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Purpose: The purpose of this meta-analysis is to study the impact of varicocele repair in the largest cohort of infertile males
with clinical varicocele by including all available studies, with no language restrictions, comparing intra-person conventional
semen parameters before and after the repair of varicoceles.

Materials and Methods: The meta-analysis was performed according to PRISMA-P and MOOSE guidelines. A systematic
search was performed in Scopus, PubMed, Cochrane, and Embase databases. Eligible studies were selected according to the
PICOS model (Population: infertile male patients with clinical varicocele; Intervention: varicocele repair; Comparison: intra-
person before-after varicocele repair; Outcome: conventional semen parameters; Study type: randomized controlled trials
[RCTs], observational and case-control studies).

Results: Out of 1,632 screened abstracts, 351 articles (23 RCTs, 292 observational, and 36 case-control studies) were includ-
ed in the quantitative analysis. The before-and-after analysis showed significant improvements in all semen parameters after
varicocele repair (except sperm vitality); semen volume: standardized mean difference (SMD) 0.203, 95% Cl: 0.129-0.278;
p<0.001; 12=83.62%, Egger's p=0.3329; sperm concentration: SMD 1.590, 95% Cl: 1.474-1.706; p<0.001; 12=97.86%,
Egger’s p<0.0001; total sperm count: SMD 1.824, 95% Cl: 1.526-2.121; p<0.001; 12=97.88%, Egger’s p=0.0063; total
motile sperm count: SMD 1.643, 95% Cl: 1.318-1.968; p<0.001; 12=98.65%, Egger’s p=0.0003; progressive sperm motil-
ity: SMD 1.845, 95% Cl: 1.537%-2.153%; p<0.001; 12=98.97%, Egger’s p<0.0001; total sperm motility: SMD 1.613, 95%
Cl 1.467%-1.759%; p<0.001; 12=97.98%, Egger’s p<0.001; sperm morphology: SMD 1.066, 95% Cl 0.992%—1.211%;
p<0.001; 12=97.87%, Egger’s p=0.1864.

Conclusions: The current meta-analysis is the largest to date using paired analysis on varicocele patients. In the current meta-
analysis, almost all conventional semen parameters improved significantly following varicocele repair in infertile patients
with clinical varicocele.

Keywords: Controlled before-after studies; Infertility, male; Meta-analysis; Varicocele
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INTRODUCTION

Varicocele is a condition defined as abnormal dila-
tation and tortuosity of the pampiniform plexus of
veins in the scrotum and spermatic cord [1]. The condi-
tion is common with a variable reported prevalence,
depending on the method of varicocele identification,
the person’s age, and the fertility status. Among the
general male population, a clinical (palpable) varico-
cele is reported in 15% to 18% of male subjects, while a
varicocele is detectable in 35% of male subjects during
color duplex ultrasonography examination [2]. A higher
prevalence is reported among infertile male subjects,
with 35% of male with primary infertility and 81% of
male with secondary infertility having clinical varico-
celes [3]. Although left-side clinical varicoceles are more
common, in up to 50% of the cases the varicoceles are
bilateral, though the left-side varicoceles are almost al-
ways larger than the right-side varicoceles [1].

The association between male infertility and vari-
coceles has been widely studied over the past several
decades. In a large study conducted by World Health
Organization (WHO), which included 9,038 male from
34 centers over 12 months, 25% of the male with ab-
normal semen analysis had a varicocele [4]. However,
the precise etiology and pathogenesis of varicocele are
still elusive. Several mechanisms have been postulated
to explain the development of varicoceles in males [5].
However, the mechanisms by which varicocele affects
male fertility and, similarly, whether varicocelectomy
is beneficial or not, are not fully understood. Oxidative
stress, heat stress, local hormonal imbalances, testicu-
lar hypoperfusion, and stasis of blood with an accumu-
lation of toxins have all been suggested as potential
mechanisms through which varicocele may negatively
impact male reproductive health. Nevertheless, none of
these mechanisms can stand alone to precisely explain
the deleterious effects of varicoceles on testicular func-
tion [6].

Current guidelines from the European Association
of Urology (EAU) and the American Urologic As-
sociation and the American Society of Reproductive
Medicine (AUA/ASRM) recommend varicocele repair
for a man with a palpable varicocele, infertility, one
or more semen abnormalities, and a normally fertile
female partner [7,8]. EAU guidelines also state that
“varicocele repair may lead to sperm appearing in the
ejaculate in male with non-obstructive azoospermia.”

4  www.wjmh.org
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Despite the guidelines’ recommendations, the associa-
tion between male infertility and varicoceles is still
unclear. Although varicoceles are referred to as the
most surgically correctable cause of male infertility [9]
a recent Cochrane Systematic Review concluded that
it is uncertain whether varicocele repair compared to
no treatment in subfertile men led to an improvement
in live birth rates, as the quality of evidence was con-
sidered poor [10]. Further, many men who have a vari-
cocele have successfully fathered children naturally
without any treatment. There are also discrepancies
between the AUA and EAU male infertility guidelines
regarding which patients may benefit from varicocele
repair [7,8]. Systematic reviews and meta-analyses have
previously been performed evaluating the role of vari-
cocele repair in male infertility; however, these have
been limited by English language articles leading to
analysis of relatively small sample sizes [11,12]. A meta-
analysis on a very large sample size of infertile male
with varicoceles who underwent varicocele repair is
needed to clarify the association between varicocele
repair and improvement in semen parameters. The lat-
ter represent valuable outcomes to measure the effect
of varicocele repair on male infertility since semen pa-
rameters reflect men’s health and testicular function,
while pregnancy or live birth is multifactorial, depend-
ing on a multitude of factors, including female fertility
status.

Accordingly, the objective of this study is to assess
the impact of varicocele repair on conventional semen
parameters by comparing values before and after re-
pair in infertile male.

MATERIALS AND METHODS

1. Search strategy

The present meta-analysis was performed accord-
ing to the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA-P) for
RCTs [13,14], and the MOOSE guidelines for Meta-
analyses and Systematic Reviews of Observational
Studies [15]. The search strategy comprised a combina-
tion of the following Medical Subjects Headings (MeSH)
and search terms: varicoc*, management, embolization/
embolisation, microsurg*/micro-surg*, varicocelectomy,
repair, correction, treatment, ligation, surg*, operation,
radiolog*, sperm*, semen, seminal, ejaculate, asperm®*/
azoo*/azoosperm®, oligo*/oligosperm*/oligozoosperm¥,
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astheno*/asthenosperm®*/asthenozoosperm®*, terato*/
teratosperm*/teratozoosperm®*, and necro*/necrosperm®*/
necrozoosperm®, These exhaustive systematic searches
were performed in the Scopus, PubMed, Cochrane, and
Embase databases, between 1970 to the present. While
the search was limited to only original articles and
human studies, there were no language restrictions ap-
plied. After the elimination of duplicates, the abstracts
1dentified by the searches were screened for eligibility.
For each article, an assessment of eligibility was per-
formed by two independent reviewers in an unblinded
manner. The titles and abstracts of the studies were
first independently screened for inclusion. In cases of
uncertainty, each researcher screened the full text to
determine inclusion. Any disagreements between re-
viewers were resolved by discussion between the two
reviewers. However, if no consensus was reached, then
a third reviewer made the final decision.

Full papers of the eligible abstracts were downloaded,
including non-English papers which were translated
into English by native speakers of the language of the
article. The full papers were assessed for eligibility us-
ing the PICOS (Population, Intervention, Comparison/
Comparator, Outcome, Study type) model question
(Table 1) [16], and the selected papers were subjected
to data extraction. The selection of eligible studies and
data extraction was performed by a group of 37 re-
searchers. Prior to assessing the studies, these research-
ers underwent methodical training exercises to ensure
that a standardized approach was applied throughout
the study [17]. The protocol of this systematic review
and meta-analysis was registered with PROSPERO
(number CRD42022329848).

Rossella Cannarella, et al: Varicocele Repair and Conventional Semen Parameters I

2. Data extraction

The following data were collected: study design, char-
acteristics of varicocele and varicocele repair (method,
laterality), time from varicocele repair to first follow-up
evaluation, number of patients, various semen param-
eters (semen volume, sperm concentration, total sperm
count, total motile sperm count, progressive sperm mo-
tility, total sperm motility, sperm vitality, and sperm
morphology) before and after varicocele repair.

3. Quality assessment
The quality of evidence (QoE) of the studies was as-

sessed at the same time as data extraction, by a team
of thirty-seven researchers supervised by twelve team
leaders and co-team leaders.

All studies were assessed using the Cambridge Qual-
ity Checklists [18]. Further assessment of QoE was per-
formed for randomized controlled trials (RCTs) using
three other scales specific to this study design: the Co-
chrane Risk of Bias [19], the Jadad score [20], and the
CONSORT guidelines [21]. The last three scales were
used to allow for better stratification and evaluation
of the QoE of each study with a wider range of scores
resulting from the sum of the different scales.

The selection of eligible studies, data extraction, and
QoE assessment was performed by a group of 37 re-
searchers, as detailed elsewhere [17,22].

4. Statistical analysis

The statistical analysis was performed using Med-
Calc Statistical Software (version 20.027; MedCalc
Software Ltd). Standardized mean difference (SMD)
between pre- and post-varicocelectomy with standard
error and 95% confidence interval (95% CI) were used

Table 1. PICOS model (population, intervention, comparison/comparator, outcomes, study type)

Inclusion criteria

Exclusion criteria

Adolescents

Population Infertile male with clinical varicocele
Intervention  Varicocele repair
Comparison i) Conventional semen parameters analyzed before varicocele -
repair.
ii) Conventional semen parameters analyzed after varicocele repair.
Outcome Conventional semen parameters: semen volume, sperm
concentration, total sperm count, total motile sperm count,
progressive sperm motility, total sperm motility, sperm vitality,
and sperm morphology
Study type Randomized controlled studies, observational studies

Animal studies, In vitro studies, Reviews and
Meta-analyses, Case reports, Book chapters, Editorials

www.wjmh.org 5
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to evaluate the outcomes and calculated according to
both the fixed and random effects models based on the
level of in-between study heterogeneity [23]. Hetero-
geneity between the different studies was determined
using the Cochrane’s Q-test and I” statistic for inconsis-
tency [24] with an I’ value higher than 50% indicating
inconsistency among the studies analyzed. The random-
effect model was chosen if significant heterogeneity
was detected, while the fixed-effect model was chosen
if no significant heterogeneity was detected. Possible
publication bias was evaluated using Egger’s test [25].
Results are presented as Forest plots. For all tests em-
ployed a p-value<0.05 was considered significant.

RESULTS

One thousand six hundred and thirty-two abstracts
were extracted using the above-mentioned search strat-
egy. After removing 661 duplicates, 971 abstracts were
evaluated. Of these, 100 articles were identified by title
and abstract as reviews, case reports, book chapters,
or as papers on unrelated topics and were therefore
excluded. Of the remaining 871 articles, 164 full-texts

Records identified through
Scopus database searching
(n=1,045)

The World Journal of
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were not found, whereas 154 were excluded after read-
ing the full-text because they had no extractable data
(e.g., data reported as median and interquartile range),
and 200 were excluded because of different outcomes.
Finally, 351 studies assessing the impact of varico-
cele repair on conventional semen parameters using
a before-after approach were included in the present
analysis (Fig. 1).

Among the 351 included studies, 292 were observa-
tional and 36 were case-control studies. The remaining
23 studies were RCTs. The main characteristics of the
included studies are shown in Table 2 [26-367]. QoE as-
sessment 1s provided in Table 3 and 4 [26-366].

1. Semen volume

The result of the before-after analysis of semen vol-
ume is summarized in Table 5.

Eighty-two articles were included to analyze this out-
come, for a total of 12,566 infertile patients with clini-
cal varicocele before varicocele repair, and 10,825 pa-
tients after varicocele repair. The analysis of combined
results showed a significantly higher semen volume
in patients following varicocele repair compared to the

Records identified through PubMed,
Cochrane and Embase database
searching (n=587)

Total records identified
(n=1,632)

Identification
A

l

|

|

Records after duplicates
removed
(n=661)

Abstracts excluded, with reason (n=100):

Screening

Abstract screened
(n=971)

- Different topic (n=83)
- Review (n=5)
- Editorial, book chapter (n=3)

A4

|

A,

- Case-report (n=9)

Full-text articles
assessed for eligibility
(n=871)

Full-text articles excluded, with reason (n=520):
- Not extractable data (n=156)

- Different outcome (n=200)

- Not retrieved (n=164)

[ Included l[ Eligibility

Full-text articles
included in the
quantitative synthesis
(meta-analysis)
(n=351)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow-chart
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Table 2. Endpoint measures of the included studies

Outcome
First author Year  Study design
sV SC TC ' ™ PM TMSC SM

Haensch [26] 1976  Observational X X X
Rodriguez-Rigau [27] 1978  Observational X X X X
Johnsen [28] 1978  Observational X X
Nilsson [29] 1979  Observational X X X X X
Greenberg [30] 1979  Observational X X X X
Homonnai [31] 1980  Observational X X X
Gogol [32] 1980  Observational X X
Lukkarinen [33] 1984  Observational X X X X
Foresta [34] 1984  Observational X X
Tinga [35] 1984  Observational X X X
Shinoda [36] 1985  Observational X X X
Marmar [37] 1985  Observational X X X
Segenreich [38] 1986  Observational X
Vereecken [39] 1986  Observational X X X
Hadziselimovic [40] 1986  Observational X X X X
Burke [41] 1987  Observational X
Nagai [42] 1988  Observational X X
Okuyama [43] 1988  Observational X X
Gerris [44] 1988  Observational X X
Yarborough [45] 1989  Observational X X X
Parsch [46] 1990  Observational X X X X X X
Kuroiwa [47] 1991 Observational X X X
Dhabuwala [48] 1992  Observational X X X
Donovanjr [49] 1992  Observational X X X
Ito [50] 1993  Observational X X X
Steckel [51] 1993  Observational X X
Ross [52] 1993  Observational X X X
Hirokawa [53] 1993  Observational X X
Lerchl [54] 1993  Observational X X X X
Kondoh [55] 1993  Observational X X
Yamamoto [56] 1994  Observational X X X
Dewire [57] 1994  Observational X X
Knudson [58] 1994  Observational X X X
Nakada [59] 1994  Observational X X
Yamamoto [60] 1995  Observational X X X
Ferguson [61] 1995  Observational X X X X
Chiang [62] 1995  Observational X X
Segenreich [63] 1995  Observational X X
Watanabe [64] 1995  Observational X
Su [65] 1995  Observational X X
Parikh [66] 1996  Observational X X X
Jarow [67] 1996  Observational X
Punekar [68] 1996  Observational X X
Takahara [69] 1996  Observational X X
Atikeler [70] 1996  Observational X X
Vazquez-Levin [71] 1997  Observational X X X X X
Segenreich [72] 1997  Observational X X

www.wjmh.org 7
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Table 2. Continued 1

Outcome
First author Year  Study design
sV SC TC ' ™ PM TMSC SM

Seftel [73] 1997  Observational X X X
Hauser [74] 1997  Observational X X
Bablok [75] 1997  Observational X X
Nozawa [76] 1997  Observational X X X
Johnsen [77] 1997  Observational X X
Flati [78] 1997  Observational X X
Barbalias [79] 1998  Observational X X X
Abdulmaaboud [80] 1998  Observational X X
Asci [81] 1998  Observational X X X
Matthews [82] 1998  Observational X
Schatte [83] 1998  Observational X X X X X X
Madjar [84] 1998  Observational X X
Ismail [85] 1999  Observational X X X
Zini [86] 1999  Observational X X X
Kim [87] 1999  Observational X X
Scherr [88] 1999  Observational X X X X X
Uygur [89] 1999  Observational X X X
Chiang [90] 1999  Observational X X X
Reichart [91] 2000  Observational X X X X X
Grasso [92] 2000  Observational X X X
Pianalto [93] 2000  Observational X X X
Cayan [94] 2000  Observational X X
Papanikolaou [95] 2000  Observational X X X
Pierik [96] 1998  Observational X X X
Kamal [97] 2001  Observational X X X
Cayan [98] 2001  Observational X
Mostafa [99] 2001  Observational X
Jungwirth [100] 2001  Observational X X
Cavallaro [101] 2001  Observational X X X
Avila-Vergara [102] 2001  Observational X X X
Cayan [103] 2002  Observational X
Kibar [104] 2002  Observational X X X X
Onozawa [105] 2002  Observational X X X
Iwasaki [106] 2003  Observational X X X
Hsieh [107] 2003  Observational X X X
Younes [108] 2003  Observational X X
Fuse [109] 2003  Observational X X X
Nuhoglu [110] 2004  Observational X X X
Ishikawa [111] 2004  Observational X X
O'Brien [112] 2004  Observational X X
Polito [113] 2004  Observational X X
Flati [114] 2004  Observational X X X
Grober [115] 2004  Observational X X X X X
Grober [116] 2004  Observational X X
Gat [117] 2004  Observational X X X
Gat [118] 2004  Observational X X X
Gat [119] 2004  Observational X X X
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Table 2. Continued 2

Outcome
First author Year  Study design
sV SC TC ' ™ PM TMSC SM

Ortapamuk [120] 2005  Observational X X
Ketabchi [121] 2005  Observational X X X
Watanabe [122] 2005  Observational X X
Nasr-Esfahani [123] 2005  Observational X X X
Yesilli [124] 2005  Observational X X X
Mancini [125] 2005  Observational X X
Pasqualotto [126] 2005  Observational X X
Ishikawa [127] 2005  Observational X X
Zini [128] 2005  Observational X X X
Benoff [129] 2005  Observational X
Pasqualotto [130] 2005  Observational X X
Ku [131] 2005  Observational X X X
Pasqualotto [132] 2005  Observational X X
Mehrsai [133] 2005  Observational X X X
Orhan [134] 2005  Observational X X X
Libman [135] 2006  Observational X X X X
Ramasamy [136] 2006  Observational X
Hussein [137] 2006  Observational X X X
Zucchi [138] 2006  Observational X X
Hsieh [139] 2006  Observational X X
Baccetti [140] 2006  Observational X X X
Djaladat [141] 2006  Observational X X
Shin [142] 2006  Observational X X
Ashrafi [143] 2007  Observational X X X X
Okeke [144] 2007  Observational X X X X X
Qadan [145] 2007  Observational X
Zini [146] 2008  Observational X X X X X
Ozden [147] 2008  Observational X X X
Flacke [148] 2008  Observational X X X
Al-Said [149] 2008  Observational X X
Atalay [150] 2008  Observational X X X X
Cakan [151] 2008  Observational X X X X
Balci [152] 2008  Observational X X X X
Gandini [153] 2008  Observational X X X
Chen [154] 2008  Observational X X
Agnifili [155] 2008  Observational X X
Judrez-Albarran [156] 2008  Observational X
Kadhim [157] 2009  Observational X X
Elbendary [158] 2009  Observational X X X X X
Shamsa [159] 2009  Observational X X X
Hafez [160] 2009  Observational X X X
Salem [161] 2009  Observational X X
Jasemi [162] 2009  Observational X X
Zheng [163] 2009  Observational X X X
Nasr-Esfahani [164] 2009  Observational X X X X
Zorba [165] 2009  Observational X
Kondo [166] 2009  Observational X X

www.wjmh.org 9
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Table 2. Continued 3

Outcome
First author Year  Study design
sV SC TC ' ™ PM TMSC SM

Acar [167] 2009  Observational X X X X
Fall [168] 2010  Observational X X
Al-AdI [169] 2010  Observational X X X X
Abdelwahab [170] 2010  Observational X X X
Li[171] 2010  Observational X X X X
Dadfar [172] 2010  Observational X X X
Al-Ghazo [173] 2011 Observational X
Azadi[174] 2011 Observational X X X
Abd Ellatif [175] 2011 Observational X X X
Giagulli [176] 2011  Observational X X X
Cho [177] 2011 Observational X X X X X
Chen [178] 2011 Observational X X X X
Zini[179] 2011 Observational X X
Hsiao [180] 2011 Observational X X X X X
Ghazi[181] 2011 Observational X X X X X
Tarhan [182] 2011 Observational X X X X
Ozturk [183] 2012  Observational X X X
Mohamid [184] 2012  Observational X X X
Shiraishi [185] 2012  Observational X X X
Li[186] 2012  Observational X X
Tavalaee [187] 2012  Observational X X X
Piringgi [188] 2012 Observational X X
Gabriel [189] 2012  Observational X X
Mehraban [190] 2012 Observational X
El-Haggar [191] 2012 Observational X
La Vignera [192] 2012 Observational X X X X X X
Ozturk [183] 2012  Observational X X
Navaeian-Kalat [193] 2012 Observational X
Armagan [194] 2012 Observational X X
Kim [195] 2012  Observational X X X
Keyhan [196] 2012  Observational X X
Abdelrahman [197] 2012  Observational X
Al Bakri [198] 2012 Observational X X X X X
Lee [199] 2011 Observational X X
Sun [200] 2012  Observational X X
Ollandini [201] 2013 Observational X X
Leung [202] 2013 Observational X X
Bonyadi [203] 2013 Observational X X
Smit [204] 2013 Observational X X X X
Camargo [205] 2013 Observational X X X X
Zhang [206] 2014  Observational X X X X
Kang [207] 2013 Observational X X X
Bozhedomov [208] 2014  Observational X X X
Camargo [209] 2014  Observational X X X X
Prasivoravong [210] 2014  Observational X X X X
Komiya [211] 2014  Observational X X X
Wang [212] 2014  Observational X X X

10 www.wjmh.org
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Table 2. Continued 4

Outcome
First author Year  Study design
SC TC ' ™ PM TMSC SM

Enatsu [213] 2014  Observational X X
Samplaski [214] 2014  Observational X X X X
Hosseinifar [215] 2014  Observational X X X X
Kadioglu [216] 2014  Observational X X X
Lehtihet [217] 2014  Observational X X X X
Al-AdI [218] 2014  Observational X X X X
Li[219] 2014  Observational X
Chen [220] 2014  Observational X X X
Lee [221] 2014  Observational X X
Choe [222] 2015  Observational X X X X
Guo [223] 2015  Observational X X X X
Kiziler [224] 2015  Observational X X
Zhang [225] 2015  Observational X
Youssef [226] 2015  Observational X X
Cantoro [227] 2015  Observational X X
Ener [228] 2015  Observational X X X
Telli [229] 2015  Observational X X X X
Tavalaee [230] 2015  Observational X X
Shabana [231] 2015  Observational X X
Abdelaziz [232] 2015  Observational X X X X
Mohammed [233] 2015  Observational X X X
McGarry [234] 2015  Observational X X
Hou [235] 2015  Observational X
Fukuda [236] 2015  Observational X X X X X
Naderi [237] 2015  Observational X X X
Hu [238] 2015  Observational X X X X
Amer [239] 2015  Observational X X X
Lee [240] 2015  Observational X X X
Cantoro [241] 2015  Observational X X X
Pajovic [242] 2015  Observational X X
Ni [243] 2015  Observational X X X
Wang [244] 2015  Observational X X
Binhazzaa [245] 2016  Observational X X X X X
Arab [246] 2016  Observational X X X
Kucuk [247] 2016  Observational X X X
Lv [248] 2016  Observational X X
Ener [249] 2016  Observational X
Karami [250] 2016  Observational X X
Park [251] 2016  Observational X X X
Guo [252] 2016  Observational X X
Barekat [253] 2016  Observational X X X
Sofimajidpour [254] 2016  Observational X X X X
Ariagno [255] 2016  Observational X X X X
Mohamed [256] 2017  Observational X X X X
Samplaski [257] 2017  Observational X
Pijoan [258] 2017  Observational X X X
Mostafa [259] 2017  Observational X X X

www.wjmhorg 11
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Table 2. Continued 5

Outcome
First author Year  Study design

sV SC TC ' ™ PM TMSC SM
Alkandari [260] 2017  Observational X
Morshed [261] 2017  Observational X X
Qu[262] 2017  Observational X X X X X
Akand [263] 2017  Observational X X
Feng [264] 2017  Observational X X X
Gao [265] 2017  Observational X X X X
Gao [266] 2017  Observational X X X X
Afsin [267] 2018  Observational X X X X
Ketabchi [268] 2018  Observational X X X
Vahidi [269] 2018  Observational X X X
Lu [270] 2018  Observational X X
Cayan [271] 2018  Observational X
Gupta [272] 2018  Observational X X
Allameh [273] 2018  Observational X X X
Shafi [274] 2018  Observational X X X
Hosseini [275] 2018  Observational X X X
Sun [276] 2018  Observational X X X X
Dubin [277] 2018  Observational X X X
Liu [278] 2018  Observational X X X
Alenzi [279] 2019  Observational X X
Kizilay [280] 2019  Observational X X X X X X X
Abdulmageed [281] 2019  Observational X
Bolat [282] 2019  Observational X X X
Camargo [283] 2019  Observational X X X X X X
Masterson [284] 2019  Observational X
Ates [285] 2019  Observational X X X X X
Belardin [286] 2019  Observational X X X X
Palmisano [287] 2019  Observational X X X
Abbasi [288] 2020  Observational X X X X
llktac [289] 2020  Observational X X
Teng [290] 2020  Observational X X X
Nasser [291] 2020  Observational X X
Abd El Rahman [292] 2020  Observational X X X
Ghaed [293] 2020  Observational X X X X
Habib [294] 2020  Observational X X
Ozkaptan [295] 2020  Observational X X X
Kamal [296] 2020  Observational X X X X
Jin [297] 2020  Observational X X
Senturk [298] 2020  Observational X X
Oztekin [299] 2020  Observational X X X X X
Ghanem [300] 2020  Observational X X X
Omar [301] 2020  Observational X X X X
Gok [302] 2020  Observational X X X X
Mostafa [303] 2020  Observational X X X
Alkhamees [304] 2020  Observational X X X
Khan [305] 2020  Observational X
Ok [306] 2020  Observational X X X X X
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Table 2. Continued 6

Outcome
First author Year  Study design
sV SC TC ' ™ PM TMSC SM

Phan [307] 2021  Observational X X
Erdogan [308] 2021  Observational X X
Ferndndez-Concha Schwalb [309] 2021 Observational X X
Kavoussi [310] 2021  Observational X X X X X
Fuschi [311] 2021 Observational X X X
Pazir [312] 2021  Observational X
Shomarufov [313] 2021 Observational X
Morini [314] 2021  Observational X X X X X X
Majzoub [367] 2021 Observational X X X X X X
Hudson [315] 1985  Case-control X X
Hudson [316] 1986  Case-control X X
Giordanengo [317] 1993  Case-control X X X
Yamamoto [318] 1996  Case-control X X X X
Fuse [319] 1996  Case-control X X
Mandressi [320] 1996  Case-control X X X
Kosar [321] 2000  Case-control X X X
Zarrilli [322] 2000  Case-control X X X
Fujisawa [323] 2003  Case-control X X
Salama [324] 2003  Case-control X
Di Bisceglie [325] 2003  Case-control X X X
Gazzera [326] 2006  Case-control X X X
Zini [327] 2006  Case-control X
Di Bisceglie [328] 2007  Case-control X X X
Baazeem [11] 2009  Case-control X X X X
Ichioka [329] 2009  Case-control X X
Nasr Esfahani [330] 2010  Case-control X
Seo [331] 2010  Case-control X X X X X
Esteves [332] 2010  Case-control X X X X X
Sathya Srini [333] 2011 Case-control X
Ghanem [334] 2011 Case-control X X X
Sadek [335] 2011 Case-control X X X
Awadallah [336] 2011 Case-control X X
Mohamed [337] 2011 Case-control X X X
Gokce [338] 2013  Case-control X X X X X
Alhathal [339] 2016  Case-control X X
Ni [340] 2016  Case-control X X X X
Chen [341] 2016  Case-control X X X X
Abdelbaki [342] 2017  Case-control X X X X X X
Bou Nasr [343] 2017  Case-control X X X X X X X
Gomaa [344] 2018  Case-control X X X X X X
Turgut [345] 2020  Case-control X X X
El-Ariny [346] 2020  Case-control X X
Fathi [347] 2021 Case-control X X X
El Taieb [348] 2020  Case-control X X X X
Yavetz [349] 1992 RCT X X X X
Sayfan [350] 1992  RCT X X
Breznik [351] 1993  RCT X X
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Table 2. Continued 7

Outcome
First author Year  Study design
SV SC TC v ™ PM TMSC SM

Nieschlag [352] 1995  RCT X
Unal [353] 2001 RCT X X X
Abdel-Maguid [354] 2010  RCT X X
Abdel-Meguid [355] 2011 RCT X X X
Mansour Ghanaie [356] 2012 RCT X X X X
Azizollahi [357] 2013 RCT X X X X
Akin [358] 2014  RCT X X
Asr Badr [359] 2017  RCT X X X X
Bryniarski [360] 2017 RCT X X X X X X X
Guo [361] 2017  RCT X X X
Abdelsalam [362] 2017  RCT X
Vlyas [363] 2017  RCT X X X
Ketabchi [268] 2018  RCT X
Babak [364] 2018  RCT X X X
Zaazaa [365] 2018  RCT X X X
Almekaty [366] 2019  RCT X X

RCT: randomized controlled trial, PM: progressive sperm motility, SC: sperm concentration, SM: sperm morphology, SV: semen volume, TC: total
sperm count, TM: total sperm motility, TMSC: total motile sperm count, V: sperm vitality.

Table 3. Quality of evidence assessment® for observational and case-control studies

Cambridge Quality Checklist

First Author Year Typeofstudy  Checklistfor  Checklistfor  Checklist for I:;?Lc(';f:'g
correlates risk factors causal risk factor
Haensch [26] 1976  Observational 0 3 3 6
Rodriguez-Rigau [27] 1978  Observational 1 3 4 8
Johnsen [28] 1978  Observational 1 3 3 7
Nilsson [29] 1979  Observational 1 3 4 8
Greenberg [30] 1979  Observational 1 3 3 7
Homonnai [31] 1980  Observational 1 3 3 7
Gogol [32] 1980  Observational 1 3 3 7
Lukkarinen [33] 1984  Observational 2 3 4 9
Foresta [34] 1984  Observational 1 2 2 5
Tinga [35] 1984  Observational 1 2 1 4
Shinoda [36] 1985  Observational 1 3 3 7
Marmar [37] 1985  Observational 1 3 3 7
Segenreich [38] 1986  Observational 1 3 3 7
Vereecken [39] 1986  Observational 2 2 3 7
Hadziselimovic [40] 1986  Observational 3 3 3 9
Burke [41] 1987  Observational 1 3 3 7
Nagai [42] 1988  Observational 1 2 3 6
Okuyama [43] 1988  Observational 1 3 6 10
Gerris [44] 1988  Observational 1 3 3 7
Yarborough [45] 1989  Observational 0 2 3 5
Parsch [46] 1990  Observational 1 2 4 7
Kuroiwa [47] 1991  Observational 1 3 3 7
Dhabuwala [48] 1992  Observational 2 2 4 8
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Table 3. Continued 1

Cambridge Quality Checklist

First Author Year Typeofstudy  Checklist for Checklist for Checklist for I:::L?;f:l?)’
correlates risk factors causal risk factor
Donovanijr [49] 1992  Observational 0 3 3 6
Ito [50] 1993  Observational 1 2 4 7
Steckel [51] 1993  Observational 1 3 4 8
Ross [52] 1993  Observational 4 2 3 9
Hirokawa [53] 1993  Observational 1 2 4 7
Lerchl [54] 1993  Observational 0 3 4 7
Kondoh [55] 1993  Observational 1 3 4 8
Yamamoto [56] 1994  Observational 3 3 3 9
Dewire [57] 1994  Observational 3 2 4 9
Knudson [58] 1994  Observational 0 3 4 7
Nakada [59] 1994  Observational 1 2 3 6
Yamamoto [60] 1995  Observational 1 2 4 7
Ferguson [61] 1995  Observational 1 2 3 6
Chiang [62] 1995  Observational 1 2 4 7
Segenreich [63] 1995  Observational 2 3 3 8
Marmar [37] 1995  Observational 0 2 4 6
Watanabe [64] 1995  Observational 1 3 3 7
Su [65] 1995  Observational 3 2 1 6
Parikh [66] 1996  Observational 1 2 6 9
Jarow [67] 1996  Observational 1 3 3 7
Punekar [68] 1996  Observational 2 3 4 9
Takahara [69] 1996  Observational 1 3 4 8
Atikeler [70] 1996  Observational 1 3 4 8
Vazquez-Levin [71] 1997  Observational 4 2 3 9
Segenreich [72] 1997  Observational 1 2 3 6
Seftel [73] 1997  Observational 2 2 4 8
Hauser [74] 1997  Observational 2 3 3 8
Bablok [75] 1997  Observational 1 2 3 6
Nozawa [76] 1997  Observational 1 2 4 7
Johnsen [77] 1997  Observational 2 3 3 8
Flati [78] 1997  Observational 2 3 3 8
Barbalias [79] 1998  Observational 2 3 3 8
Abdulmaaboud [80] 1998  Observational 1 2 3 6
Asci [81] 1998  Observational 1 2 3 6
Matthews [82] 1998  Observational 2 3 6 11
Schatte [83] 1998  Observational 2 3 3 8
Madjar [84] 1998  Observational 1 2 3 6
Ismail [85] 1999  Observational 2 2 3 7
Zini [86] 1999  Observational 1 3 3 7
Kim [87] 1999  Observational 1 3 3 7
Scherr [88] 1999  Observational 1 3 4 8
Uygur [89] 1999  Observational 1 3 3 7
Chiang [90] 1999  Observational 0 3 4 7
Reichart [91] 2000  Observational 2 3 4 9
Grasso [92] 2000  Observational 2 3 4 9
Pianalto [93] 2000  Observational 2 2 3 7
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Table 3. Continued 2

Cambridge Quality Checklist

First Author Year Typeofstudy  Checklist for Checklist for Checklist for I:::L?;f:l?)’
correlates risk factors causal risk factor
Cayan [94] 2000  Observational 3 3 4 10
Papanikolaou [95] 2000  Observational 1 2 3 6
Pierik [96] 1998  Observational 3 3 3 9
Kamal [97] 2001  Observational 2 2 3 7
Cayan [98] 2001  Observational 0 2 3 5
Mostafa [99] 2001  Observational 2 2 3 7
Jungwirth [100] 2001  Observational 2 3 3 8
Cavallaro [101] 2001  Observational 3 3 4 10
Avila-Vergara [102] 2001  Observational 1 2 3 6
Cayan [103] 2002  Observational 2 2 1 5
Kibar [104] 2002  Observational 3 2 3 8
Onozawa [105] 2002  Observational 3 2 4 9
Iwasaki [106] 2003  Observational 1 3 3 7
Hsieh [107] 2003  Observational 2 3 3 8
Younes [108] 2003  Observational 1 3 3 7
Fuse [109] 2003  Observational 3 2 4 9
Nuhoglu [110] 2004  Observational 2 3 3 8
Ishikawa [111] 2004  Observational 1 2 3 6
O'Brien [112] 2004  Observational 1 2 3 6
Polito [113] 2004  Observational 3 3 3 9
Flati [114] 2004  Observational 2 3 3 8
Grober [115] 2004  Observational 2 3 3 8
Grober [116] 2004  Observational 2 2 3 7
Gat [117] 2004  Observational 2 3 3 8
Gat [118] 2004  Observational 2 3 3 8
Gat [119] 2004  Observational 3 3 3 9
Ortapamuk [120] 2005  Observational 1 3 4 8
Ketabchi [121] 2005  Observational 2 3 3 8
Watanabe [122] 2005  Observational 1 3 3 7
Nasr-Esfahani [123] 2005  Observational 2 3 4 9
Yesilli [124] 2005  Observational 1 3 4 8
Mancini [125] 2005  Observational 1 3 4 8
Pasqualotto [126] 2005  Observational 1 3 3 7
Ishikawa [127] 2005  Observational 2 2 3 7
Zini [128] 2005  Observational 4 2 3 9
Benoff [129] 2005  Observational 3 3 4 10
Pasqualotto [130] 2005  Observational 1 3 3 7
Ku [131] 2005  Observational 1 2 3 6
Pasqualotto [132] 2005  Observational 1 3 3 7
Mehrsai [133] 2005  Observational 1 3 3 7
Orhan [134] 2005  Observational 1 3 3 7
Libman [135] 2006  Observational 1 2 3 6
Ramasamy [136] 2006  Observational 2 3 4 9
Hussein [137] 2006  Observational 2 3 4 9
Zucchi [138] 2006  Observational 2 2 4 8
Hsieh [139] 2006  Observational 1 3 3 7
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Table 3. Continued 3

Cambridge Quality Checklist

First Author Year Typeofstudy  Checklist for Checklist for Checklist for I:::L?;f:l?)’
correlates risk factors causal risk factor
Baccetti [140] 2006  Observational 1 3 4 8
Djaladat [141] 2006  Observational 1 3 3 7
Shin [142] 2006  Observational 0 2 3 5
Ashrafi [143] 2007  Observational 2 3 4 9
Okeke [144] 2007  Observational 1 2 3 6
Qadan [145] 2007  Observational 2 3 3 8
Zini [146] 2008  Observational 4 3 4 1
Ozden [147] 2008  Observational 3 2 4 9
Flacke [148] 2008  Observational 1 3 4 8
Al-Said [149] 2008  Observational 4 3 6 13
Atalay [150] 2008  Observational 1 3 4 8
Cakan [151] 2008  Observational 3 2 6 1
Balci [152] 2008  Observational 1 2 3 6
Gandini [153] 2008  Observational 2 2 3 7
Chen [154] 2008  Observational 2 3 3 8
Agnifili [155] 2008  Observational 2 3 3 8
Judrez-Albarran [156] 2008  Observational 1 3 3 7
Kadhim [157] 2009  Observational 2 3 4 9
Elbendary [158] 2009  Observational 3 3 4 10
Shamsa [159] 2009  Observational 2 2 4 8
Hafez [160] 2009  Observational 2 2 4 8
Salem [161] 2009  Observational 2 2 4 8
Jasemi [162] 2009  Observational 3 2 3 8
Zheng [163] 2009  Observational 3 3 4 10
Nasr-Esfahani [164] 2009  Observational 3 3 3 9
Zorba [165] 2009  Observational 3 2 3 8
Kondo [166] 2009  Observational 2 3 3 8
Acar [167] 2009  Observational 2 3 3 8
Fall [168] 2010  Observational 2 3 3 8
Al-AdI [169] 2010  Observational 1 2 3 6
Abdelwahab [170] 2010  Observational 3 3 4 10
Li[171] 2010  Observational 1 3 3 7
Dadfar [172] 2010  Observational 3 3 3 9
Al-Ghazo [173] 2011  Observational 1 2 3 6
Azadi[174] 2011  Observational 1 3 6 10
Abd Ellatif [175] 2011  Observational 3 3 6 12
Giagulli [176] 2011 Observational 3 3 6 12
Cho [177] 2011 Observational 2 2 3 7
Chen [178] 2011  Observational 3 3 3 9
Zini [179] 2011 Observational 3 3 3 9
Hsiao [180] 2011 Observational 4 2 3 9
Ghazi[181] 2011 Observational 2 3 3 8
Tarhan [182] 2011 Observational 3 3 3 9
Ozturk [183] 2012  Observational 3 2 2 7
Mohamid [184] 2012  Observational 2 3 3 8
Shiraishi [185] 2012  Observational 2 2 3 7
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Table 3. Continued 4

Cambridge Quality Checklist

First Author Year Typeofstudy  Checklist for Checklist for Checklist for I:::L?;f:l?)’
correlates risk factors causal risk factor
Li [186] 2012 Observational 2 2 3 7
Tavalaee [187] 2012  Observational 2 2 3 7
Piringgi [188] 2012 Observational 2 2 3 7
Gabriel [189] 2012  Observational 3 3 3 9
Mehraban [190] 2012  Observational 2 3 3 8
El-Haggar [191] 2012  Observational 2 3 3 8
La Vignera [192] 2012 Observational 3 3 3 9
Ozturk [183] 2012  Observational 3 3 3 9
Navaeian-Kalat [193] 2012  Observational 2 3 3 8
Armagan [194] 2012 Observational 2 2 3 7
Kim [195] 2012  Observational 0 3 3 6
Keyhan [196] 2012 Observational 2 3 3 8
Abdelrahman [197] 2012  Observational 1 3 3 7
Al Bakri [198] 2012  Observational 1 2 3 6
Lee [199] 2011 Observational 2 3 3 8
Sun [200] 2012  Observational 2 3 3 8
Ollandini [201] 2013  Observational 2 3 3 8
Leung [202] 2013  Observational 1 2 3 6
Bonyadi [203] 2013  Observational 1 3 3 7
Smit [204] 2013  Observational 3 3 3 9
Camargo [205] 2013 Observational 2 3 3 8
Zhang [206] 2014  Observational 2 3 3 8
Kang [207] 2013  Observational 3 3 3 9
Bozhedomov [208] 2014  Observational 3 3 3 9
Camargo [209] 2014  Observational 2 3 3 8
Prasivoravong [210] 2014  Observational 3 3 3 9
Komiya [211] 2014  Observational 3 2 3 8
Wang [212] 2014  Observational 4 3 3 10
Enatsu [213] 2014  Observational 2 2 3 7
Samplaski [214] 2014  Observational 2 2 3 7
Hosseinifar [215] 2014  Observational 2 3 3 8
Kadioglu [216] 2014  Observational 3 2 3 8
Lehtihet [217] 2014  Observational 2 3 3 8
Al-AdI [218] 2014  Observational 3 3 3 9
Li[219] 2014  Observational 1 3 3 7
Chen [220] 2014  Observational 2 2 3 7
Lee [221] 2014  Observational 1 3 3 7
Choe [222] 2015  Observational 3 2 3 8
Guo [223] 2015  Observational 3 3 3 9
Kiziler [224] 2015  Observational 3 3 3 9
Zhang [225] 2015  Observational 3 3 3 9
Youssef [226] 2015  Observational 2 3 3 8
Cantoro [227] 2015  Observational 3 3 3 9
Ener [228] 2015  Observational 2 3 3 8
Telli [229] 2015  Observational 3 3 3 9
Tavalaee [230] 2015  Observational 2 3 3 8
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Table 3. Continued 5

Cambridge Quality Checklist

First Author Year Typeofstudy  Checklist for Checklist for Checklist for I:::L?;f:l?)’
correlates risk factors causal risk factor
Shabana [231] 2015  Observational 3 3 3 9
Abdelaziz [232] 2015  Observational 2 3 3 8
Mohammed [233] 2015  Observational 3 3 3 9
McGarry [234] 2015  Observational 3 2 4 9
Hou [235] 2015  Observational 2 3 3 8
Fukuda [236] 2015  Observational 2 3 3 8
Naderi [237] 2015  Observational 2 2 3 7
Hu [238] 2015  Observational 2 3 3 8
Amer [239] 2015  Observational 2 3 3 8
Lee [240] 2015  Observational 2 2 3 7
Cantoro [241] 2015  Observational 3 3 6 12
Pajovic [242] 2015  Observational 2 3 3 8
Ni [243] 2015  Observational 3 3 4 10
Wang [244] 2015  Observational 2 3 3 8
Binhazzaa [245] 2016  Observational 3 3 3 9
Arab [246] 2016  Observational 2 2 3 7
Kucuk [247] 2016  Observational 3 3 3 9
Lv [248] 2016  Observational 2 3 3 8
Ener [249] 2016  Observational 2 3 3 8
Karami [250] 2016  Observational 2 3 3 8
Park [251] 2016  Observational 2 3 3 8
Guo [252] 2016  Observational 3 3 3 9
Barekat [253] 2016  Observational 3 3 3 9
Sofimajidpour [254] 2016  Observational 2 3 3 8
Ariagno [255] 2016  Observational 3 3 3 9
Mohamed [256] 2017  Observational 1 3 3 7
Samplaski [257] 2017  Observational 2 2 3 7
Pijoan [258] 2017  Observational 1 3 4 8
Mostafa [259] 2017  Observational 1 3 3 7
Alkandari [260] 2017  Observational 1 3 3 7
Morshed [261] 2017  Observational 2 2 3 7
Qu[262] 2017  Observational 3 3 3 9
Akand [263] 2017  Observational 3 3 3 9
Feng [264] 2017  Observational 4 2 6 12
Gao [265] 2017  Observational 4 2 6 12
Gao [266] 2017  Observational 1 2 4 7
Afsin [267] 2018  Observational 3 3 3 9
Ketabchi [268] 2018  Observational 3 3 3 9
Vahidi [269] 2018  Observational 2 3 3 8
Lu [270] 2018  Observational 2 3 3 8
Cayan [271] 2018  Observational 2 3 3 8
Gupta [272] 2018  Observational 2 2 3 7
Allameh [273] 2018  Observational 3 3 3 9
Shafi [274] 2018  Observational 1 2 3 6
Hosseini [275] 2018  Observational 1 2 3 6
Sun [276] 2018  Observational 2 3 3 8
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Table 3. Continued 6

Cambridge Quality Checklist

First Author Year Typeofstudy  Checklist for Checklist for Checklist for I:::L?;f:l?)’
correlates risk factors causal risk factor
Dubin [277] 2018  Observational 1 2 3 6
Liu [278] 2018  Observational 1 2 3 6
Alenzi [279] 2019  Observational 3 2 3 8
Kizilay [280] 2019  Observational 2 3 3 8
Abdulmageed [281] 2019  Observational 2 3 3 8
Bolat [282] 2019  Observational 2 2 3 7
Camargo [283] 2019  Observational 1 3 3 7
Masterson [284] 2019  Observational 1 3 3 7
Ates [285] 2019  Observational 1 2 3 6
Belardin [286] 2019  Observational 1 3 3 7
Palmisano [287] 2019  Observational 1 3 3 7
Abbasi [288] 2020  Observational 1 2 3 6
llktac [289] 2020  Observational 1 2 3 6
Teng [290] 2020  Observational 2 2 3 7
Nasser [291] 2020  Observational 1 3 3 7
Abd El Rahman [292] 2020  Observational 1 3 3 7
Ghaed [293] 2020  Observational 1 3 3 7
Habib [294] 2020  Observational 1 3 3 7
Ozkaptan [295] 2020  Observational 1 2 3 6
Kamal [296] 2020  Observational 2 3 6 1
Jin [297] 2020  Observational 1 3 3 7
Senturk [298] 2020  Observational 1 2 3 6
Oztekin [299] 2020 Observational 1 2 3 6
Ghanem [300] 2020  Observational 1 3 3 7
Omar [301] 2020  Observational 1 3 3 7
Gok [302] 2020  Observational 2 3 3 8
Mostafa [303] 2020  Observational 2 3 3 8
Alkhamees [304] 2020  Observational 3 2 3 8
Khan [305] 2020  Observational 1 3 3 7
Ok [306] 2020  Observational 3 2 3 8
Phan [307] 2021  Observational 0 3 3 6
Erdogan [308] 2021  Observational 2 2 3 7
Ferndndez-Concha Schwalb [309] 2021  Observational 1 2 4 7
Kavoussi [310] 2021  Observational 1 2 4 7
Fuschi [311] 2021  Observational 3 3 3 9
Pazir [312] 2021  Observational 1 2 3 6
Shomarufov [313] 2021  Observational 1 2 3 6
Morini [314] 2021  Observational 2 2 3 7
Majzoub [367] 2021  Observational 2 2 3 7
Hudson [315] 1985  Case-control 0 3 4 7
Hudson [316] 1986  Case-control 0 3 4 7
Giordanengo [317] 1993  Case-control 2 2 6 10
Yamamoto [318] 1996  Case-control 2 3 6 1
Fuse [319] 1996  Case-control 1 3 4 8
Mandressi [320] 1996  Case-control 2 3 6 1
Kosar [321] 2000  Case-control 2 3 4 9
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Cambridge Quality Checklist

Total quality

First Author Year Typeofstudy  Checklist for Checklist for Checklist for score (2-15)
correlates risk factors causal risk factor
Zarrilli [322] 2000  Case-control 2 3 4 9
Fujisawa [323] 2003  Case-control 3 3 4 10
Salama [324] 2003  Case-control 1 3 4 8
Di Bisceglie [325] 2003  Case-control 3 2 4 9
Gazzera [326] 2006  Case-control 3 3 4 10
Zini [327] 2006  Case-control 3 2 4 9
Di Bisceglie [328] 2007  Case-control 1 3 6 10
Baazeem [11] 2009  Case-control 2 3 4 9
Ichioka [329] 2009  Case-control 2 1 4 7
Nasr Esfahani [330] 2010  Case-control 2 3 6 1
Seo [331] 2010  Case-control 0 2 6 8
Esteves [332] 2010  Case-control 2 2 6 10
Sathya Srini [333] 2011 Case-control 1 3 6 10
Ghanem [334] 2011 Case-control 2 3 6 1
Sadek [335] 2011 Case-control 3 3 4 10
Awadallah [336] 2011 Case-control 3 3 4 10
Mohamed [337] 2011 Case-control 1 3 6 10
Gokce [338] 2013  Case-control 1 2 6 9
Alhathal [339] 2016  Case-control 2 3 3 8
Ni [340] 2016  Case-control 3 3 4 10
Chen [341] 2016  Case-control 3 3 3 9
Abdelbaki [342] 2017  Case-control 2 3 4 9
Bou Nasr [343] 2017  Case-control 1 3 3 7
Gomaa [344] 2018  Case-control 2 3 6 1
Turgut [345] 2020  Case-control 1 2 4 7
El-Ariny [346] 2020  Case-control 2 3 4 9
Fathi [347] 2021  Case-control 2 3 4 9
El Taieb [348] 2020  Case-control 1 3 4 8

“Results of the Cambridge Quality Checklist (Murray et al [18], 2009).

before parameters (SMD 0.203, 95% CI. 0.129-0.278;
p<0.001), in the presence of significant inter-study
heterogeneity (I°=83.62%). Furthermore, Egger’s test

demonstrated no significant publication bias (p=0.3329)
(Table 5).

2. Sperm concentration

The before-after analysis of sperm concentration
included 303 articles, for a total of 32,577 infertile
patients before and 31,771 after varicocele repair. It
showed a significant improvement of the sperm con-
centration following varicocele repair (SMD 1590, 95%
CIL: 1.474-1.706; p<0.001), in the presence of significant
inter-study heterogeneity (I°=97.86). Furthermore, evi-
dence of publication bias was found with the Egger’s

test (p<0.0001) (Table 5).

3. Total sperm count

The analysis of the total sperm count was performed
on 63 articles, for a total of 5,593 patients with clinical
varicocele before and 5,337 after varicocele repair. We
found a significant increase in the total sperm count
following varicocele repair (SMD 1.824, 95% CI: 1.526—
2.121; p<0.001). The test for heterogeneity revealed
the presence of significant inter-study heterogeneity
(I°=97.88%). A significant publication bias was found in
the results of Egger’s test (p=0.0063) (Table 5).

4. Total motile sperm count
Overall, the analysis of this outcome was performed
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Cambridge Quality Checklist CONSORT Jadad Total
First author Year Checklistfor Checklistfor  Checklist for Cochranerisk of ~ guidelines score quality
correlates  risk factors causal risk factor  bias for RCTs (7-21)  (1-25)  (1-5)  score (2-53)
Yavetz [349] 1992 3 3 7 2 17 2 34
Sayfan [350] 1992 2 3 7 2 18 2 34
Breznik [351] 1993 1 3 7 1 14 2 28
Yamamoto [60] 1995 2 3 7 1 16 1 30
Nieschlag [352] 1995 2 3 7 1 14 3 30
Grasso [92] 1997 2 3 7 1 16 2 31
Unal [353] 2001 3 3 4 1 8 1 20
Alkandari [260] 2017 3 3 7 3 14 1 31
Al-Said [149] 2008 3 3 7 3 14 2 32
Abdel-Maguid [354] 2010 2 3 7 1 6 1 20
Abdel-Meguid [355] 2011 3 3 7 1 23 5 42
Mansour Ghanaie [356] 2012 4 3 7 1 14 1 30
Azizollahi [357] 2013 1 3 7 1 14 2 28
Akin [358] 2014 2 3 7 1 12 1 26
Asr Badr [359] 2017 2 3 7 1 16 3 32
Bryniarski [360] 2017 2 3 7 1 18 1 32
Guo [361] 2017 2 3 7 2 19 3 36
Abdelsalam [362] 2017 3 3 7 1 1 1 26
Vyas [363] 2017 2 3 7 1 16 3 32
Ketabchi [268] 2018 3 3 7 1 15 1 30
Babak [364] 2018 2 3 7 1 16 3 32
Zaazaa [365] 2018 2 3 7 1 15 1 29
Almekaty [366] 2019 2 3 7 1 17 3 33

RCT: randomized controlled trial.

“Results of the Cambridge Quality Checklist (Murray et al [18], 2009), Cochrane risk of bias for randomized controlled trials (Sterne et al [19], 2016),
CONSORT guidelines (Schulz et al [21], 2010), and Jadad score (Jadad et al [20], 1996).

on 50 articles, a total of 6,396 infertile patients with
clinical varicocele before and 6,274 after varicocele re-
pair were included in the analysis of total sperm count.
We found a significant improvement in the total sperm
count following varicocele repair (SMD 1.643, 95% CIL:
1.318-1.968; p<0.001), and the presence of significant
inter-study heterogeneity (I°=98.65%). The presence of
publication bias was shown by Egger's test (p=0.0003)
(Table 5).

5. Progressive sperm motility

The effect of varicocele repair on progressive sperm
motility in infertile patients with clinical varicocele
was evaluated in 99 articles, using a before-after ap-
proach. The analysis was performed on 10,454 partici-
pants before and 10,252 participants after varicocele
repair. The results of the meta-analysis showed that
varicocele repair was associated with increased sperm

22  www.wjmh.org

progressive motility (SMD 1.845, 95% CI: 1.537—2.153,
p<0.001). Heterogeneity across studies was present
(I’=98.97%). When one study was excluded, the SMD
(95% CI) for sperm progressive motility was 8.125
(4.712-11.538). A significant publication bias was found
in the results of Egger’s test (p<0.0001) (Table 5).

6. Total sperm motility

A total of 209 articles were included for the analysis
of this outcome, including 22,326 infertile patients be-
fore and 21,898 patients after varicocele repair in the
before-after analysis of total motility. Overall, a signifi-
cant improvement of total sperm motility was detected
after varicocele repair (SMD 1.613, 95% CI: 1.467—1.759,
p<0.001), in the presence of significant inter-study het-
erogeneity (I°=97.98%, p<0.001). Evidence of publication
bias was found by Egger’s test (p<0.001) (Table 5).
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Table 5. Results of the before-after varicocele repair analysis of conventional semen parameters

Heterogeneity Publication bias

Parameter Random Before (n) After(n) SMD 95% Cl p >
| p Egger’s test
Semen volume Random 12,566 10,825 0.203 0.129t00.278  <0.001 83.62%  <0.001 0.3329
Sperm concentration Random 32,577 31,771 1.590 1.474t01.706  <0.001 97.86%  <0.0001 <0.0001
Total sperm count Random 5,593 5,337 1.824 1.526t02.121 <0.0001 97.88%  <0.0001 0.0063
TMSC Random 6,396 6,274 1.643 1.318t01.968  <0.001 98.65%  <0.0001 0.0003
Progressive sperm motility Random 10,454 10,252 1.845 1.537t02.153  <0.001 98.97%  <0.0001 <0.0001
Total sperm motility Random 22,326 21,898 1.613 1.467t0 1.759  <0.001 97.98%  <0.0001 <0.0001
Sperm morphology Random 21,979 21,335 1.066  0.922t01.211  <0.001 97.87%  <0.001 0.1864
Sperm vitality Random 597 555 -1310 -2.112t0-0.509  0.001 98.50%  <0.0001 0.0807

SMD: standard mean difference, TMSC: total motile sperm count.

7. Sperm morphology

A total of 195 articles were included in the analysis
of sperm morphology, including 21,979 patients before
and 21,335 after varicocele repair was included in the
before-after analysis. The effects of varicocele repair on
sperm morphology are summarized in Table 5. Overall,
a significant improvement of sperm morphology was
noted after varicocele repair (SMD 1.066, 95% CI: 0.992—
1.211; p<0.001), in the presence of significant inter-study
heterogeneity (1"=97.87%). No evidence of publication
bias was found.

8. Sperm vitality

Fourteen studies reported sperm vitality and were
included in our analysis. A total of 1,152 infertile pa-
tients with clinical varicocele were included: 597 pa-
tients before varicocele repair and 555 patients after
varicocele repair. The analysis showed a significant
negative effect of varicocele repair on sperm vitality
(SMD -1.310, 95% CI. -2.112 to -0.509; p=0.001). There was
considerable heterogeneity between studies (I’=9850%,
p<0.0001), and no publication bias was evident as the
Egger’s test was non-significant (p=0.0807) (Table 5).

DISCUSSION

Varicocele is a very common condition, affecting one
in six males of the general population [1]. In infertile
patients, its prevalence is even higher, being diagnosed
n 19% to 41% of primary infertility and 80% of second-
ary infertility cases [1]. Therefore, varicocele is consid-
ered as a cause of male infertility [7]. Knowing the im-
pact of varicocele repair on human sperm conventional
parameters is important for decision-making in the
management of varicocele patients.

In the last 30 years, nearly 2,000 original articles
have been published on varicocele and about half
have evaluated the impact of varicocele and varicocele
repair on semen parameters [368]. Accordingly, vari-
cocele remains one of the most controversial topics in
male infertility. Although most international urology
and reproductive societies agree on the indication for
varicocele repair in cases of male infertility as with
clinically palpable varicocele and abnormal semen pa-
rameters [8], there are still some clinicians who doubt
the beneficial effect of varicocele repair on semen pa-
rameters and fertility status [369-371]. According to the
results of the current meta-analysis, almost all semen
parameters, including semen volume, sperm concen-
tration, total sperm count, total motile sperm count,
progressive sperm motility, total sperm motility, and
sperm morphology, increase significantly in infertile
patients with clinical varicocele following varicocele re-
pair compared to the before-intervention values. Only
sperm vitality showed a significant decrease follow-
ing varicocele repair; the reason for this finding is not
clear.

An earlier meta-analysis evaluated the efficacy of
varicocele repair in improving the semen parameters
of patients with unilateral or bilateral varicocele and
at least one abnormal sperm parameter. A signifi-
cant increase in sperm concentration by 9.71x10%mL
(95% CI: 7.34-12.08, p<0.00001), and sperm progressive
motility by 9.92 (95% CI: 4.90-14.95, p=0.0001), was
demonstrated following inguinal microsurgical vari-
cocele repair [372]. In the same study, high ligation
varicocelectomy was also associated with statistically
significant improvements in sperm concentration by
2.03x10°mL (95% CI: 5.71-18.35, p=0.0002), and motility
by 11.72% (95% CI: 4.33-19.12, p=0.002). A statistically
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significant improvement in sperm morphology was also
associated with both surgical methods (3.16%, 95% CI:
0.72-5.60, p<0.01). Another meta-analysis showed that
varicocele repair significantly improves sperm motility
and concentration in infertile male with preoperative
abnormal sperm parameters and palpable varicocele
[373]. In another meta-analysis published in 2011, vari-
cocelectomy was associated with a significant increase
in sperm concentration (random-effect model combined
improvement 12.32x10° sperm/mL; 95% CI 9.45-15.19,
p<0.0001), progressive (improvement 9.69%; 95% CI
4.86-14.52, p=0.003) and total sperm motility (improve-
ment 10.86%; 95% CI 7.07-14.65, p<0.0001) [11]. However,
in that meta-analysis, the included studies displayed
significant heterogeneity in terms of patients’ char-
acteristics, treatment modality (including radiologic
embolization), and diagnostic criteria. In a subsequent
meta-analysis, Schauer et al [374] compared the impact
of three different surgical techniques for varicocele
repair on semen parameters. Regardless of the surgical
technique, a statistically significant improvement was
observed in sperm concentration (by 7.17 to 10.85x10%
mL) and motility (by 6.80% to 12.25%). The positive
impact of varicocelectomy on sperm concentration and
sperm motility is also supported by the findings from
Birowo et al [375] and Majzoub et al [367].

In the present meta-analysis, the results of compar-
ing preoperative and postoperative basic semen param-
eters in thousands of infertile male with clinical vari-
cocele are in favor of varicocele repair as a treatment
option to improve conventional semen parameters.
These results are in line with the current guidelines of
international professional societies. The recent guide-
lines of AUA/ASRM recommend “varicocele repair of
clinical varicoceles in non-azoospermic infertile male
with abnormal sperm parameters (moderate recom-
mendation; moderate evidence level)” [8]. Similarly, the
guidelines of the EAU recommend varicocele repair in
“Infertile men with a clinical varicocele, abnormal se-
men parameters, and otherwise unexplained infertility
in a couple where the female partner has a good ovar-
lan reserve to improve fertility rates without other
male causes of infertility (strong recommendation; high
evidence level)” [7]. The European Academy of Androl-
ogy (EAA) advises discussing varicocele treatment in
infertile couples whose male partner has a palpable
varicocele associated with oligoasthenoteratozoosper-
mia [376].

24  www.wjmh.org

he World Journal of

MEN's HEALTH

However, the significant positive impact of varicocele
repair on basic sperm parameters observed in the cur-
rent meta-analysis is limited by the remarkable het-
erogeneity of the included studies and the notable high
risk of publication bias towards studies with a positive
outcome. It has been suggested that manuscripts with
statistically significant results have a much higher
chance of being published than those with null results
[377]. Investigators may refrain from submitting nega-
tive results leading to non-response bias.

The current meta-analysis is the largest to date
and includes 351 studies. In addition, the effect size
used in the current meta-analysis is the SMD which
1s generally preferred over the raw mean difference
because it accounts for the heterogeneity in methods
of mean calculation by measuring the difference in
standardized deviation unit [378]. In addition, it sup-
ports the previously published meta-analyses (Table 6)
[11,367,372,379,380] which showed significant improve-
ment in all studied semen parameters. Furthermore,
the improvement in the semen volume after varicocele
repair found in the present meta-analysis of 10,825 cas-
es has not been reported by any study. In line with the
above-mentioned evidence, the present study found a
significant increase in sperm concentration, total sperm
count, total sperm motility and specifically progressive
sperm motility, and sperm morphology. Finally, surpris-
ingly, in this meta-analysis sperm vitality was found to
be decreased after varicocelectomy, which is contrary
to the improved motility that was observed. There is no
information about this sperm quality marker in other
studies. However, inter-study heterogeneity was found.

The strengths of the current meta-analysis (Fig. 2)
include that it is the largest meta-analysis of its kind
to date. It is also the first to report on volume and
total sperm count. Control data exist in the form of se-
men parameters of the male in these studies prior to
varicocele repair, which helps minimize the number
of studies excluded to improve the power of this meta-
analysis.

The current meta-analysis assessed changes in con-
ventional semen parameters as the outcome measure;
however, the extent of improvement in conventional
semen parameters that would be considered significant
is not agreed upon. There is marked heterogeneity in
the included studies. In addition, this meta-analysis
compared intra-person before-after sperm parameters
using the patient’s parameters before intervention as
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STRENGHTS

- Largest meta-analysis of its kind to date
- First to evaluate total sperm count

WEAKNESSES

- Grade of varicocele not considered

- Heterogeneity of the included studies

OPPORTUNITIES

men with clinical varicocele

THREATS

the meaningful outcome measure

the control group. This approach has some drawbacks
in terms of statistical methodology [381], potential of
the placebo effect, non-blindness of the type of inter-
vention e.g., varicocelectomy, and it also lacks a control
arm of patients that did not undergo varicocele repair.
A proper control group is a key in establishing a cause-
and-effect relationship of a certain variable [382] and
testing the impact of an intervention on the outcome.
However, this before-after analysis has the advantage
of including all intervention groups, thus minimizing
the number of studies excluded because of deficient
data and increasing the number of patients available
for analysis. The quality of the majority of the studies
included in this meta-analysis is considered low due to
factors such as poor study design, inadequate sample
size, selective reporting, or high attrition bias (Table 3,
4). An ideal clinical trial to evaluate the impact of vari-
cocele repair on male fertility outcomes would be to
randomize a group of male with subfertility to varico-
cele repair or sham surgery and follow their outcomes
over time. However, many ethical concerns surround
such an approach and prevent its implementation. This
explains the paucity of high-quality studies on the ef-
fects of varicocele repair and male fertility potential.
In this regard, a meta-analysis of low-risk-of-bias RCTs
would give the best QoE on the impact of varicocele re-
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- Use of pre-varicocele repair semen parameters as controls

- The clinical significance of improvement in conventional semen
parameters following varicocele repair is not agreed upon

- Lack of a control group that did not undergo varicocele repair
- Natural variation in semen parameters may confound the results

- Need for larger, high-quality studies on impact of varicocele
repair on conventional semen analysis parameters in infertile

- Findings may be undermined by insistence on live birth rates as

Fig. 2. Strengths, Weaknesses, Opportu-
nities and Threats (SWOT) Analysis.

pair on sperm parameters. However, since high-quality
RCTs are lacking, the very large number of subjects
available in the present analysis helps mitigate the
limitation of a before-after analysis (Fig. 2).

CONCLUSIONS

The current meta-analysis is the largest one to date.
The significant improvement seen in almost all semen
parameters, including semen volume, sperm concen-
tration, total sperm count, total motile sperm count,
progressive sperm motility, total sperm motility, and
sperm morphology, provides strong support for the role
of varicocele repair in infertile male with clinical vari-
coceles.
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