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INTRODUCTION

nfertility is defined as the failure of couples to
Zachieve pregnancy within 12 consecutive months of
unprotected intercourse, affecting approximately 15% of
couples of reproductive ages.!!! Infertility has medical,
and financial
Factors underlying male

psychological, social,

ABSTRACT

infertility include genetic

Approximately 15% of the world’s couples suffer from infertility during their
reproductive period of which the male factor is responsible for 50% of cases. Male
factor infertility is multifactorial in origin, and sperm DNA fragmentation (SDF)
has also been linked to male infertility including idiopathic male infertility. Some
degree of controlled DNA nicking is essential for adequate DNA compaction,
but excessive SDF is usually associated with reduced male fertility potential,
reduced fertilisation, poor embryo quality, recurrent pregnancy loss and poor
assisted reproductive techniques (ARTs) outcomes. Although semen analysis
remains the gold standard for diagnosis of male factor infertility worldwide, its
limitations motivated the search and the development of complementary tests of
sperm function and integrity. SDF assay is an emerging diagnostic tool in infertile
men, and several indications for SDF testing in infertile couples have also been
proposed. The use of SDF in routine male infertility assessment is, however, still
controversial. Furthermore, both direct and indirect SDF tests are now available.
Hence, the present review was conducted to summarise the recent evidence of
SDF, underlying mechanisms, clinical indications, diagnostic tests, as well as the
role of SDF in male factor infertility, pregnancy and ART outcomes.
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been linked to reduced male fertility potential, reduced
fertilisation, decreased pregnancy rates, suboptimal
embryo quality, increased risk of spontaneous abortions
and poor assisted reproductive technique (ART)
outcomes.’! Recent studies have also reported an
increased incidence of childhood malignancies and
genetic and neuropsychological diseases in the offspring
of men with high SDF.I*) Lower semen parameters have

consequences.

tomical liti i 1 i - -y
apd anatothica .abnlorma 1Hes, varicocels, endocr.me been observed in men with high SDF, and a recent study
disorders, systemic diseases, infections, immunological .
) ) . . has also observed a correlation between SDF and sperm
and environmental toxins, lifestyle, radiotherapy,

chemotherapy and medications.”? In approximately
30% of infertility cases, the underlying cause of semen
abnormalities is unknown and referred to as idiopathic
male infertility (IMI). Oxidative stress (OS) and sperm
DNA fragmentation (SDF) have been suggested as
potential mechanisms for IMLE# SDF involves sperm
DNA single- or double-stranded (ss or ds) breaks and has
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morphology among infertile men.®

Although semen analysis remains the gold standard for
the evaluation of male factor infertility worldwide, it has
many limitations including data obtained from fertile
rather than infertile men, unequal population distribution,
inability to assess sperm function and the lack of cut-off
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values to differentiate fertile from infertile patients.!!%!
Therefore, additional markers of male fertility such as
genetic markers, OS, SDF and sperm function tests
have also been explored to overcome the limitations of
conventional semen analysis.

Although the routine use of SDF testing in assessing
infertile men 1is still controversial, the American
Urological Association and European Association
of Urology guidelines have acknowledged the value
of test.'!' The evidence supporting the utilisation
of SDF testing in the clinical setting of infertility is
increasing, and the guidelines for SDF testing have
been proposed.l'” However, data on the impact of
SDF on male fertility potential, pregnancy and ART
outcomes, indications of SDF tests, optimal techniques
for SDF tests and treatments that effectively reduce
SDF are limited.l'*!'*l Therefore, in this review, we
have provided updated evidence regarding SDF,
underlying mechanisms, diagnostic tests and the
impact of SDF on male fertility potential, pregnancy
and ART outcomes.

METHODS

This narrative review included a systematic search of
electronic scientific databases PubMed, Medline, Google
Scholar, and Cochrane review to include published
articles from 2010 to 2022. The search involved
keywords and combinations of search terms ‘male
infertility’, ‘sperm DNA fragmentation’, ‘sperm DNA
damage’, ‘sperm DNA fragmentation tests’, ‘semen
parameters’,  ‘pregnancy’, ‘fertilization’,  ‘assisted
reproductive techniques’, ‘IUI’, ‘IVF’ and ‘ICSI’, and
‘genetic diseases’. Articles were perused and their
reference lists were checked for relevant publications.
We included articles published in English only.

CAUSES OF SPERM DNA FRAGMENTATION

Sperm DNA undergoes compaction during the process of
spermatogenesis. For effective condensation, the sperm
DNA encircles histone proteins which are gradually
substituted by highly basic protamine.!'! Torsional stress
is exerted by dsDNA during the process of condensation
resulting in nicks and breaks in the DNA, followed by a
restoration of appropriate reordering of chromatin.!'™)

A range of cellular events is implicated in the impairment
of fertility and SDF [Figure 1]. The reduction of
protamination from failure to repair the nicks could
result in sperm DNA damage.! Abnormal chromatin
packing and remodelling during spermatogenesis,!'® as
well as apoptosis during sperm maturation within the
epididymis!'” also contribute to SDF. SDF is also caused
by OS, varicocele, infections, inflammation of the

male genital tract, drugs, chemotherapy, radiotherapy,
cancer, obesity, advanced age, as well as environmental
pollutants and toxins.'*?? Furthermore, SDF is a
potential mechanism that may explain the inability to
conceive in couples with idiopathic infertility.**) We and
others have reported lower seminal antioxidants markers
and higher SDF in infertile men compared to fertile
controls and these abnormalities were ameliorated with
oral antioxidants.[!-3>6.24-2¢]

TeSTS FOR SPERM DNA FRAGMENTATION

The available tests for the assessment of SDF are
generally categorised into two main types: direct and
indirect tests. Direct tests are used to measure the degree
of sperm DNA damage through the use of probes and
dyes. The indirect tests are used for evaluating the DNA
vulnerability to denaturation, which is more characteristic
of fragmented DNA.*"! The most frequently used tests for
the evaluation of SDF include terminal deoxynucleotifyl
transferase dUTP nick end labelling (TUNEL), the
sperm chromatin structure assay (SCSA), and the sperm
chromatin dispersion (SCD) assay.'! SDF tests are
summarised in Table 1.

Direct sperm DNA fragmentation tests

Acridine orange assay

The principle underlying acridine orange (AO) test is
similar to that of SCSA which is based on the evaluation
of the degree of DNA denaturation by quantification
of the metachromatic shift of AO from green to red.¥
Visual interpretation is utilised in carrying out AO tests
by using fluorescent microscopy without the use of flow
cytometry. The test does not require extensive training.**!
This makes AO test more affordable and simpler than the
SCSA test. However, the test lacks reproducibility and is
associated with significant interlaboratory differences.)

Terminal deoxynucleotifyl transferase dUTP nick end
labelling

TUNEL assay is utilised to identify ‘nicks’, or free ends of
DNA by using fluorescent nucleotides.*® The TUNNEL
assay was invented by Mitchell et al. by relaxing the
whole chromatin structure with dithiothreitol (DIT)
before fixation to permit contact with all ‘nicks’.FU A
recently modified TUNEL protocol utilising bench top
flow has been used recently.*? The assay measures the
integration of dUTP into dsDNA or ssDNA breaks via an
enzymatic reaction. It further creates an indication that
is multiplied by the number of DNA breaks. Evaluation
of the sample is carried out through the use of flow
cytometry or a standard fluorescence microscope.
The test is limited by the lack of strict standardisation
which makes the comparison between laboratories more
difficult.l'”]
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Figure 1: Causes of SDF and consequences of SDF on fertility potential and well-being of the newborn. IUI: Intrauterine insemination; IVF: In vitro
fertilisation; ICSI: Intracytoplasmic sperm injection; SDF: Sperm DNA fragmentation

In situ nick translation assay

In situ nick translation test is used to detect DNA
strand breaks in the tissue section at the cellular level.
Therefore, it can be used for sperm cells as well. NT test
can also be applied to detect DNA damage in a single
cell, and hence, it is useful to assess DNA damage, stress
and apoptosis. The NT and TUNEL assays are similar.
Both of them quantify the integration of dUTP into DNA
breaks. The difference is that while TUNEL targets the
identification of both ssDNA and dsDNA breaks, the NT
assay targets the identification of ss breaks in a reaction
catalysed by DNA polymerase 1. The test is simple, but
it is less sensitive than the other tests.P*

Single-cell gel electrophoresis assay (Comet)

Single-cell gel electrophoresis or Comet assay quantifies
the aggregate of DNA damage per spermatozoon, as a
single cell can be followed on the gel.’¥ Because the
test can detect sperm DNA damage at a single cell level,
it can be used for the assessment of cases with severe

oligozoospermia.l® The staining power of the comet test
depends on the quantity of migrated DNA, which is an
indication of different degrees of SDF.*Y Comet assay
can not only detect ss and ds breaks but also identify
altered bases. The method is inappropriate for quick
diagnosis and needs highly experienced staff for the
analysis of results. However, the method is informative
because of its ability to analyse different kinds of DNA
damage in a single cell by utilising electrophoresis.!®

Indirect sperm DNA fragmentation tests

Toluidine blue staining

Toluidine blue (TB) staining is used for evaluating the
integrity of sperm chromatin DNA. TB is a thiazine
metachromatic dye with great attraction for sperm DNA
phosphate residues. This microscopic assay stains the
damaged chromatin nuclear structure of the spermatozoa.
Optical microscopy is utilised for viewing the extent of
damage after staining. It should be noted that intermediate
coloration increases the interobserver variability.[!
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Chromomyecin A3 staining

Chromomycin A3 (CMA3) and protamine compete for
the same binding sites on the DNA. In CMA3 staining,
a highly positive test is an indicator of a low DNA
protamination state which is related to poorly packaged
sperm chromatin.?”’ CMA3 is a guanine-cytosine-specific
fluorochrome, and its result has been shown to correlate
well with that of aniline blue staining for sperm
chromatin assessment.!"!

Sperm chromatin structure assay

Sperm chromatin structure assay (SCSA) evaluates
the susceptibility of sperm DNA to denaturation. The
test uses metachromatic characteristics of AO for this
purpose.*® The principle underlying SCSA is based on
increased susceptibility of abnormal chromatin structure
in the sperm DNA to acid or heat denaturation.’] SCSA
is a flow cytometry-based assay that assesses a large
number of cells quickly and strongly.?”!

The degree of DNA denaturation is evaluated by the
quantification of the metachromatic shift of AO from
green to red after treatment with acid. This is done by
utilising flow cytometry.*? SCSA has the advantage that
it has a standardised protocol for lowering interlaboratory
differences. DNA fragmentation index (DFI) is used in
SCSA as the measure of SDFE.[!!

Sperm chromatin dispersion test

The principle underlying the sperm chromatin
dispersion (SCD) test is that sperm with fragmented DNA
fails to produce the characteristic halo of dispersed DNA
loops after acid denaturation and removal of nuclear
proteins, normally seen in sperms with nonfragmented
DNA. The test is also known as Halosperm® test.**! The
test is limited by the interobserver variation resulting
from its feature of subjective evaluation under the
microscope. One advantage of the SCD test is that there
is no need for complex instruments.

Indications for sperm DNA fragmentation testing
Measurement of SDF in infertile men is a promising
diagnostic and prognostic tool and many indications for
SDF tests have been suggested.”*'*?! The main indications
for SDF testing are summarised in Table 2.

Clinical varicocele

Various clinical reports have suggested a significant
relationship between SDF and varicocele, in both infertile
and fertile men."” SDF levels in men with varicocele
were significantly high, and it was observed that, after
varicocelectomy, the levels were significantly reduced,
thereby leading to enhanced fertility potential.**! Varicocele
results in venous stasis and OS that are implicated in the
development of SDF and testicular dysfunction.*¥

Table 2: Recommended indications for sperm DNA
fragmentation testing

Clinical varicocele

Unexplained infertility

Recurrent pregnancy loss

Borderline semen analysis

ART (IUI/IVF/ICSI) failure

Prognosis of ART treatment and natural pregnancy

Lifestyle and environmental factors

ART=Assisted reproductive techniques, [UI=Intrauterine
insemination, IVF=In vitro fertilization, ICSI=Intracytoplasmic
sperm injection

The existing body of literature shows little evidence of
the clinical usage of SDF testing in low-grade varicocele,
but there is stronger evidence for men with high-grade
varicoceles.*! Recent studies have revealed that DNA
fragmentation testing could help clinicians to select
varicocelectomy candidates.**] SDF tests are applicable
in men with grade II/III varicocele with conventional
semen factors and endorsed in men with grade I
varicocele with borderline/abnormal semen parameters.!”!

Assisted  reproductive  techniques  (intrauterine
insemination, in vitro fertilisation/intracytoplasmic
sperm injection) failure

It has been reported that in IVF and ICSI, high SDF
is related to a higher incidence of pregnancy loss.!
Systematic reviews by Zini and Sigman™”! and Osman™®!
have demonstrated that there is a significant correlation
between high SDF and poor ART outcomes. However,
these two systematic reviews were not without
limitations due to heterogeneous study design and
several potential confounding factors that could affect
the results of the reviews which were not controlled.
Nonetheless, there is sufficient evidence to suggest an
association between high SDF and pregnancy loss.*”

A significantly higher level of SDF was observed
in ejaculated sperm compared to testicular sperm.[
Moreover, recent studies have shown that the testicular
sperm was associated with a higher success rate of
IVF and ICSLBY Hence, testicular sperm instead of
ejaculated sperm in ICSI might have several benefits
in men with recurring IVF failure, high SDF and
oligozoospermia. SDF can therefore provide useful
prognostic information, especially on the outcome ART
cycles in patients with recurring ART failure [Table 3].
Different therapeutic approaches, including oral
antioxidants and sperm selection methods, have been
tried to reduce SDF and its impact on ART results.

Borderline semen parameters

A key contributing factor to male infertility is OS.1"
Antioxidants in the semen counteract excessive reactive

Journal of Human Reproductive Sciences | Volume 15 | Issue 3 | July-September 2022
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oxygen species (ROS). The imbalance between the
antioxidant and ROS levels could trigger a state of OS
which could damage sperm.’® According to Majzoub
et al.® antioxidant treatment with selenium and
zinc resulted in a statistically significant fall in SDF
levels by 19%, with a significant decrease in SDF and
improvement in sperm concentration.

Age and smoking are other important factors linked with
increased sperm DNA defects, reduced overall fertility,
reduced fertilisation and reduced semen parameters.l’" Tt
has been shown that DNA fragmentation is considerably
lower in infertile non-smokers than in infertile smokers.!”!)
Abnormalities in semen parameters have been also linked
to obesity."? Certain organochlorine pollutants such
as metabolites of dichlorodiphenyltrichloroethane and
polychlorinated biphenyls are also known to cause
SDF.®! Infertility and DNA damage are also associated
with environmental and occupational exposure to metals
such as cadmium and lead.l"!

Unexplained infertility/recurrent pregnancy loss

The prevalence of unexplained infertility is believed to
exist in 20% of fertile couples.'”? SDF is considered
an independent predictor of male fertility and helps
in assessing unexplained infertility and impairment in
sperm DNA integrity in men with normal conventional
semen parameters.l” Studies have shown that SDF could
be used as a prognostic factor for natural pregnancy and
TUT success rate.'®” Some reports have also revealed
significantly higher SDF levels in couples with recurring
pregnancy loss (RPL) than in controls [Table 3].7¢78

Effect of sperm DNA fragmentation on male

infertility

Conventional semen analysis remains the
standard initial investigation for male infertility
evaluation.!”  Conventional semen analysis has

limitations and is unable to predict male fertility, and
there is a need to identify new diagnostic and prognostic
markers for male infertility.”! In the last years, the SDF
test has been generally recognised as a valuable tool for
the evaluation of male infertility.!'”

SDF can be induced by OS, poor sperm compaction
and abortive apoptosis.¥l OS impairs spermatogenesis,
resulting in the generation of sperm with poorly
chromatin condensation; these defective cells initiate
an apoptotic pathway associated with an increase in
ROS production by the mitochondria.”? OS is also
implicated in the activation of endogenous caspases
and endonucleases that increase the damage of sperm
DNA.®! Mature sperms have limited mechanisms to
repair DNA damage which makes the sperm vulnerable
to oxidative stress-mediated DNA damage.[”

The impact of SDF on male fertility potential has been
supported by numerous studies.®! Current data advocate
different levels of SDF among patients with male
infertility.”) Further, SDF is negatively correlated with
male fertility, and infertile men with poor reproductive
outcomes exhibit high levels of SDF.'Y Progress in
research on SDF has enhanced our understanding of the
mechanisms involved in different infertility pathologies.
SDF has been proposed to be the underlying cause
of poor semen quality in men with IMI!"?! and can be
considered a promising diagnostic, prognostic and
therapeutic tool in the management of male infertility.!'*

Effect of sperm DNA fragmentation on natural
pregnancy

Sperm DNA damage negatively correlates with the
chances of natural conception. The likelihood of natural
pregnancy is decreased when the SDF index assessed
by SCSA is 20%-30%!"%! [Figure 1]. Some studies also
suggest that SDF levels of more than 30% are associated
with reduced pregnancy rates.!'**) Similarly, SDF has
been correlated with recurring miscarriages.” A study
on 30 recurrent spontaneous abortion couples and
30 controls found higher SDF in the patients’ group.l’”)

A relatively large number of couples fail to achieve
pregnancy despite the absence of a male or female
factor of infertility.''*! Gestation and subsequent embryo
development depend on the integrity of the gamete’s
DNA."1 Both sperm and oocyte contribute equally to
the formation of the embryonic DNA; therefore, normal
sperm chromatin structure is essential for safe and
healthy transmission of parental genetic materials. The
defect in sperm DNA structure compromises fertilisation
and subsequent development of the embryo.!'®

Evidence from numerous studies supports the
association between high SDF and failure to achieve
natural pregnancy.l'”! Different studies have shown that
sperms with high SDF are associated with a longer
time to achieve pregnancy and lower rates of natural
conception.”” Bungum et al. showed that a significant
proportion of couples with unexplained infertile have a
significantly high level of SDF. In addition, men with
SDF level of more than 30% have a low probability of
achieving natural pregnancy.!'*! Miscarriage is a common
pregnancy complication, occurring in 15% of all
clinically recognised pregnancies, and is also related to
SDF level.l'! Couples whose natural pregnancy resulted
in miscarriage have lower sperm DNA integrity.[™”

Sperm DNA fragmentation and
reproductive techniques outcomes

There are controversies regarding the incorporation
of DNA damage tests in the routine assessment of

assisted
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male factor infertility. While some reports showed that
sperm DNA damage had a crucial effect on pregnancy
and should be integrated as a part of routine clinical
examination,®” others suggested that SDF tests should
not be integrated into the routine clinical examination.”!

In a recent study carried out by Simon et al., out of
the 92 studies that were evaluated for the association
between SDF and ART, it was observed that only 35
studies indicated a considerably inverse association
between SDF and the fertilisation rate.®!! The remaining
57 studies showed no substantial association. The
association between sperm DNA damage and low
fertilisation rate for every method was higher in IVF
(59%) than in ICSI (24%).5%%

Intrauterine insemination

SDF levels higher than 30% may predict reduced
pregnancy rates after IULP! A study showed that the
pregnancy was lower in men with SDF level of 12% or
above. However, Kimura and Nagao® reported no
association between sperm DNA damage and clinical
pregnancy rates after [Ul. Measurement of SDF could
help in the prediction of IUI results. When SDF is high,
other therapeutic approaches such as ICSI could be
adopted to treat infertile couples.

In vitro fertilisation

Several studies that have explored the impact of SDF
on IVF and IVF/ICSI outcomes have provided variable
results. While some studies suggested that SDF does
not affect fertilisation or embryo quality,’®! others have
implicated paternal factors and SDF in poor embryo
development and early pregnancy loss.’” In a review
carried out by Zini et al.,® a significant association was
observed between abnormal sperm DNA damage tests
and lower pregnancy rates. Another study conducted by
Zhang et al.® showed that higher clinical pregnancy
rates were correlated with a DFI lower than 27%.
A major challenge associated with these studies is the
interpretation of results because of the heterogeneous
designs and different protocols used. In a study to
evaluate the clinical outcomes of SDF in 550 Chinese
couples of which 415 underwent IVF and 135 ICSI, it
was concluded that high levels of SDF were not related
to alterations in pregnancy or live birth rates in both
ICST and IVF groups.[®®

Intracytoplasmic sperm injection

It has been reported that SDF has a considerable effect
on pregnancy rates in different meta-analyses on IVF
and ICSILP*! A meta-analysis conducted by Zini and
Sigman™” revealed that the variation in the pregnancy
rate between a group with high SDF and a group
with low SDF was 11%. Another study revealed no

significant correlation between the percentage of SDF
and clinical pregnancy rates.’”’ The percentage of SDF
was also associated with the clinical pregnancy rate after
ICSL.1B

The probable implication of SDF in ART outcomes
has been presented in numerous meta-analysis studies,
but the strength of association and the association with
ICSI are still debated. A meta-analysis by Sugihara et al.
showed a limited capacity of SDF in predicting IUI
outcome (risk ratio [RR]: 3.15, 95% confidence interval
[CI]: 1.46-6.79),l1 while Chen et al. indicated that high
SDF was significantly associated with lower pregnancy
rate (RR: 0.34, 95% CI: 0.22—-0.52) and birth rate of TUI
cycle (RR 0.14, 95% CI: 0.04-0.56).>*"]

Another two different studies on of total 25,639 and
8068 IVF/ICSI cycles, respectively, concluded that SDF
has negative effect on clinical pregnancy (RR = 0.83;
95% CI: 0.73-0.94(and odds ratio [OR] = 1.31; 95%
CI: 1.08-1.59), respectively, following IVF and/or ICSI
treatment.*-3%

Effects of sperm DNA fragmentationon birth
defects

There are natural mechanisms that prevent the
transmission of the defective genome to the next
generation. However, ART treatment for infertility may
facilitate the transmission of the defective genome,
which could affect the well-being of children born using
assisted reproduction. However, increased aneuploidy
and high prevalence of genomic abnormalities in ICSI
candidates were related to increased SDF levels.[6¥
Animal studies in mouse models have indicated adverse
effects of increased SDF on offspring including
abnormal growth and behaviour, premature ageing and
increased prevalence of tumours.”! Recent studies have
linked increased SDF to a higher incidence of childhood
malignancies, inherited diseases and neuropsychiatric
disorders in the offspring.l®®>?! Nonetheless, the
evidence of the association between SDF and genetic
diseases is inconsistent.

Treatment and Prevention of sperm DNA
fragmentation
OS is a key player in the development of

SDFE.B32 OS triggers a harmful chain reaction that
leads to sperm membrane lipid peroxidation and
nuclear DNA damage.”®! Treatment and prevention
of OS-induced damage could be achieved by, oral
antioxidant therapy, varicocele repair, infection control
and lifestyle modifications.?®! Although there are no
standardised guidelines for the treatment of OS-induced
sperm injury, antioxidant therapy is a promising strategy
for the treatment of infertile men with high levels of
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oxidative damage.’”’ The rationale behind antioxidant
therapy is that SDF is recognised as a significant factor
in infertility, pregnancy loss and ART failure, and
antioxidants are believed to counteract these negative
effects.l'”

There is growing evidence of antioxidant supplementation
to minimise SDF in infertile men. However, beneficial
effects on pregnancy and live birth outcomes are
inconsistent.!] Different antioxidants showed beneficial
effects against SDF.®! Early in vitro studies showed a
protective effect for antioxidants flavonoids and catalase
against OS-induced SDF.®¥? A combination of zinc,
D-aspartate and coenzyme Q10 protected human sperm
against SDF using in vitro culture.’”) Ménézo et al
observed that an oral antioxidant treatment consisting
of Vitamin C, Vitamin E, B-carotene, zinc and selenium
could decrease SDF.P!

The integrity of the sperm genome is a critical factor in
ART success, and pregnancy and implantation rates may
improve after antioxidant therapy in couples undergoing
ICST treatment.' In another study, the administration
of Menevit® combined antioxidants significantly
improves pregnancy rates in couples subjected to IVF/
ICSI treatment.*) Therefore, antioxidant treatment
may improve fertilisation potential and reproductive
outcomes.*!l However, large well-designed randomised
placebo-controlled trials are essential to formulate a
definitive conclusion.

CONCLUSION

SDF is a major factor involved in IMI and poor
reproductive outcomes including reduced semen
quality, reduced fertilisation, embryo quality,
pregnancy rates, recurrent pregnancy loss and poor
ART outcomes. With the advent of various novel,
validated, sensitive SDF assays, SDF could provide
diagnostic, therapeutic and prognostic information that
allows better management of infertile couples, and
can predict the outcomes of natural pregnancy and
ART. Although the routine use of SDF tests is still not
widely recommended, SDF testing in selected patients
could still provide complementary data that cannot
be provided by the traditional semen analysis. Hence,
there is fair evidence indicating that SDF testing is a
useful diagnostic and prognostic tool in male fertility
evaluation in selected patients. Future studies should
be focussed on optimising SDF tests, target patients
groups, impact on fertility and ART outcomes as well
as therapies that could reduce SDF levels in infertile
men.
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