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INTRODUCTION

Sperm DNA fragmentation (SDF) refers to breakages 
in the DNA of mature spermatozoa and is a molecular 
sperm abnormality that can affect fertility potential 

[1,2]. There has been a growing interest in SDF test-
ing as well as its role in the evaluation and manage-
ment of infertile couples. This increased popularity is 
reflected by a trend of more publications on the role of 
SDF as a diagnostic and prognostic factor in male in-
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Purpose:Purpose: To evaluate the evidence on sperm DNA fragmentation (SDF) and its clinical applications in reproductive medicine, 
highlighting benefits, limitations, and guidelines for its use to assist clinicians in objective decision-making.
Materials and Methods:Materials and Methods: A multidisciplinary team of clinicians and reproductive experts from the Global Andrology Forum 
(GAF) reviewed the latest evidence on SDF, covering indications, testing methods, recurrent pregnancy loss, varicocele and 
its repair, assisted reproductive technologies (ART), treatment of associated conditions, antioxidant therapy, and sperm selec-
tion for ART. Expert statements and recommendations were developed and graded with the GRADE system using a modified 
Delphi process.
Results:Results: Based on the GAF surveys, systematic reviews, and meta-analyses related to SDF, 52 experts introduced and scored 
24 statements and recommendations using the GRADE system. Of these, 87.5% (21/24) achieved strong ratings, reflecting 
broad consensus, while 12.5% (3/24) were rated weak. The guidelines provide evidence-based recommendations for clinical 
scenarios, including the role of SDF in infertility, recurrent pregnancy loss, and ART outcomes.
Conclusions:Conclusions: While there is growing interest and evidence regarding the clinical benefit of SDF testing and its utility in man-
aging male infertility, significant gaps in the literature limit its routine use in clinical practice. The guidelines offer a structured 
framework for integrating SDF testing into male infertility management, emphasizing a tailored approach based on individual 
clinical scenarios. Clinicians must balance the benefits and limitations of SDF testing and antioxidant treatment to optimize 
care in reproductive medicine. These guidelines are critical for advancing evidence-based practices in male infertility man-
agement.
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fertility, with literature supporting its use as an ancil-
lary measure of sperm quality beyond the conventional 
semen parameters [3]. In addition, the 2021 World 
Health Organization (WHO) laboratory manual for the 
examination and processing of human semen included 
SDF as an extended semen evaluation and discussed 
four assays for measuring SDF [4]. Despite this inter-
est, there remain controversies regarding SDF's utility 
and its implementation in clinical practice.

The Global Andrology Forum (GAF) has launched a 
worldwide survey regarding the clinical applications 
of SDF, including indications for testing, technical as-
pects for testing, and management approaches [5,6]. A 
total of 436 reproductive clinicians from 55 countries 
responded to the survey, providing, for the first time, 
insight into the current landscape of SDF implemen-
tation worldwide [6]. From the survey responses, the 
professional society guidelines, and published evidence, 
expert recommendations related to various aspects of 
SDF testing and treatment were devised and reviewed 
by 63 experts in andrology and reproductive medicine 
using the Delphi method to reach a consensus. These 
recommendations were published along with the sur-
vey responses to provide an extensive reference to cli-
nicians worldwide on testing, treating, and counseling 
infertile couples with elevated SDF [5,6]. However, no 
recommendations were graded in this GAF-supported 
survey.

This article will discuss the current state of evidence 
on SDF and its potential applications in reproductive 
medicine, highlighting both benefits and limitations to 
allow unbiased clinical judgment and also to present 
clinical guidelines with the statements and recommen-
dations, along with appropriate grading, which will be 
provided to guide the clinicians and researchers in an 
objective, clinically applicable manner.

MATERIALS AND METHODS

Clinicians and reproductive experts from the GAF 
reviewed contemporary evidence on SDF testing indi-
cations, methods, and therapeutic approaches in the 
context of male infertility. Special emphasis was placed 
on high-quality studies, systematic reviews and meta-
analyses, professional society guidelines, and the GAF’s 
previous global surveys on SDF, which reflect the glob-
al practice pattern of SDF use. Evidence highlighting 
the benefits and limitations of SDF testing and treat-

ment is presented.
A GAF expert panel used the Delphi method [7] to 

develop new consensus agreements on the use of SDF 
testing and treatment alternatives. This panel repre-
sents clinicians, including urologists and andrologists 
worldwide, who are involved in the management of 
male infertility and have more than five years of expe-
rience in male infertility clinical practice.

To support the clinical evidence for the statements 
and recommendations, the level of each literature's 
evidence was graded based on the Oxford Centre for 
Evidence-based Medicine recommendations and pro-
vided in a concise format.

A total of 24 statements and recommendations were 
included in the survey. An invitation email with clear 
instructions was sent to a selected group of GAF ex-
perts, considering various ages, academic positions, 
geographical distributions, and subspecialties. The in-
vitation included a description of the Delphi method, 
complete instructions, a link to the survey, and a copy 
of the manuscript. Any statements/recommendations 
that did not reach a score of 7/10 by 80% of the respon-
dents were revised based on the feedback and subject-
ed to further assessment rounds until consensus was 
reached for all recommendations.

The final recommendations were then graded by 52 
GAF experts as “Strong” or “Weak” as per the guide-
lines of the GRADE working group [8], which take into 
account the quality of evidence, the "balance between 
desirable and undesirable effects," and cost. Recom-
mendations that were rated "strong" by at least 70% 
of experts were accepted as "strong," while the other 
recommendations were graded as "weak." All panels 
agreed with the final list of statements and recom-
mendations on SDF presented in this article. No ethical 
clearance was necessary.

RESULTS

Table 1 lists all the statements, recommendations, 
and expert opinions on using SDF in reproductive 
medicine, with the grading (strong vs weak) of the 
statements and recommendations.

Table 2 presents the results of the expert grading of 
the statements and recommendations on the strength 
of  24 statements and recommendations using the 
GRADE system. Out of the 24 statements and recom-
mendations, 21 (87.5%) were considered successful, 
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Table 1. Statements, recommendations, and expert opinions on the use of SDF in reproductive medicine with the grading (strong vs weak) of the 
statements and recommendations

Statement category
Statements, recommendations, and expert opinions  

on the use of SDF in reproductive medicine

Grade of the 
statements and 

recommendations

Unexplained and  
idiopathic male infertility

#1. All men with unexplained or idiopathic infertility, based on a thorough negative diagnostic 
work-up, should be counseled to undergo SDF testing.

Strong

Recurrent pregnancy loss #2. SDF testing may be considered in the work-up of any RPL, regardless of conventional semen 
parameters.

Strong

Clinical varicocele #3. SDF testing may be considered in the work-up of a clinical varicocele, but it is not indicated for 
a subclinical varicocele.

Strong

#4. SDF testing can assist in clinical decision-making in men with clinical varicoceles in the pres-
ence of normal semen parameters.

Weak

ART #5. Elevated SDF can have detrimental impacts on ART and is associated with lower clinical preg-
nancy and live birth rates after IVF.

Strong

#6. SDF testing can be considered when ART is planned due to a male factor, especially if there 
has been a previous failure of ART.

Strong

#7. SDF testing is recommended after recurrent ART failure, including recurrent fertilization fail-
ure, recurrent implantation failure, or RPL after IUI, IVF, or ICSI.

Strong

#8. In the setting of ART failure, SDF testing should be offered for men with unexplained or 
idiopathic infertility, men over 40 years, and men with risk factors for high SDF, given the female 
partner has a normal work-up.

Strong

#9. In couples undergoing ART with elevated SDF in the male partner, additional measures to 
lower SDF levels may be beneficial to improve ART success.

Strong

SDF testing methods #10. TUNEL, Comet, SCD, and SCSA are the recommended assays for measuring SDF. Strong
#11. There are no standard cut-off values of SDF, and every laboratory should establish its own 

reference values using appropriate controls and fertility outcomes.
Strong

#12. Ordering a second confirmation test for elevated SDF is not necessary for diagnosis. Weak
Treatment of associated 

conditions and risk  
factors

#13. SDF testing should be considered for infertile men who have risk factors for infertility such 
as smoking, aging, obesity, radiation exposure, chemical exposure, alcohol, and genitourinary 
infections.

Strong

#14. Conservative first-line management of elevated SDF involves addressing underlying causes 
and risk factors, lifestyle modification strategies and reduced ejaculatory abstinence (12-24 
hours) before attempting conception (natural or by ART).

Strong

#15. Lifestyle modification strategies, including weight loss, cessation of smoking and alcohol 
use, treatment of genitourinary infections, and elimination of toxic exposure, are recommended 
for high SDF-associated male infertility, RPL, and ART failure.

Strong

Antioxidants #16. Antioxidant treatment significantly increases spontaneous pregnancy compared to controls. Weak
#17. Antioxidants can be offered to men with high SDF, particularly those with risk factors known 

to increase oxidative stress.
Strong

#18. The effects of antioxidant treatment on live birth and miscarriage rates have been controversial. Strong
#19. There is no consensus on the type, dosage, and duration of antioxidant treatment for infertile 

men with high SDF.
Strong

Varicocele repair #20. Varicocele repair may significantly reduce SDF in patients with elevated levels. Strong
#21. Varicocele repair should be offered to infertile men with clinical varicocele and elevated SDF. Strong
#22. SDF testing should be ordered for men who still have persistent infertility after varicocele 

repair, regardless of improvement in conventional semen parameters.
Strong

Sperm selection and  
testicular sperm

#23. Sperm selection techniques for ART can be used in cases with elevated SDF and in the set-
ting of ART failure.

Strong

#24. Testicular sperm for ART are not recommended for routine use in cases with elevated SDF 
but may be considered in those with elevated SDF after addressing potential underlying causes 
and in the setting of ART failure. When used, couples should be informed that this approach is 
based on low-quality evidence.

Strong

SDF: sperm DNA fragmentation, IUI: intrauterine insemination, IVF: in vitro fertilization; ICSI: intracytoplasmic sperm injection, RPL: recurrent 
pregnancy loss, SRMA: systematic review and meta-analysis, SCD: sperm chromatin dispersion, SCSA: sperm chromatin structure assay, ART: as-
sisted reproductive technologies.
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having received strong ratings from over 70% of the 
experts. The rest 3 (12.5%) were rated as “weak” sup-
porting, with the ranges of 31.37% to 66.67% of the ex-
pert participants.

DISCUSSION

1. Indications and benefits of SDF testing

1) Unexplained and Idiopathic Male Infertility
Clinical evidence: Elevated SDF levels have been as-

sociated with 7 times higher odds of failing to achieve 
a natural pregnancy, with a positive predictive value of 
83% [2]. In a cohort of patients with unexplained infer-
tility and normal conventional semen parameters, us-
ing the sperm chromatin structure assay (SCSA), 26.1% 
had sperm DNA fragmentation index (DFI) ≥20% (nor-

mal range of <20%) [9]. Similarly, another study found 
that among 126 normozoospermic infertile men, using 
the SCSA, 15% had DFI >20%, and 5% had DFI >30% 
(normal range of ≤20%) [10].

Furthermore, Boeri et al. [11] found that 1 in 2 (52.7%) 
men with idiopathic infertility (n=792), i.e., having at 
least one abnormality of conventional semen param-
eters but unknown underlying etiology, have SDF lev-
els ≥30%, using the SCSA (normal range of <30%) [11]. 
Moreover, the clinical, hormonal, and semen param-
eters of males with idiopathic male infertility and high 
DFI were worse than those with normal DFI [11].

Additionally, studies have reported that high SDF 
levels were significantly correlated with paternal age 
[12-14]. Using the SCSA, Das et al [12] found that the 
prevalence of DFI >30% (normal range of ≤30%) was 
significantly higher among normozoospermic infertile 
men aged ≥40 years compared to those <40% (17% vs 
3%; p<0.001). Evenson et al [13] demonstrated a more 
than double increase in SDF levels, using SCSA, after 
the age of 41.6 years in 25,455 males attending infertil-
ity clinics. Recently, Pozzi et al [14] conducted a cross-
sectional study on potential predictors of elevated SDF 
and included 515 males with primary infertility. In 
their multivariate logistic regression model, paternal 
age ≥38 years was an independent predictor of SDF 
levels >30%, using the SCSA (normal range of ≤30%) 
(odds ratio [OR]=2.43, 95% confidential interval [95% CI] 
1.71-3.46; p<0.001). The increased SDF with aging may 
be explained by higher oxidative stress and a decline in 
the apoptotic potential of spermatogenic germ cells, al-
lowing the production of more sperm with fragmented 
DNA.

Therefore, these findings indicate that DFI is a po-
tentially clinically useful marker of male fertility, as 
it can explain at least some cases of ‘unexplained male 
infertility’ and ‘idiopathic male infertility’.

GAF Statement/Recommendation #1: All men with 
unexplained or idiopathic infertility, based on a thor-
ough negative diagnostic workup, should be counseled 
to undergo SDF testing (Grade: Strong).

2) Recurrent pregnancy loss
Clinical evidence: SDF testing also plays a role in the 

evaluation of couples experiencing recurrent pregnancy 
loss (RPL). Several meta-analyses have been published 
that consistently demonstrated an association between 
RPL and SDF. The latest analysis by Inversetti et al 

Table 2. Results of expert grading on the strength of 24 statements 
and recommendations, using the GRADE system

Recommendation (#) Weak (#) Weak (%) Strong (#) Strong (%)

1   7 13.46 45 86.54a

2   7 13.46 45 86.54a

3 14 26.92 38 73.08a

4 17 33.33 34 66.67
5   8 15.38 44 84.62a

6   7 13.46 45 86.54a

7   4 7.69 48 92.31a

8 13 25.00 39 75.00a

9   3 5.88 48 94.12a

10   5 9.80 46 90.20a

11 12 23.53 39 76.47a

12 23 45.10 28 54.90
13 13 25.00 39 75.00a

14   5 9.62 47 90.38a

15   4 7.69 48 92.31a

16 35 68.63 16 31.37
17 11 21.57 40 78.43a

18   8 15.38 44 84.62a

19   3 5.77 49 94.23a

20   7 13.46 45 86.54a

21   8 15.38 44 84.62a

22 15 28.85 37 71.15a

23 14 27.45 37 72.55a

24 11 21.15 41 78.85a

Average 20.54 79.46a

The table shows the total number of responses for each recommen-
dation, the number and percentage of “weak” grades, and the num-
ber and percentage of “Strong” grades.
aRecommendations scoring above 70%.
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[15] included 20 studies with 1,199 RPL patients and 
1,301 fertile controls and reported significantly higher 
SDF levels among those with RPL (mean difference 
9.21, 95% CI 5.58–12.85; p<0.001). In another recent 
meta-analysis, conducted with 14 studies including 
530 male partners of couples that experience RPL and 
639 fertile controls, a significant association between 
RPL and SDF has been demonstrated with an average 
mean difference of 11.98 (95% CI 6.64–17.32; p<0.001), 
indicating that male partners of couples with RPL had 
significantly higher SDF values than the control group 
[16]. The American Urological Association/ the Ameri-
can Society for Reproductive Medicine (AUA/ASRM) 
and the European Association of Urology (EAU) guide-
lines describe a strong association between RPL and 
elevated SDF [17,18].

GAF Statement/Recommendation #2: SDF testing 
may be considered in the workup of any RPL, regard-
less of conventional semen parameters (Grade: Strong).

3) Clinical varicocele
Clinical evidence: Another potential benefit of SDF 

testing is to guide the management of infertile males 
with clinical varicocele. This is particularly important 
as patients with clinical varicocele may harbor el-
evated SDF levels but have normal sperm morphology 
[19]. A meta-analysis conducted by Wang et al [20] in-
volving 12 studies revealed that varicocele was associ-
ated with significantly higher levels of SDF compared 
with controls with a mean difference of 9.84% (95% CI 
9.19–10.49; p<0.001). The same meta-analysis showed 
that varicocele treatment significantly reduced SDF 
levels compared to the control group (mean difference 
of -3.37%; 95% CI -4.09 to -2.65; p<0.001). Regarding sub-
clinical varicocele, there was no difference in SDF lev-
els between infertile males with subclinical varicocele 
and fertile males with no varicocele [19]. Additionally, 
subclinical varicocele repair was not found to improve 
SDF levels [21]. These studies indicate that SDF testing 
in patients with clinical varicocele can guide the need 
for intervention, particularly if the patient has normal 
conventional semen parameters.

GAF Statement/Recommendation #3: SDF testing 
may be considered in the workup of a clinical varico-
cele, but it is not indicated for a subclinical varicocele 
(Grade: Strong).

GAF Statement/Recommendation #4: SDF testing can 
assist in clinical decision-making in men with clinical 

varicoceles in the presence of normal semen param-
eters (Grade: Weak).

4) Assisted reproductive technologies
Clinical evidence: Regarding the effects of SDF on 

intrauterine insemination (IUI), Bungum et al [22] 
reported that DFI was an independent predictor of 
outcomes, using the SCSA, with levels >30% associated 
with lower biochemical pregnancy, clinical pregnancy, 
and delivery rates (p<0.05 for all). In the meta-analysis 
by Chen et al  [23], including 10 studies with 2,869 IUI 
cycles, a higher SDF level was significantly associated 
with lower pregnancy rates (risk ratio 0.34, 95% CI 
0.22–0.52; p<0.001).

SDF can also have detrimental impacts on in-vitro 
fertilization (IVF) outcomes. Meta-analyses have shown 
that high SDF levels are associated with lower preg-
nancy rates and higher miscarriage rates after IVF 
[1,2,24]. In couples undergoing IUI and IVF with ele-
vated SDF in the male partner, additional measures to 
lower SDF levels may be beneficial to improve assisted 
reproductive technologies (ART) success.

However, conflicting evidence also exists. The predic-
tive value of the same assay for SDF assessment for 
clinical pregnancy is very heterogeneous between the 
studies due to study inclusion criteria, the timing of 
SDF testing (before or at the time of ART), patients' 
age and other confounding factors [25]. A study of more 
than 2,600 ART cycles found that different SDF levels 
measured by the SCSA did not influence oocyte fer-
tilization, good-quality embryos, or clinical pregnancy 
rates [26]. In a meta-analysis of 23 retrospective cohort 
studies, the clinical pregnancy rate after ART did not 
differ between low and high SDF levels overall [1].

Interestingly, when analyzing IVF and intracyto-
plasmic sperm injection (ICSI) cycles separately, clini-
cal pregnancy rates were significantly lower with high 
SDF in IVF but not ICSI [1]. Similar results were also 
found by Ribas-Maynou et al [24] in their meta-anal-
ysis, where high SDF did not influence clinical preg-
nancy in 5,467 ICSI cycles with 25 studies or live birth 
rates in 3,017 cycles with nine studies. Echoing these 
findings, using the SCSA in 2,713 infertile couples who 
underwent ART (a total of 5,422 cycles), the cumulative 
live birth rate (CLBR) in couples with high sperm DFI 
(≥20%) was investigated [27]. With IVF, high sperm 
DFI predicted a statistically significantly lower CLBR, 
compared to normal sperm DFI (41.6% vs 48.1%), while 
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CLBR in ICSI did not show any difference between 
high sperm DFI and normal sperm DFI [27]. These dif-
ferent outcomes may be attributed to the technique of 
ICSI, where oocyte repair can start earlier and where 
there is no overnight culture, reducing the risk of 
laboratory-induced damage and exposure to oxidative 
stress in semen. In fact, high DFI did not significantly 
affect the outcome of ICSI in oocyte donation cycles [28]. 
Therefore, if the male factor is an indication for ICSI, 
there is likely no benefit of SDF detection.

High sperm DFI has also recently been associated 
with obstetric complications following ART, includ-
ing preterm birth and preeclampsia [29]. In the entire 
cohort of 1,594 infertile couples, using the SCSA, a DFI 
≥20% was associated with increased odds of preterm 
birth (OR 1.4, 95% CI 1.0–2.0; p=0.03), while the OR for 
preeclampsia was statistically significantly increased 
in the group with DFI ≥20% when IVF was used as 
fertilization method (OR 2.2, 95% CI 1.1–4.4; p=0.02), but 
not in the ICSI group [29].

GAF Statement/Recommendation #5: Elevated SDF 
can have detrimental impacts on ART and is associ-
ated with lower clinical pregnancy and live birth rates 
after IVF (Grade: Strong).

GAF Statement/Recommendation #6: SDF testing can 
be considered when ART is planned due to a male fac-
tor, especially if there has been a previous failure of 
ART (Grade: Strong).

GAF Statement/Recommendation #7: SDF testing is 
recommended after recurrent ART failure, including 
recurrent fertilization failure, recurrent implantation 
failure, or RPL after IUI, IVF, or ICSI (Grade: Strong).

GAF Statement/Recommendation #8: In the setting 
of ART failure, SDF testing should be offered for men 
with unexplained or idiopathic infertility, men over 
40 years, and men with risk factors for high SDF, 
given the female partner has a normal workup (Grade: 
Strong).

GAF Statement/Recommendation #9: In couples un-
dergoing ART with elevated SDF in the male partner, 
additional measures to lower SDF levels may be ben-
eficial to improve ART success (Grade: Strong).

5) SDF testing methods
Clinical evidence: The WHO Manual of Human Se-

men Analysis did mention TUNEL, Comet, sperm 
chromatin dispersion (SCD), and SCSA as methods 
to evaluate SDF [4]. Nevertheless, WHO endorsed no 

specific testing, and there is a lack of clinical guid-
ance in the manual. These four assays are validated 
and reliable methods for measuring SDF levels but 
differ in their technique, with different advantages 
and drawbacks to each method. The method to test for 
SDF should take into consideration the availability of 
resources, personnel, and laboratory complexity of the 
tests. Moreover, the absence of well-defined and vali-
dated cut-offs or threshold values for specific outcomes 
limits the broader use of SDF testing and is considered 
the major handicap of SDF testing in clinical practice 
[30]. Ordering a second confirmation test for elevated 
SDF is unnecessary for diagnosis [6]. The correlations 
of SDF with specific fertility outcomes also vary with 
the type of assay, with some showing a poor predictive 
value of SDF for ART outcomes [31]. Lack of standard-
ization in other aspects, such as the assay type, timing, 
and sperm preparation method, can cause problems 
with SDF interpretation, explaining the inconsistency 
of SDF’s predictive value among studies [25].

GAF Statement/Recommendation #10: TUNEL, Com-
et, SCD, and SCSA are the recommended assays for 
measuring SDF (Grade: Strong).

GAF Statement/Recommendation #11: There are no 
standard cut-off values of SDF, and every laboratory 
should establish its own reference values using appro-
priate controls and fertility outcomes (Grade: Strong).

GAF Statement/Recommendation #12: Ordering a sec-
ond confirmation test for elevated SDF is not necessary 
for diagnosis (Grade: Weak).

2. Management of elevated SDF

1) �Treatment of associated conditions and risk 
factors

Clinical evidence: After detecting elevated SDF levels 
in couples experiencing adverse reproductive outcomes, 
it is important to consider potential management 
strategies. Many modalities have been investigated, 
beginning with those that address the underlying 
causes and risk factors. Some modifiable risk factors 
for elevated SDF include smoking, heavy alcohol con-
sumption, obesity, diabetes mellitus, and occupational 
and environmental exposures [5,32]. Additionally, SDF 
testing may help uncover a semen infection and/or an 
unrecognized prolonged abstinence time [33-36]. The 
management will, therefore, include lifestyle modifica-
tion and risk avoidance, antibiotics for genital tract 
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infections, weight loss, and diabetes control. Although 
these are typically recommended as first-line approach-
es, there is no strong evidence behind their application. 
For example, small uncontrolled clinical studies have 
shown the benefit of weight loss and antibiotics [34,37], 
while there are no studies demonstrating a benefit in 
avoidance of risk factors on reduction of SDF levels, 
such as smoking cessation. Nonetheless, as most of 
these interventions (e.g., antibiotics, weight loss, smok-
ing cessation, alcohol reduction) are minimally invasive 
and low risk, every effort should be made to minimize 
sperm DNA damage. Another strategy to address SDF 
is to reduce abstinence time. Studies have shown that a 
short abstinence period compared to a long abstinence 
time is associated with significantly lower SDF levels 
and improved reproductive outcomes [36,38,39].

GAF Statement/Recommendation #13: SDF testing 
should be considered for infertile men who have risk 
factors for infertility, such as smoking, aging, obesity, 
radiation exposure, chemical exposure, alcohol, and 
genitourinary infections (Grade: Strong).

GAF Statement/Recommendation #14: Conservative 
first-line management of elevated SDF involves ad-
dressing underlying causes and risk factors, lifestyle 
modification strategies, and reduced ejaculatory ab-
stinence (12–24 hours) before attempting conception 
(natural or by ART) (Grade: Strong).

GAF Statement/Recommendation #15: Lifestyle modi-
fication strategies, including weight loss, cessation of 
smoking and alcohol use, treatment of genitourinary 
infections, and elimination of toxic exposure, are rec-
ommended for high SDF-associated male infertility, 
RPL, and ART failure (Grade: Strong).

2) Antioxidants
Clinical evidence: Given the role of oxidative stress in 

the pathogenesis of SDF, the effect of oral antioxidant 
therapy has been evaluated in this context, and stud-
ies have shown a reduction in SDF levels associated 
with treatment [40]. In the latest Cochrane database 
of 90 randomized controlled studies with 10,303 sub-
fertile males, de Ligny and colleagues evaluated the 
effectiveness and safety of 20 different oral antioxi-
dants in treating male subfertility [41]. They found 
that antioxidant treatment significantly increased the 
live birth rate with an OR of 1.43 and the clinical preg-
nancy rate with an OR of 1.89. In addition, they found 
no significant difference in miscarriage rate between 

antioxidant and placebo or no treatment groups. How-
ever, low-certainty evidence from these randomized 
controlled trials suggests that antioxidant supplemen-
tation in sub-fertile males may improve clinical preg-
nancy and live birth rates for couples attending fertil-
ity clinics.

Recently, an improvement in sperm parameters and 
spontaneous pregnancy rate has been reported after 
the administration of antioxidant treatment to infer-
tile males in a systematic review and meta-analysis 
(SRMA) conducted with 45 randomized controlled tri-
als, including 4,332 patients treated with antioxidants 
or no treatment/placebo [42]. They found that antioxi-
dant treatment significantly increased spontaneous 
pregnancy compared to controls (OR=1.97, 95% CI 1.28–
3.04; p<0.01). Even sperm parameters, including sperm 
concentration, motility, and normal sperm morphology, 
significantly improved after antioxidant treatment, 
compared to placebo or no treatment. However, this 
review found no significant effect of antioxidant treat-
ment on live birth rate or miscarriage rates. For the 
first time in the literature and in addition to previous 
SRMAs, this article also showed the positive impact 
of antioxidant treatment on seminal total antioxidant 
capacity and seminal malondialdehyde acid levels com-
pared to controls [42].

Evidence from the SRMAs suggests that antioxidant 
therapy for at least 3 months may improve sperm 
quality and conventional sperm parameters, leading 
to down-staging or shifting the level of ART and im-
proving the chances of success for pregnancy [40,42]. In 
addition, antioxidant therapy may decrease SDF levels 
and increase spontaneous pregnancy and live birth 
rates in the presence of normal female evaluation or 
correctable female pathologies. Therefore, the presence 
of reduced SDF under antioxidant therapy would in-
crease the chances of live birth [41].

Most evidence supporting the use of antioxidant 
therapy for SDF is based on uncontrolled trials, and 
there is no standard regimen, dose, or duration for an-
tioxidant use for elevated SDF. Despite these consider-
ations, 50% of reproductive clinicians always prescribe 
antioxidants for infertile males with elevated SDF, 
and 40% prescribe them depending on underlying or 
associated factors, such as smoking, noxious exposures, 
obesity, and advanced paternal age [6].

GAF Statement/Recommendation #16: Antioxidant 
treatment significantly increases spontaneous preg-
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nancy compared to controls (Grade: Weak).
GAF Statement/Recommendation #17: Antioxidants 

can be offered to men with high SDF, particularly 
those with risk factors known to increase oxidative 
stress (Grade: Strong).

GAF Statement/Recommendation #18: The effects of 
antioxidant treatment on live births and miscarriage 
rates have been controversial (Grade: Strong).

GAF Statement/Recommendation #19: There is no 
consensus on the type, dosage, and duration of antioxi-
dant treatment for infertile men with high SDF (Grade: 
Strong).

3) Varicocele repair
Clinical evidence: Varicocele repair has been shown 

to significantly reduce SDF in patients with elevated 
levels, as demonstrated by Cannarella et al [43] in their 
SRMA with 29 studies on infertile males with clini-
cal varicocele who underwent varicocele repair. The 
pooled results showed significant reductions in SDF 
levels after varicocelectomy with a standardized mean 
difference of -1.26 (p<0.001). The lower SDF levels after 
surgery have been associated with improved pregnancy 
rates with both natural and assisted reproduction [44]. 
Similarly, in a review of 21 studies evaluating the ef-
fect of varicocelectomy on SDF, all studies reported a 
significant decrease in SDF rates after varicocele re-
pair in a follow-up period ranging from 3 to 12 months 
[45]. Another recent meta-analysis by Lira Neto et al 
[46], consisting of more than 1,000 patients, demonstrat-
ed that varicocele repair decreased sperm DFI by 7.23% 
(95% CI, -8.86 to -5.59) in males with clinical varicocele, 
ranging from 2.3% to 16.3% decline in DFI among the 
included studies. These findings echo those of  the 
SRMA by Qiu et al [47], who reported a 6.14% (95% CI, 
-6.90 to -5.37) decrease in SDF after varicocele repair.

The EAU guidelines recommend varicocelectomy in 
patients with elevated SDF and otherwise unexplained 
infertility or after failure of ARTs [18].

GAF Statement/Recommendation #20: Varicocele 
repair may significantly reduce SDF in patients with 
elevated levels (Grade: Strong).

GAF Statement/Recommendation #21: Varicocele re-
pair should be offered to infertile men with clinical 
varicocele and elevated SDF (Grade: Strong).

GAF Statement/Recommendation #22: SDF testing 
should be ordered for men who still have persistent 
infertility after varicocele repair, regardless of im-

provement in conventional semen parameters (Grade: 
Strong).

4) Sperm selection and testicular sperm
Clinical evidence: Sperm selection techniques such as 

magnetically activated cell sorting, physiologic ICSI, 
and microfluidic cell sorting have also been investigat-
ed and shown to reduce high SDF [48]. However, there 
are no studies demonstrating fertility outcomes when 
they are employed in cases of elevated SDF. The use 
of testicular sperm for ICSI has become a commonly 
utilized strategy in males with high SDF, with studies 
reporting higher pregnancy and live birth rates with 
the utilization of testicular compared to ejaculated 
sperm [49]. The rationale for this treatment approach 
is that testicular sperm have lower SDF than ejacu-
lated sperm because DNA damage may, in part, be due 
to a post-testicular injury [50-52]. However, the quality 
of evidence supporting the use of testicular sperm re-
mains low, with no randomized controlled trials evalu-
ating this strategy [49].

GAF Statement/Recommendation #23: Sperm selection 
techniques for ART can be used in cases with elevated 
SDF and in the setting of ART failure (Grade: Strong).

GAF Statement/Recommendation #24: Testicular 
sperm for ART are not recommended for routine use 
in cases with elevated SDF but may be considered in 
those with elevated SDF after addressing potential 
underlying causes and in the setting of ART failure. 
When used, couples should be informed that this ap-
proach is based on low-quality evidence (Grade: Strong).

3. �Current limitations and the utility of the 
GAF clinical practice guidelines

SDF testing is currently not endorsed as a routine 
assessment of sperm by any of the medical organiza-
tions, likely because controversies continue to exist 
regarding its actual clinical utility [17,18]. With a wide 
range of mechanisms for the occurrence of DNA strand 
breaks in mature sperm, perhaps the underlying cause 
of high SDF may influence outcomes rather than the 
SDF itself. There is also a lack of well-designed studies 
and research data allowing to draw robust conclusions 
on SDF. This is attributed to underpowered studies, 
methodology flaws, and no consideration of relevant 
confounders such as female fertility factors. Currently, 
there are no high-quality studies and clinical trials on 
the management of elevated SDF in general. Addition-
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ally, there are no strategies with a proven benefit on 
clinical pregnancy or live birth rates in ART if high 
SDF is detected.

To address the controversies and lack of guidelines 
from professional societies regarding the clinical util-
ity of SDF, the GAF developed a consensus statement 
from a selected panel of  expert reproductive clini-
cians. These clinical practice guidelines are presented 
herein and are designed to assist the busy clinician in 
implementing SDF testing and treatment for the ap-
propriate patient. The clinician must weigh the pros 
and cons of SDF testing tailored for each case to avoid 
unnecessary diagnostic costs to the patient. In general, 
unnecessary testing should be avoided, especially if the 
outcome of such an assessment would not direct the 
treatment plan.

CONCLUSIONS

While there is growing interest and evidence regard-
ing the clinical benefit of SDF testing and its utility in 
managing male infertility, major gaps in the literature 
remain that provide significant limitations, hampering 
its routine clinical implementation. These guidelines, 
with the current clinical practice statements and rec-
ommendations, highlight SDF's benefits and limita-
tions, based on the GAF surveys, recent comparative, 
randomized studies, systematic reviews, and meta-
analyses on SDF.

The current GAF guidelines will guide clinicians and 
researchers in implementing clear management strate-
gies for infertile males who need SDF testing or have 
elevated SDF. They will also help answer practical 
questions for which rigorous evidence may not yet be 
available. In clinical reproductive medicine, the clini-
cian must weigh the pros and cons of SDF testing and 
antioxidant treatment tailored for each case. Future 
high-quality randomized controlled trials are needed to 
make strong recommendations regarding the SDF in 
clinical reproductive medicine.
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