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Purpose: Male infertility is a worldwide problem with limitations in the treatment. Phosphodiesterase-5 inhibitors (PDE5is) is
the first choice for the treatment of erectile dysfunction, more and more studies show that it has a certain effect on male infer-
tility in recent years. But there was currently no high quality of systematic review to evaluate the effects of PDE5is on semen
quality.

Materials and Methods: We retrieved the electronic databases of MEDLINE, PubMed, Web of Science, EMBASE, etc. Related
randomized controlled trials (RCTs) were collected and selected up to May 20, 2020. We have searched literature with terms
“male infertility”, “phosphodiesterase-5 inhibitors”, “PDE5i”, “Tadalafil”, “Sildenafil”, “Vardenafil”, “Udenafil”, “Avanafil”,
“semen”, and “sperm”. Mean value and its standard deviation were used to perform quantitative analysis. All statistical anal-
yses were conducted by RevMan 5.3 and Stata software.

Results: There were a total of 1,121 participants in the nine included studies. There was a statistically significant improve-
ment treated with PDE5is compared with sham therapy, which including sperm concentration (mean difference [MD]=1.96,
95% confidence interval [Cl]=1.70-2.21, p<0.001; MD=3.22, 95% Cl=1.96-4.48, p<0.001), straight progressive motility
(%) Grade A (MD=3.71, 95% Cl=2.21-5.20, p<0.001), sperm motility (MD=8.09, 95% Cl=7.83-8.36, p<0.001), morpho-
logically normal spermatozoa (%) (MD=0.67, 95% Cl=0.20-1.15, p=0.005; MD=1.27, 95% Cl=0.02-2.52, p=0.05), sperm
abnormalities (%) (MD=-0.64, 95% Cl=-0.81--0.47, p<0.001), and progressive motile sperm (MD=5.34, 95% ClI=3.87-6.81,
p<0.001).

Conclusions: In this meta-analysis of nine RCTs, treatment with PDE5is could improve some indicators of male sperm.
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INTRODUCTION fertility has become a threat to the health of men all
over the world [1]. There are many reasons for male
With the process of human industrialization, in- infertility, most of which are unknown [2]. Phosphodi-
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esterase-5 inhibitors (PDE5is) are the first-line drugs
to treat erectile dysfunction (ED). PDE5is inhibits the
degradation of cyclic guanosine monophosphate (cGMP)
derived from nitric oxide (NO) by competitively bind-
ing to the catalytic site of PDES5. This can maintain a
higher cellular level of cGMP in the cavernous body
and blood vessels to continuously activate the NO/
c¢cGMP pathway, increasing penile blood flow during
sexual stimulation, thereby enhancing penile erection
[3]. More and more studies have used this kind of medi-
cine in male infertility patients, but the curative effect
is quite different.

In 2015, relevant systematic review [4] have been
confirm the improvement effect of PDE5is on sperm
quality, but there were many types of studies included,
not limited to randomized controlled trials (RCTs). Five
years have passed and we have retrieved some new
and valuable clinical studies, the increased sample size
would help to draw more reliable conclusions. There-
fore, this paper makes a systematic review and meta-
analysis of this subject again.

This study is registered on PROSPERO. Registration
number is CRD42019142980. The protocol of the sys-
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tematic review also elaborates the details of this study
[5].

Given the availability of several RCTs studying the
effects of PDE5I in the treatment of male infertility,
we performed a meta-analysis to determine whether
this novel treatment improves sperm quality in men
with male infertility when assessed by the World
Health Organization (WHO) sperm criteria compared
with men undergoing sham therapy [6-14]. At all, we
sought to provide evidence-based medical evidence for
urologists and andrologists to make clinical decisions.

MATERIALS AND METHODS

1. Search strategy
The electronic databases of MEDLINE, PubMed,

Web of Science, EMBASE, Clinicaltrials.org., China
National Knowledge Infrastructure Database, Wan
fang Database, China Biology Medicine Database, VIP
Science Technology Periodical Database, Chinese Clini-
cal Trial Registry, and Cochrane Library have been
retrieved. Grey literature has been searched in Open
Grey. Related RCTs have been collected and selected

125 MEDLINE

366 EMBASE

462 Web of Science
62 Clinicaltrials.org

51 Wan fang Database

70 China Biology Medicine Database (CBM)

36 VIP Science Technology Periodical Database
20 Chinese Clinical Trial Registry

38 Cochrane Library

1,281 Potentially relevant citation identified from literature search

51 China National Knowledge Infrastructure database (CNKI)

0 Grey literature
related RCTs

655 Duplicates removed
397 Excluded based on screening of titles or abstracts

A 4

229 Potentially relevant full-texts evaluated

7 Self-control trials

68 Review, editorial

11 Not relevant

220 Excluded after full-texts review
8 Duplication publication
3 Observational studies
1 Retrospective analyses

0 Patient series, case reports
25 Animal studies, laboratory in vitro studies

97 No data for effect of oral phosphodiesterase-5
inhibitors on sperm parameters

A 4

9 Studies included in this systematic review and meta-analysis

Fig. 1. Flow diagram for study selection.
RCTs: randomized controlled trials.
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up to May 20, 2020. As of this month’s submission, we
have retrieved and updated the data again. Medical
Subject Heading or text key words “male infertility” or
“semen” or “sperm” AND “phosphodiesterase-5 inhibi-
tors” or “PDE51” or “Tadalafil” or “Sildenafil” or “Var-
denafil” or “Udenafil” or “Avanafil” have been used.
The search strategy was adjusted to adapt the differ-
ent databases. Chinese form of the above terms had
been used in Chinese search. This systematic retrospec-
tive and meta-analysis have carried out in strict accor-
dance with the guidelines of Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
[15]. The data and results used in this paper are almost
from published studies, and there are no ethical issues,
so the approval of the ethics committee is not required.
A flow diagram for study selection is presented in Fig. 1.

2. Inclusion criteria and trial selection

The studies included must be RCTs on the treatment
of male infertility with PDES5is, including tadalafil,
sildenafil, vardenafil, udenafil and avanafil, and WHO
sperm criteria were necessary for the assessment of the
sperm quality. In similar patients and studies using
the same method, only the largest sample size or re-
cently studies were included. The articles unrelated to
the analysis, lack of essential information on patients
or intervention measures of the treatment, nonoriginal
research, reviews, comments, cohort studies, animal
models, and case reports were excluded.

3. Data extraction

Related data in the included articles was extracted
independently by three investigators (Liang Dong,
Xiaojin Zhang, Xuhong Yan) according to the PRISMA
statement, and all discrepancies were resolved through
adjudication and discussion by the other reviewer
(Yulin Li). The words in abstracts such as "randomized"
or "quasi-randomized" were used in all studies, regard-
less of whether they were blind or not. For each study,
the following information were extracted: author, pub-
lication time, country, study design, sample size, treat-
ment course, edition of WHO guidelines, diagnostic
criteria, outcome indicators, treatment group medicine
& dosage and posttreatment data. Study investigators
from dJarvi et al [9]s study were contacted to obtain
further information, but the researchers did not reply
to our e-mail.

778 www.wjmh.org
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4. Quality assessment

The items of randomization, method to generate the
sequence of randomization, randomization conceal-
ment, blinding, results data integrity, selective outcome
reports and other potential bias sources in the included
RCTs were assessed by the Cochrane Risk of Bias As-
sessment tool [16]. Graph and summary about risk
of bias were produced with RevMan 5.3 [17]. All the
domains were independently assessed by two trained
investigators (Liang Dong, Xiaojin Zhang). All the dis-
putes were resolved by a third professional reviewer
(R.R.) through discussion and adjudication.

5. Data synthesis and analysis

The mean values of semen indexes after treatment
with PDE51 or sham-therapy in each study were col-
lected, including semen volume, sperm motility, propor-
tion of progressive motile sperm, sperm concentration,
normal morphology and so on. Statistics analyses were
estimated with RevMan 5.3 and displayed as a forest
plot, while a funnel plot has been generated to assess
the risk of bias. Statistical tests were two-sided and
used p-value less than 0.05 as a significance threshold.
The Egger test and Funnel plot were used for inves-
tigating publication bias to small study effects [18,19].
The heterogeneity between studies was assessed by
standard x” test and I” statistics [20]. Sensitivity analy-
sis was conducted by excluding the effects of indi-
vidual studies one by one on the overall estimates [21].
Statistical tests were two-sided and the significance
threshold p-value used was less than 0.05.

6. Ethics statement
The data and results used in this paper are almost

from published studies, and there is no ethical issue, so
the approval of the ethics committee is not required.

RESULTS

1. Study characteristics

Nine RCTs involving 1,211 participants were included
in this meta-analysis (Table 1). Three studies were con-
ducted in the United States, three studies took place
in Italy, two studies from Japan, and one study from
China. All nine studies used sham therapy for the con-
trol group using probes that looked and tasted similar
to the active treatment probe. There are three studies
of taking the drug as a one-time use, and one of them
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took a 15-day course of administration at the same
time. The treatment duration of three studies was 3
months, two studies were 6 months, and one study was
9 months. Two studies used the WHO’s 1992 version of
the semen standard, five studies used the 1999 stan-
dard, and only two studies used the 2010 standard. The
semen indicators counted in these nine studies include
semen volume, sperm count, sperm concentration, grade
A sperm ratio, grade B sperm ratio, abnormal sperm
morphology ratio, normal sperm morphology ratio,
sperm motility, and progressive motile sperm, which
were seen in the Table 1. In addition, none of the stud-

Aversa et al (2000) [13]
Dimitriadis et al (2010) [14]
Hellstrom et al (2003) [11]
Hellstrom et al (2008) [12]
Jarvi et al (2008) [9]

La Vignera et al (2013) [7]
Rago et al (2012) [6]
Tsounapi et al (2018) [8]
Yang et al (2014) [10]

@ OO O D ® @ ®| @ Selective reporting (reporting bias)

RO e e e ® @ ® ®)|nncompletoutcome data (attrition bias)
090 OO O ® @ Otherbias

QIO @ @ ®|®|@|Blinding of participants and personnel (performance bias)
QIRIPI® @ |® ®|®|®)| Blinding of outcome assessment (detection bias)

QIRIRIR @ @ ®| ®|®| Random sequence generation (selection bias)
@O OO O ® ® S| @ Alocation concealment (selection bias)

Random sequence generation (selection bias)

Allocation concealment (selection bias)
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ies included statistics on sperm DNA fragments. The
drugs used in three studies were tadalafil with doses of
5 mg, 10 mg, and 20 mg. One study used only sildenafil
at a dose of 100 mg. One study used only avanafil, at a
dose of 50 mg. One study used only vardenafil, with a
dose of 10 mg. The remaining three studies used mul-
tiple groups for controlled experiments, and two types
of PDES5i for observation. One study included normal
males with normal erectile function and normal fertil-
ity. Three studies included normal males or males with
mild ED. Four studies included male infertility pa-
tients, such as oligoasthenospermia and oligoastheno-

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

) ) Fig. 2. Nine randomized controlled trials

0% 25%

50% 75%  100% included in our meta-analysis. Quality of
studies was assessed with the Cochrane

[ Low risk of bias [ Unclear risk of bias

Il High risk of bias

Collaboration’s tool. (A) Risk of bias sum-
mary. (B) Risk of bias graph.
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.5.1 Acute Tadalafil 20 mg treatment
Yang et al (2014) [10] 2.84 1.37 10 276 1.31 10 0.1% 0.08[-1.09, 1.25]
Yang et al (2014) [10] 2.18 0.95 10 2.38 1.41 10 0.1% -0.20[-1.25, 0.85]
Subtotal (95% CI) 20 20 0.2% -0.08[-0.86,0.71] T T
Heterogeneity: chi’=0.12, df=1 (p=0.73); I’=0%
Test for overall effect: Z=0.19 (p=0.85)
2.5.2 Acute Sildenafil 100 mg treatment
Yang et al (2014) [10] 275 1.32 10 276 1.31 10 0.1% -0.01[-1.16, 1.14]
Yang et al (2014) [10] 22 0.86 10 2.38 1.41 10 0.1% -0.18[-1.20, 0.84]
Subtotal (95% Cl) , 20 20 02% -0.11[-0.87,0.66] e
Heterogeneity: chi"=0.05, df=1 (p=0.83); I'=0%
Test for overall effect: Z=0.27 (p=0.79)
2.5.3 Acute Vardenafil 10 mg treatment
Rago et al (2012) [6] 2.9 0 73 29 01 65 Not estimable
Subtotal (95% ClI) 73 65 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
2.5.4 Vardenafil 10 mg 15 days treatment
Rago et al (2012) [6] 34 01 67 29 0.1 65 96.4% 0.50[0.47, 0.53] |
Subtotal (95% ClI) 67 65 96.4% 0.50[0.47, 0.53] )
Heterogeneity: Not applicable
Test for overall effect: Z=28.72 (p<0.001)
2.5.5 Vardenafil 10 mg 3 months treatment
Dimitriadis et al (2010) [14] 31 04 23 23 05 22 1.6% 0.80[0.53, 1.07] —_—
Subtotal (95% ClI) 23 22 1.6% 0.80 [0.53, 1.07] <o
Heterogeneity: Not applicable
Test for overall effect: Z=5.91 (p<0.001)
2.5.6 Sildenafil 50 mg 3 months treatment
Dimitriadis et al (2010) [14] 28 04 25 23 05 22 1.6% 0.50 [0.24, 0.76] —_—
Subtotal (95% ClI) 25 22 1.6% 0.50 [0.24, 0.76] <o
Heterogeneity: Not applicable
Test for overall effect: Z=3.75 (p=0.0002)
Total (95% Cl) ) . 228 214 100.0% 0.50 [0.24, 0.54] )
Heterogeneity: chi"=9.52, df=6 (p=0.15); I'=37% ,

Test for overall effect: Z=29.40 (p§0.001) )
Test for subgroup differences: chi"=9.36, df=4 (p=0.05); 1'=57.2%

-1 -05 0 05 1
Favours Favours
[experimental] [control]

Fig. 3. Clinical outcomes of semen volume under World Health Organization 1999 criteria. SD: standard deviation, Cl: confidence interval, df: de-

gree of freedom.

spermia. Four studies included subjects with different
types of male accessory gland infection. Further inclu-
sion diagnostic criteria are listed in Table 1. For most
studies, the risk of bias was low. However, the risk of
bias was unclear for several domains of published ab-
stracts (Fig. 2).

2. Effect of phosphodiesterase-5 inhibitors
on sperm parameters under World Health
Organization 1999 criteria
There was a statistically significant improvement

treated with PDEbSis compared with those receiving
sham therapy in sperm parameters, which including
semen volume (mean difference [MD]=0.50 points, 95%
confidence interval [CI[=0.47-054, p<0.001, I’=37%; Fig.
3), sperm number (MD=6.80 points, 95% CI=5.85-7.74,
p<0.001, I’=100%; Fig. 4), sperm concentration (MD=1.96
points, 95% CI=1.70-2.21, p<0.001, I°=99%; Fig. 5),
straight progressive motility (%) Grade A (MD=3.71
points, 95% CI=2.21-5.20, p<0.001, I’=23%; Fig. 6), sperm
motility (MD=8.09 points, 95% CI=7.83—8.36, p<0.001,
I"=97%; Fig. 7), morphologically normal spermatozoa (%)

www.wjmh.org 783
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 Acute Sildenafil 100 mg treatment
Aversa et al (2000) [13] 988 147 20 948 172 20 0.9% 4.00[-5.92, 13.92] —_
Subtotal (95% ClI) 20 20 0.9% 4.00[-5.92, 13.92] o
Heterogeneity: Not applicable
Test for overall effect: Z=0.79 (p=0.43)
2.1.2 Acute Vardenafil 10 mg treatment
Rago et al (2012) [6] 37.9 27 73 389 36 65 77.4% -1.00 [-2.07, 0.07] |
Subtotal (95% CI) 73 65 77.4% -1.00 [-2.07, 0.07] 4
Heterogeneity: Not applicable
Test for overall effect: Z=1.83 (p=0.07)
2.1.3 Vardenafil 10 mg 15 days treatment
Rago et al (2012) [6] 76.1 7.9 67 389 36 65 20.5% 37.20[35.12, 39.28] -
Subtotal (95% CI) 67 65 20.5% 37.20[35.12, 39.28] ¢
Heterogeneity: Not applicable
Test for overall effect: Z=34.98 (p<0.001)
2.1.4 Tadalafil 10 mg 6 months treatment
Hellstrom et al (2003) [11]  175.8 134.58 87 210.6 134.58 88 0.1% -34.80[-74.68,5.08] +——
Subtotal (95% Cl) 87 88 0.1% -34.80[-74.68,5.08] HEES——
Heterogeneity: Not applicable
Test for overall effect: Z=1.71 (p=0.09)
2.1.5 Tadalafil 20 mg 6 months treatment
Hellstrom et al (2003) [11] 179 29.25 87 184.3 29.25 89 1.2% -5.30[-13.94, 3.34] —
Subtotal (95% CI) 87 89 1.2% -5.30[-13.94, 3.34] S g
Heterogeneity: Not applicable
Test for overall effect: Z=1.20 (p=0.23)
2.1.6 Tadalafil 20 mg 9 months treatment
Hellstrom et al (2008) [12] 191.9 616.28 95 186.3 616.28 96 0.0% 5.60 [-169.20, 180.40]
Subtotal (95% CI) 95 96  0.0% 5.60 [-169.20, 180.40] GGG
Heterogeneity: Not applicable
Test for overall effect: Z=0.06 (p=0.95)
Total (95% ClI) 429 423 100.0% 6.80 [5.85, 7.74] '
Heterogeneity: chi’=1,032.53, df=5 (p<0.001); I’=100% —t —t
Test for overall effect: Z=14.12 (p<0.001) -20-10 0 10 2
Test for subgroup differences: chi’=1 ,032.53, df=5 (p<0.001); =99.5% Favours Favours

[experimental] [control]

Fig. 4. Clinical outcomes of sperm number under World Health Organization 1999 criteria. SD: standard deviation, Cl: confidence interval, df: de-

gree of freedom.

(MD=0.67 points, 95% CI=0.20—115, p=0.005, I’=96%; Fig.
8), and sperm abnormalities (%) (MD=-0.64 points, 95%
CI=0.81—-047, p<0.001, I’=70%; Fig. 9).

Sensitivity analysis (Table 2) showed that one study
[6] was found to affect the overall prevalence estimate
by an absolute difference for the indicator of sperm
number, one study [13] was found to affect the overall
prevalence estimate for the indicator of sperm ab-
normalities, no individual study affected the overall
prevalence estimate for the rest indicators.

784 www.wjmh.org

3. Effect of phosphodiesterase-5 inhibitors

on sperm parameters under World Health

Organization 2010 criteria

There was a statistically significant improvement
treated with PDE5is compared with those receiving
sham therapy in progressive motile sperm (MD=5.34
points, 95% CI=3.87—6.81, p<0.001, I>=97%; Fig. 10), sperm
concentration (MD=3.22 points, 95% CI=1.96-4.48,
p<0.001, I’=83%; Fig. 11), and morphology normal forms
(MD=1.27 points, 95% CI=0.02—252, p=0.05, I’=0%; Fig.
12). Sperm number (MD=0.48 points, 95% CI=-1.21-2.16,
p=058, I’=93%; Fig. 13), and semen volume (MD=-0.00
points, 95% CI=-0.23—-0.23]; p>0.99, I’=33%, Fig. 14) did
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Control
SD Total Weight
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Mean difference
IV, Fixed, 95% CI

Mean difference
1V, Fixed, 95% CI

2.6.1 Acute Tadalafil 20 mg treatment
Yang et al (2014) [10] 37.45 10.96
Yang et al (2014) [10] 47.7 1578 10 49.14 15.97
Subtotal (95% Cl) 20
Heterogeneity: chi’=0.08, df=1 (p=0.78); I’=0%

Test for overall effect: Z=0.03 (p=0.97)

10 36.36 13.59

2.6.2 Acute Sildenafil 100 mg treatment
Yang et al (2014) [10] 37.86 12.44
Yang et al (2014) [10] 4564 13.35 10 49.14 15.97
Subtotal (95% ClI) 20
Heterogeneity: chi2=0.32, df=1 (p=0.57); ’=0%

Test for overall effect: Z=0.16 (p=0.87)

10 36.36 13.59

2.6.3 Acute Vardenafil 10 mg treatment
Rago et al (2012) [6] 131 07
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z=1.35 (p=0.18)

73
73

13.3 1

2.6.4 Vardenafil 10 mg 15 days treatment
Rago et al (2012) [6] 232 21
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z=34.74 (p<0.001)

67
67

13.3 1

2.6.5 Vardenafil 10 mg 3 months treatment
Dimitriadis et al (2010) [14] 226 8.2
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z=2.78 (p=0.006)

23
23

16.3 7

2.6.6 Sildenafil 50 mg 3 months treatment
Dimitriadis et al (2010) [14] 24.3 9.4
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z=3.33 (p=0.0009)

25
25

16.3 7

2.6.7 Tadalafil 10 mg 6 months treatment
Hellstrom et al (2003) [11] 66.7 44.22
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z=2.35 (p=0.02)

87
87

82.4 44.22

2.6.8 Tadalafil 20 mg 6 months treatment
Hellstrom et al (2003) [11] 72.8 96.99
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z=0.11 (p=0.91)

87
87

74.4 96.99

2.6.9 Tadalafil 20 mg 9 months treatment
Hellstrom et al (2008) [12] 70.8 12.54
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z=1.65 (p=0.10)

95
95

73.8 12.54

Total (95% ClI) , 497 )
Heterogeneity: chi’=1,012.93, df=10 (p<0.001); I'=99%
Test for overall effect: Z=14.94 (p<0.001)

10
10
20

10
10
20

65
65

65
65

22
22

22
22

88
88

89
89

96
96

0.1%
0.0%
0.1%

0.1%
0.0%
0.1%

77.5%
77.5%

21.1%
21.1%

0.3%
0.3%

0.3%
0.3%

0.0%
0.0%

0.0%
0.0%

0.5%
0.5%

487 100.0%

Test for subgroup differences: chi’=1 ,012.53, df=8 (p<0.001); °=99.2%

1.09[-9.73, 11.91]
-1.44 [-15.36, 12.48]
0.14 [-8.41, 8.68]

—l

1.50 [-9.92, 12.92]
-3.50 [-16.40, 9.40]
-0.70 [-9.25, 7.85]

~-0.20 [-0.49, 0.09] [
~0.20 [-0.49, 0.09]

9.90 [9.34, 10.46] -
9.90 [9.34, 10.46]

-

6.30 [1.85, 10.75]
6.30 [1.85, 10.75]

8.00 [3.30, 12.70]
8.00 [3.30, 12.70]

]

-15.70 [-28.80, -2.60] «———
-15.70 [-28.80, -2.60] =—

-1.60 [-30.26, 27.06]
-1.60 [-30.26, 27.06] =————

~3.00 [-6.56, 0.56]

-3.00 [-6.56, 0.56] <>

1.96 [1.70, 2.21] f

-20 -10 0
Favours
[experimental]

20

10
Favours
[control]

Fig. 5. Clinical outcomes of sperm concentration under World Health Organization 1999 criteria. SD: standard deviation, Cl: confidence interval,

df: degree of freedom.
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight |V, Fixed, 95% CI IV, Fixed, 95% CI
2.2.1 Acute Sildenafil 100 mg treatment
Aversa et al (2000) [13] 36.4 29 20 319 24 20 82.0% 4.50 [2.85, 6.15] ——
Yang et al (2014) [10] 30.24 6.95 10 30.93 7.93 10 5.2% -0.69[-7.23, 5.85] ——
Yang et al (2014) [10] 1441 8.09 10 13.93 7.74 10 46% 0.48[-6.46,7.42]
Subtotal (95% CI)2 , 40 40 91.9% 4.00 [2.44, 5.56] . 2
Heterogeneity: chi"=3.32, df=2 (p=0.19); I'=40%
Test for overall effect: Z=5.03 (p<0.001)
2.2.2 Acute Tadalafil 20 mg treatment
Yang et al (2014) [10] 30.53 7.06 10 30.93 7.93 10 5.2% -0.40[-6.98, 6.18] ——
Yang et al (2014) [10] 15.58 11.75 10 13.93 7.74 10 2.9% 1.65[-7.07,10.37]
Subtotal (95% CI)2 . 20 20 8.1% 0.34[-4.91, 5.60] —l
Heterogeneity: chi"=0.14, df=1 (p=0.71); I'=0%
Test for overall effect: Z=0.13 (p=0.90)
2.2.3 Sildenafil 100 mg treatment
Subtotal (95% ClI) 0 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% Cl) . , 60 60 100.0% 3.71[2.21, 5.20] . 4
Heterogeneity: chi"'=5.17, df=4 (p=0.27); I'=23% ' ' ' '
Test for overall effect: Z=4.86 (p<0.001) -10 -5 0 5 10
Test for subgroup differences: chi’=1.71, df=1 (p=0.19); I’=41.6% Favours Favours

[experimental] [control]

Fig. 6. Clinical outcomes of straight progressive motility under World Health Organization 1999 criteria. SD: standard deviation, Cl: confidence

interval, df: degree of freedom.

not improve significantly after PDE5is treatment.

The sensitivity analysis (Table 3) showed that, one
study [8] was found to affect the overall prevalence
estimate by an absolute difference for the indicator of
sperm concentration, no individual study affected the
overall prevalence estimate for the rest indicator.

4. Assessment of publication bias

Although only nine studies were included in the
meta-analysis, funnel plots were drawn. Egger’s and
Begg’s tests were performed to assess the publica-
tion bias with Stata software. The asymmetry were
minimal by visual inspection of the funnel plots in
the sperm number, sperm concentration, sperm motil-
ity, morphologically normal spermatozoa and sperm
abnormalities in WHO 1999 criteria and progressive
motile sperm, sperm concentration and sperm number
in WHO 2010 criteria, which indicates that the pooled
estimates were unlikely to be significant biased second-
ary to small study effects (Fig. 15).

DISCUSSION

PDES5is, as a class of epoch-making drugs for the

786 www.wjmh.org

treatment of ED, has been increasingly used in patients
with male infertility to improve sperm quality and
achieve the purpose of fertility [5,6,8,10]. This system-
atic review and meta-analysis of nine RCTs involving
1,211 men showed that with PDES5is, sperm concentra-
tion, straight progressive motility, morphology normal
forms and progressive motile sperm were significantly
improved. However, the outcomes of semen volume and
sperm number were contradictory [7,8]. The results of
this study show that PDE5is could improve the quality
of male sperm in clinical practice.

How does PDE51 improve sperm quality? The conclu-
sion of the current study is still unclear. PDE5is inhib-
its PDE5 in the corpus cavernosum and increases the
level of intracellular cGMP, increases the content of
NO with vasodilatory effect, thereby promoting the re-
laxation of smooth muscles and causing penile erection.
The role of NO has been confirmed after studies that
may play an important role in chromatin concentra-
tion, sperm morphology changes and the final release
of sperm from the seminiferous epithelium. In addi-
tion, NO may also be related to spermatogenesis, ste-
roid production and apoptotic cell death. Therefore, the
NO-mediated mechanism in the prostate and testicular
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.7.1 Acute Tadalafil 20 mg treatment
Yang et al (2014) [10] 3451 10.38 10 32.76 1219 10 0.1% 1.75[-8.17,11.67] —
Yang et al (2014) [10] 725 625 10 7035 738 10 0.2% 2.15[-3.84,8.14] e
Subtotal (95% ClI) 20 20 0.3% 2.04[-3.09,7.17] -
Heterogeneity: chi’=0.00, df=1 (p=0.95); I’=0%
Test for overall effect: Z=0.78 (p=0.44)
2.7.2 Acute Sildenafil 100 mg treatment
Yang et al (2014) [10] 33.23 1094 10 32.76 1219 10 0.1% 0.47[-9.68, 10.62] R
Yang et al (2014) [10] 6949 638 10 7035 738 10 0.2% -0.86[-6.91,5.19] —
Subtotal (95% CI)2 , 20 20 0.3% -0.51[-5.71,4.68] P
Heterogeneity: chi"=0.05, df=1 (p=0.83); I'=0%
Test for overall effect: Z=0.19 (p=0.85)
2.7.3 Acute Vardenafil 10 mg treatment
Rago et al (2012) [6] 28.3 1 73 197 1.2 65 51.8% 8.60 [8.23, 8.97] L
Subtotal (95% ClI) 73 65 51.8% 8.60 [8.23, 8.97] |
Heterogeneity: Not applicable
Test for overall effect: Z=45.42 (p<0.001)
2.7.4 Vardenafil 10 mg 15 days treatment
Rago et al (2012) [6] 28.6 1.3 67 197 1.2 65 39.2% 8.90 [8.47, 9.33] =
Subtotal (95% ClI) 67 65 39.2% 8.90 [8.47, 9.33] [
Heterogeneity: Not applicable
Test for overall effect: Z=40.89 (p<0.001)
2.7.5 Vardenafil 10 mg 3 months treatment
Dimitriadis et al (2010) [14] 39.2 106 23 247 108 22 0.2% 14.50[8.24, 20.76] _—
Subtotal (95% ClI) 23 22 0.2% 14.50[8.24, 20.76] -
Heterogeneity: Not applicable
Test for overall effect: Z=4.54 (p<0.001)
2.7.6 Sildenafil 50 mg 3 months treatment
Dimitriadis et al (2010) [14] 47.1 121 25 247 108 22 0.2% 22.40[15.85, 28.95] —
Subtotal (95% ClI) 25 22 0.2% 22.40[15.85, 28.95] -
Heterogeneity: Not applicable
Test for overall effect: Z=6.71 (p<0.001)
2.7.7 Tadalafil 10 mg 6 months treatment
Hellstrom et al (2003) [11] 59 0 87 59 0 88 Not estimable
Subtotal (95% ClI) 87 88 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
2.7.8 Tadalafil 20 mg 6 months treatment
Hellstrom et al (2003) [11] 58 3.21 87 57 321 89 7.9% 1.00 [0.05, 1.95] -
Subtotal (95% ClI) 87 89 7.9% 1.00 [0.05, 1.95] ¢
Heterogeneity: Not applicable
Test for overall effect: Z=2.07 (p=0.04)
2.7.9 Tadalafil 20 mg 9 months treatment
Hellstrom et al (2008) [12] 572 2742 95 594 2742 96 0.1% -2.20[-9.98,5.58] —_— T
Subtotal (95% ClI) 95 96 0.1% -2.20[-9.98, 5.58] ~
Heterogeneity: Not applicable
Test for overall effect: Z=0.55 (p=0.58)
Total (95% CI) . 42197 487 100.0% 8.09 [7.83, 8.36] |
Heterogeneity: chi"=280.76, df=9 (p<0.001); I'=97% : :

Test for overall effect: Z=59.37 (p§0.001) .
Test for subgroup differences: chi"=280.71, df=7 (p<0.001); 1'=97.5%

-20 -10 0 10 20
Favours Favours
[experimental] [control]

Fig. 7. Clinical outcomes of sperm motility under World Health Organization 1999 criteria. SD: standard deviation, Cl: confidence interval, df: de-

gree of freedom.
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
2.8.1 Vardenafil 10 mg 3 months treatment
Dimitriadis et al (2010) [14]  40.6 9 23 237 81 22 0.9% 16.90[11.90, 21.90] —_—
Subtotal (95% ClI) 23 22 0.9% 16.90[11.90, 21.90] -2

Heterogeneity: Not applicable
Test for overall effect: Z=6.63 (p<0.001)

2.8.2 Sildenafil 50 mg 3 months treatment
Dimitriadis et al (2010) [14] 413 86 25 237 81 22 1.0% 17.60[12.82,22.38] —_—
Subtotal (95% CI) 25 22 1.0% 17.60[12.82, 22.38] -2
Heterogeneity: Not applicable

Test for overall effect: Z=7.22 (p<0.001)

2.8.3 Tadalafil 10 mg 6 months treatment
Hellstrom et al (2003) [11] 60.3 535 87 596 535 88 89% 0.70[-0.89, 2.29] T
Subtotal (95% CI) 87 88 89%  0.70[-0.89, 2.29] »>
Heterogeneity: Not applicable

Test for overall effect: Z=0.87 (p=0.39)

2.8.4 Tadalafil 20 mg 6 months treatment
Hellstrom et al (2003) [11] 613 178 87 609 178 89 80.8%  0.40[-0.13,0.93] [ |
Subtotal (95% CI) 87 89 80.8%  0.40[-0.13,0.93] )
Heterogeneity: Not applicable

Test for overall effect: Z=1.49 (p=0.14)

2.8.5 Tadalafil 20 mg 9 months treatment
Hellstrom et al (2008) [12] 58 573 95 584 573 96 85% -0.40[-2.03,1.23] -
Subtotal (95% CI) 95 96 8.5% -0.40[-2.03, 1.23] <
Heterogeneity: Not applicable

Test for overall effect: Z=0.48 (p=0.63)

Total (95% ClI) 2317 317 100.0% 0.67 [0.20, 1.15] 0
Heterogeneity: chi2:91.43, df=4 (p<0.001); I'=96% . . . .
Test for overall effect: Z=2.80 (p:(2).005) . —:IO _'5 0 '5 1'0
Test for subgroup differences: chi'=91.43, df=4 (p<0.001); I’=95.6% Favours Favours
[experimental] [control]

Fig. 8. Clinical outcomes of morphologically normal spermatozoa under World Health Organization 1999 criteria. SD: standard deviation, Cl: confi-
dence interval, df: degree of freedom.

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
2.4.1 Acute Sildenafil 100 mg treatment
Aversa et al (2000) [13] 52.4 3.1 20 504 3.5 20 0.7% 2.00 [-0.05, 4.05] —
Subtotal (95% CI) 20 20 0.7% 2.00 [-0.05, 4.05] |~
Heterogeneity: Not applicable
Test for overall effect: Z=1.91 (p=0.06)
2.4.2 Acute Vardenafil 10 mg treatment
Rago et al (2012) [6] 849 0.6 73 856 0.7 65 57.4% -0.70[-0.92, -0.48] -
Subtotal (95% ClI) 73 65 57.4% -0.70[-0.92, -0.48] ¢
Heterogeneity: Not applicable
Test for overall effect: Z=6.27 (p<0.001)
2.4.3 Vardenafil 10 mg 15 days treatment
Rago et al (2012) [6] 85 0.8 67 856 0.7 65 41.9% -0.60[-0.86, -0.34] -
Subtotal (95% ClI) 67 65 41.9% -0.60[-0.86, -0.34] ¢
Heterogeneity: Not applicable
Test for overall effect: Z=4.59 (p<0.001)
Total (95% ClI) 160 150 100.0% -0.64[-0.81, -0.47] ¢
Heterogeneity: chi’=6.76, df=2 (p=0.03); I’=70% , , , ,
Test for overall effect: Z=7.57 (p<0.001) -4 -2 0 2 4
Test for subgroup differences: chi’=6.76, df=2 (p=0.03); I’=70.4% Favours Favours
[experimental] [control]

Fig. 9. Clinical outcomes of sperm abnormalities under World Health Organization 1999 criteria. SD: standard deviation, Cl: confidence interval,
df: degree of freedom.
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Table 2. Sensitivity analysis of some outcomes with World Health Organization 1999 criteria

Study Mean difference Lower CI Upper CI p-value I
Sperm number
Aversa et al (2000) [13] 6.82 5.87 7.77 <0.001 100%
Rago et al (2012) [6] 3345 31.47 35.44 <0.001 97%
Rago et al (2012) [6] -1.03 -2.09 0.03 0.06 15%
Hellstrom et al (2003) [11] 6.82 5.88 7.76 0.0002 100%
Hellstrom et al (2003) [11] 6.94 5.99 7.89 <0.001 100%
Hellstrom et al (2008) [12] 6.8 5.85 7.74 <0.001 100%
Pooled estimate 6.8 5.85 7.74 <0.001 100%
Sperm concentration
Yang et al (2014) [10] 1.96 1.70 2.21 <0.001 100%
Yang et al (2014) [10] 1.96 1.70 2.21 <0.001 100%
Yang et al (2014) [10] 1.96 1.70 2.21 <0.001 100%
Yang et al (2014) [10] 1.96 1.70 2.21 <0.001 100%
Rago et al (2012) [6] 9.39 8.85 9.93 <0.001 88%
Rago et al (2012) [6] -0.17 -0.46 0.12 0.25 68%
Dimitriadis et al (2010) [14] 1.94 1.68 2.20 <0.001 99%
Dimitriadis et al (2010) [14] 1.94 1.68 2.19 <0.001 99%
Hellstrom et al (2003) [11] 1.96 1.71 2.22 <0.001 99%
Hellstrom et al (2003) [11] 1.96 1.70 2.21 <0.001 99%
Hellstrom et al (2008) [12] 1.98 1.72 2.24 <0.001 99%
Pooled estimate 1.96 1.70 2.21 <0.001 99%
Sperm motility
Yang et al (2014) [10] 8.1 7.83 8.37 <0.001 97%
Yang et al (2014) [10] 8.11 7.84 8.37 <0.001 97%
Yang et al (2014) [10] 8.1 7.83 8.37 <0.001 97%
Yang et al (2014) [10] 8.11 7.84 8.38 <0.001 97%
Rago et al (2012) [6 ] 7.55 7.16 793 <0.001 97%
Rago et al (2012) [6 7.57 7.23 7.92 <0.001 97%
Dimitriadis et al (20 0) [14] 8.08 7.81 8.35 <0.001 97%
Dimitriadis et al (2010) [14] 8.07 7.80 8.34 <0.001 97%
Hellstrom et al (2003) [11] 8.09 7.83 8.36 <0.001 97%
Hellstrom et al (2003) [11] 8.71 8.43 8.98 <0.001 83%
Hellstrom et al (2008) [12] 8.11 7.84 8.37 <0.001 97%
Pooled estimate 8.09 7.83 8.36 <0.001 97%
Morphologically normal spermatozoa (%)
Dimitriadis et al (2010) [14] 0.53 0.05 1.00 0.03 94%
Dimitriadis et al (2010) [14] 0.51 0.03 0.98 0.04 93%
Hellstrom et al (2003) [11] 0.67 0.18 1.17 0.008 97%
Hellstrom et al (2003) [11] 1.83 0.75 291 0.0009 97%
Hellstrom et al (2008) [12] 0.77 0.28 1.27 0.002 97%
Pooled estimate 0.67 0.20 1.15 0.005 96%
Sperm abnormalities (%)
Aversa et al (2000) [13] -0.66 -0.82 -0.49 <0.001 0%
Rago et al (2012) [6] -0.56 -0.81 -0.31 <0.001 84%
Rago et al (2012) [6] -0.67 -0.89 -0.45 <0.001 85%
Pooled estimate -0.64 -0.81 -0.47 <0.001 70%

Cl: confidence interval.
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Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

1.4.1 Tadalafil 5 mg Qd 3 months

La Vignera et al (2013) [7] 18 8 20 1 4 20 14.1% 7.00 [3.08, 10.92] —_—

La Vignera et al (2013) [7] 10 3 20 9 3 20 62.6% 1.00 [-0.86, 2.86] -

Subtotal (95% CI) 40 40 76.7% 2.10[0.42, 3.78] L 2

Heterogeneity: chi’=7.35, df=1 (p=0.007); I°’=86%

Test for overall effect: Z=2.45 (p=0.01)

1.4.2 Avanafil 25 mg Bid 3 months

Tsounapi et al (2018) [8] 20 10 43 4 2 42 23.3% 16.00[12.95, 19.05] —

Subtotal (95% CI) 43 42 23.3% 16.00[12.95, 19.05] <o

Heterogeneity: Not applicable

Test for overall effect: Z=10.28 (p<0.001)

Total (95% Cl) ) 283 82 100.0% 5.34 [3.87, 6.81] <

Heterogeneity: chi"=68.56, df=2 (p<0.001); I'=97% ' ' ' '

Test for overall effect: Z=7.11 (p<0.001) -20 -10 0 10 20

Test for subgroup differences: chi’=61.21, df=1 (p<0.001); °=98.4% Favours Favours
[experimental] [control]

Fig. 10. Clinical outcomes of the progressive motile sperm under World Health Organization 2010 criteria.

SD: standard deviation, Cl: confidence

interval, Qd: quaque die (every day), df: degree of freedom, Bid: bis in die (twice a day).

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
1.3.1 Tadalafil 5 mg Qd 3 months
La Vignera et al (2013) [7] 14 6 20 14 7 20 9.7%  0.00[-4.04, 4.04]
La Vignera et al (2013) [7] 9 3 20 9.5 6 20 18.3% -0.50[-3.44, 2.44] I
Subtotal (95% Cl) 40 40 28.0% -0.33[-2.70, 2.05] i
Heterogeneity: chi’=0.04, df=1 (p=0.84); ’=0%
Test for overall effect: Z=0.27 (p=0.79)
1.3.2 Avanafil 25 mg Bid 3 months
Tsounapi et al (2018) [8] 104 4 43 58 29 42 72.0% 4.60 [3.12, 6.08] ——
Subtotal (95% CI) 43 42 72.0% 4.60[3.12, 6.08] S
Heterogeneity: Not applicable
Test for overall effect: Z=6.08 (p<0.001)
Total (95% ClI) ) ) 83 82 100.0% 3.22[1.96, 4.48] -
Heterogeneity: chi'=11.92, df=2 (p=0.003); '=83% ' ' ' '
Test for overall effect: Z=5.02 (p<0.001) -4 -2 0 2 4
Test for subgroup differences: chi’=11.88, df=1 (p=0.0006); °=91.6% Favours Favours

[experimental]  [control]

Fig. 11. Clinical outcomes of sperm concentration under World Health Organization 2010 criteria. SD: standard deviation, Cl: confidence interval,
Qd: quaque die (every day), df: degree of freedom, Bid: bis in die (twice a day).

parenchyma increased by PDE51I may be the basis for
improved sperm quality [22]. Some researchers believe
that the positive effect of PDE5i1 on ejaculation concen-
tration may be due to its effect on the specific path-
ways of smooth muscle in seminal tract [6]. Different
PDES5is increase human testosterone by a direct action
on the testis, and significantly upregulate the secretion
of INSL3 by human Leydig cells [14], which might lead
to the epididymal sperm maturation process and subse-
quent improvement in spermatozoal potential to obtain
optimal sperm motility in oligoasthenospermic men.

790 www.wjmh.org

Sildenafil and Vardenafil could increase the level of se-
rum insulin-like 3-peptide, leading to the enhancement
of the secretory function of Leydig cells, which in turn
result in an improvement of secretion by Sertoli cells
[23]. In addition, vardenafil may directly act on sperm
mitochondria or calcium channels to increase intracel-
lular ¢cGMP, thereby having a positive effect on sperm
motility [6]. Studies have shown that the psychological
stress caused by infertility can affect spermatogenesis
[24], also the erectile function. PDE5is could improve
erectile function, and reduce this psychological stress,
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Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.5.1 Tadalafil 5 mg Qd 3 months
La Vignera et al (2013) [7] 12 6 20 9 5 20 134% 3.00[-0.42,6.42] —
La Vignera et al (2013) [7] 5 3 20 4 4 20 326% 1.00[-1.19, 3.19] —T
Subtotal (95% CI) 40 40 459%  1.58[-0.26, 3.43] g

Heterogeneity: chi’=0.93, df=1 (p=0.33); I’=0%
Test for overall effect: Z=1.68 (p=0.09)

1.5.2 Avanafil 25 mg Bid 3 months
Tsounapi et al (2018) [8] 9 4 43 8 4 42  54.1%  1.00[-0.70, 2.70] ——
Subtotal (95% CI) 43 42  541%  1.00[-0.70, 2.70] €@
Heterogeneity: Not applicable

Test for overall effect: Z=1.15 (p=0.25)

Total (95% ClI) ) ) 83 82 100.0% 1.27 [0.02, 2.52] <>
Heterogeneity: chi'=1.14, df=2 (p=0.57); I'=0% ' ' ' '
Test for overall effect: Z=1.99 (p=0.05) -4 -2 0 2 4
Test for subgroup differences: chi’=0.21, df=1 (p=0.65); *=0% Favours Favours

[experimental]  [control]

Fig. 12. Clinical outcomes of morphology normal forms under World Health Organization 2010 criteria. SD: standard deviation, Cl: confidence in-
terval, Qd: quaque die (every day), df: degree of freedom, Bid: bis in die (twice a day).

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

1.2.1 Tadalafil 5 mg Qd 3 months

La Vignera et al (2013) [7] 43.4 10.6 20 336 56 20 10.3% 9.80 [4.55, 15.05]
La Vignera et al (2013) [7] 108 1.9 20 114 36 20 89.7% -0.60[-2.38, 1.18]

Subtotal (95% CI)2 ;10 40 100.0%  0.48[-1.21,2.16] t
Heterogeneity: chi’=13.50, df=1 (p=0.0002); I'=93%
Test for overall effect: Z=0.55 (p=0.58)

Total (95% Cl) ) ;10 40 100.0%  0.48[-1.21,2.16] ?
Heterogeneity: chi"=13.50, df=1 (p=0.0002); I"'=93% } } t } }
Test for overall effect: Z=0.55 (p=0.58) -10 -5 0 5 10
Test for subgroup differences: Not applicable Favours Favours
[experimental]  [control]

Fig. 13. Clinical outcomes of sperm number under World Health Organization 2010 criteria. SD: standard deviation, Cl: confidence interval, Qd:
quaque die (every day), df: degree of freedom.

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

1.1.1 Tadalafil 5 mg Qd 3 months

La Vignera et al (2013) [7] 31 16 20 24 141 20 7.5%  0.70[-0.15, 1.55] -
La Vignera et al (2013) [7] 1.2 0.6 20 1.2 0.6 20 39.3% 0.00[-0.37,0.37] —
Subtotal (95% ClI) 40 40 46.8%  0.11[-0.23, 0.45] -
Heterogeneity: chi’=2.18, df=1 (p=0.14); ’=54%
Test for overall effect: Z=0.65 (p=0.52)

1.1.2 Avanafil 25 mg Bid 3 months

Tsounapi et al (2018) [8] 32 07 43 33 038 42  53.2% -0.10[-0.42,0.22] ——
Subtotal (95% Cl) 43 42  53.2% -0.10[-0.42,0.22] -2
Heterogeneity: Not applicable

Test for overall effect: Z=0.61 (p=0.54)

Total (95% Cl) , , 83 82 100.0% -0.00[-0.23,0.23] ?
Heterogeneity: chi'=2.97, df=2 (p=0.23); I'=33% } } t } }
Test for overall effect: Z=0.00 (p>0.99) -1 -05 0 05 1
Test for subgroup differences: chi’=0.79, df=1 (p=0.37); ’=0% Favours Favours

[experimental]  [control]

Fig. 14. Clinical outcomes of semen volume under World Health Organization 2010 criteria. SD: standard deviation, Cl: confidence interval, Qd:
quaque die (every day), df: degree of freedom, Bid: bis in die (twice a day).
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Table 3. Sensitivity analysis of some outcomes with World Health Organization 2010 criteria

Study Mean difference Lower CI Upper Cl p-value I’

Progressive motile sperm

La Vignera et al (2013) [7] 5.07 3.48 6.65 <0.001 99%

La Vignera et al (2013) [7] 12.61 10.20 15.01 <0.001 92%

Tsounapi et al (2018) [8] 2.1 0.42 3.78 0.01 81%

Pooled estimate 5.34 3.87 6.81 <0.001 97%
Sperm concentration

La Vignera et al (2013) [7] 3.57 2.24 4.89 <0.001 89%

La Vignera et al (2013) [7] 4.05 2.66 5.45 <0.001 77%

Tsounapi et al (2018) [8] -0.33 -2.70 2.05 0.79 0%

Pooled estimate 3.22 1.96 448 <0.001 83%

Cl: confidence interval.

which in turn has a positive impact on sperm param-
eters [25,26]. In a previous study, different PDE5is such
as sildenafil or vardenafil have been shown could en-
hance the prostatic secretory function [27,28]. Because
of the substances secreted by prostate gland play an
important role in the maintenance of sperm motility
[29]. Avanafil was found to increase the total percent-
age of motile sperm and the percentage of progressive
motile sperm, but did not influence the sperm DNA
integrity, which has been proved that this was related
to the enhancement in prostatic secretory function [8].
Studies have shown that tadalafil increases erectile
function, and increased sexual activity may lead to in-
creased testosterone levels. The effect of androgens on
sperm quality is obvious [22].

Hellstrom et al [11,12] only provided the sample size,
mean and p-value of the experimental group and the
control group. Therefore, we conducted the conversion
by professional conversion method [30], and assumed
that the standard deviation of the two groups was the
same, so we conducted the meta-analysis.

Aversa et al [13] and Jarvi et al [9] adopted the WHO
semen quality criteria in 1992. In view of the little
change in methodology, only the difference in refer-
ence data would not affect the conclusion of this meta-
analysis, therefore, the data of these two studies were
statistically analyzed together with the WHO criteria
of 1999.

This systematic review of multiple pooled data re-
sults showed increased heterogeneity. The reasons may
be as follows: the WHO semen quality standards used
and the indicators observed in each study were not the
same, the types of drug, dosages, and treatment courses
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used in the current nine studies were different, and
the types of patients included were also not uniform.
After many rounds of discussion, the research team
finally decided to group the data according to differ-
ent versions of WHO semen quality to get the results.
Then group according to semen parameters. According
to the different types of drugs, dosages, and treatment
courses, subgroup analysis was performed.

The existing systematic reviews searched and in-
cluded studies before April 2016 [4], with the types of
RCTSs, non-randomized, self-controlled trials, etc., besides
only three drugs included (Sildenafil, Vardenafil, and
Tadalafil), so the level of evidence-based medicine was
slightly lower. Our study differs in that it is the first
to publish on a homogenous population of men with all
kind of the PDES5is, including tadalafil, sildenafil, var-
denafil, and avanafil. And our meta-analysis includes
only RTCs and thus can be regarded as level 1a evi-
dence.

Our study has important strengths and limitations.
This is the first meta-analysis including only RCTs on
the treatment of sperm with PDE5is, demonstrating a
significant clinical and statistical improvement. Most
of the included studies had small samples, the largest
sample size 1s 264. All included studies are published in
public journals in full text. We were unable to obtain
valid data for meta-analysis from the original text of
one study [9], so we tried to contact the author for the
original data via email, but failed to get reply. There-
fore, we could not perform statistical analysis on the
data included in this study.

Factors related to male infertility, such as age, vari-
cocele, prostate disease, hypertension, diabetes, smok-
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Fig. 15. Funnel plots of this meta-analysis on sperm parameters. (A) Sperm number; World Health Organization (WHO) 1999 criteria. (B) Sperm
concentration; WHO 1999 criteria. (C) Sperm motility; WHO 1999 criteria. (D) Morphologically normal spermatozoa; WHO 1999 criteria. (E) Sperm
abnormalities; WHO 1999 criteria. (F) Progressive motile sperm; WHO 2010 criteria. (G) Sperm concentration; WHO 2010 criteria. (H) Sperm num-
ber; WHO 2010 criteria. SE: standard error, MD: mean difference, Qd: quaque die (every day), Bid: bis in die (twice a day).

ing, drinking, staying up late, sexual discordance, for male infertility patients.

reproductive system infections, chromosomal diseases, The main goal of male infertility treatment is to aid
genetic diseases, etc., were not elaborated in the original the fertilization of sperm and egg, reach the final preg-
studies. With the stratification of age and comorbidi- nancy and even give birth. Currently, there is no evi-
ties, more RCTs are needed in the future to analyze dence (laboratory/clinical research results or any other

the impact of these factors on the efficacy of PDE5is data) that improved some indicators of male sperm af-
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Fig. 15. Continued.

ter PDESI treatments, thereby improving fertilization,
Increasing pregnancy or fertility.

Although our findings indicate an improvement in
sperm quality in men treated with PDE5is, more RCTs
are needed before this treatment is accepted world-
wide. After reviewing the literature, we made these
recommendations for future research: future research
should be random, preferably blinded; the semen anal-
ysis method and quality standard recommended by
WHO should be used to analyze the semen of subjects
to ensure the stability and comparability of the data;
other treatment options should be tried to determine
the best effect; the control group should receive sham
treatment; other drugs should be completely stopped
with an appropriate washout period; all studies should
be registered in the trial registry; all studies should re-
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port all adverse events; add more valuable observation
indicators, such as fertilization rate, pregnancy rate,
live birth rate, and other assisted reproduction related
outcomes.

CONCLUSIONS

In this meta-analysis of RCTs evaluating the effects
of PDEb5is on sperm quality, some sperm indicators
improved in men treated with PDE5is compared to
men treated with sham treatment. However, before
this treatment is widely accepted, more stringent RCTs
must be conducted.
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