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Introduction Recurrent miscarriage is defined as 2 or more failed clinical pregnancies, typically known 
as repeated pregnancy loss, occurring before 20 gestational weeks, and further categorized into 
primary and secondary types. It represents a common and distressing condition to deal with in the field 
of reproductive medicine, usually affecting <5% of couples, with up to 50% of cases lacking a clearly 
defined aetiology. The epidemiology also varies depending on maternal age. Remarkably, the situation 
significantly afflicts expecting parents, whereas maternal factors, such as age and previous pregnancy 
loss rate, are commonly reported as risk factors. Although previously underestimated, existing evidence 
suggests the male factor is a possible cause of recurrent pregnancy loss.
Material and methods A non-systematic literature review was conducted in the PubMed and Scopus 
databases for articles written in English investigating the possible association of the male factor 
in recurrent pregnancy loss. The eligible studies were synthesized in a narrative review format upon 
discussion and consensus among the authors after being previously independently assessed and selected. 
Results Lifestyle, obesity, genetic predisposition, chromosomal anomalies, endocrine dysfunction, 
anatomical abnormalities, immunological factors, infections, and oxidative stress can result in poor embryo 
development and recurrent miscarriage. Although professional organizations currently recognize male 
gender as a possible risk factor, specific recommendations on the diagnostic and therapeutic field are still 
lacking, and the condition necessitates a high level of suspicion and case-by-case management. 
Conclusions In this review, we delve deeper into the contribution of the male factor in the concept 
of recurrent miscarriage. 
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INTRODUCTION

Miscarriage is an unfortunate loss during the intra-
uterine stage with significant legal, psychological, 

spiritual, and health-related aspects for the expect-
ing parents [1]. It may occur in up to 20% of known 
pregnancies and is considered the most common gyn-
aecological complication, and a frequent cause of at-
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((TITLE-ABS (‘miscarriage’ AND ‘male infertil-
ity’), and in PubMed/Medline, the text terms ‘Mis-
carriage’ AND ‘Male infertility’, the Mesh terms 
(((‘Abortion, Spontaneous’[Mesh]) OR ‘Abortion,  
Threatened’[Mesh]) OR ‘Abortion, Habitual’[Mesh]) 
AND ‘Infertility, Male’[Mesh]. We performed 
an additional search in PubMed with the terms 
(DNA Fragmentation[Mesh]) AND (((Abortion,  
Spontaneous[Mesh]) OR Abortion, Threatened[Mesh]) 
OR Abortion, Habitual[Mesh]). No time limitations 
were set. Studies reporting the diagnostic and thera-
peutic implications of male factor infections, chromo-
somal anomalies (microdeletions, polymorphisms, 
aneuploidies), and DNA fragmentation in recurrent 
pregnancy losses were screened by abstract for further 
full-text evaluation. Non-English studies, case reports, 
letters to the editor, animal studies, unavailable full-
text, and retracted studies were excluded. Original 
search was preferred over review articles (but review 
articles not a prior excluded). References in narrative/
systematic reviews and meta-analyses were addition-
ally searched for relevancy. Articles were selected for 
presentation and discussion to the judgment of the 
authors and according to relevance, merit, and up-to-
date content. Overall, 1323 articles were identified for 
screening and further selection (500 and 823 from Sco-
pus and PubMed/Medline, respectively).

RESULTS

1. Viral infections 

Diagnostic implications 

In a study of 63 men, adeno-associated virus DNA 
was seen in up to 50% of men with normospermia 
in couples with RPL. The prevalence was lower (2 out 
of 14; p <0.05) in men with normospermia achiev-
ing fatherhood and without a history of RPL. How-
ever, in the same study, adeno-DNA was detected 
in up to 60% of men diagnosed with oligo-astheno-
spermia without RLP [13]. Human papillomatous 
virus (HPV) has also been reported to affect gesta-
tional fertility [14]. In a study of 226 infertile couples 
for ART, 54 men had HPV semen infection. During 
the evaluation period, no natural pregnancies oc-
curred (0% vs 8.1% in the HPV-negative group; 
p <0.05). In contrast, a higher miscarriage rate  
(62.5% vs 16.7% of noninfected; p <0.05) was ob-
served after intrauterine insemination (IUI) or in-
tracytoplasmic sperm injection (ICSI); all abortions 
of  the infected group happened up to the 6th gesta-
tional week. Infection to exfoliated cells was favour-
able (3  ongoing pregnancies), whereas all 5 cases 
of  miscarriage had infected sperm. Furthermore, 

tendance in the emergency department, which causes 
significant distress and warrants interventional 
strategies [2]. Definitions vary, but recurrent miscar-
riages are mostly defined as consecutive or non-con-
secutive, recurrent pregnancy losses (RPL), usually 
2 or 3. Gestational infertility can be described as re-
peated embryo loss after fertilization resulting in the 
inability to conceive [3]. Maternal age and previous 
rate of pregnancy losses have been reported to carry 
predictive significance in terms of the risk of recur-
rence [4]. Historically, the male factor has also been 
implicated as a possible cause. The story of  Henry 
VIII, King of England (1491–1547), is a phenotypic 
example that male infertility can manifest in the form 
of repeated miscarriages. In 11 documented pregnan-
cies with 3 of his wives, 7 miscarriages or stillbirths 
were recorded. Overweight by his thirties, Henry’s 
high-energy diet low in vitamins and fibre, and pos-
sible genetic predisposition have been speculated as 
obvious causes [5]. The aetiology concerning the male 
factor seems complex, and the effect of fine genetic 
abnormalities may be larger than the conventional 
quality of the human sperm [6, 7]. Moreover, chromo-
somal abnormalities have also been reported as a pos-
sible cause of gestational infertility in a large popula-
tion of over 4000 infertile men [3]. Oxidative stress 
(OS) may also result in poor embryo development 
and recurrent miscarriages [8]. Recent meta-analyti-
cal data report that in couples with RPL semen DNA 
fragmentation (SDF) is increased in men. However, 
the subjects were mostly compared with fertile men, 
and thus SDF may not be considered specific [9]. 
However, in ART reports, SDF is associated with poor 
embryo development, lower implantation rate, and 
higher miscarriage rate in non-male factor infertility 
and may represent a hidden pathology [10]. Aging, 
particularly paternal age over 40 years, may also pre-
dispose to pregnancy loss, interfering negatively with 
the anticipated outcomes of Assisted Reproduction 
Technology (ART), and this warrants special manage-
ment [11]. The complex aetiology and the rarity may 
explain why, although expert societies recognize the 
role of the male factor in RPL, firm recommendations 
are lacking regarding specific diagnostic and thera-
peutic aspects [12]. In this review, we discuss the role 
of male factor infertility in RPL, seeking deep insight 
into diagnostic and therapeutic implications on the 
matter relevant to daily urological practice. Figure 1 
summarizes the spectrum of causes and risk factors 
of this clinical entity. 

MATERIAL AND METHODS

We performed a non-systematic search in Sep-
tember 2022. In Scopus, we used the search string 
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(7  vs 1 miscarriage, 9.7% vs 1.7%, p <0.05). Once 
again, losses occurred up to the 7th week of gestation, 
and the presence of the virus in the exfoliated cells 
was favourable. Overall, pregnancy was more fre-
quent in the vaccinated group compared to the un-
treated group (15.3% vs 38.9%, p <0.05) [18]. There-
fore, the most appropriate action upon diagnosis 
seems to be vaccination, because it can increase the 
chances of  fatherhood and reduce the risk of spon-
taneous abortion [18]. On the other hand, there is 
limited evidence to recommend screening for other 
viral causes in couples with RPL. 

2. Chromosomal anomalies

2a. Translocations 

Diagnostic implications 

Chromosomal translocations have been linked with 
RPL. Cytogenetic analysis can detect these anoma-
lies using peripheral blood. Balanced reciprocal 
translocations were reported in a study of 5235 infer-
tile men in less than 2% of the study population [19].  
Although these translocations do not influence the 
phenotype, they have been involved in inability 
to conceive and pregnancy loss or stillbirth; the vari-

Figure 1. Spectrum of causes and risk factors of recurrent miscarriage. 
STDs – sexually transmitted diseases; APS – antiphospholipid syndrome.

cumulative pregnancy rates differed significantly 
in noninfected and infected couples (38.4% vs 14.2%, 
respectively; p  <0.05) [15]. Finally, a recent meta-
analysis showed that HPV infection is more frequent 
in infertile men compared to the healthy population; 
a significant association with male infertility was not-
ed (OR 3.02, 95% CI = 2.11–4.33). In addition, there 
was a considerable increase and DNA fragmentation 
(OR 7.24, 95% CI 4.44–10.03) and miscarriage rate 
(OR 5.13, 95% CI 2.40–10.94) [16]. Besides the nega-
tive effect on sperm quality, HPV semen infection  
is linked with adverse effects on ART outcomes, re-
flected by  lower pregnancy and higher miscarriage 
rates [17]. Therefore, if there is suspicion of HPV 
(e.g. known history or multiple partners) and the 
couple suffer from otherwise unexplained PRL, a di-
agnosis of semen HPV infection must be considered.

Therapeutic implications

A study of 151 infertile couples with detection 
of HPV in semen evaluated the effect of HPV vacci-
nation on pregnancy, delivery, and miscarriage rates. 
Two groups were formed (a control group of 72 un-
vaccinated men and a vaccinated group [with 3 vac-
cine doses] of 79 men). The control group showed 
a  higher miscarriage rate than the vaccine group 
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ability of the breakpoints is responsible. Balanced 
translocations in various chromosomes have been 
reported, presenting either with severe semen im-
pairment or normospermia [19–26]. Robertsonian 
translocations are a specific type of translocations, 
typically seen between chromosomes with a short  
p-arm (13, 14, 15, 21, and 22). They have been report-
ed as a possible cause of male infertility [27]. They 
may result in pre-gestational or gestational infertil-
ity. A well-studied example of such an anomaly is the 
Robertsonian (13;14) translocation, which has been 
reported to be inheritable, with an unpredictable 
phenotype ranging from asymptomatic spectrum 
to  mental retardation among family carriers [28]. 
The prevalence of balanced translocations is regard-
ed as low, and some authors advocate that neither se-
men parameters nor a history of RPL are reliable for 
triggering screening [29]. However, translocations 
should be suspected in unexplained pregnancy loss, 
particularly if no obvious factor is identified, even 
in normospermia. They may also be associated with 
a familial predisposition, and thus, suspicion may be 
raised if family history is indicative [30].

Therapeutic implications

An expectant management aiming for natural preg-
nancy may be an option in balanced translocations. 
The live-birth rate following natural conception 
ranges from 25% to 71% with significantly lower cost 
[31]. However, in the case of natural conception and 
known translocation of the male, the couple should 
be offered genetic screening up to the 2nd trimester 
to identify significant chromosomal abnormalities 
in the embryo [32]. Moreover, although the possibil-
ity of conception exists even in complex transloca-
tions/chromosome rearrangements, there is a  sig-
nificant risk of abnormal foetal phenotype [33]. 
In  these cases, the ability to conceive should not 
be the sole determining factor, and the inheritance 
of  the anomalies should be taken into serious con-
sideration [31]. Otherwise, especially in the back-
ground of severe semen abnormalities present, ART 
is preferred. Nuclear volume differences can be used 
to  identify balanced against unbalanced spermatozoa   
in the translocations carriers [34]. A pre-implanta-
tion diagnosis in men with translocations can also 
improve outcomes. In a study of 120 infertile couples 
undergoing ART alone due to male factor, there were 
Robertsonian translocations in 6 oligospermic men. 
These couples had more than 4 failed ART attempts, 
in vitro fertilization (IVF), and ICSI [35]. In a study 
of 111 couples of male and female Robertsonian 
translocation carriers, using PGD before ART was 
associated with a take-home-baby rate of 71.4% [36]. 

Therefore, genetic counselling seems to be the ideal 
choice in the case of RLP and if the man is a known 
translocation carrier [32]. 

2b. Polymorphisms and inversions

Diagnostic implications

Chromosomal polymorphisms mainly refer to vari-
ants in the chromosomal heterochromatin region 
[37]. Y chromosome polymorphisms have been re-
ported as the most prevalent type (more than 60%) 
in a study of 132 infertile couples in which the men 
carry a chromosomal polymorphism [38]. Concerning 
gestational infertility, a study comparing 507 couples 
with RPL and 465 healthy couples (no miscarriage, 
at least one pregnancy) showed more frequent Y chro-
mosome polymorphisms in the case group compared 
to controls (12.0%, 61/507 vs 2.2%, 10/465; p <0.05). 
The Y polymorphisms were an independent risk fac-
tor for RPL along with shorter gestational age, high-
er frequency of miscarriages, and longer pregnancy 
interval (p <0.05) [39]. In a study of infertile couples 
undergoing IVF, Y polymorphisms were absent, and 
the most common was the polymorphism at chromo-
some 1 (42/131 male carriers). Among other polymor-
phisms, the pericentric inversion at  chromosome 9 
had the higher early miscarriage rate (both in male 
and female carriers) [37]. Inversions are polymor-
phisms involving two breaks of the chromosome fol-
lowed by a rotation of the segment 180 degrees with 
reinsertion. They may produce abnormal gametes re-
sulting in altered embryonic chromosomes and spon-
taneous pregnancy loss. They have been reported in 
infertile men, frequently occurring in severe oligo-
zoospermia [38]. As other anomalies, they can be de-
tected by the karyotype [40]. Pericentric or paracen-
tric inversions have been associated with impaired 
or normal spermatogenesis resulting in RPL and 
infertility [41, 42]. Identical inversions have been re-
ported in brothers with a different type of male infer-
tility (pre- or gestational infertility), highlighting the 
complexity of the events that may finally result in in-
fertility [43]. Therefore, inversions may be inherited 
until possibly a secondary event results in stillbirth 
or miscarriage. The racial or geographical contribu-
tion may be pivotal because a study reported a likely 
‘founder’ effect of a novel sizeable pericentric inver-
sion of chromosome 9 [44]. 

Therapeutic implications

Polymorphisms with increased miscarriage rate 
can be managed with genetic counselling and pre-
implantation diagnosis [37]. Inversions have been 
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reported to run asymptomatically, transferred from 
generation to generation, and most likely represent 
a part of a complex process that may result in differ-
ent types of infertility [43]. Due to the events in the 
meiotic process, stable gametes may be formed, 
and  they can proceed to the normal offspring [43]. 
Therefore, natural conception may occur in specific 
circumstances (short inverted segment; paracentric 
inversions; no crossing-over during meiosis), which 
may allow expectant management in men with inver-
sions but with reported unpredictable results with-
out a biopsy of the embryo [43]. If the male partner 
has a known inversion, the foetus can be screened 
up to the second trimester through amniocentesis, 
ultrasound, chorionic villus sampling, or a combina-
tion to detect anomalies and further consultation 
[45]. RPL in inversion cases can be managed with 
ART as in other chromosomal and structural ab-
normalities. Reimplantation genetic testing is the 
method of choice to reduce the miscarriage rate and 
optimize the outcome [32, 46]. 

2c. Y chromosome microdeletions

Diagnostic implications

Although most RPL are unexplained, Y chromo-
some microdeletions have been reported as a possible 
cause. Karaer et al. evaluated 43 men from couples 
with RPL and reported a 16% prevalence of azoosper-
mia factor (AZF) b microdeletions (7/43 men). Age 
did not differ significantly between men in the RPL 
population carrying microdeletions and men with-
out microdeletions (35 vs 31.6 years, respectively, 
p >0.05) [47]. Another study reported a  significant 
presence of Yq microdeletion in males of infertile cou-
ples experiencing 3 or more miscarriages compared 
to 20  fertile controls. In a group of 59 men (8 men 
with abnormal semen analysis and 51 men with nor-
mospermia), deletion in the AZF zone was found in 
13  cases (3  and 10 cases, respectively); the  control 
group had none. A Total Motile Sperm Count (TMSC) 
of less than 20 million/ml was seen in 3 out of 13 cases, 
all in AZFc. Eight cases carried AZFc microdeletions, 
4 had AZFa, and only one had AZFb [48]. Another 
study of 48 men in couples with RPL showed no AZF 
microdeletions in the population. However, one man 
with otherwise normal semen parameters (sperm 
count >100 million/ml, progressive motility >32%, 
and normal morphology) and no environmental risk 
factors (non-smoker, non-alcoholic, no drugs or infec-
tion for the past 3 months) had a 46, XY (1qh–) chro-
mosomal complement [49]. Whether the screening for 
AZF microdeletions in couples with RPL is effective 
is difficult to identify. Some studies failed to demon-

strate any effect on RPL [50–52], possibly due to rar-
ity or racial differences; high prevalence may also be 
‘skewed’, e.g. reports originating from high-volume 
centres [53, 54]. Nonetheless, AZF in normospermic 
men is surprising and rare, because AZF microdele-
tions have been notoriously associated with severe 
impairment [46]. Therefore, although the aetiology 
or RPL may be multifactorial, evaluation for AZF mi-
crodeletions in patients with otherwise unexplained 
RPL may be exceptional but meaningful [48]. 

Therapeutic implications
 
Because normospermia is reported in cases with Y mi-
crodeletions, natural pregnancy is possible but usu-
ally results in embryo failure [48]. Otherwise, man-
agement of gestational infertility by Y microdeletions 
can follow the management applied in pre-gestational 
infertility. Upon diagnosis and if finally proceeding 
with ART, microdeletions seem not to  be a formi-
dable obstacle (upon proper selection). A meta-anal-
ysis of  12  studies in men with oligoasthenospermia 
showed that the fertilization rate with ART (mostly 
ICSI) in men with AZF microdeletions decreased sig-
nificantly compared to that in normal men (odds ratio 
0.75, 0.63–0.88 CI 95%; p <0.05), but with no signifi-
cant difference in the good embryo, clinical pregnancy, 
miscarriage, and baby boy rates (p >0.05) [55]. A pre-
implantation genetic diagnosis can be used to tackle 
refractory cases and eliminate the risk of inheritance 
to offspring [56]. If  the couples are not selective re-
garding the gender of the child, assisted reproduction 
techniques for AZFc deletions, and especially ICSI, 
can provide comparable clinical outcomes to men with 
normal Y chromosomes; consideration of  the trans-
mission of  the microdeletion is important albeit not 
determinant on the outcome [57]. 

2d. Aneuploidies 

Diagnostic implications 

Aneuploidies in women, with some variation concern-
ing their incidence, have been associated with the oc-
currence of RPL [58]. Aneuploidies in male gametes 
should be suspected in otherwise unexplained recur-
rent pregnancy losses. A study showed that the mean 
aneuploidy rate in the male partners of couples with 
RPL was significantly higher than in  the general 
population or fertile men. Interestingly, the percent-
age of aneuploid sperm is correlated to the percent-
age of apoptotic sperm and associated with worse 
morphology [59]. As an adverse feature, aneuploidy 
will result in failed meiosis and abnormal foetal  
development, which can explain failure in the ART 
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2e. DNA Fragmentation

Diagnostic implications

DNA fragmentation has been linked with miscar-
riage risk because damaged DNA transmission into 
the embryo may impair early development and po-
tentially increase pregnancy loss [68]. Measure-
ment by Comet assay showed that men from couples 
with RPL had higher sperm DNA damage (average 
score 33.32 vs 14.87; p <0.001) in a study comparing 
76 fertile donors with 217 men whose partners had 
recently experienced miscarriage (variety in presen-
tation, e.g. first or 2 or more miscarriages after nat-
ural conception, first miscarriage or 2 or more mis-
carriages after ART conception, or miscarriage after 
biochemical pregnancy) [69]. Other authors argued 
that although DNA integrity has been linked with 
the miscarriage risk, it cannot reliably differentiate 
gestational and pregestational infertility risk [70]. 
Carlini et al. compared SDFi (TUNEL assay) among 
112 men with RPL (2 or more losses), 114 infertile 
men, and 114 fertile men with normospermia. There 
was no statistically significant difference in SDFi 
between RPL and infertile men (18.8% vs 20.8%; 
p >0.05), but both groups had higher fragmentation 
than that observed among fertile men with normal 
semen analysis (12.8%, p <0.001). An inverse corre-
lation of DNA fragmentation with progressive mo-
tility (r = −0.41, p <0.001) was seen but not with 
other semen parameters. However, SDFi showed 
a  positive correlation in  the RPL group with pater-
nal age (positive correlation, r = 0.28; p <0.01) and 
the number of miscarriages (r = 0.20, p <0.05). Also, 
stratifying the RPL according to DNA fragmentation  
(TUNEL assay, >30% and <30%) in a study of 140 
male partners of  couples who presented with RPL, 
there was no difference in  the presence of aneu-
ploidies between the  groups [71]. Similarly, a study  
of 154 embryos from 38 couples undergoing PGD due 
to RPL or repeated implantation failure showed that 
there was no correlation between DNA fragmenta-
tion and the embryo aneuploidy rate (R2 = 0.0215,  
p >0.05; R2 = 0.0373, p >0.05, for fresh and processed 
sperm samples respectively) [72]. Thus, fragmenta-
tion may be involved but not directly associated with 
the miscarriage event, while other gross anomalies 
may be more critical.

Therapeutic implications

Antioxidant treatment can result in DNA remodel-
ing in the men of couples with RPL, which may be 
an indirect sign that improvement of the fragmenta-
tion could reduce the miscarriage risk [73]. Miscar-

level [60]. Levels of aneuploidies correlate with preg-
nancy and miscarriage rates, and useful conclusions 
are drawn from ART studies. A sperm aneuploidy rate 
>1.55% is associated with worse outcomes for preg-
nancy rates (biochemical, clinical, implantation rates), 
deliveries (72.7% vs 30.4%; p <0.05), and overall mis-
carriage rate (11.1% vs 38.9%, p <0.05) compared to 
a lower rate in couples undergoing ICSI for male fac-
tor including azoospermia [61]. A study in 2008 infer-
tile couples showed that high sperm aneuploidy levels 
were associated with a 2.6-fold decrease (p <0.0001) 
in the probability of achieving pregnancy, a 0.4-fold 
increase (p <0.05) in the probability of miscarriage, 
and 3.7-fold decrease (p <0.0001) in the probability 
of live birth [62]. Previous abnormal FISH, terato-
zoospermia, and azoospermia (obstructive and non-
obstructive) had a significantly higher percentages 
of  aneuploid embryos compared to control couples 
with sex-linked diseases undergoing preimplantation 
genetic diagnosis (PGD) (over 50% vs 33%; p <0.05) 
[63]. The populations with increased incidence of an-
euploidies are men with impaired spermatogenesis 
(oligospermia, azoospermia, and teratozoospermia), 
couples experiencing RPL or recurrent implantation 
failure (RIF) in ART cycles, known previous aneu-
ploid pregnancy, and males undergoing oncological 
treatments [60]. 

Therapeutic implications

Pre-implantation diagnosis can increase the chances 
of achieving pregnancy by reducing the aneuploidy 
rate and optimizing the selection of healthy embry-
os [63–65]. The implantation rate has been reported 
to be significantly higher (43.62% vs 27.88%; p <0.05) 
and the miscarriage rate significantly lower (17.07% 
vs 37.93%; p <0.05) when the selection is made with 
pre-implantation biopsy in comparison with a  con-
ventional morphology-based selection [65]. In  a re-
cent study, adjusting for several parameters (age 
of both sexes, levels of anti-Müllerian hormone, type 
of male infertility, and the number of transferrable 
blastocysts), PGD for aneuploidy was significantly as-
sociated with lower early miscarriage rate (adjusted 
OR 0.17, 95% CI 0.05–0.55). This retrospective study 
included 206 couples who underwent ICSI due to se-
vere male factor infertility (non-obstructive and ob-
structive azoospermia and severe oligoasthenotera-
tozoospermia), 102 having PGD for aneuploidy and 
104 proceeding without [66]. PGD can extinguish 
the differences between the severity grades of male 
factor because, although fertilization rates may dif-
fer among grades, the euploid rate and implantation 
potential of the obtained blastocysts are independent 
of sperm quality [67]. 
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acknowledges the significance of the male factor 
in the pathogenesis of RPL. Still, any recommenda-
tions are limited to lifestyle and possible association 
with OS and the role of DNA fragmentation (loss 
of  weight, cessation of smoking, physical exercise, 
and balanced way of life). Sperm selection is not sug-
gested, and routine antioxidant treatment has not 
proven to be helpful concerning live birth rates [83]. 
The European Association of Urology also advises 
the linkage between DNA fragmentation and mis-
carriage rate, but no particular diagnostic or thera-
peutic suggestions have been made [84]. Therefore, 
interpretation needs to be performed cautiously con-
cerning the usefulness of DNA fragmentation tests. 
Moreover, not all these assays (sperm chromatin  
assay, sperm chromatin dispersion, TUNEL, Comet 
assay) demonstrate correlations. In contrast, the 
tests carry different sensitivity, specificity, and cut-
off values to diagnose male infertility [85]. The lat-
ter needs to be appreciated by clinicians when an at-
tempt is made to reproduce conclusions. Regarding 
the therapeutic part, the management of RPL prob-
ably needs to be modified according to the clinical 
concept. A frequent clinical example is that of varico-
cele; a meta-analysis by Birowo et al. suggested that 
varicocelectomy may improve sperm quality and re-
duce DNA fragmentation [86]. Although further in-
vestigation is needed, RPL in the concept of a clinical 
varicocele and altered DNA fragmentation may rep-
resent an additional indication for treatment. Close 
collaboration between fertility specialists and urolo-
gists can help identify the most appropriate candi-
dates to optimize the chances of successful pregnan-
cy in affected couples [87].
From the current review, the role of semen HPV 
infection must also be commented on. This seems 
to be a treatable, male factor cause of RPL, whereas 
the infection is easily identified, and vaccination has 
been shown to improve the natural conception [18]. 
The cost-effectiveness has to be clarified, but screen-
ing for the virus may be of benefit in cases of a pre-
vious, known HPV infection in the female partner, 
an increasing number of lifetime sexual partners, 
or a history of non-monogamous partners [88]. An-
other interesting finding in the existing literature is 
the fact that normospermia does not exclude under-
lying gross or less severe DNA abnormalities, and 
screening for underlying causative factors may be 
pivotal when RPL is unexplained, especially when 
high total motile sperm count (TMSC) is considered 
to carry the best prognostic significance for natu-
ral conception and ART outcomes [89]. However, 
translocations and microdeletions have been re-
ported to be present despite normal semen param-
eters, and they may result in abnormal meiosis and  

riage risk has been chiefly evaluated as an adverse 
event, not an infertility endpoint. Although that risk 
is not increased, further studies are needed to in-
vestigate the effect on couples presenting with RPL 
[74]. When ART is decided for severe male infertility, 
SDFi is unlikely to impact the cumulative live birth 
rate. In a study of 1339 couples undergoing ICSI/IVF, 
an SDFi cut-off of 15% based on TUNEL showed 
no difference in the miscarriage rate (5.1% vs 6.6% 
for <15% and >15%, respectively; p >0.05) and 
live birth rate (36.5% vs 40%; p >0.05) [75]. Simi-
lar results may also be expected in the extreme rates 
of DNA damage. In a study reporting ICSI outcomes 
in 97 men with excessive DNA fragmentation as-
sessed by flow cytometry, the miscarriage rate was 
higher in the extreme SDFi group (24.5% vs 36.8%, 
for SDFi <15% vs SDFi >50%, respectively; p >0.05) 
but the cumulative pregnancy rate did not differ be-
tween the groups (46.5% vs 48.7%; p >0.05) [76]. Fol-
lowing delicate techniques for the selection of highly 
motile sperm with low levels of fragmentation before 
ART may not provide any benefit in terms of embry-
onal formation and clinical miscarriage, or live birth 
rates [77]. In the same concept, early reports of an-
tioxidant treatment in men undergoing ART have 
not shown a significant impact on the miscarriage 
rate, although a favourable effect is seen on the vi-
able pregnancy rate [78]. 

DISCUSSION

The scope of our review was to evaluate the im-
portance of RPL from the urological perspective. 
Involvement of the male factor may be rare, but 
it should not be underappreciated. In the coming 
years, advancements in the field, e.g. concerning the 
role of DNA fragmentation, could change our diag-
nostic and therapeutic standpoint. Furthermore, 
with roughly half of the cases of RPL being idio-
pathic, future research should investigate the role 
of ROS, because the mechanisms by which increased 
OS induces RPL are yet to be fully understood. Thus 
far, mounting evidence suggests structural and func-
tional DNA damage through multiple mechanisms, 
which need further exploration [79]. Another aspect 
to consider would be using antioxidants to counter-
act the elevated ROS, thus minimizing sperm DNA 
impairment [80]. 
Nevertheless, considering that no clear-cut recom-
mendations and evidence-based knowledge in the 
form of clinical guidelines currently exist for the ex-
act use of antioxidant compounds, future research 
should focus on elucidating their impact on RPL 
as  well [81, 82]. Currently, the European Society 
of Human Reproduction and Embryology (ESHRE) 
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thesis of the available evidence on the role of male 
partners in RPL, offering insights and informing fu-
ture research and practice in the field.

CONCLUSIONS

Recurrent miscarriages negatively affect the expe-
rience of a couple trying to achieve pregnancy. Al-
though large-scale studies are lacking, the male 
factor should not be underestimated as a possible 
cause, even without impaired spermatogenesis. 
In circumstances where RPL appears unexplained or 
idiopathic, advanced diagnostics may be of value and 
may alter the management. HPV infections repre-
sent a treatable cause, and gross DNA anomalies can 
be treated with ART and preimplantation diagnosis. 
Finally, although a linkage between DNA fragmen-
tation and RPL has been demonstrated, treatment 
of OS needs further research concerning the reduc-
tion of miscarriages. Future studies may enhance 
our collective understanding of this heterogeneous 
medical condition, further improving clinical coun-
selling and reproductive decision-making.
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embryonal development [48]. Furthermore, carriers 
may transmit these anomalies with various mani-
festations [28, 31]. Therefore, in cases of an already 
known abnormality, RPL without apparent cause 
and normospermia, and family history of recurrent 
miscarriages, couples could be advised to undergo 
advanced diagnostics. Although natural conception 
cannot be excluded, couples may be directed towards 
ART, where a preimplantation diagnosis can improve 
the outcomes [46]. Blunting legislation and region-
al funding discrepancies would enhance the access 
of infertile couples to PGD and increase their chanc-
es for successful pregnancy [90]. 
The limitations of our work should be highlighted. 
We performed a comprehensive review using a sub-
jective approach to include relevant studies. This may 
result in an incomplete representation of the avail-
able evidence. Furthermore, the selection had a mix-
ture of randomized, observational, and small case-
series studies, leading to heterogeneity. Additionally, 
because we did not follow a protocol for a systematic 
review, we did not assess the quality of the involved 
studies or perform statistical analysis. Consequently, 
readers should be mindful of the methodology of the 
included studies when drawing conclusions. Despite 
these limitations, this review provides a valuable syn-

1. Figueredo-Borda N, Ramírez-Pereira M,  
Gaudiano P, Cracco C, Ramos B. 
Experiences of miscarriage: the voice 
of parents and health professionals. 
Omega (Westport). 2022 Mar 30; 
302228221085188. 

2. Emond T, Guillaumie L, de Montigny F.  
Using a logic model to develop 
an intervention for improving miscarriage 
care in the emergency department. 
Eval Program Plann. 2021; 85: 101910. 

3. Li D, Zhang H, Wang R, Zhu H, Li L, Liu R. 
Chromosomal abnormalities in men with 
pregestational and gestational infertility 
in northeast China. J Assist Reprod Genet. 
2012; 29: 829-836. 

4. Brosens JJ, Bennett PR, Abrahams VM,  
et al. Maternal selection of human 
embryos in early gestation: Insights  
from recurrent miscarriage.  
Semin Cell Dev Biol. 2022; 131: 14-24. 

5. Shrimplin V, Jayasena CN. Was Henry VIII  
Infertile? Miscarriages and Male  
Infertility in Tudor England.  
The Journal of Interdisciplinary  
History. 2021; 52: 155-176. 

6. Ankolkar M, Patil A, Warke H, et al. 
Methylation analysis of idiopathic 
recurrent spontaneous miscarriage cases 
reveals aberrant imprinting at H19 ICR  
in normozoospermic individuals.  
Fertil Steril. 2012; 98: 1186-1192. 

7. Amin-Beidokhti M, Mirfakhraie R,  
Zare-Karizi S, Karamoddin F. The role  
of parental microRNA alleles in recurrent 
pregnancy loss: an association study. 
Reprod Biomed Online. 2017; 34: 325-330. 

8. Homa ST, Vassiliou AM, Stone J, et al.  
A Comparison Between Two Assays  
for Measuring Seminal Oxidative Stress 
and their Relationship with Sperm DNA 
Fragmentation and Semen Parameters. 
Genes (Basel). 2019; 10: 236. 

9. Dai Y, Liu J, Yuan E, Li Y, Shi Y, Zhang L. 
Relationship Among Traditional Semen 
Parameters, Sperm DNA Fragmentation, 
and Unexplained Recurrent Miscarriage: 
A Systematic Review and Meta-Analysis. 
Front Endocrinol (Lausanne). 2021; 12: 
802632. 

10. Borges E, Zanetti BF, Setti AS,  
Braga DP de AF, Provenza RR, Iaconelli A. 

Sperm DNA fragmentation is correlated 
with poor embryo development, lower 
implantation rate, and higher miscarriage 
rate in reproductive cycles of non-male 
factor infertility. Fertil Steril. 2019; 112: 
483-490. 

11. Kaarouch I, Bouamoud N, Madkour A,  
et al. Paternal age: Negative impact  
on sperm genome decays and IVF 
outcomes after 40 years. Mol Reprod  
Dev. 2018; 85: 271-280. 

12. Hennessy M, Dennehy R, Meaney S, et al. 
Clinical practice guidelines for recurrent 
miscarriage in high-income countries:  
a systematic review. Reprod Biomed 
Online. 2021; 42: 1146-1171. 

13. Kim CH, Kim JH, Kim HJ, et al. Detection 
of Adeno-associated Virus from Semen 
Suffering with Male Factor Infertility  
and Having Their Conception Partners  
with Recurrent Miscarriages. jbv. 2012;  
42: 339-345. 

14. Garolla A, Pizzol D, Foresta C. The role  
of human papillomavirus on sperm 
function. Curr Opin Obstet Gynecol.  
2011; 23: 232-237. 

References



Central European Journal of Urology
344

15. Garolla A, Engl B, Pizzol D, et al. 
Spontaneous fertility  
and in vitro fertilization outcome:  
new evidence of human  
papillomavirus sperm infection.  
Fertil Steril. 2016; 105: 65-72.e1. 

16. Moreno-Sepulveda J, Rajmil O.  
Seminal human papillomavirus infection 
and reproduction: a systematic review 
and meta-analysis. Andrology. 2021; 9: 
478-502. 

17. Weinberg M, Sar-Shalom Nahshon C, 
Feferkorn I, Bornstein J. Evaluation  
of human papilloma virus in semen  
as a risk factor for low sperm quality  
and poor in vitro fertilization outcomes:  
a systematic review and meta-analysis. 
Fertil Steril. 2020; 113: 955-969.e4. 

18. Garolla A, De Toni L, Bottacin A, et al. 
Human Papillomavirus Prophylactic 
Vaccination improves reproductive 
outcome in infertile patients  
with HPV semen infection: a retrospective 
study. Sci Rep. 2018; 8: 912. 

19. Wang RX, Zhang HG, Pan Y, et al. 
Translocation breakpoints of chromosome 
1 in male carriers: clinical features  
and implications for genetic counseling. 
Genet Mol Res. 2016; 15: 4. 

20. Goel H, Phadke SR. Reciprocal balanced 
translocation: infertility and recurrent 
spontaneous abortions in a family. 
Andrologia. 2011; 43: 75-77. 

21. Wang R, Yu Y, Wang Q, et al. Clinical 
Features of Infertile Men Carrying  
a Chromosome 9 Translocation.  
Open Med (Wars). 2019; 14: 854-862. 

22. Wang RX, Zhang HG, Pan Y, et al. 
Chromosome 7 translocation breakpoints 
in male carriers: clinical features  
and implications for genetic counseling. 
Genet Mol Res. 2016; 15: 4. 

23. Yang X, Zhang H, Yu Y, et al. Clinical 
Features of Chromosome 6 Translocation 
in Male Carriers: A Report of 10 Cases  
and Review of the Literature.  
Med Sci Monit. 2018; 24: 4162-4168. 

24. Zhang HG, Wang RX, Pan Y, et al. 
Translocation breakpoints of chromosome 
4 in male carriers: clinical features  
and implications for genetic counseling. 
Genet Mol Res. 2016; 15: 4. 

25. Zhang H, Wang R, Yu Y, et al. Non-
Robertsonian translocations involving 
chromosomes 13, 14, or 15 in male 
infertility: 28 cases and a review  

of the literature. Medicine (Baltimore). 
2019; 98: e14730. 

26. Zhang H, Wang R, Li L, Jiang Y, Zhang H, 
Liu R. Clinical feature of infertile men 
carrying balanced translocations involving 
chromosome 10: Case series and a review 
of the literature. Medicine (Baltimore). 
2018; 97: e0452. 

27. Almesned RK, Alsuhaibani SS, Alali HJ, 
Qubbaj WA, Al Hathal NK. Male Infertility 
in Robertsonian Translocation:  
A Case Report. Am J Case Rep. 2020;  
21: e921616. 

28. Tunç E, Ilgaz S. Robertsonian translocation 
(13;14) and its clinical manifestations:  
a literature review. Reprod Biomed Online. 
2022; 45: 563-573. 

29. Ching CB, Ko E, Hecht B, Smith M, 
Sabanegh E. Presentation and treatment 
of subfertile men with balanced 
translocations: the cleveland clinic 
experience. Curr Urol. 2012; 6: 37-42. 

30. Ravel C, Chantot-Bastaraud S, Siffroi JP, 
Escalier D, Antoine JM, Mandelbaum J. 
Tail stump syndrome associated with 
chromosomal translocation in two 
brothers attempting intracytoplasmic 
sperm injection. Fertil Steril. 2006; 86: 
719.e1-7. 

31. Fan H, Wang X, Yang X, Zheng H, Feng S.  
Expectant management and live birth 
outcomes for male balanced-translocation 
carriers: Two case reports and a literature 
review. Medicine (Baltimore). 2020; 99: 
e20894. 

32. Kohn TP, Kohn JR, Darilek S, Ramasamy R, 
Lipshultz L. Genetic counseling for men 
with recurrent pregnancy loss or recurrent 
implantation failure due to abnormal 
sperm chromosomal aneuploidy. J Assist 
Reprod Genet. 2016; 33: 571-576. 

33. Wang K, Zhao X, Tu H, Lin H. A  
Case of Complex Chromosome 
Translocation: 46, XY, t(4; 10; 13)  
(q31; q23; q12). Clin Lab. 2019; 65:11. 

34. Rouen A, Lavillaureix A, Hyon C, et al. 
Nuclear volume differences between 
balanced and unbalanced spermatozoa 
in chromosomal translocation carriers. 
Reprod Biomed Online. 2015; 30:  
290-955. 

35. Kumar R, Tanwar M, Ammini AC, et al. 
Robertsonian translocation and their  
role in pathogenesis of recurrent  
in vitro fertilization failure. Med Sci  
Monit. 2008; 14: CR617-620. 

36. Keymolen K, Staessen C, Verpoest W, et al. 
A proposal for reproductive counselling  
in carriers of Robertsonian translocations: 
10 years of experience with 
preimplantation genetic diagnosis.  
Hum Reprod. 2009; 24: 2365-2371. 

37. Li S jiao, Cheng Y xiang, Ye-Shang, et al. 
Chromosomal polymorphisms associated 
with reproductive outcomes after IVF-ET.  
J Assist Reprod Genet. 2020; 37:  
1703-1710. 

38. Guo T, Qin Y, Gao X, et al. The role  
of male chromosomal polymorphism 
played in spermatogenesis and the 
outcome of IVF/ICSI-ET treatment.  
Int J Androl. 2012; 35: 802-809. 

39. Wang Y, Li G, Zuo MZ, et al. Y chromosome 
polymorphisms may contribute  
to an increased risk of male-induced 
unexplained recurrent miscarriage.  
Biosci Rep. 2017; 37: BSR20160528. 

40. Düzcan F, Atmaca M, Cetin GO, Bagci H.  
Cytogenetic studies in patients with 
reproductive failure. Acta Obstet Gynecol 
Scand. 2003; 82: 53-56. 

41. Fan H, Liu Z, Zhan P, Jia G. Pericentric 
inversion of chromosome 6 and male 
fertility problems. Open Med (Wars).  
2022; 17: 191-196. 

42. Zhang X, Shi Q, Liu Y, et al. Fertility 
problems in males carrying an inversion  
of chromosome 10. Open Med (Wars). 
2021; 16: 316-321. 

43. Devine DH, Whitman-Elia G, Best RG, 
Edwards JG. Paternal paracentric inversion 
of chromosome 2: a possible association 
with recurrent pregnancy loss and 
infertility. J Assist Reprod Genet. 2000; 17: 
293-296. 

44. Sismani C, Rapti SM, Iliopoulou P, et al.  
Novel pericentric inversion inv(9)
(p23q22.3) in unrelated individuals 
with fertility problems in the Southeast 
European population. J Hum Genet.  
2020; 65: 783-795. 

45. Practice Committee of Society  
for Assisted Reproductive Technology, 
Practice Committee of American 
Society for Reproductive Medicine. 
Preimplantation genetic testing:  
a Practice Committee opinion.  
Fertil Steril. 2008; 90: S136-143. 

46. Fesahat F, Montazeri F, Hoseini SM. 
Preimplantation genetic testing in assisted 
reproduction technology. J Gynecol Obstet 
Hum Reprod. 2020; 49: 101723. 



345
Central European Journal of Urology

47. Karaer A, Karaer K, Ozaksit G, Ceylaner S,  
Percin EF. Y chromosome azoospermia 
factor region microdeletions and recurrent 
pregnancy loss. Am J Obstet Gynecol. 
2008; 199: 662.e1-5. 

48. Agarwal S, Agarwal A, Khanna A, Singh K. 
Microdeletion of Y chromosome as a cause 
of recurrent pregnancy loss. J Hum Reprod 
Sci. 2015; 8: 159-164. 

49. Venkatesh S, Thilagavathi J, Kumar K, 
Deka D, Talwar P, Dada R. Cytogenetic, 
Y chromosome microdeletion, sperm 
chromatin and oxidative stress analysis 
in male partners of couples experiencing 
recurrent spontaneous abortions. Arch 
Gynecol Obstet. 2011; 284: 1577-1584. 

50. Pereza N, Črnjar K, Buretić-Tomljanović A, 
et al. Y chromosome azoospermia factor 
region microdeletions are not associated 
with idiopathic recurrent spontaneous 
abortion in a Slovenian population: 
association study and literature review. 
Fertil Steril. 2013; 99: 1663-1667. 

51. Piña-Aguilar RE, Martínez-Garza SG,  
Kohls G, et al. Y chromosome 
microdeletions in Mexican males  
of couples with idiopathic recurrent 
pregnancy loss. J Obstet Gynaecol Res. 
2012; 38: 912-917. 

52. Wettasinghe TK, Jayasekara RW, 
Dissanayake VHW. Y chromosome 
microdeletions are not associated  
with spontaneous recurrent  
pregnancy loss in a Sinhalese  
population in Sri Lanka. Hum Reprod. 
2010; 25: 3152-3156. 

53. Dewan S, Puscheck EE, Coulam CB, 
Wilcox AJ, Jeyendran RS. Y-chromosome 
microdeletions and recurrent pregnancy 
loss. Fertil Steril. 2006; 85: 441-445. 

54. Pandith AA, Manzoor U, Amin I, et al.  
High incidences of chromosomal 
aberrations and Y chromosome micro-
deletions as prominent causes for 
recurrent pregnancy losses in highly  
ethnic and consanguineous population. 
Arch Gynecol Obstet. 2022; 305: 1393-
1408. 

55. Li X, Li X, Sun Y, Han J, Ma H, Sun Y.  
Effect of Y Chromosome Microdeletions 
on the Pregnancy Outcome of Assisted 
Reproduction Technology: a Meta-analysis. 
Reprod Sci. 2021; 28: 2413-2421. 

56. Kearns WG, Pen R, Graham J, et al. 
Preimplantation genetic diagnosis  
and screening. Semin Reprod Med.  
2005; 23: 336-347. 

57. Liu X hong, Qiao J, Li R, Yan L ying,  
Chen L xue. Y chromosome AZFc 
microdeletion may not affect the 
outcomes of ICSI for infertile males  
with fresh ejaculated sperm. J Assist 
Reprod Genet. 2013; 30: 813-819. 

58. Gu C, Li K, Li R, et al. Chromosomal 
Aneuploidy Associated With Clinical 
Characteristics of Pregnancy Loss.  
Front Genet. 2021; 12: 667697. 

59. Carrell DT, Wilcox AL, Lowy L, et al. 
Elevated sperm chromosome aneuploidy 
and apoptosis in patients with unexplained 
recurrent pregnancy loss. Obstet Gynecol. 
2003; 101: 1229-1235. 

60. Rodrigo L. Sperm genetic abnormalities 
and their contribution to embryo 
aneuploidy & miscarriage. Best Pract Res 
Clin Endocrinol Metab. 2020; 34: 101477. 

61. Burrello N, Vicari E, Shin P, et al. Lower 
sperm aneuploidy frequency is associated 
with high pregnancy rates in ICSI 
programmes. Hum Reprod. 2003; 18: 
1371-1376. 

62. Rodrigo L, Meseguer M, Mateu E, et al. 
Sperm chromosomal abnormalities  
and their contribution to human  
embryo aneuploidy. Biol Reprod. 2019; 
101: 1091-1101. 

63. Rubio C, Rodrigo L, Pérez-Cano I, et al.  
FISH screening of aneuploidies  
in preimplantation embryos to improve  
IVF outcome. Reprod Biomed Online. 
2005; 11: 497-506. 

64. Calogero AE, De Palma A, Grazioso C,  
et al. High sperm aneuploidy rate  
in unselected infertile patients  
and its relationship with intracytoplasmic 
sperm injection outcome. Hum Reprod. 
2001; 16: 1433-1439. 

65. Varga K, Tóth N, Bogár ÉB, et al.  
The demise of preimplantation genetic 
testing for aneuploidy (PGT-A)  
in Hungary and its effect on patient care. 
Eur J Med Genet. 2019; 62: 103669. 

66. Xu R, Ding Y, Wang Y, et al. Comparison  
of preimplantation genetic testing  
for aneuploidy versus intracytoplasmic 
sperm injection in severe male infertility. 
Andrologia. 2021; 53: e14065. 

67. Mazzilli R, Cimadomo D, Vaiarelli A, et al. 
Effect of the male factor on the clinical 
outcome of intracytoplasmic sperm 
injection combined with preimplantation 
aneuploidy testing: observational 
longitudinal cohort study of 1,219 

consecutive cycles. Fertil Steril. 2017;  
108: 961-972.e3. 

68. Knudtson JF, Sun F, Coward RM, et al. 
The relationship of plasma antioxidant 
levels to semen parameters: the Males, 
Antioxidants, and Infertility (MOXI) 
randomized clinical trial. J Assist Reprod 
Genet. 2021; 38: 3005-3013. 

69. Haddock L, Gordon S, Lewis SEM, Larsen P,  
Shehata A, Shehata H. Sperm DNA 
fragmentation is a novel biomarker  
for early pregnancy loss. Reprod Biomed 
Online. 2021; 42: 175-184. 

70. Carlini T, Paoli D, Pelloni M, et al. Sperm 
DNA fragmentation in Italian couples  
with recurrent pregnancy loss. Reprod 
Biomed Online. 2017; 34: 58-65. 

71. Ramasamy R, Scovell JM, Kovac JR,  
Cook PJ, Lamb DJ, Lipshultz LI. 
Fluorescence in situ hybridization detects 
increased sperm aneuploidy in men with 
recurrent pregnancy loss. Fertil Steril. 
2015; 103: 906-909.e1. 

72. Bronet F, Martínez E, Gaytán M, et al. 
Sperm DNA fragmentation index  
does not correlate with the sperm  
or embryo aneuploidy rate in recurrent 
miscarriage or implantation failure 
patients. Hum Reprod. 2012; 27:  
1922-1929. 

73. Fernandez-Encinas A, Ribas-Maynou J, 
García-Peiró A, et al. TMT-Based  
Proteomic Analysis of Human  
Spermatozoa from Unexplained  
Recurrent Miscarriage Patients before 
and after Oral Antioxidant Treatment. 
Biomedicines. 2022; 10: 2014. 

74. de Ligny W, Smits RM, Mackenzie-Proctor R,  
et al. Antioxidants for male subfertility. 
Cochrane Database Syst Rev. 2022; 5: 
CD007411. 

75. Hervás I, Pacheco A, Rivera-Egea R, Gil  
Julia M, Navarro-Gomezlechon A,  
Garrido N. IVF/ICSI cumulative live birth 
rates per consumed oocyte remain 
comparable regardless of sperm DNA 
fragmentation by TUNEL. Reprod Biomed 
Online. 2022; 44: 1079-1089. 

76. Dar S, Grover SA, Moskovtsev SI,  
Swanson S, Baratz A, Librach CL. In vitro 
fertilization-intracytoplasmic sperm 
injection outcome in patients with  
a markedly high DNA fragmentation index 
(>50%). Fertil Steril. 2013; 100: 75-80. 

77. Keskin M, Pabuçcu EG, Arslanca T, 
Demirkıran ÖD, Pabuçcu R. Does 



Central European Journal of Urology
346

Microfluidic Sperm Sorting Affect  
Embryo Euploidy Rates in Couples  
with High Sperm DNA Fragmentation? 
Reprod Sci. 2022; 29: 1801-1808. 

78. Tremellen K, Miari G, Froiland D, 
Thompson J. A randomised control trial 
examining the effect of an antioxidant 
(Menevit) on pregnancy outcome during 
IVF-ICSI treatment. Aust N Z J Obstet 
Gynaecol. 2007;47: 216-221. 

79. Davies R, Jayasena CN, Rai R, Minhas S. 
The Role of Seminal Oxidative Stress  
in Recurrent Pregnancy Loss. Antioxidants 
(Basel). 2023; 12: 723. 

80. Dimitriadis F, Tsounapi P, Zachariou A,  
et al. Therapeutic Effects of Micronutrient 
Supplements on Sperm Parameters:  
Fact or Fiction? Curr Pharm Des. 2021;  
27: 2757–2769. 

81. Dimitriadis F, Symeonidis EN, Tsounapi P,  
et al. Administration of Antioxidants  
in Infertile Male: When it may have  
a Detrimental Effect? Curr Pharm Des. 
2021; 27: 2796-2801. 

82. Symeonidis EN, Evgeni E, Palapelas V, 
et al. Redox Balance in Male Infertility: 
Excellence through Moderation-"Μέτρον 
ἄριστον". Antioxidants (Basel). 2021; 10: 
1534. 

83. ESHRE Guideline Group on RPL, Bender 
Atik R, Christiansen OB, Elson J, et al. 
ESHRE guideline: recurrent pregnancy loss. 
Hum Reprod Open. 2018; 2018: hoy004. 

84. Minhas S, Bettocchi C, Boeri L, et 
al. European Association of Urology 
Guidelines on Male Sexual and 
Reproductive Health: 2021 Update  
on Male Infertility. Eur Urol. 2021; 80: 
603-620. 

85. Ribas-Maynou J, García-Peiró A, 
Fernández-Encinas A, et al. Comprehensive 
analysis of sperm DNA fragmentation  
by five different assays: TUNEL assay, SCSA, 
SCD test and alkaline and neutral Comet 
assay. Andrology. 2013;1: 715-722. 

86. Birowo P, Rahendra Wijaya J, Atmoko W, 
Rasyid N. The effects of varicocelectomy 
on the DNA fragmentation index and other 

sperm parameters: a meta-analysis.  
Basic Clin Androl. 2020; 30: 15. 

87. Kaltsas A, Moustakli E, Zikopoulos A, et al.  
Impact of Advanced Paternal Age  
on Fertility and Risks of Genetic  
Disorders in Offspring. Genes (Basel). 
2023; 14: 486. 

88. Chelimo C, Wouldes TA, Cameron LD, 
Elwood JM. Risk factors for and prevention 
of human papillomaviruses (HPV), genital 
warts and cervical cancer. J Infect. 2013; 
66: 207-217. 

89. Docherty LE, Rezwan FI, Poole RL, et al. 
Mutations in NLRP5 are associated  
with reproductive wastage and multilocus 
imprinting disorders in humans.  
Nat Commun. 2015; 6: 8086. 

90. Aarden E, Van Hoyweghen I, Vos R, 
Horstman K. Providing preimplantation 
genetic diagnosis in the United Kingdom, 
The Netherlands and Germany:  
a comparative in-depth analysis  
of health-care access. Hum Reprod.  
2009; 24: 1542-1547. 


