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Purpose:Purpose: Varicocele has been associated with high seminal oxidative stress (OS), impaired semen quality, and reduced male 
fertility potential. However, the exact mechanism(s) underlying the development of varicocele-mediated infertility and the 
cause-effect relationship between varicocele and testicular dysfunction are not fully understood. The aim of this systematic 
review and meta-analysis (SRMA) is to investigate the impact of varicocele on testicular OS markers and sperm parameters in 
experimental animals with varicocele as compared to animals without varicocele.
Materials and Methods:Materials and Methods: A literature search was performed using the Scopus and PubMed databases on studies that investigat-
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INTRODUCTION

Varicocele is a common medical condition character-
ized by dilatation of the veins within the pampiniform 
plexus in the spermatic cord. It affects approximately 
10% to 15% of men, with a higher incidence observed in 
infertile men [1].

One of  the consequences of  varicocele is the in-
creased production of reactive oxygen species (ROS) in 
the testes, leading to an increased oxidative stress (OS) 
[2]. The ROS are highly reactive molecules that can 
cause damage to cellular structures, including proteins, 
lipids, and deoxyribonucleic acid (DNA) [3]. Testicular 
tissues are vulnerable to OS due to their high oxygen 
consumption [4].

The increased levels of OS in men with varicoceles 
can result in detrimental effects on testicular function, 
including impairing sperm motility, morphology, and 
vitality, reducing sperm count, and increasing sperm 
DNA fragmentation (SDF) [5]. Both spermatogenesis 
and Leydig cell steroidogenesis are vulnerable to OS, 
and the alteration in the oxygen tension and presence 
of ROS can disrupt the blood-testis barrier, which is 
critical for maintaining the microenvironment of the 
testes and protecting developing germ cells from harm-
ful substances [6].

Previous studies in animals have investigated the 
relationship between varicocele and OS in the testes, 
demonstrating that varicocele induces ROS production 

[7]. Karna et al [8] found that varicocele caused a sig-
nificant increase in ROS production and lipid peroxi-
dation in the testes of mice, leading to a reduction in 
sperm count and motility. Nevertheless, the cause-ef-
fect relationship between varicocele and testicular dys-
function is not fully understood. Factors such as heat 
stress, alterations in the testicular environment and 
testicular hypoxia may play a role in the pathogenesis 
of OS and consequently the development of infertility 
secondary to varicocele [9].

The aim of this systematic review and meta-analysis 
(SRMA) was to investigate the impact of varicocele on 
testicular OS markers and sperm parameters in ex-
perimental animals with varicocele, comparing them 
to animals without varicocele. By synthesizing exist-
ing research on animal models, we aim to enhance our 
understanding of the relationship between varicocele 
and OS, shedding light on the mechanisms involved in 
varicocele-induced testicular damage.

MATERIALS AND METHODS

1. Search strategy
A systematic search was conducted on Scopus and 

PubMed databases, using a combination of Medical 
Subject Heading (MeSH) terms and free words. An 
initial keyword string was created on Scopus using 
the following string: (TITLE-ABS-KEY (varicocele* 
AND sperm) AND (oxidative stress OR heat stress 

ed testicular OS markers and sperm parameters in animals with varicocele. The primary outcomes included malondialdehyde 
(MDA) (nmol/mg) levels whereas the secondary outcomes included total sperm count (×106), sperm vitality (%), total sperm 
motility (%), and sperm DNA fragmentation (SDF) (%). Standardized mean difference (SMD) (95% confidence interval [CI]) 
was chosen to express the effect size. The quality of the included studies was evaluated using the Cambridge Quality Check-
list.
Results:Results: Out of 76 identified articles, 6 studies on rats were included in the meta-analysis. The analysis showed a significant 
increase of MDA (SMD: 15.61 [1.93, 29.29]; p=0.03) in rats with varicocele vs. controls. We also observed a significant de-
crease in total sperm count (SMD: -17.45 [-28.97, -5.93]; p<0.01), sperm vitality (SMD: -16.41 [-26.30, -6.52]; p<0.01), total 
sperm motility (SMD: -17.67 [-24.90, -10.44]; p<0.01), and a significant increase of SDF (SMD: 7.41 [1.23, 13.59]; p=0.02), 
in rats with varicocele vs. controls. The quality of the included studies was ranked as high.
Conclusions:Conclusions: This SRMA indicates a significant increase in levels of testicular MDA and SDF and a reduction of sperm qual-
ity in experimental animals with varicocele. These findings support the potential role of testicular OS in the development of 
varicocele-induced testicular damage.

Keywords: Keywords: Infertility; Oxidative stress; Reactive oxygen species; Spermatozoa; Varicocele
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OR reactive oxygen species) AND (KEY animal) AND 
(LIMIT-TO (DOCTYPE, "ar"))). A Pubmed search with 
the following string: "varicocele*"[All Fields] AND 
("sperm"[All Fields] OR "spermatozoa"[MeSH Terms] 
OR "spermatozoa"[All Fields]) AND ("heat stress"[All 
Fields] OR "oxidative stress"[All Fields] OR “reactive 
oxygen species” [All Fields]) was also performed. Rel-
evant publications were searched from 1906 until the 
end of August 2022 and references were checked to im-
plement the retrieved articles. English and non-English 
articles have been included in the search.

2. Selection criteria
A SRMA of animal studies has been conducted fol-

lowing the PECOS (Population, Exposure, Compara-
tor, Outcomes, Study design) approach as previously 
described (Supplement Table 1) [10]. This analysis was 
conducted according to the Preferred Reporting Items 
for Systematic Reviews and Meta-analysis (PRISMA) 
guidelines [11].

This SRMA included animal studies (cohort stud-
ies) investigating testicular OS markers and sperm 
parameters in experimental animals with varicocele 
as compared to animals without varicocele. Human 
studies, abstracts, conference papers, reviews, and book 
chapters were excluded. Initial manual screening of 
the retrieved abstracts was conducted by two indepen-
dent researchers (G.I.R. and F.B.) and duplicates were 
removed. The eligibility of the identified abstracts was 
considered based on the inclusion and exclusion crite-
ria of this review and following the PECOS model [12]. 
Discrepancies in the inclusion between the two investi-
gators were resolved by discussion or further consulta-
tion with a third author (D.D.).

3. Outcome measures
The primary aim of this study was to investigate 

the differences in levels of testicular malondialdehyde 
(MDA) levels (nmol/mg), ROS, and total antioxidant 
capacity (TAC) between experimental animals with 
varicoceles and animals without varicoceles. Secondary 
outcomes included the sperm concentration (×106/mL), 
total sperm count (×106), sperm vitality (%), total sperm 
motility (%), and SDF (%).

4. Data extraction
The data were extracted from eligible articles for 

which the full text was available. The following infor-

mation was extracted: first author’s name, year of pub-
lication, journal, study design, animal species, testicular 
OS markers (MDA [nmol/mg], ROS and TAC [nmol/ 
mg]), and sperm parameters (sperm concentration [×106/ 
mL], total sperm count [×106/mL], sperm vitality [%], to-
tal sperm motility [%], and SDF [%]). 

To ensure the accuracy of the extracted data and 
to reduce the potential errors due to manual search 
of data, screening for eligibility and data extraction 
were performed in duplicate and cross-checked within 
researchers. In cases of discrepancy between two re-
searchers, the disagreements were resolved through 
further discussions or the results in dispute were veri-
fied by the senior authors of the team, and a final deci-
sion was made in each case.

5. Quality assessment
The quality of the included studies was assessed us-

ing the Cambridge Quality Checklist [13].

6. Statistical analysis
The statistical analysis was performed using the R 

programming language version 4, 12. The standardized 
mean difference (SMD) was chosen as the effect size 
for statistical comparison between cases and controls to 
allow comparison between studies that measured the 
outcome using different instruments [14]. We also re-
ported the mean difference (MD). Heterogeneity across 
pooled studies was assessed using Cochran’s Q test and 
heterogeneity index (I2). The fixed effect model was 
adopted for calculating the pooled effect size in cases 
of low/non-significant heterogeneity, while the random 
effect model was used for studies with high/significant 
heterogeneity. The sensitivity analysis was performed 
by repeating the meta-analysis after excluding one 
study at a time (leave-one-out method) and observing 
the changes in the pooled effect size when removed [15].

We assessed publication bias by using a funnel plot, 
however, the p-value could not be calculated because 
the number of included studies were limited. Asym-
metrical funnel plots qualitatively indicated the pres-
ence of publication bias, suggested by the missing stud-
ies from one side of the graph.

RESULTS

Out of 76 identified articles, 6 articles were included 
in the quantitative analysis (Table 1) [7,16-20].
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Fig. 1 shows the flowchart of the study according to 
guidelines [11]. Table 2 shows the risk of bias evalua-
tion for all studies. Results of outcomes such as sperm 
concentration (×106/mL), TAC, and ROS are not re-
ported since the number of studies was insufficient for 
generating forest plots.

1. Testicular oxidative stress markers

1) Malondialdehyde
MDA levels were evaluated in 3 studies [7,16,17]. The 

levels of MDA were significantly elevated in the tes-
ticular tissue of experimental animals with varicocele 
compared to control animals without varicocele (SMD: 
15.61 [1.93, 29.29]; p=0.03) (Fig. 2). Significant inter-study 

heterogeneity was observed (I2 =92%; χ2 p<0.01). The 
asymmetry of the funnel plot denoted publication bias.

The sensitivity analysis demonstrated no significant 
changes (Fig. 2C). 

The pooled estimate was significantly greater in the 
experimental group (MD: 3.85, 95% CI: 0.17, 7.54; p=0.04) 
(Supplement Fig. 1).

2. Sperm parameters

1) Total sperm count
The total sperm count was evaluated in 3 studies 

[16-18]. There was a statistically significant reduction 
in total sperm counts in experimental animals with 
varicoceles in comparison to control animals without 

Table 1. Description of included studies

Author Year Type of study Type of animal Technique of varicocele induction Follow-up

Gur et al [20] 2021 Cohort Wistar rats Left renal vein ligation (partial) 2 mo
Sadeghi et al [7] 2020 Cohort Wistar rats Left renal vein ligation 2 mo
Taghizadeh et al [18] 2017 Cohort Wistar rats Left renal vein ligation (partial) 4 mo
Khosravanian et al [17] 2014 Cohort Wistar rats Left renal vein ligation 8 wk
Moshtaghion et al [16] 2013 Cohort Wistar rats Left renal vein ligation 42 wk
Razi et al [19] 2011 Cohort Wistar rats Left renal vein ligation 8 mo

Fig. 1. PRISMA flow diagram summariz-
ing the identification, screening, eligibil-
ity, and inclusion of articles.

Id
e
n
ti
fi
c
a
ti
o
n

S
c
re

e
n
in

g
In

c
lu

d
e
d

Identification of new studies via databases and registers

Records identified from:
Databases (n=73)
Registers (n=0)

Records screened
(n=69)

Reports sought for retrieval
(n=33)

Reports assessed for eligibility
(n=33)

New studies included in review
(n=6)

Reports of new included studies
(n=0)

Records removed before screening:
Duplicate records (n=4)

Records marked as ineligible by automation
tools (n=0)

Records removed for other reasons (n=0)

Records excluded
(n=36)

Reports not retrieved
(n=0)

Reports excluded:
Review (n=2)

Protocols (n=2)
Comments (n=2)

Overlapping studies (n=1)
Out of scope (n=20)



Giorgio Ivan Russo, et al: Relationship of Varicocele with Oxidative Stress

5www.wjmh.org

varicoceles (SMD: -17.45 [-28.97, 5.93]; p<0.01) (Fig. 3). 
Significant inter-study heterogeneity was observed (I2 

=84%; χ2 p<0.01).
There was asymmetrical study distribution in the 

funnel plot indicating publication bias. The study by 
Khosravanian et al [17] was found sensitive to change 
the pooled estimate with no significant difference be-
tween groups when removed.

The pooled estimate was significantly lower in the 
experimental group (MD: -37.51, 95% CI: -53.14, -21.87; 
p<0.01) (Supplement Fig. 2).

2) Sperm vitality
Sperm vitality was evaluated in two studies using 

Eosin-Nigrosin staining [16,18]. There was a statistically 
significant reduction of sperm vitality in experimental 
animals with varicocele versus control animals (SMD: 
-16.41 [-26.30, -6.52]; p<0.01) (Fig. 4). Significant inter-
study heterogeneity was observed (I2=77%; χ2 p=0.04).

The pooled estimate was significantly lower in the 
experimental group (MD: -41.26, 95% CI: -56.83, -25.70; 
p<0.01). (Supplement Fig. 3).

Table 2. Quality of evidence of the included studies using the Cambridge Quality Checklist

Author Checklist for correlates (0–5) Checklist for risk factors (1–3) Checklist for causal risk factor (1–7) Total score (2–15)

Gur et al [20] 4 3 6 13
Sadeghi et al [7] 4 3 6 13
Taghizadeh et al [18] 4 3 6 13
Khosravanian et al [17] 4 3 6 13
Moshtaghion et al [16] 4 3 6 13
Razi et al [19] 4 3 6 13

Fig. 2. (A) Forest plot of the MDA in 
animals with varicocele compared to 
controls. (B) Funnel plot of the MDA 
in animals with varicocele compared 
to controls. (C) Sensitivity analysis of 
the MDA in animals with varicocele 
compared to controls. MDA: malondi-
aldehyde, SD: standard deviation, SMD: 
standardized mean difference.
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3) Total sperm motility
Sperm motility was evaluated in 4 studies [7,16-18]. 

There was a statistically significant reduction of total 
sperm motility in experimental animals with varico-

cele versus control animals (SMD: -17.67 [-24.90, -10.44]; 
p<0.01) (Fig. 5).

Significant inter-study heterogeneity was observed 
(I2=79%; χ2 p<0.01). The asymmetry of the funnel plot 

Fig. 3. (A) Forest plot of the total sperm 
count in animals with varicocele com-
pared to controls. (B) Funnel plot of the 
total sperm count in animals with varico-
cele compared to controls. (C) Sensitivity 
analysis of total sperm count in animals 
with varicocele compared to controls. 
SD: standard deviation, SMD: standard-
ized mean difference.
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highlighted the presence of publication bias. Sensitiv-
ity analysis showed no studies influencing the pooled 
estimate when removed.

The pooled estimate was significantly lower in the 
experimental group (MD: -52.56, 95% CI: -76.70, -28.43; 
p<0.01)  (Supplement Fig. 4).

4) Sperm DNA fragmentation
SDF levels were evaluated in 4 studies [7,16,17,19]. Ac-

ridine orange staining kit was used in all studies. The 
pooled estimate was significantly higher in the experi-
mental group (SMD: 7.41, 95% CI [1.23, 13.59], p=0.02). 
Publication bias is demonstrated in the funnel plot (Fig. 
6). Sensitivity analysis showed 3 studies which changed 
the pooled estimate when removed [16,17,19]. 

Significant inter-study heterogeneity was observed 
(χ2 p<0.01). Studies are unequally distributed across the 
funnel plot.

The pooled estimate was significantly higher in the 
experimental group (MD: 33.1, 95% CI [11.2, 55.1], p-value 
0.003). Publication bias is demonstrated in the funnel 

plot. Sensitivity analysis showed no studies influenced 
the pooled estimate when removed (Supplement Fig. 5). 

3. Quality check of included studies
Table 2 shows the results of the quality of all studies, 

demonstrating overall high quality.

DISCUSSION

The results of  this SRMA indicate a significant 
increase in OS as evidenced by increased levels of 
testicular tissue MDA in experimental animals with 
varicocele as compared to those without varicocele. 
MDA is the byproduct of lipid peroxidation caused by 
imbalance of ROS, and serves as a marker of OS [5,21], 
Interestingly, Jang et al [22] reported increased levels 
of ROS in testicular tissue of rats with varicoceles by 
quantifying the levels of 8-hydroxy-20-deoxyguanosine 
(8-OHdG) as a product of oxidatively modified DNA. 
The results of the latter study are in line with our 
findings of high OS in testicular tissue of experimental 

Fig. 5. (A) Forest plot of the total sperm 
motility in animals with varicocele 
compared to controls. (B) Funnel plot of 
the total sperm motility in animals with 
varicocele compared to controls. (C) Sen-
sitivity analysis of the total sperm count 
in animals with varicocele compared to 
controls. SD: standard deviation, SMD: 
standardized mean difference.
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animals with varicoceles. Another study by Sadraei et 
al [23] demonstrated increased percentage of intracyto-
plasmic ROS in sperm suspensions obtained from the 
caudal epididymis of rat models with varicocele. How-
ever, the use of two different samples (testicular tissue 
and epididymal sperm suspension), in the latter studies, 
prevented us from conducting a quantitative analysis 
of ROS as an outcome in experimental animals with 
varicoceles.

The exact mechanism of pathogenesis of OS in exper-
imental animals with varicocele is not fully understood 
despite excess heat exposure and hypoxia have been 
postulated. Varicocele is thought to increase testicular 
temperature, secondary to the increase in heat shock 
proteins (HSPs) and their impact on sperm protein 
denaturation, apoptosis, and male infertility [24]. Addi-
tionally, these detrimental effects consequently lead to 
OS, hypoxia, damage to the germ cells and Leydig cells 
and reduced sperm production [25,26].

HSPs are a family of proteins that are expressed con-
stitutively in cells and play a role in regulating vari-

ous cellular pathways, including transport, translation, 
transcription, and signal transduction. These proteins 
are also involved in responding to stimuli such as heat 
stress. The inability to produce adequate concentra-
tions of functional HSP may lead to increased sperm 
protein denaturation, apoptosis, and male infertility in 
varicocele patients [27]. HSPA2, a member of the HSP 
family, is expressed in male germ cells and is essential 
for spermatogenesis. HSPA2 mRNA and protein ex-
pression levels were lower in oligozoospermic men with 
varicocele, while HSPA2 protein activity increased 
after varicocele repair [27]. Heat exposure can induce 
OS in tissues, increase sperm protein denaturation, and 
apoptosis in varicocele patients [28].

Varicocele-induced altered intratesticular vascular 
perfusion and pressure patterns together with local 
hypoxia are considered important factors of male in-
fertility [9]. Hypoxia in patients with varicocele leads 
to a decrease in oxygen partial pressure in testis tissue, 
resulting in a metabolic disorder [29]. The presence of 
hypoxia in the testicular microenvironment triggers 

Fig. 6. (A) Forest plot of the SDF in 
animals with varicocele compared to 
controls. (B) Funnel plot of the SDF in 
animals with varicocele compared to 
controls. (C) Sensitivity analysis of the 
SDF in animals with varicocele compared 
to controls. SDF: sperm DNA fragmenta-
tion, SD: standard deviation, SMD: stan-
dardized mean difference.
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changes in the expression of various hypoxia-related 
factors and genes, subsequently impacting the testicu-
lar microenvironment. The hypoxia-inducible factor-1 
(HIF-1) is generated in response to tissue hypoxia and 
is expressed in germ cells. HIF-1 binds to vascular en-
dothelial growth factor (VEGF) and plays a crucial role 
in mitigating the damage caused by tissue hypoxia. 
Zhang et al [30] showed that hypoxia can increase the 
testicular expression of HIF-1α in rats with varicocele, 
resulting in a significant increase in spermatogenic cell 
apoptosis. Following the onset of hypoxia, the degrada-
tion pathway of HIF-1α is obstructed, leading to the ac-
cumulation and nuclear translocation of HIF-1α.

It has also been demonstrated that active HIF-1 binds 
to various hypoxia-sensitive genes, including erythro-
poietin and VEGF, and promotes the transcription of 
these target genes, resulting in further cellular damage 
including dysregulation of endothelial cell prolifera-
tion, angiogenesis, and vascular permeability. A recent 
study showed that intratesticular injection of VEGF 
can enhance spermatogenesis and decrease apoptosis in 
rats with varicoceles [31]. Research has demonstrated 
that the application of the CRISPR/Cas9 gene editing 
technique to silence the HIF-1α gene in rat testes with 
varicoceles has an impact on the regulation of sper-
matogenesis in varicocele rats [32].

Our results indicate a significant reduction in basic 
sperm parameters (total count, total motility, and vital-
ity) in experimental animals with varicocele as com-
pared to those without varicocele. A reduction in sperm 
vitality and total motility has been attributed to the 
OS status caused by varicocele [33]. Furthermore, the 

current meta-analysis indicates a significant increase 
in sperm SDF in experimental animals with varicocele 
when compared to those without varicocele. Increased 
SDF levels observed in the experimental animals with 
varicoceles may also be related, at least in part, to var-
icocele-mediated OS. High levels of SDF have been cor-
related with decreased human fertility and increased 
risk of miscarriage [34]. 

Despite sufficient evidence in animal studies suggest-
ing varicocele-associated detrimental impact on sperm 
function and thus fertility, the relationship between 
varicocele and infertility in humans has been a subject 
of ongoing debate. While many studies suggest an asso-
ciation between varicocele and impaired male fertility, 
there are some criticisms and challenges surrounding 
this relationship and arguments among clinicians on 
the benefits of varicocele repair [35].

Nonetheless, a recent meta-analysis conducted on 16 
studies comprising of 2,420 infertile men with clini-
cal varicocele showed significant improvement in post-
operative semen parameters, including sperm concen-
tration, total sperm count, progressive sperm motility, 
total sperm motility, and normal sperm morphology [36].

The results of the current study suggest that var-
icocele-induced testicular damage is mediated by OS. 
Therefore, the positive effects of varicocele repair on 
sperm parameters could be mediated through a reduc-
tion of testicular/seminal OS.

The Strengths, Weaknesses, Opportunities, and 
Threats (SWOT) analysis for the present SRMA is 
shown in Fig. 7. Despite the interesting findings of this 
study in relation to the impact of varicocele on sperm 

Fig. 7. Strengths, Weaknesses, Opportu-
nities, and Threats (SWOT) analysis.
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parameters and OS in animal studies, a few limitations 
are noted. First, we analyzed data of one biomarker of 
OS, namely MDA in experimental animals with and 
without varicocele. Future studies are warranted to 
investigate other OS parameters such as ROS and free 
radical scavenging capacity of individual antioxidants, 
such as superoxide dismutase, glutathione peroxidase, 
catalase and TAC. Second, we did not assess the rela-
tionship between the duration of varicocele induction 
and the deterioration of semen parameters or develop-
ment of OS status. Although the results obtained from 
induced varicoceles in experimental animals cannot be 
directly applied to humans, understanding the speed 
at which the negative effects on spermatogenesis and 
sperm parameters occur in animals with varicocele 
could be important. Third, the included studies neither 
reported pregnancy rates nor live birth rates in animals 
with varicocele versus controls. This aspect could be 
crucial as varicocele not only impairs semen parameters 
and sperm DNA but may also lead to lower pregnancy 
and live birth rates. Despite the above-mentioned limi-
tations, this SRMA provides convincing evidence of the 
adverse effects of varicocele on the fertility potential.

CONCLUSIONS

The results of this meta-analysis provide evidence 
that varicocele results in a significant increase in lev-
els of testicular OS in animal models. Additionally, the 
results of this meta-analysis revealed that varicocele 
has a detrimental impact on total sperm count, sperm 
vitality, and total sperm motility. In addition, varico-
cele in experimental animals is associated with higher 
SDF levels. These findings support the potential role of 
OS in the pathogenesis of varicocele-induced testicular 
damage.
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