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An early study conducted by the World Health Organization (WHO) 
involving 9034 men demonstrated that both sperm concentration and 
motility were lower in men with varicocele than in men without 
varicocele.3 This aforementioned study was conducted more than 
20 years ago and, within this period, the WHO laboratory manual 
for the analysis of human semen has been updated 3 times. However, 
no study has critically examined the effect of varicocele on semen 
analysis results according to these various WHO criteria. This analysis 
is important because each new WHO laboratory manual edition not 
only changes the reference values for interpreting semen analysis results 
but also updates the methods for conducting such analyses.

In 2010, the WHO announced the first semen criteria based on 
a large study of fertile men across seven countries.4,5 In that updated 
fifth edition of the WHO manual, novel methods for measuring 
ejaculate volume by weight and assessing sperm morphology by strict 
criteria were incorporated.5 In addition, changes in the methods for 

INTRODUCTION
Clinical varicocele is defined as a palpable elongated, dilated and 
tortuous testicular pampiniform plexus of veins in the spermatic 
cord.1 From a pathophysiology standpoint, varicocele is a venous 
incompetence that allows reflux of blood into the internal spermatic 
vein.2 It is found in approximately 15%–20% of the normal adult 
male population and 35% of men with primary infertility.1,2 
Although no mechanism has conclusively explained infertility 
in men with varicocele, a number of potential mediators have 
been suggested including scrotal hyperthermia, oxidative stress, 
hormonal disturbances, testicular hypoperfusion, testicular 
hypoxia, and backflow of toxic metabolites. It is also unknown 
why most men with varicocele retain their reproductive potential, 
but novel discoveries have suggested that variation in genetic 
transcriptional response to oxidative stress might confer sperm 
protection against damage.2
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assessing sperm count, sperm motility, and quality control routines 
were included. However, to our knowledge, no study has yet evaluated 
the effect of varicocele as a risk factor on semen parameters based on 
the latest WHO criteria.

Our objective was, therefore, to investigate the impact of varicocele 
on semen parameters as per the new WHO criteria. For this, we 
collected and summarized the studies that evaluated the effect of 
clinical varicocele on semen parameters of infertile men after the 
publication of the 2010 WHO laboratory manual for the examination 
of human semen.

MATERIALS AND METHODS
Search strategy
We conducted a systematic search using the Medline/PubMed, SJU 
Discover, and Google Scholar databases to identify all relevant studies 
published from 2010  (i.e.,  after the publication of the 2010 WHO 
laboratory manual for the examination of human semen) to August 
2015. MESH search terms used were “varicocele” OR “semen analysis.” 
We limited the search to studies using human subjects and articles 
published in English. Hand searches were carried out on review articles 
and reference lists. Authors of unpublished or incomplete datasets were 
not contacted to provide information for this meta‑analysis. This study 
was exempted from Institutional Review Board approval, given that it 
did not involve any human intervention. We adhered to the Preferred 
Reporting Items for Systematic Reviews and Meta‑Analysis (PRISMA) 
statement to report results.6

Eligibility criteria and data extraction
Studies were analyzed for inclusion independently by two of the 
authors  (RS and SCE), and any discrepancies were resolved by 
discussion with the third author (AA). Five hundred sixty‑two articles 
were identified. After removing duplicates, 375 articles were screened. 
This was reduced to 43 potentially suitable articles using abstract, 
largely due to the presence of risk factors other than varicocele and the 
inclusion of adolescent and pediatric varicocele, subclinical varicocele, 
and pre‑  and post‑treatment  (e.g.,  varicocele repair by surgery or 
embolization) outcomes. From these, 10 studies fulfilled all criteria and 
were included in the meta‑analysis. The complete selection process is 
depicted in Figure 1.

Participants were infertile men aged 18 years and older regardless 
of origin and ethnicity. Clinical varicoceles were diagnosed based 
on the finding of varicose veins in the spermatic cord by either 
visual inspection or palpation with or without the aid of the Valsalva 
maneuver during a physical examination with the patient standing 
position. Only studies with a comparison control group of men 
with proven or unproven fertility or normozoospermia who were 
not diagnosed with varicocele were included. Semen analysis of all 
included subjects was based on the WHO laboratory manual  (any 
edition) for the evaluation of human semen. Exclusion criteria included 
studies involving men with azoospermia, case reports, reviews, 
and experimental studies and studies with risk factors other than 
varicocele (multivariate analysis) (Table 1).

Outcome measures
We specified the primary outcome measures, a priori as semen 
volume  (ml), sperm count  (×106 ml−1), sperm motility  (% motile 
sperm), and sperm morphology (% normal forms). In clinical settings, 
these parameters are the most frequent laboratory measures used 
for investigations of varicocele. Results are described as mean ± S.D. 
One exposure  (risk factor) was compared at once  (no multivariate 
analysis). Some of the studies provided data on all four of these outcome 

measures and others on just some of them. The following characteristics 
were assessed for each study:  (i) Study design,  (ii) Type of control, 
(iii) Semen analysis method (WHO laboratory manual edition used), 
and (iv) Sample size.

Risk of bias assessment
We followed the Cochrane Collaboration guidelines to assess the risk 
of bias in the included studies.7 We evaluated sequence generation, 
allocation concealment, bias from confounding, blinding, and 
incomplete outcome data. The quality assessment of the included 
trials is shown in Table 2. All included studies were nonrandomized 
trials; therefore, a high risk of bias (not random) was assumed. The risk 
of bias due to confounding was an issue for three studies that either 
selected volunteers or provided no detailed information about where 
the controls had been selected. Because the other studies had either 
matched a control group for age or utilized similar exclusion criteria, 
a grade of “moderate risk” was assumed. Important confounders such 
as smoking, infections, and toxic exposure were excluded. Observers 

Table  1: Selection criteria of included studies  (PICOS)

Included Excluded

Population Infertile men (18 years of age and 
older) with clinical varicocele 
(any grade)

Azoospermia
Subclinical varicocele
Other risk factors for 

impaired semen quality
Children and adolescents
Fertile men with varicocele

Intervention Semen analysis according to the 
WHO guidelines (any edition)

Comparison Men with proven or unproven 
fertility without clinical varicocele

Outcomes Semen volume (ml)
Sperm count (×106 ml−1)
Sperm motility (%)
Sperm morphology (%)

Study type Cross‑sectional, case–control, and 
cohort studies published from 
2010 onwards

WHO: World Health Organization

Figure 1: Flowchart for study identification and selection process.
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performing semen analyses were not blinded to the groups analyzed, 
but we did not believe that this issue could introduce performance or 
detection bias. Missing data for each sperm parameter was not reported 
in individual studies, thus making the risk of bias due to incomplete 
outcome data unclear.

Analysis
The Comprehensive Meta‑analysis (CMA) software (Biostat version 3, 
Englewood, New Jersey, USA) was used to conduct the statistical 
analyses. Both fixed effects models  (FEMs) and random effects 
models  (REMs) were fitted to determine which model was most 
suited to the data. FEMs were based on the inverse variance method 
and REM on the DerSimonian and Laird methods. Because sperm 
parameters are continuous data, the mean differences  (MD) and 
associated confidence intervals (CIs) between varicocele and control 
groups were calculated to determine the effect size. The heterogeneity 
of the studies was assessed using I2 statistic. When the heterogeneity 
was > 50% (I2 > 50%), we applied the random effects model.8 Sensitivity 
analyses were conducted to assess the influence of individual studies on 
the results (Supplementary Material). Publication bias was assessed 
using the trim and fill method9 as provided in the supplementary 
material. Statistical significance was set at P < 0.05.

RESULTS
Description of the included studies
Overall, 10 suitable studies were qualified  (five cross‑sectional, 
three cohort, and two case–control studies), and these included 
1232 men  (783 with varicocele and 449 controls).10–19 The number 
of studies included in each meta‑analysis varied according to the 
sperm parameter reported: six provided data on semen volume, 
10 provided data on sperm count and motility, and eight provided 
data on morphology (Table 3). All semen analyses were carried out 
following the WHO laboratory manual for the examination of human 
semen. Despite including only studies published after the release 

of the 2010 WHO manual  (fifth edition),5 only three of the studies 
specifically applied this new edition during semen analyses.15,18,19 Six 
studies10–13,16,17 utilized the previous version, namely the 1999 WHO 
manual  (fourth edition),20 and one study14 applied the 1992 WHO 
manual (third edition) for the analyses.21 Of note, one of the studies 
that used the 1999 WHO manual utilized the strict criteria for sperm 
morphology assessment.11 Most of the included studies were designed 
to evaluate the effect of varicocele on sperm functional parameters; 
semen characteristics as per the WHO laboratory manual were 
mainly secondary outcome measures. Six studies10,13–15,17,18 included 
fertile controls without varicocele and four studies11,12,16,19 included 
healthy normozoospermic controls without varicocele (with all semen 
parameters within normal ranges according to the WHO criteria 
utilized) (Table 3).

Outcomes

Semen volume
Six studies reported data on semen volume including 936 men (605 with 
varicocele and 331 controls).11,12,14,16,18,19 Mean semen volume in patients 
and controls ranged from 2.6 to 3.3 ml and 2.6 to 3.7 ml, respectively. 
Five studies reported that semen volume was not statistically different 
between men with varicocele and controls.11,12,14,16,18 Heterogeneity was 
high and REM, therefore, provided the actual representation of the 
data. Overall, REM indicated that semen volume was not significantly 
affected by varicocele  (mean difference: −0.23  ml; 95% CI: −0.64, 
0.17; P = 0.26). To analyze the potential causes of the heterogeneity, 
a subgroup analysis was conducted to assess the effect of WHO 
manual editions with regards to semen volume. Performing separate 
analyses according to the WHO manual edition significantly reduced 
heterogeneity estimates, but the observed pooled effect size was not 
materially affected (Figure 2).

Sperm count
All included studies reported data on sperm count. Mean sperm count 
in patients and controls ranged from 9.62 to 96.6 × 106 ml−1 and 64.98 
to 124.05 × 106 ml−1, respectively. Eight studies reported a significant 
negative effect of varicocele on sperm count.10,12–15,17–19 Overall, both FEM 
and REM indicated that sperm count significantly decreased in men 
with varicocele compared with controls. The pooled mean difference was 
FEM −62.28 × 106 ml−1 (95% CI: −64.15, −60.40 × 106 ml−1; P < 0.001) 
and REM  −44.48  ×  106 ml−1  (95% CI: −61.45, −27.51  ×  106 ml−1; 
P < 0.001). Given the high heterogeneity (98%), REM provides the most 
appropriate representation of the data.

To analyze the potential causes of the heterogeneity, two subgroup 
analyses were conducted (Table 4). First, the effect of WHO manual 
editions on sperm count estimates was assessed. The heterogeneity 
estimates and the observed pooled effect size were not materially 
affected by the WHO manual edition  (Figure  3). Then, the effect 
of control group type was analyzed. The heterogeneity estimates 
were slightly reduced by performing analyses separately by type of 
controls, which also affected the pooled mean differences (range of 
mean effect size with REM was −15.39 to −65.00), thus suggesting 
that some of the differences between studies might be explained by 
control groups (Table 4). The observed pooled effect size was larger 
for the studies using fertile controls compared with normozoospermic 
controls (P < 0.0001) (Supplementary Material).

The consistency in the direction of the effect and overlap of 
the confidence intervals in most studies increase confidence in the 
results  (Figure  3). Sensitivity analyses indicated that removing the 
study by Mohamed et  al.,14 which was shown to have the largest 

Table  2: Quality assessment of included trials

Study Bias in 
selection of 
participants

Allocation 
concealment

Bias due to 
confounding

Blinding* Incomplete 
outcome 
data

Abd‑Elmoaty 
et al.10

High risk Low risk Unclear/
high risk

Low risk Unclear

Blumer et al.11 High risk Low risk Unclear/
high risk

Low risk Unclear

Camejo et al.12 High risk Low risk Unclear/
high risk

Low risk Unclear

Chan et al.13 High risk Low risk Moderate risk Low risk Unclear

Mohamed 
et al.14

High risk Low risk Moderate risk Low risk Unclear

Tawadrous 
et al.15

High risk Low risk Moderate risk Low risk Unclear

Vivas‑Acevedo 
et al.16

High risk Low risk Moderate risk Low risk Unclear

Sadek et al.17 High risk Low risk Moderate risk Low risk Unclear

Mostafa 
et al.18

High risk Low risk Moderate risk Low risk Unclear

Vivas‑Acevedo 
et al.19

High risk Low risk Moderate risk Low risk Unclear

*For semen analysis of each sperm parameter. Bias was defined as a tendency for study 
results to differ systematically from the results expected from a randomized trial, conducted 
on the same participant group, which had no flaws in its conduct. Low  risk:  the study is 
comparable to a well‑performed randomized trial with regard to this domain; Moderate 
risk:  the study appears to provide sound evidence for a nonrandomized study but cannot 
be considered comparable to a well‑performed randomized trial; High  risk: selection into 
the study was  (strongly) related to intervention and outcome
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influence on results, slightly reduced the mean difference to −40.34, 
but the observed effects were not affected by removing any of the 
other studies (range of mean effect size with REM was −53.12, −40.34; 
Supplementary Material).

Sperm motility
All included studies reported data on sperm motility. Mean motility 
in patients and controls ranged from 21.1% to 61.9% and 49.3% 

to 70.0%, respectively. Nine studies reported a significant negative 
effect of varicocele on sperm motility.10,12–19 Overall, varicocele was a 
risk factor for motility and affected it significantly. The pooled mean 
difference was −26.67% (95% CI: −34.27%, −19.08%; P < 0.0001). As 
heterogeneity was high (97%), REM is more appropriate for estimating 
mean differences. To analyze the potential causes of the heterogeneity, 
two subgroup analyses were conducted according to the WHO manual 
edition and type of control. The heterogeneity estimates and the 

Table  3: Characteristics of included studies evaluating the effect of varicocele on semen parameters

First author, year Design Patients and controls Patients (n) Controls (n) WHO semen parameters evaluated WHO edition

Abd‑Elmoaty, 2010 Cross‑sectional Infertile men with clinical varicocele 
(any grade) and fertile men without 
clinical varicocelea

32 18 Sperm count, sperm motility, and sperm 
morphology

1999

Blumer, 2011 Cross‑sectional Infertile men with clinical 
varicocele (grades II and III) and 
normozoospermicb men without 
clinical varicocele

30 32 Semen volume, sperm motility, 
progressive motility, total sperm count, 
total motile sperm density count, 
sperm morphology, total motile, and 
morphologically normal sperm count

1999§

Camejo, 2011 Cross‑sectional Infertile men with varicocele (grades II 
and III) and normozoospermicb men 
without clinical varicocele

67 44 Semen volume, sperm density, 
progressive motility, sperm 
morphology, and sperm vitality

1999

Chan, 2013 Case–control Infertile men with clinical 
varicocele (grade II) and fertile semen 
donors without clinical varicocelec

20 20 Sperm density and sperm motility 1999

Mohamed, 2011 Case–control Infertile men with clinical 
varicocele (grades II and III) and 
fertiled men without clinical varicocele

50 50 Semen volume, sperm density, and 
sperm motility

1992

Tawadrous, 2013 Cross‑sectional Infertile men with clinical varicocele 
(any grade) and fertilee men without 
clinical varicocele

54 60 Sperm density, sperm motility, and 
sperm morphology

2010

Vivas‑Acevedo, 2010 Cross‑sectional Infertile men with clinical varicocele 
(any grade) and normozoospermicb 
men without clinical varicocele

352 155 Semen volume, sperm density, 
progressive motility, sperm 
morphology, and sperm vitality

1999

Sadek, 2011 Cohort; 
prospective

Infertile men with clinical varicocele 
(any grade; left side) and fertilee men 
without clinical varicocele

72 20 Sperm density, sperm motility, and 
sperm morphology

1999

Mostafa, 2014 Cohort; 
prospective

Infertile men with clinical varicocele 
(any grade) and fertilee men without 
clinical varicocele

46 20 Semen volume, sperm density, sperm 
motility, and sperm morphology

2010

Vivas‑Acevedo, 2014 Cohort; 
prospective

Infertile men with clinical varicocele 
(grades II and III) and normozoospermicb 
men without clinical varicocele

60 30 Semen volume, sperm density, sperm 
motility, sperm morphology, and 
sperm vitality

2010

aDefinition of fertility not included; bFertility status not stated; cHad fathered a child in the past 3  years; dFertility was confirmed by history of at least 1 offspring; eMen who initiated 
at least 1 natural pregnancy in the previous year; §Morphology assessed by strict criteria. WHO: World Health Organization

Figure 2: Forest plot showing the effect of varicocele on semen volume, including subgroup analyses according to different WHO criteria.
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observed pooled effect size were not materially affected by performing 
analyses separately by WHO manual editions (Figure 4). Like sperm 
count, the heterogeneity estimates were slightly reduced by performing 
analyses separately by type of controls  (Table 4). The pooled mean 
differences were −32.03% (95% CI: −41.58%, −22.49%; P < 0.0001) for 
fertile controls and −18.95% (95% CI: −27.29%, −10.61%; P < 0.0001) for 
normozoospermic controls, thus suggesting that some of the differences 
are explained by control subgroups  (Table 4). The observed pooled 
effect size was larger for the studies using fertile controls compared 
with normozoospermic controls (P = 0.04) (Supplementary Material).

Sensitivity analyses indicated that the observed pooled effect size 
was not affected by removal of any of the studies  (Supplementary 
Material). These results are, therefore, consistent in suggesting a 
negative association between varicocele and sperm motility.

Sperm morphology
Eight studies, including 1092 subjects (713 with varicocele and 379 
controls), were used in this analysis.10–12,15–19 In seven studies, varicocele 
was a risk factor for reduced sperm morphology.10,12,15–19 The pooled 
mean difference was −19.68% (95% CI: −29.28%, −10.07%; P < 0.0001). 
REM provided the most appropriate representation of the data since 
heterogeneity was high (100%) (Figure 5).

To analyze the potential causes of the heterogeneity, two subgroup 
analyses were conducted  (Table  4 and Figure  5). First, the effect 
of method for sperm morphology assessments was examined. 
Mean sperm morphology as per the WHO criteria  (1999 edition) 
in patients and controls ranged from 8.4% to 30.8% and 21.2% to 
72.0%, respectively. The results according to the strict criteria (2010 
edition) in patients and controls ranged from 6.2% to 8.6% and 10.0% 
to 61.8%, respectively. Heterogeneity estimates were not affected by 
performing analyses separately according to the sperm morphology 
method  (Figure  5). Similarly, the observed pooled effect size was 
not significantly affected by the sperm morphology method (WHO 
criteria: mean effect size with REM: −17.44%; 95% CI: −24.98%, 
−9.90%; and Strict criteria: mean effect size with REM: −21.38%; 95% 
CI: −43.17%–0.40%).

The effect of varicocele on sperm morphology according to 
the control type was then assessed. The heterogeneity estimates 
were slightly reduced when analyses were conducted separately 
by type of controls, which also had a marked effect on the pooled 
mean differences  (Table  4). The mean effect size was significantly 
reduced (P = 0.007) in studies where controls were normozoospermic 
men  (MD: −5.87%; 95% CI: −9.57%, −2.18%) compared to 
studies including fertile controls  (MD: −33.72%; 95% CI: −53.60, 
−13.84%), thus suggesting that some of the differences between 
studies might be explained by control subgroups  (Supplementary 
Material). Sensitivity analyses showed that the removal of the study 
of Tawadrous et  al.15 reduced the mean difference to  −14.82%. In 
contrast, removal of the study of Blumer et  al. increased the effect 
size to −22.3% (Supplementary Material). These results suggest that 
varicocele negatively affects sperm morphology, but they also indicate 

Table  4: Subgroup analyses

Subgroups Number 
of studies 

(K)

Mean difference (95% CI) I2 
(%)

Statistical 
model

Sperm count subgroup 
analysis

WHO 2010 3 −51.21 (−76.14, −26.29) 97 REM

WHO 1999 and 1992 7 −41.04 (−69.36, −12.72) 98 REM

Fertile men 6 −65.00 (−73.98, −56.01) 92 REM

Normozoospermic men 4 −15.39 (−35.60, 4.83) 89 REM

Motility subgroup analysis

WHO 2010 3 −34.39 (−48.37, −20.41) 98 REM

WHO 1999 and 1992 7 −23.56 (−32.55, −14.58) 96 REM

Fertile men 6 −32.03 (−41.58, −22.49) 96 REM

Normozoospermic men 4 −18.95 (−27.29, −10.61) 93 REM

Morphology subgroup

WHO 2010 3 −21.38 (−43.17, 0.40) 100 REM

WHO 1999 5 −17.44 (−24.98, −9.90) 98 REM

Fertile men 4 −33.72 (−53.60, −13.84) 100 REM

Normozoospermic men 4 −5.87 (−9.57, −2.18) 96 REM

WHO: World Health Organization; CI: confidence interval; REM: random effects model

Figure 3: Forest plot showing the effect of varicocele on sperm count, including subgroup analyses according to different WHO criteria.
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the need for further research to fully understand the strength of this 
association as well as the influence of control subgroups.

DISCUSSION
With changes in the reference ranges and laboratory evaluation 
methods for human semen,5,20–22 there is a need to clarify the 
relationships between varicocele and semen parameters. To our 
knowledge, this meta‑analysis is the first to summarize the evidence 
currently available after the publication of the latest WHO laboratory 
manual for the examination of human semen.5 We included studies 
evaluating the effect of clinical varicoceles on semen parameters of 
infertile men. Our results strongly suggest that varicocele negatively 
affects individual sperm parameters. Varicocele was associated with 
reduced sperm count, sperm motility, and sperm morphology although 

it had no effect on semen volume. The consistency in the direction 
of overall effects estimated for all outcomes adds confidence to our 
findings.

Evidence from both animal and human studies show that varicocele 
affects sperm quality. Experimental varicocele has been associated 
with impairment of testicular and epididymis endocrine and exocrine 
function, which may contribute to the infertility seen in men with 
varicocele.23–25

The WHO periodically releases laboratory manuals for the 
examination of human semen. The first manual, published in 1980, 
summarized the clinical experience and research from the previous 
80 years. In its subsequent updates in 1987, 1992, 1999, and 2010, 
the WHO manuals provided substantial improvements on how 
to assess the seminal parameters.5,20,21,26 In its latest  (fifth) edition, 

Figure 4: Forest plot showing the effect of varicocele on sperm motility, including subgroup analyses according to different WHO criteria.

Figure 5: Forest plot showing the effect of varicocele on sperm morphology, including subgroup analyses according to different WHO criteria.
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the assessment of sperm volume is based on weighing the sample 
rather than using graduated pipettes, which is contrary to what had 
been previously recommended. Volume measurements made by 
aspirating a sample with a serological pipette have been shown to be 
approximately 17% lower than those done using an analytical scale, 
which may, therefore, influence total sperm count.27 Assessment of 
sperm motility also changed from grading sperm as “a,” “b,” “c,” and 
“d” to “progressively motile” and “nonprogressively motile,” thus 
decreasing inter‑observer subjectivity. The strict  (Tygerberg, also 
known as Kruger) criteria was incorporated as the recommended 
method for morphology assessment, which has been consistently 
associated with a lower percentage of spermatozoa being classified 
as normal.4,22,28

The reference values that were thought to be compatible 
with normal male fertility have also changed. In the 2010 WHO 
laboratory manual, semen analysis reference values were markedly 
lower than those of previous editions.5 Methodology issues related 
to data generation and semen analysis methods might explain the 
discrepancies in the reference thresholds among WHO manuals.4,22,28

Our results should be interpreted in view of the semen parameters 
of men classified as fertile, which served as the basis for the latest 
2010 WHO reference values. The semen parameters of such men, 
whose female partners had a time‑to‑pregnancy of 1 year or less after 
stopping contraception, exhibit high heterogeneity as indicated by 
the median (95% CI) sperm count 73 × 106 ml−1 (15; 213), motility 
61% (40; 78), and morphology 15% (4; 44).4 In our study, the average 
number of spermatozoa was estimated to be reduced by approximately 
44 × 106 ml−1 in men with varicocele whereas the absolute reductions in 
motility and morphology were 26% and 19%, respectively. The clinical 
importance of an effect size may not be limited to men at the lower‑end 
of the normal spectrum. It is therefore of no surprise that a significant 
proportion of men will fall below the fifth percentile, which has been 
proposed as the lower reference values by the WHO 2010 manual, 
when a risk factor, namely varicocele, inflicts such a marked change 
in sperm parameters as indicated by our study. As a result, many of 
the affected men might face infertility.

On the other hand, semen characteristics that discriminate 
fertile from infertile men are not well defined. Results are within 
reference range in up to 40% of those suffering from infertility.29,30 
Moreover, sperm production varies widely in men, and conventional 
semen parameters do not evaluate putative sperm dysfunctions 
such as immature chromatin or fragmented DNA.31 So far, there is 
a wide variation in the methods used by different laboratories when 
performing semen analysis.32–34 Nevertheless, the sperm quality 
measures utilized in this study are still the most frequently used 
parameters in clinical settings to assess fertility.28

The largest study previous to our own that evaluated the effects 
of varicocele on individual semen parameters of infertile men was 
published in the early 1990s.3 The authors investigated the incidence 
of varicocele in a general population of men seeking fertility and its 
impact on semen parameters. Among 9038 men across 34 centers, 
clinical varicocele was identified in 25.4% and 11.7% of men with 
abnormal and normal semen analysis, respectively. Based on the 1989 
WHO manual utilized at the time of publication, significant decreases 
in the mean total sperm count per ejaculate, percentage of sperm 
with motility and percentage of morphologically normal sperm were 
found in men with varicocele compared to controls without varicocele 
(P < 0.01).3 Nevertheless, this study neither included a control group 
of healthy men with proved or unproven fertility nor accounted for 
the magnitude of changes between patients and controls. Despite 

utilizing the WHO standardized method for semen evaluation and 
results reporting, the aforementioned study is not comparable to our 
own due to the inherent differences between the laboratory methods 
utilized for the examination of human semen.

There are some limitations to this study. Heterogeneity was high 
in all but one of our meta‑analyses which may be associated with low 
number of included studies.35 The high heterogeneity and relatively low 
number of studies also precluded meaningful assessment of publication 
bias.36–38 Moreover, control groups of normozoospermic and fertile men 
might amplify the magnitude of pooled differences as they include 
a high proportion of men with sperm parameters within the WHO 
reference range. Along the same lines, a patient population taken from 
infertility centers may not be representative of the general population 
of men with varicocele. It is also possible that confounding factors 
have influenced the results; not all risk factors such as participant age, 
life‑style habits, and obesity, which might have affected semen quality, 
were consistently reported. These variables are difficult to assess because 
semen parameters across these above mentioned subgroups have high 
heterogeneity. However, our meta‑analysis included more than 1200 
subjects, which increases confidence in the results. In addition, we 
conducted subgroup analyses to examine the impact of heterogeneity 
on the outcome data. The heterogeneity in the meta‑analyses was 
partially due to the difference in controls subgroups. Nonetheless, 
pooled mean differences on sperm count, motility, and morphology 
indicated consistency between the subgroup types. Sensitivity analyses 
also demonstrated minimal differences when individual studies were 
excluded which suggest our results to be conservative.

Surprisingly enough, 6 of 10 studies published after 2010 still did 
not use the latest WHO manual for the laboratory examination of 
human semen. On the other hand, evidence has shown that it takes 
approximately 5 years for guidelines to be adopted into routine practice, 
and even the broadly accepted guidelines are often not fully followed.39 
Subgroup analyses conducted on individual sperm parameters to assess 
the leverage of WHO manual editions on the results indicated that the 
observed pooled effect size was not materially affected by the different 
WHO editions used. Further research is required to confirm that the 
changes in the reference range and methods proposed by the 2010 
WHO laboratory manual for the examination of human semen had 
no impact on the association between varicocele as a risk factor and 
semen parameter results compared to previous WHO manual editions. 
This would improve the precision of the estimated effect sizes and 
allow better judgment of the likely clinical importance of the findings.

CONCLUSIONS
Clinically detected varicocele was found to be a significant risk factor 
for decreased sperm count, motility, and morphology in adult infertile 
men. The observed pooled effect size does not seem to be affected by the 
WHO laboratory manual edition used for the examination of human 
semen. Given most of the studies published after 2010 still utilized 
the 1999 manual for semen analysis, further research is required to 
fully understand the impact of this change on the association between 
varicocele and semen parameters. A  better understanding of the 
collective influence of varicocele on sperm quality and subsequently 
fertility will help improve counseling, treatment, and support for 
affected individuals.
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