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Varicocele has been extensively described and studied as the most important reversible

cause of male infertility. Its impact on semen parameters, pregnancy rates, and assisted

reproductive outcomes have been associated with multifactorial aspects, most of them

converging to increase of reactive oxygen species (ROS). More recently, sperm DNA

fragmentation has gained significant attention and potential clinical use, although the

body of evidence still needs further evolution. The associations between sperm DNA

damage and a variety of disorders, including varicocele itself, share common pathways

to ROS increase. This mini-review discusses different aspects related to the etiology of

ROS and its relation to varicocele and potential mechanisms of DNA damage.
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INTRODUCTION

Varicocele is defined as abnormally dilated veins in the pampiniform plexus of the spermatic
cord and is graded according to physical examination. In men with varicoceles the blood flows
backwards into the internal spermatic vein and results in vascular dilation of the veins in the
pampiniform plexus. This pathological reflux of blood is thought to be caused, amongst other
possible etiologies, by congenital insufficient or absent venous valves. It is considered one of the
most important reversible causes of infertility, and the most important surgically correctable (1, 2),
present in about 15% of the normal male population. About 25% of men with abnormal semen
analysis, 35–40% of patients with primary infertility, and up to 81% of the men with secondary
infertility are diagnosed with varicocele (3–6). This differences in incidence suggest a progressive
decline in fertility, with fertile men with varicocele also subjected to potential varicocele-induced
impairment of spermatogenesis in the future. Therefore, all men with varicocele may benefit from
early evaluation, and for selected patients varicocelectomy may be considered to prevent future
infertility (7).

Clinical societies guidelines consider varicocele treatment in infertility settings. The European
Association of Urology guideline in Male Infertility summarizes evidence regarding potential
treatment for patients with clinical varicocele, abnormal semen parameters or otherwise
unexplained infertility (8). The American Society of Reproductive Medicine and the American
Urological Association, in their recent joint guideline, consider surgical varicocelectomy in men
attempting to conceive who have palpable varicocele, infertility, and abnormal semen parameters
(9). Both societies agree on the lack of evidence regarding subclinical varicocele treatment.
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The precise pathological mechanisms underlying varicocele-
associated fertility impairment are controversial but highly
accepted as multifactorial. Among the possible etiologies are
scrotal hyperthermia, testicular hypoperfusion, and hypoxia, as
well as backflow of toxic metabolites and hormonal disturbances.
These mechanisms mostly merge on increased oxidative stress
(2). Oxidative stress is an imbalance in metabolism related to
an excess of reactive oxygen species (ROS), metabolites of the
oxidative metabolic pathway. Small amounts are necessary and
physiological for optimal sperm metabolism, although elevated
levels can be detrimental to spermatogenesis (10).

Sperm DNA fragmentation (SDF) was recently incorporated
in the extended examination chapter of the WHO laboratory
manual for the examination and processing of human semen.
The 6th and latest edition defines sperm DNA damage as
chemicals modifications in the DNA structure, which include
fragmentations in single or double strand breaks (11). SDF
has been associated with male infertility, decreased pregnancy
rates, and miscarriage. Several factors are associated with SDF,
a multifactorial characteristic also highlighted by the WHO
manual, and they usually overlap. These conditions include
intrinsic factors such as defective spermatogenesis and apoptosis,
varicocele, genital infection, diabetes, and obesity to extrinsic
factors such as environmental toxins, cigarette smoking, and
radiation (12). Nevertheless, oxidative stress is considered the
most important and final pathway leading to SDF (13).

The association between varicocele and elevated ROS and how
the surgical treatment of varicocele impacts the oxidativemarkers
have been the subject of several studies, with evidence toward
reduction of oxidative stress and mitigation of DNA damage
after varicocelectomy (14, 15). In this paper, we report varicocele-
associated infertility and the role of oxidative stress on SDF and
male infertility.

VARICOCELE AND OXIDATIVE-STRESS

RELATED MALE INFERTILITY

Most men with varicocele are able to father children even without
intervention, hence, the exact link between varicoceles and
infertility is controversial (2, 16). Conventional semen analysis
have been insuficient in demonstrating all potential hazards
and changes in sperm functions related to varicocele. In this
way, ROS and DNA fragmentation essays have been studied in
this population.

As aforementioned, the pathophysiology of varicocele-
induced infertility is subject to debate, and is considered
complex and multifactorial, with no single factor believed to
be responsible for the negative testicular effects (2). Regarding
this complex network, oxidative stress is most likely the most
important and, ultimately, the common pathway of these
mechanisms. Low levels of ROS are essential for many reactions
and physiological functions, from mitochondrial activity to
endothelial cell proliferation. ROS also participates in sperm
functions of capacitation, acrosome reaction, and fertilization
signaling (10). ROS production is usually balanced by both
intrinsic and extrinsic mechanisms of antioxidant scavenging

system. The imbalance in these mechanisms within the male
genital tract causes oxidative stress, known to lead the way to
sperm damage in different ways, from modified maturation to
impaired motility and apoptosis (17), and more recently, sperm
DNA damage.

Endothelial cells of the dilated pampiniform plexus would
be responsible to generate ROS and nitrogen species potentially
harmful to both testicular and epididymal cells (18). Evidence
toward higher ROS in varicocele population has been previously
published, with higher oxidative stress markers such as
nitric oxide, nitric oxide synthase, malondialdehyde, hydrogen
peroxyde and extracelluar superoxide anion (19).

In 2006, a meta-analysis published by Agarwal et al.
comprising 118 infertile men with varicoceles and 76 healthy
sperm donors showed significantly higher ROS concentrations
in men with varicoceles compared with sperm donors (weighted
mean difference 0.73; 95% CI 0.40–1.06; P < 0.00001) (20).
Hamada et al. (21) enumerates a series of studies showing higher
level of oxidative markers in patients with higher varicocele
grade, considering both seminal and testicular markers, and
contribute to the insight of oxidative-related infertility in
varicocele population.

Varicocelectomy has been continuosly described as a cost-
effective strategy for infertile men with varicocele, associated
primarily with improvements in semen parameters. Considering
other biomarkers of male infertility, surgical treatment has
also been related to lower levels of ROS and oxidative
stress markers after the procedure (22). Sakamoto et al. also
related improvement in semen concentration 6 months after
varicocelectomy, accordingly with lower ROS levels (23). More
recently, Altintas et al. measured oxidative stress levels of
ROS, the oxidative stress index, total oxidant capacity and
antioxidants with total antioxidant capacity in peripheral and
internal spermatic veins blood, observing an improvement in
oxidative profile of patients after varicocelectomy to values
similar to control group (24). It is important to highlight that
these studies measure different oxidative stress components
with a high heterogeneity in methods. Nevertheless, a beneficial
tendency in oxidative profile is observed after varicocelectomy, in
accordance with the proposed physiopathology.

Interestingly, fertile patients with varicocele may also present
with elevates ROS, in the way to contribute to the still open
question on this matter (18, 25). Few mechanisms have been
postulated to explain this individual variation, from differential
enzymatic activity to modified cellular signal-transducing and
cell apoptosis cycles (26).

OXIDATIVE STRESS AND DNA

FRAGMENTATION

Men with varicocele usually present with both altered oxidative
markers and DNA fragmentation assays, suggesting SDF as one
of the results of the oxidative stress pathway in this clinical
setting. In this way, elevated SDF frequently coexists with altered
classical semen parameters. But as aforementioned, classical
semen parameters of concentration, motility and morphology
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may not reflect potential changes in sperm function. Higher rates
of SDF have also been reported in normozoospermic men (27).

The genesis of SDF is the high vulnerability of human
spermatozoa to oxidative stress, related to rich polyunsaturated
fatty acids plasma membranes, limited cytosolic content and
lack of mechanisms of DNA repair (28). Polyunsaturated fatty
acids are vulnerable to oxidative stress and may also maintain a
cycle of ROS generation and increase (29), promoting membrane
modifications. Depending on the level of oxidative stress, ROS
may reach mitochondrial DNA and the nucleus DNA (30).

Through mechanisms of chromatin decondensation,
chromatin protein cross-linking, promoting abasic sites and
single or double strand breaks these last ones the main type and
most clinically important DNA lesions (26, 30, 31). Nevertheless,
considering these types of SDF, not all assays available today
are able to detect all of them in the same manner (32). Single-
strand breaks are correlated to lower sperm motility and
worse morphology. ICSI procedures, therefore, may be able
to select sperm with less damaged DNA and provide better
pregnancy results (33). Double-strand breaks, however, can
induce chromosomal instability, and the zygote capacity to
repair them is limited (34).

Evidence toward the association of varicocele and SDF have
been published continuously (26). Previous systematic reviews
by Zini and Dohle (35) and Wang et al. (36) show elevated
SDF levels in infertile patients with and without varicocele, or
even on fertile patients with varicocele when compared to sperm
donors. This suggests that although most of the present evidence
indicates elevated SDF in patients with varicocele, individual
factors, as previously mentioned, are also evolved on fertility
outcomes (26).

Varicocelectomy is an important strategy for reduction of
SDF. In the recent meta-analysis by Lira Neto et al. (37),
varicocelectomy was associated with reduced postoperative
SDF rates in infertile men with clinical varicocele. Elevated
preoperative levels were associated with greater postoperative
improvement. The authors analyzed the available literature with

different SDF essays, with consistent findings. When considering
varicocele grading, available data was not able to reflect different
outcomes for different grades. Nevertheless, it is important
to consider the marked heterogeneity and small number of
available studies. Interestingly, the authors highlight a tendency
in recent years in expanding varicocelectomy indications in men
with clinical varicocele, elevated SDF but normal or borderline
semen analysis. SDF would contribute to fill the gap of classical
semen parameters.

DNA fragmentation use in clinical practice has been growing
in the past years, as the body of evidence is continuously
improving. However, clinical practice guidelines still debate the
indication for testing, and the need for careful interpretation of
SDF levels. Patients with conditions associated with high SDF,
such as varicocele, would benefit from testing. Varicocelectomy
is very promising in mitigating SDF, although clinical outcomes
of pregnancy of this treatment modality still have to be better
elucidated with well-designed clinical trials (38).

CONCLUSION

Higher levels of ROS are present in patients with varicocele,
and the oxidative effects of ROS on sperm results in higher
SDF. This is a fundamental part of the mechanism of varicocele-
induced infertility and has several potential consequences in
human reproduction. Varicocelectomy is an important strategy
in improving semen parameters, and recently associated to SDF
reduction. Further researchmay improve the selection of patients
that may benefit from varicocele surgical correction and optimize
clinical management of these patients.
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et al. EAU guidelines on sexual and reproductive health. Eur Assoc

Urol. (2021) 282. Available online at: https://uroweb.org/wp-content/uploads/

EAU-Guidelines-on-Sexual-and-Reproductive-Health-2021.pdf

9. Peter N. Schlegel M, Mark Sigman M, Collura B, Christopher J. DeJonge P,

et al. Diagnosis and Treatment of Infertility in Men: AUA/ASRM Guideline.

Linthicum, MD; Washington, DC: American Urological Association

Education and Research, Inc.; American Society for Reproductive

Medicine (2020).

10. Saleh RA, Agarwal A. Oxidative stress and male infertility: from

research bench to clinical practice. J Androl. (2002) 23:737–52.

doi: 10.1002/j.1939-4640.2002.tb02324.x

11. WHO. WHO Laboratory Manual for the Examination and Processing of

Human Semen. Geneva: WHO (2021). 276 p.

12. Panner Selvam MK, Ambar RF, Agarwal A, Henkel R. Etiologies of

sperm DNA damage and its impact on male infertility. Andrologia. (2021)

53:e13706. doi: 10.1111/and.13706

Frontiers in Reproductive Health | www.frontiersin.org 3 October 2021 | Volume 3 | Article 695992

https://doi.org/10.1016/j.urology.2007.04.011
https://doi.org/10.1038/nrurol.2017.98
https://doi.org/10.1001/jama.2020.0397
https://doi.org/10.1016/j.ucl.2013.08.001
https://doi.org/10.1016/S0094-0143(02)00075-7
https://doi.org/10.1016/S0090-4295(99)80385-9
https://doi.org/10.1016/S0015-0282(16)55809-9
https://uroweb.org/wp-content/uploads/EAU-Guidelines-on-Sexual-and-Reproductive-Health-2021.pdf
https://uroweb.org/wp-content/uploads/EAU-Guidelines-on-Sexual-and-Reproductive-Health-2021.pdf
https://doi.org/10.1002/j.1939-4640.2002.tb02324.x
https://doi.org/10.1111/and.13706
https://www.frontiersin.org/journals/reproductive-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/reproductive-health#articles


Wood et al. Varicocele and Oxidative Stress

13. Muratori M, Tamburrino L, Marchiani S, Cambi M, Olivito B, Azzari

C, et al. Investigation on the origin of sperm DNA fragmentation: role

of apoptosis, immaturity and oxidative stress. Mol Med. (2015) 21:109–

22. doi: 10.2119/molmed.2014.00158

14. Tiseo BC, Esteves SC, Cocuzza MS. Summary evidence on the effects of

varicocele treatment to improve natural fertility in subfertile men. Asian J

Androl. (2016) 18:239–45. doi: 10.4103/1008-682X.172639

15. Qiu D, Shi Q, Pan L. Efficacy of varicocelectomy for sperm

DNA integrity improvement: a meta-analysis. Andrologia. (2021)

53:e13885. doi: 10.1111/and.13885

16. Pastuszak AW, Wang R. Varicocele and testicular function. Asian J Androl.

(2015) 17:659–67. doi: 10.4103/1008-682X.153539

17. Ritchie C, Ko EY. Oxidative stress in the pathophysiology of male infertility.

Andrologia. (2021) 53:e13581. doi: 10.1111/and.13581

18. Agarwal A, Hamada A, Esteves SC. Insight into oxidative stress in

varicocele-associated male infertility: part 1. Nat Rev Urol. (2012) 9:678–

90. doi: 10.1038/nrurol.2012.197

19. Dave P, Farber N, Vij S. Conventional semen analysis and advanced sperm

function tests in diagnosis and management of varicocele. Andrologia. (2021)

53:e13629. doi: 10.1111/and.13629

20. Agarwal A, Prabakaran S, Allamaneni SSSR. Relationship between oxidative

stress, varicocele and infertility: a meta-analysis. Reprod Biomed Online.

(2006) 12:630–3. doi: 10.1016/S1472-6483(10)61190-X

21. Hamada A, Esteves SC, Agarwal A. Insight into oxidative stress in

varicocele-associated male infertility: part 2. Nat Rev Urol. (2013) 10:26–

37. doi: 10.1038/nrurol.2012.198

22. Hurtado De Catalfo GE, Ranieri-Casilla A, Marra FA, De Alaniz

MJT, Marra CA. Oxidative stress biomarkers and hormonal profile in

human patients undergoing varicocelectomy. Int J Androl. (2007) 30:519–

30. doi: 10.1111/j.1365-2605.2007.00753.x

23. Sakamoto Y, Ishikawa T, Kondo Y, Yamaguchi K, Fujisawa M. The assessment

of oxidative stress in infertile patients with varicocele. BJU Int. (2008)

101:1547–52. doi: 10.1111/j.1464-410X.2008.07517.x

24. Altintas R, Ediz C, Celik H, Camtosun A, Tasdemir C, Tanbek K, et al.

The effect of varicocoelectomy on the relationship of oxidative stress in

peripheral and internal spermatic vein with semen parameters. Andrology.

(2016) 4:442–6. doi: 10.1111/andr.12172

25. Mostafa T, Anis T, Imam H, El-Nashar AR, Osman IA.

Seminal reactive oxygen species-antioxidant relationship in

fertile males with and without varicocele. Andrologia. (2009)

41:125–9. doi: 10.1111/j.1439-0272.2008.00900.x

26. Esteves SC, Santi D, Simoni M. An update on clinical and surgical

interventions to reduce sperm DNA fragmentation in infertile men.

Andrology. (2020) 8:53–81. doi: 10.1111/andr.12724

27. Jeremias JT, Belardin LB, Okada FK, Antoniassi MP, Fraietta R, Bertolla RP,

et al. Oxidative origin of sperm DNA fragmentation in the adult varicocele.

Int Braz J Urol. (2021) 47:275–83. doi: 10.1590/s1677-5538.ibju.2019.

0827

28. Dada R. Sperm DNA damage diagnostics: when and why. Transl Androl Urol.

(2017) 6(Suppl. 4):S691–S4. doi: 10.21037/tau.2017.05.26

29. Champroux A, Torres-Carreira J, Gharagozloo P, Drevet JR, Kocer A.

Mammalian sperm nuclear organization: resiliencies and vulnerabilities. Basic

Clin Androl. (2016) 26:17. doi: 10.1186/s12610-016-0044-5

30. Cho CL, Esteves SC, Agarwal A. Novel insights into the

pathophysiology of varicocele and its association with reactive oxygen

species and sperm DNA fragmentation. Asian J Androl. (2016)

18:186–93. doi: 10.4103/1008-682X.170441

31. Agarwal A, Panner Selvam MK, Baskaran S, Cho CL. Sperm DNA damage

and its impact on male reproductive health: a critical review for clinicians,

reproductive professionals and researchers. Expert Rev Mol Diagn. (2019)

19:443–57. doi: 10.1080/14737159.2019.1614916

32. Ribas-Maynou J, Benet J. Single and double strand sperm dna damage:

different reproductive effects on male fertility. Genes (Basel). (2019)

10:105. doi: 10.3390/genes10020105

33. Ribas-Maynou J, García-Peiró A, Fernandez-Encinas A, Amengual

MJ, Prada E, Cortés P, et al. Double stranded sperm DNA breaks,

measured by Comet assay, are associated with unexplained recurrent

miscarriage in couples without a female factor. PLoS ONE. (2012)

7:e44679. doi: 10.1371/journal.pone.0044679

34. González-Marín C, Gosálvez J, Roy R. Types, causes, detection and repair of

DNA fragmentation in animal and human sperm cells. Int J Mol Sci. (2012)

13:14026–52. doi: 10.3390/ijms131114026

35. Zini A, Dohle G. Are varicoceles associated with increased

deoxyribonucleic acid fragmentation? Fertil Steril. (2011) 96:1283–

7. doi: 10.1016/j.fertnstert.2011.10.016

36. Wang YJ, Zhang RQ, Lin YJ, Zhang RG, Zhang WL. Relationship

between varicocele and sperm DNA damage and the effect of

varicocele repair: a meta-analysis. Reprod Biomed Online. (2012)

25:307–14. doi: 10.1016/j.rbmo.2012.05.002

37. Lira Neto FT, Roque M, Esteves SC. Effect of varicocelectomy on sperm

deoxyribonucleic acid fragmentation rates in infertile men with clinical

varicocele: a systematic review andmeta-analysis. Fertil Steril. (2021) 116:696–

712. doi: 10.1016/j.fertnstert.2021.04.003

38. Wang SL, Bedrick BS, Kohn TP. What is the role of

varicocelectomy in infertile men with clinical varicoceles and

elevated sperm DNA fragmentation? Fertil Steril. (2021) 116:657–

8. doi: 10.1016/j.fertnstert.2021.06.053

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Wood, Cardoso, Paluello, Nunes and Cocuzza. This is an open-

access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Reproductive Health | www.frontiersin.org 4 October 2021 | Volume 3 | Article 695992

https://doi.org/10.2119/molmed.2014.00158
https://doi.org/10.4103/1008-682X.172639
https://doi.org/10.1111/and.13885
https://doi.org/10.4103/1008-682X.153539
https://doi.org/10.1111/and.13581
https://doi.org/10.1038/nrurol.2012.197
https://doi.org/10.1111/and.13629
https://doi.org/10.1016/S1472-6483(10)61190-X
https://doi.org/10.1038/nrurol.2012.198
https://doi.org/10.1111/j.1365-2605.2007.00753.x
https://doi.org/10.1111/j.1464-410X.2008.07517.x
https://doi.org/10.1111/andr.12172
https://doi.org/10.1111/j.1439-0272.2008.00900.x
https://doi.org/10.1111/andr.12724
https://doi.org/10.1590/s1677-5538.ibju.2019.0827
https://doi.org/10.21037/tau.2017.05.26
https://doi.org/10.1186/s12610-016-0044-5
https://doi.org/10.4103/1008-682X.170441
https://doi.org/10.1080/14737159.2019.1614916
https://doi.org/10.3390/genes10020105
https://doi.org/10.1371/journal.pone.0044679
https://doi.org/10.3390/ijms131114026
https://doi.org/10.1016/j.fertnstert.2011.10.016
https://doi.org/10.1016/j.rbmo.2012.05.002
https://doi.org/10.1016/j.fertnstert.2021.04.003
https://doi.org/10.1016/j.fertnstert.2021.06.053
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/reproductive-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/reproductive-health#articles

	Varicocele-Associated Infertility and the Role of Oxidative Stress on Sperm DNA Fragmentation
	Introduction
	Varicocele and Oxidative-Stress Related Male Infertility
	Oxidative Stress and DNA Fragmentation
	Conclusion
	Author Contributions
	References


