed at the early stage of treatment for patients with erectile dysfunction. Andrologia. 2015;47
(1):20-24. doi:10.1111/and.12216
29. El Taieb M, Hegazy E, Ibrahim A. Daily oral l-arginine plus tadalafil in diabetic patients with erectile
dysfunction: a double-blinded, randomized, controlled clinical trial. J Sex Med. 2019;16(9):1390-1397. doi:10.1016/
j.jsxm.2019.06.009
30. Abu El-Hamd M, Hegazy EM. Comparison of the clinical efficacy of daily use of L-arginine, tadalafil and
combined L-arginine with tadalafil in the treatment of elderly patients with erectile dysfunction. Andrologia.
2020;52(7):e13640. doi:10.1111/and.13640
31. El-Wakeel LM, Fouad FA, Saleem MD, Saber-Khalaf M. Efficacy and tolerability of sildenafil/l-arginine
combination relative to sildenafil alone in patients with organic erectile dysfunction. Andrology. 2020;8(1):
143-147. doi:10.1111/andr.12671
32. Engel JD. Effect on sexual function of a vacuum erection device post-prostatectomy. Can J Urol. 2011;18(3):
5721-5725.
33. Gallo L, Pecoraro S, Sarnacchiaro P, Silvani M, Antonini G. The daily therapy with L-arginine 2,500 mg and
tadalafil 5 mg in combination and in monotherapy for the treatment of erectile dysfunction: a prospective,
randomized multicentre study. Sex Med. 2020;8(2):178-185. doi:10.1016/j.esxm.2020.02.003
34. Gentile V, Vicini P, Prigiotti G, Koverech A, Di Silverio F. Preliminary observations on the use of propionyl-Lcarnitine in combination with sildenafil in patients with erectile dysfunction and diabetes. Curr Med Res Opin.
2004;20(9):1377-1384. doi:10.1185/030079904X2394
35. Hamidi Madani A, Asadolahzade A, Mokhtari G, Shahrokhi Damavand R, Farzan A, Esmaeili S. Assessment of
the efficacy of combination therapy with folic acid and tadalafil for the management of erectile dysfunction in men
with type 2 diabetes mellitus. J Sex Med. 2013;10(4):1146-1150.
36. Herrmann HC, Levine LA, Macaluso J Jr, et al. Can atorvastatin improve the response to sildenafil in men with
erectile dysfunction not initially responsive to sildenafil? hypothesis and pilot trial results. J Sex Med. 2006;3(2):
303-308.
37. Jin Z, Zhang Z-C, Liu J-H, et al. An open, comparative, multicentre clinical study of combined oral therapy with
sildenafil and doxazosin GITS for treating Chinese patients with erectile dysfunction and lower urinary tract
symptoms secondary to benign prostatic hyperplasia. Asian J Androl. 2011;13(4):630-635.
38. Jung G-W, Heo J. Combination of an alfuzosin xl and tadalafil is superior to monotherapy in treating erectile
dysfunction (ED) and lower urinary tract symptoms (LUTS). Eur Urol Suppl. 2008;7(3):161. doi:10.1016/S1569-9056
(08)60358-9

JAMA Network Open. 2021;4(2):e2036337. doi:10.1001/jamanetworkopen.2020.36337 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a College of Physicians & Surgeons of British Columb User on 05/31/2021

February 18, 2021

14/17

JAMA Network Open | Urology

Assessment of Combination Therapies vs Monotherapy for Erectile Dysfunction

39. Kaplan SA, Gonzalez RR, Te AE. Combination of alfuzosin and sildenafil is superior to monotherapy in treating
lower urinary tract symptoms and erectile dysfunction. Eur Urol. 2007;51(6):1717-1723. doi:10.1016/j.eururo.
2007.01.033
40. Karami H, Hassanzadeh-Hadad A, Fallah-Karkan M. Comparing monotherapy with tadalafil or tamsulosin and
their combination therapy in men with benign prostatic hyperplasia: a randomized clinical trial. Urol J. 2016;13
(6):2920-2926.
41. Kim SW, Park NC, Lee SW, et al. Efficacy and safety of a fixed-dose combination therapy of tamsulosin and
tadalafil for patients with lower urinary tract symptoms and erectile dysfunction: results of a randomized, doubleblinded, active-controlled trial. J Sex Med. 2017;14(8):1018-1027. doi:10.1016/j.jsxm.2017.06.006
42. Kumar S, Roat R, Agrawal S, Jayant K, Mavuduru RS, Kumar S. Combination therapy of tadalafil and
pentoxifylline in severe erectile dysfunction; a prospective randomized trial. Pol Przegl Chir. 2015;87(8):377-383.
doi:10.1515/pjs-2015-0075
43. Law YXT, Tai BC, Tan YQ, Lata RNM, Lee KCJ. A small group randomized double-blind placebo-controlled study
to evaluate the efficacy of daily pentoxifylline in the management of patients with erectile dysfunction with
suboptimal treatment response to sildenafil. Sex Med. 2020;8(1):14-20. doi:10.1016/j.esxm.2019.08.012
44. Liguori G, Trombetta C, De Giorgi G, et al. Efficacy and safety of combined oral therapy with tadalafil and
alfuzosin: an integrated approach to the management of patients with lower urinary tract symptoms and erectile
dysfunction. Preliminary report. J Sex Med. 2009;6(2):544-552. doi:10.1111/j.1743-6109.2008.01109.x
45. Morano S, Mandosi E, Fallarino M, et al. Antioxidant treatment associated with sildenafil reduces monocyte
activation and markers of endothelial damage in patients with diabetic erectile dysfunction: a double-blind,
placebo-controlled study. Eur Urol. 2007;52(6):1768-1774. doi:10.1016/j.eururo.2007.04.042
46. Rey-Valzacchi GJ, Costanzo PR, Finger LA, et al. Addition of metformin to sildenafil treatment for erectile
dysfunction in eugonadal nondiabetic men with insulin resistance: a prospective, randomized, double-blind pilot
study. J Androl. 2012;33(4):608-614.
47. Shabsigh R, Kaufman JM, Steidle C, Padma-Nathan H. Randomized study of testosterone gel as adjunctive
therapy to sildenafil in hypogonadal men with erectile dysfunction who do not respond to sildenafil alone. J Urol.
2004;172(2):658-663.
48. Shamloul R, Ghanem H, Fahmy I, et al. Testosterone therapy can enhance erectile function response to
sildenafil in patients with PADAM: a pilot study. J Sex Med. 2005;2(4):559-564. doi:10.1111/j.1743-6109.2005.
00071.x
49. Shirai M, Hiramatsu I, Aoki Y, et al. Oral L-citrulline and transresveratrol supplementation improves erectile
function in men with phosphodiesterase 5 inhibitors: a randomized, double-blind, placebo-controlled crossover
pilot study. Sex Med. 2018;6(4):291-296.
50. Spitzer M, Basaria S, Travison TG, et al. Effect of testosterone replacement on response to sildenafil citrate in
men with erectile dysfunction: a parallel, randomized trial. Ann Intern Med. 2012;157(10):681-691.
51. Tuncel A, Nalcacioglu V, Ener K, Aslan Y, Aydin O, Atan A. Sildenafil citrate and tamsulosin combination is not
superior to monotherapy in treating lower urinary tract symptoms and erectile dysfunction. World J Urol. 2010;28
(1):17-22. doi:10.1007/s00345-009-0484-z
52. Vicari E, La Vignera S, Condorelli R, Calogero AE. Endothelial antioxidant administration ameliorates the
erectile response to PDE5 regardless of the extension of the atherosclerotic process. J Sex Med. 2010;7(3):
1247-1253. doi:10.1111/j.1743-6109.2009.01420.x
53. Chen J, Sofer M, Kaver I, Matzkin H, Greenstein A. Concomitant use of sildenafil and a vacuum entrapment
device for the treatment of erectile dysfunction. J Urol. 2004;171(1):292-295. doi:10.1097/01.ju.0000098460.
02560.fe
54. Gutierrez P, Hernandez P, Mas M. Combining programmed intracavernous PGE1 injections and sildenafil on
demand to salvage sildenafil nonresponders. Int J Impot Res. 2005;17(4):354-358. doi:10.1038/sj.ijir.3901290
55. Hwang TI-S, Chen H-E, Tsai T-F, Lin YC. Combined use of androgen and sildenafil for hypogonadal patients
unresponsive to sildenafil alone. Int J Impot Res. 2006;18(4):400-404. doi:10.1038/sj.ijir.3901446
56. Kim JW, Oh MM, Park MG, et al. Combination therapy of testosterone enanthate and tadalafil on PDE5
inhibitor non-responders with severe and intermediate testosterone deficiency. Int J Impot Res. 2013;25(1):29-33.
doi:10.1038/ijir.2012.32
57. McMahon CG, Samali R, Johnson H. Treatment of intracorporeal injection nonresponse with sildenafil alone or
in combination with triple agent intracorporeal injection therapy. J Urol. 1999;162(6):1992-1997. doi:10.1016/
S0022-5347(05)68085-8

JAMA Network Open. 2021;4(2):e2036337. doi:10.1001/jamanetworkopen.2020.36337 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a College of Physicians & Surgeons of British Columb User on 05/31/2021

February 18, 2021

15/17

JAMA Network Open | Urology

Assessment of Combination Therapies vs Monotherapy for Erectile Dysfunction

58. Nandipati K, Raina R, Agarwal A, Zippe CD. Early combination therapy: intracavernosal injections and sildenafil
following radical prostatectomy increases sexual activity and the return of natural erections. Int J Impot Res.
2006;18(5):446-451. doi:10.1038/sj.ijir.3901448
59. Ozdal OL, Ozden C, Gokkaya S, Urgancioglu G, Aktas BK, Memis A. The effect of sildenafil citrate and
pentoxifylline combined treatment in the management of erectile dysfunction. Int Urol Nephrol. 2008;40(1):
133-136. doi:10.1007/s11255-007-9255-1
60. Palmieri A, Arcaniolo D, Palumbo F, et al; SIA-Low Intensity Shock Wave for Erectile Dysfunction (LED) Study
Group. Low intensity shockwave therapy in combination with phosphodiesterase-5 inhibitors is an effective and
safe treatment option in patients with vasculogenic ED who are PDE5i non-responders: a multicenter single-arm
clinical trial. Int J Impot Res. Published July 18, 2020. doi:10.1038/s41443-020-0332-7
61. Raina R, Agarwal A, Allamaneni SS, Lakin MM, Zippe CD. Sildenafil citrate and vacuum constriction device
combination enhances sexual satisfaction in erectile dysfunction after radical prostatectomy. Urology. 2005;65
(2):360-364. doi:10.1016/j.urology.2004.09.013
62. Ruffo A, Stanojevic N, Romeo G, Riccardo F, Trama F, Iacono F. Management of erectile dysfunction using a
combination treatment of low-intensity shock waves (LISW) and platelet rich plasma (PRP) intracavernosal
injections. J Sex Med. 2020;17(6):S133–S134. doi:10.1016/j.jsxm.2020.04.048
63. Sebastianelli A, Spatafora P, Frizzi J, et al. Tadalafil 5 mg alone or in combination with tamsulosin 0.4 mg for the
management of men with lower urinary tract symptoms and erectile dysfunction: results of a prospective
observational trial. J Clin Med. 2019;8(8):E1126. doi:10.3390/jcm8081126
64. Sun L, Peng F-L, Yu Z-L, Liu C-L, Chen J. Combined sildenafil with vacuum erection device therapy in the
management of diabetic men with erectile dysfunction after failure of first-line sildenafil monotherapy. Int J Urol.
2014;21(12):1263-1267. doi:10.1111/iju.12564
65. Cappelleri JC, Rosen RC, Smith MD, Mishra A, Osterloh IH. Diagnostic evaluation of the erectile function
domain of the International Index of Erectile Function. Urology. 1999;54(2):346-351. doi:10.1016/S0090-4295
(99)00099-0
66. Rosen RC, Cappelleri JC, Smith MD, Lipsky J, Peña BM. Development and evaluation of an abridged, 5-item
version of the International Index of Erectile Function (IIEF-5) as a diagnostic tool for erectile dysfunction. Int J
Impot Res. 1999;11(6):319-326. doi:10.1038/sj.ijir.3900472
67. Rosen RC, Allen KR, Ni X, Araujo AB. Minimal clinically important differences in the erectile function domain of
the International Index of Erectile Function scale. Eur Urol. 2011;60(5):1010-1016. doi:10.1016/j.eururo.2011.
07.053
68. McVary KT. Erectile dysfunction and lower urinary tract symptoms secondary to BPH. Eur Urol. 2005;47(6):
838-845. doi:10.1016/j.eururo.2005.02.001
69. Palea S, Barras M. Comparison of the relaxant effects of alfuzosin, phentolamine and sildenafil on rabbit
isolated corpus cavernosum. BJU Int. 2003;91(9):873-877. doi:10.1046/j.1464-410X.2003.04229.x
70. Oger S, Behr-Roussel D, Gorny D, et al. Combination of doxazosin and sildenafil exerts an additive relaxing
effect compared with each compound alone on human cavernosal and prostatic tissue. J Sex Med. 2009;6(3):
836-847. doi:10.1111/j.1743-6109.2008.01138.x
71. Kallidonis P, Adamou C, Kotsiris D, Ntasiotis P, Verze P, Athanasopoulos A; Young Academic Urologists of the
European Association of Urology-Endourology Working Party. Combination therapy with alpha-blocker and
phosphodiesterase-5 inhibitor for improving lower urinary tract symptoms and erectile dysfunction in comparison
with monotherapy: a systematic review and meta-analysis. Eur Urol Focus. 2020;6(3):537-558.
72. Knoll LD, Benson RC Jr, Bilhartz DL, Minich PJ, Furlow WL. A randomized crossover study using yohimbine and
isoxsuprine versus pentoxifylline in the management of vasculogenic impotence. J Urol. 1996;155(1):144-146.
73. de Tejada IS. Therapeutic strategies for optimizing PDE-5 inhibitor therapy in patients with erectile dysfunction
considered difficult or challenging to treat. Int J Impot Res. 2004;16(suppl 1):S40-S42. doi:10.1038/sj.ijir.3901215
74. Rhim HC, Kim MS, Park Y-J, et al. The potential role of arginine supplements on erectile dysfunction: a systemic
review and meta-analysis. J Sex Med. 2019;16(2):223-234. doi:10.1016/j.jsxm.2018.12.002
75. Capogrosso P, Vertosick EA, Benfante NE, et al. Are we improving erectile function recovery after radical
prostatectomy? analysis of patients treated over the last decade. Eur Urol. 2019;75(2):221-228. doi:10.1016/j.
eururo.2018.08.039
76. Sokolakis I, Hatzichristodoulou G. Clinical studies on low intensity extracorporeal shockwave therapy for
erectile dysfunction: a systematic review and meta-analysis of randomised controlled trials. Int J Impot Res. 2019;
31(3):177-194. doi:10.1038/s41443-019-0117-z

JAMA Network Open. 2021;4(2):e2036337. doi:10.1001/jamanetworkopen.2020.36337 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a College of Physicians & Surgeons of British Columb User on 05/31/2021

February 18, 2021

16/17

JAMA Network Open | Urology

Assessment of Combination Therapies vs Monotherapy for Erectile Dysfunction

77. Epifanova MV, Gvasalia BR, Durashov MA, Artemenko SA. Platelet-rich plasma therapy for male sexual
dysfunction: myth or reality? Sex Med Rev. 2020;8(1):106-113. doi:10.1016/j.sxmr.2019.02.002
78. Verze P, Capece M, Creta M, et al. Efficacy and safety of low-intensity shockwave therapy plus tadalafil 5 mg
once daily in men with type 2 diabetes mellitus and erectile dysfunction: a matched-pair comparison study. Asian J
Androl. 2020;22(4):379-382. doi:10.4103/aja.aja_121_19
79. Zhu GQ, Jeon SH, Bae WJ, et al. Efficient promotion of autophagy and angiogenesis using mesenchymal stem
cell therapy enhanced by the low-energy shock waves in the treatment of erectile dysfunction. Stem Cells Int.
2018;2018:1302672. doi:10.1155/2018/1302672
SUPPLEMENT.
eAppendix 1. PubMed Search Syntax and Search String
eAppendix 2. Flow Diagram of Study Selection Process
eAppendix 3. References of All Excluded Studies With Reasons for Exclusion
eAppendix 4. Risk of Bias in RCTs
eAppendix 5. Risk of Bias in Non-RCTs
eAppendix 6. Publication Bias Assessment With Funnel Plot and Egger’s Test
eAppendix 7. Efficacy Based on Treatment Modality
eAppendix 8. Adverse Events Based on Treatment Modality
eAppendix 9. Efficacy Based on Impotent Subpopulation
eAppendix 10. Adverse Events Based on Impotent Subpopulation
eAppendix 11. Subgroup Analysis According to PDE5i Response
eAppendix 12. Sensitivity Analysis Including Placebo-Controlled RCTs
eAppendix 13. Sensitivity Analysis Including Studies at Low Risk of Bias
eAppendix 14. Grading of Evidence

JAMA Network Open. 2021;4(2):e2036337. doi:10.1001/jamanetworkopen.2020.36337 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a College of Physicians & Surgeons of British Columb User on 05/31/2021

February 18, 2021

17/17

