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INTRODUCTION: Autoimmune infertility is diagnosed in 5—15% of men. Currently applied methods of medical therapy of
autoimmune male infertility are not very effective, which requires the development of new ones and creation of predictive
algorithms for their efficacy.

The aim of our study was to evaluate the influence of low-level laser therapy (LLLT) in infrared spectrum on MAR-test rate
and sperm fertile properties in men with autoimmune infertility, develop ways to predict the efficacy of this therapy.

PATIENTS AND METHODS: 47 men with autoimmune infertility were examined. 31 of them (1! group) underwent course
of LLLT in infrared spectrum (10 procedures), and 16 patients (2™ group, comparison) had placebo-laser therapy sessions
(10 procedures). MAR-test value, main semen parameters and sperm DNA fragmentation were assessed before and after the
treatment. For creation of LLLT efficacy algorithm we used discriminate analysis.

RESULTS: In patients of the 1st group we indicated statistically significant decrease of MAR-test by an average of 19% im-
mediately after the course of procedures, and by 33% — within two months after the end of the treatment, at its initial level
60% or lower. LLLT contributed to improvement of the semen fertile properties, pregnancy developed in the natural reproduc-
tive cycle in 19% of couples. We developed math model for prediction the efficacy of LLLT in infrared spectrum of autoimmune
male infertility.

CONCLUSION: LLLT in infrared spectrum of male autoimmune infertility leads to MAR-test value decrease at its initial
level less than 60%; improves sperm fertile properties. It is appropriate to use before LLLT predictive algorithm of its efficacy
developed by us.

Keywords: autoimmune male infertility; MAR-test; low-level laser therapy; infrared spectrum.

To cite this article:
Potapova MK, Borovets SYu, Al-Shukri SKh. Male autoimmune infertility: analysis of results and prediction of efficacy of low-level laser therapy in infrared
spectrum. Urology reports (St. Petersburg). 2021;11(1):5-13. DOI: https://doi.org/10.17816/uroved60268

Received: 07.02.2021 Accepted: 28.02.2021 Published: 23.03.2021
V-3
ECOSVECTOR All rights reserved

© Eco-Vector, 2021


https://crossmark.crossref.org/dialog/?doi=10.17816/uroved60268&domain=PDF&date_stamp=2021-05-27

OPUTMHATIBHBIE CTATBMA Tom 11, Ne 1, 2021 Yponoru4ecKme BeAoMocTy
DOI: https://doi.org/10.17816/uroved60268

AyToMMMyHHOe MYyXcCKoe becnnogue:

aHanus pe3ynbTaToB U NPOrHO3MpOBaHUE

3G PEeKTUBHOCTU HUSKOMHTEHCUMBHOWU NasepHOU
Tepanuu B MHGpaKpacHOM CreKTpe

© M.K. Motanoea, C.10. boposeu, C.X. Anb-LLykpu

(DepepanbHoe rocynapcTBeHHoe blofKeTHoe 06pa3oBaTeNibHOe YUPerKAeHMe BbiCLLero 06pa3oBaHus
«[NepBbit CaHKT-MeTepbyprckui rocyaapCTBeHHbIM MeAULMHCKUIA YHUBEPCUTET UMeHM akadeMuka W.T1. Masnosa»
MuHucTepcTBa 3apaBooxpaHeHus Poccuiickoin Oepepaumu, CaHkT-MeTtepbypr

Bgederue. AytouMMyHHoe becninoame auarHoctvpyrTy 5—15 % MyKumH. [puMeHseMble B HAaCTOALLEe BPEMA METOLbI KOH-
CEpBaTUBHOMO JIEYEHWS NPY aYTOMMMYHHOM MYMCKOM becnnoamm Mano3gdeKTUBHbI, TpebyeTcs pa3paboTka HOBbIX METOAMK,
a TaKe co3[aHve anropuTMOB NPOrHo3a ux IPGEKTUBHOCTH.

Llene uccnedosaHuA: oLEHUTL BIMAHWE HU3KOMHTEHCMBHOM nasepHor Tepanuu (HUIT) B uHgparpacHoM (MK) cnektpe
Ha nokasarenib MAR-TecTa 1 GepTunbHbIe CBOMCTBA 3AKYNATA Y MYMUMH C ayTOMMMYHHBIM becniouneM, paspaboTaTb cno-
cobbl NpOrHo3upoBaHKA 3GGEKTUBHOCTM JaHHOW Tepanuu.

Mayuersmesl u MemodeL. MNpoBefeHo 0bcnefoBaHue 47 MyMUMH € ayTOMMMYHHBIM 6ecninogmem: 31 naumenty (1-a rpynna)
npoBoannun Kypc HUNT B UK-cnektpe (10 npouepyp), a 16 naumeHTaM (2-A rpynna, cpaBHeHWA) — ceaHcbl nnaebo-
nasepotepanuu (10 npouenyp). [o u nocne neyeHna ouexuBany BenmumHy MAR-TecTa, a TaKKe OCHOBHbIEe NapameTpbl
cnepmorpammsbl 1 dparmenTaumio [JHK cnepMatozompos. [And co3aaHua anroputMa adppertmeHoctv HUIT ncnonb3osanm
AVICKPUMUHAHTHBINM aHanu3.

Pesynomameol. Y nauueHToB 1-i rpynnbl 6610 0TMEYEHO CTATUCTUYECKM [OCTOBEPHOE CHUMKEHMEe MoKasaTens MAR-
Tecta B cpegHeM Ha 19 % cpasy nocne Kypca npouenyp HWIT n Ha 33 % — uyepe3 2 Mec. NOCNE OKOHYaHWA JieYeHus,
MPpMU UCXOHOM 3Ha4YeHWMM AaHHoro nokasatena 60 % wnu Menee. HAJTT npuBogmna K ynyylleHunio ¢pepTUbHbIX CBOMCTB
9AKynATa, 6epeMeHHOCTb B CTECTBEHHOM PenpofyKTMBHOM LmKne HacTynuna y 19 % cynpyxeckux nap. PaspaboTaHa Ma-
TeMaTu4eckan Mofesb NporHo3upoBaHua addpexTneHocT HUJTT B MK-cneKTpe ayToMMMyHHOMO MycKoro becnnogus.

3aknwyenue. HUJIT B UK-cnekTpe ayTOMMMYHHOIO MYMKCKOro 6ecniogua NpUBOOMT K CHUMKEHMIO BEIMYMHBI
MAR-TecTa npu ero ucxonHoM ypoeHe MeHee 60 % 1 ynydwaeT depTunbHbIE CBOMCTBA 3AKYNATa. [lepes npoBeAeHuU-
em HWNT uenecoobpasHo MCMnonb30BaTh anropuMT™ NporHo3a ee 3GGeKTUBHOCTM.

KnioueBble cnoBa: ayToMMMyHHOe MycKoe becnnofaune; MAR-TecT; HU3KOMHTEHCUBHAA NasepHan Tepanus; MHdpaxpac-
HbIN CMEKTP.
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INTRODUCTION

Nowadays, male infertility is a relevant problem
both in Russia and in other countries. The male factor
accounts for 30%-50% of infertility cases in married
couples [1, 2]. One of the causes of male infertility is
an autoimmune reaction against spermatozoa and pro-
duction of anti-sperm antibodies (ASA) (Ig A and G) in
testicular tissues [3-5]. The presence of ASA in men
with infertility problem was first described by Rumke
and Wilson in 1954. Since then, the presence of ASA
in the ejaculate has been regarded as an independent
causative factor of infertility; it is diagnosed in 5%-15%
and 1%-2% of men with and without infertility problem,
respectively [3, 6-8]. Risk factors for the emergence of
ASA can be inflammatory diseases of the male genital
organs (such as orchitis and prostatitis), varicocele,
testicular injury with or without post-traumatic orchitis,
cryptorchism, bilateral or unilateral vasoresection, post-
traumatic or post-inflammatory obstruction of the vas
deferens, malignant and benign neoplasms of testicles,
etc. [8, 9.

The generally recognized international standard for
the detection of ASA in ejaculate is the mixed agglutina-
tion reaction through mixed antiglobulin reaction (MAR)
test. This test determines the ratio of normal, actively
motile forms of spermatozoa coated with ASA to the
total count of spermatozoa with the same maotility char-
acteristics, expressed as a percentage. In cases with a
low count of progressively motile forms of spermatozoa,
the MAR test becomes impossible, so it is recommended
to determine the total ASA and antibodies to testicular
antigens in the blood plasma [5, 7, 10].

Increased levels of ASA in the ejaculate causes ag-
glutination of spermatozoa and, in some cases, disrupts
their integrity, which results in a decrease in their motil-
ity and concentration. A possible reason of a decrease
in the fertilizing ability of the ejaculate is the fixation of
ASA to the surface of spermatozoa, which leads to their
inability to penetrate into and fertilize the egg [3, 9, 11].
However, results of studies that have evaluated the ef-
fect of ASA on ejaculate parameters are contradictory;
some of them indicate a significant deterioration in the
main parameters of the ejaculate with ASA, while oth-
ers do not [7, 9, 11, 12]. A meta-analysis conducted by
Cui et al. [9], based on eight studies, showed that the
concentration and count of progressively motile forms
of spermatozoa (motility categories A + B) were sig-
nificantly lower in the presence of ASA in the ejaculate
than in their absence. In addition, ASA was found to have
no significant effect on the morphology, viability of the
spermatozoa, and volume of the ejaculate.

Bozhedomov et al. [11] revealed that a significant
increase in the level of ASA in the ejaculate more often
indicated pathological fragmentation of the sperm DNA.
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Thus, the percentage of spermatozoa with fragmented
DNA was 1.3 times higher with an increased level of ASA
in the ejaculate than without it (p < 0.05).

For the treatment of autoimmune male infertility,
various conservative treatment options are employed;
for example, glucocorticoids (prednisolone and meth-
ylprednisolone), antioxidants, enzyme preparations,
and fetoplacental complexes are prescribed, and selec-
tive membrane plasmapheresis is initiated [8, 13, 14].
However, owing to the low efficiency and frequent side
effects of these treatment methods, in most cases, in-
fertility problems cannot be solved without the use of
assisted reproductive technologies (ART) [8, 13]. In this
regard, the search for new, more effective and safe
methods of treatment of autoimmune male infertility is
highly relevant.

In our earlier study regarding the efficiency of treat-
ment of secretory male infertility using low-intensity
laser therapy (LLLT) in the infrared (IR) spectrum, we
recorded a decrease in the MAR test score in 11 of
12 patients who received treatment, which presented
the potential of this method as treatment of autoimmune
male infertility [15]. However, a small sample of patients
with an increased MAR test score and the absence of a
comparison group failed to assert the efficacy and safety
of this treatment method for autoimmune male infertility;
thus, it was not possible to develop personalized algo-
rithms for predicting its efficacy, which caused initiation
of this study.

This study aimed to assess the influence of LLLT in
the IR spectrum on the MAR test score and the fertile
properties of ejaculate in men with autoimmune infertil-
ity, to develop methods of predicting the efficacy of this
therapy.

MATERIALS AND METHODS

This study is based on the results of examination and
treatment of 47 men with autoimmune infertility. They
were randomized into two groups. Patients of group 1
(n = 31) underwent a course of LLLT in the IR spectrum,
and patients of group 2 (comparison group, n = 16) un-
derwent placebo laser therapy. The average age of pa-
tients in group 1 was 33.4 + 4.7 years and that in group 2
was 32.9 + 4.3 years. The duration of infertility in group 1
was 2.1 + 0.9 years and that in group 2 was 2.0 + 0.7 years.
All patients signed informed consent to participate in the
study.

After history taking and physical examination, sper-
mogram and MAR test were performed in all patients, the
degree of sperm DNA fragmentation (SDNAF) was as-
sessed by the sperm chromatin structure assay method.
The spermogram was assessed in accordance with the
World Health Organization recommendations in 2010 [10];
the normative value of the MAR test was considered <10%
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and that of SDNAF was <15% [16]. The concentration of
the following hormones in the blood plasma was deter-
mined: total and free fractions of testosterone, estradiol,
prolactin, luteinizing hormone, follicle-stimulating hor-
mone, and sex steroid-binding globulin.

The criteria for inclusion in the study were infer-
tility in marriage, age 18-45 years, and an increase
in the MAR test score of >10% in case of normozoo-
spermia or pathozoospermia and a deterioration of the
main parameters of the spermogram, namely, concen-
tration of spermatozoa, count of progressively motile
forms of spermatozoa, and/or count of normal forms
of spermatozoa (oligospermia, asthenospermia, and/
or teratozoospermia) with a normal or increased level
of SDNAF.

The exclusion criteria for the study were azoosper-
mia, hemospermia, varicocele, hydrocele, inflammatory
diseases of the urethra and male genital organs in the
phase of active inflammation, neoplasms of the scrotum
or prostate gland, a history of trauma and surgery on
the scrotum organs, and severe concomitant pathology
(diabetes mellitus, etc.). To reveal the presence of in-
flammatory diseases of the male genital organs, all pa-
tients underwent ejaculate inoculation for opportunistic
flora, and/or a molecular genetic study was performed
using real-time polymerase chain reaction. For diagnos-
ing neoplasms of scrotum organs and prostate gland,
levels of tumor markers, including lactate dehydro-
genase, alpha fetoprotein, B-human chorionic go-
nadotropin, and prostate-specific antigen, were de-
termined in the blood plasma. All patients underwent
ultrasound examination of scrotal organs, includ-
ing Doppler blood flow imaging in the color Doppler
visualization mode.

After the examination, patients of group 1 underwent
a course of LLLT in the IR spectrum on the Rubin-C ap-
paratus (Russia).

Right
testicle
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The wavelength of the laser radiation was 870 nm,
and the energy density of the radiation was 1.1 J/cm?.
The course of treatment consisted of 10 laser therapy
sessions, which were performed with 1 day interval. The
influence was percutaneous, at é points, with an expo-
sure of 1.5 min each, with a sequence on the zones of
the parenchyma of the right (7-6) and left (7-12) tes-
ticles (Fig. 1).

Group 2 underwent 10 placebo laser therapy ses-
sions with diode radiation turned off with 1 day interval.
The zones and time of exposure of the right and left tes-
ticles were the same as that for group 1.

Control examination, which included spermogram,
MAR test, SDNAF determination, and hormonal state
assessment, was performed in all patients immediately
after the course of procedures, as well as after 1 and
2 months.

Statistical analysis of data was performed using the
Statistica for Windows computer program. The paired
Student’s test for normal samples and the paired Wil-
coxon test for non-Gaussian samples were used for
pairwise comparison of data before and after treatment
in one group. Differences between the two groups were
determined using the parametric Student’s t-test or the
Mann-Whitney rank test. Differences were considered
significant at p < 0.05. Discriminant analysis was used
to predict the efficiency of LLLT in normalizing the MAR
test score.

RESULTS

Before treatment, the averaged MAR test scores
were 41.8 + 31.4% and 40.8 + 33.2% in group 1 and
group 2, respectively. In most patients of both groups,
an increase in the MAR test score was accompanied
by pathozoospermia, as well as pathological SDNAF.
Figure 2 presents information on the incidence of

Left
testicle

Fig. 1. Schematic representation of the zones of exposure to low-level laser irradiation in infrared spectrum on the tissues of the right

and left testicles. 7-12 — sequence of impact zones

Puc. 1. CxeMaTunyecKoe M306pa>KeH|/|e 30H BO3J:|,EI7ICTBVIF| HU3KOMHTEHCMBHOI O J1Ia3epHOro 1U3jly4eHnn B VIH¢paKpaCHOM CMeKTpe Ha TKaHu

MpaBoro 1 f1eBoro AnYek. /-12 — o4yepeaHOCTb 30H BO3LEMCTBUA
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normozoospermia and different variants of pathozoo-
spermia in groups 1 and 2.

Before treatment in groups 1 and 2, asthenozoosper-
mia and teratozoospermia prevailed, both separately and
combined, while normozoospermia was determined only
in 16% and 7% of the patients, respectively (Fig. 2).

An increased SDNAF level before the laser therapy
was determined in 32% of men with autoimmune infertil-
ity in group 1 and in 38% of men in group 2. As a result
of LLLT in the IR spectrum, patients of group 1 demon-
strated a significant decrease in the MAR test score by
an average of 19% immediately after treatment. The pos-
itive effect persisted for 2 months of follow-up, and af-
ter month 2, this indicator decreased by 31% (Fig. 3).
Notably, a significant decrease in the MAR test score
was noted only in patients with a baseline value of this

25

indicator of <60%.
31

26

19
fg 16 16

10
10 7 b b
5 I 3
; B B
1 2 3 4 5 6

M Group 2

Fig. 2. Prevalence of different forms of pathozoospermia in pa-
tients of the 1 and 2" groups. 7 — normozoospermia; 2 — as-
thenozoospermia; 3 — teratozoospermia; 4 — asthenoteratozoo-
spermia; 5 — oligozoospermia; 6 — oligoasthenoteratozoospermia
Puc. 2. Yactota BCTpeuyaeMoCTU pasnWyHbIX BMOOB MaTo30-
ocnepMuv y naumeHtoB 1- M 2-n rpynn. | — HOpMO0300-
cnepmusa; 2 — acTeHo3oocnepMmua; 3 — TepaTo300CnepMus;
4 — acTeHoTepaTo300CnepMus; 5 — 0nMro3oocnepmus;
6 — onuroacteHoTEpPaTO300CNEPMUA

%
35

31
30 29

Group 1
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In addition, 1 month after the course of LLLT in
group 1, we registered a significant increase in the con-
centration, progressive motility, count of normal forms,
and viability of spermatozoa, in which improvement
persisted until the end of second month of follow-up
(Table 1).

As shown in Table 1, in group 1 patients with an ini-
tially increased SDNAF level, a decrease was noted im-
mediately after the LLLT course, and after 1 month, it
was normalized in 83% of patients, which persisted after
the second month of follow-up.

The LLLT course in group 1 resulted in the onset of
pregnancy in 6 (19%) of 31 married couples in the natu-
ral reproductive cycle. No side effects or complications
were identified in the course of treatment and follow-up.

In group 2, after a course of placebo laser therapy and
within 2 months of follow-up, no significant decrease in

45
40
=S
Z,’ 35
= 20 p<0.001
<C
s p < 0.001 p < 0.001
25
20 X
Before  Immediately After After
after 1 month 2 month

Fig. 3. MAR-test dynamics in the patients of the
1 group before and after the course of low-level
laser therapy

Puc. 3. [lnHamuka nokasatenda MAR-Tecta y naum-
eHTOB 1-1 rpynnbl 4o M Nocne Kypca HU3KOMHTEH-
CMBHOW Nla3epHoV Tepanuu

Table. Effect of low level laser therapy in the infrared spectrum on sperm parameters and pathological SDNAF in group 1, M (SD)

Tabnuua. BnnsaHne HU3KOMHTEHCUBHOM fla3epHOM Tepanum B MHGPaKPacHOM CMEKTPE Ha NapaMeTpbl CiePMOrpaMMbl 1 NaToNOrMYECKYI0
¢parmenTaumio [IHK cnepmato3onaos y nauueHTtoB 1-i rpynnbl, M (SD)

Parameters Before Immediately after 1 month after 2 months after
treatment the LLLT course the LLLT course the LLLT course

Sperm concentration, mln/ml 61.4 (50.0) 60.3 (45.3) 71.1(63.0) * 69.8 (54.4) *
Count of progressive matile forms of 33.2 (14.4) 35.0 (10.8) 37.9 (9.6) * 38.2 (9.5) **
spermatozoa, %
Count of morphologically normal 37(1.9) 4.0(1.7) 4201.9)* 41(0.6)*
forms of spermatozoa, %
Sperm viability, % 63.1(12.9) 64.0 (10.4) 67.2 (11.3) ** 66.1(10.6) *
Pathological SDNAF, % 20.9 (6.3) 155 (0.7) " 14.4 (2.3) ** 11.5(3.8) **

* The difference in indicators before and after treatment is significant (p < 0.05); ** the difference in indicators before and after treatment
is significant (p < 0.01). Note. LLLT, low level laser therapy; SDNAF, sperm DNA fragmentation.

DOl https://doi.org/10.17816/uroveds0268
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the MAR test score was recorded. For the entire 2-month
follow-up period, the main parameters of the ejaculate
and SDNAF value did not change significantly, and no
pregnancies occurred.

Compared with placebo laser therapy, the efficiency
of LLLT immediately after the treatment course was
significantly higher in relation to the normalization of
the MAR test score (p < 0.001) and pathological SDNAF
(p =0.017).

After 1 and 2 months of follow-up, the efficiency
of LLLT was higher than that of placebo laser therapy
in terms of a decrease in the MAR test (p < 0.001 and
p < 0.001) and pathological SDNAF level (p < 0.001
and p < 0.001) and an increase in sperm concentration
(p = 0.048 and p = 0.004), progressive motility (p = 0.002
and p < 0.001), and viability (p < 0.001 and p < 0.001).

Based on the results of discriminant analysis in
group 1, we developed a mathematical model for pre-
dicting the efficiency of LLLT in the IR spectrum in rela-
tion to the MAR test score normalization in men with
autoimmune infertility, taking into account the results of
the pretreatment examination:

F=-0.077 - SpermMotilityProgressive0 +
+0.112 - DurationDisease + 0.027 - Ftest0 +

+0.745 - SpermVolume0-0.057 - Mar0 — 0.999,
where F is the value of the discriminant function, Sperm-
MotilityProgressiveQ is the count of progressively motile
forms of spermatozoa (%), DurationDisease is duration of
the disease (months), Ftest0 is the concentration of free
testosterone in blood plasma (pmol/l), SpermVolume0
is the ejaculate volume (ml), and Mar0 is the value of the
MAR test indicator (%).

The threshold value was —0.0855. If the discriminant
function (F) value after data substitution is greater than
the threshold value, normalization of the MAR test score
is predicted; if it is lower or equal to the threshold value,
no effect is expected.

The canonical correlation coefficient was 0.932,
Wilks’ lambda was 0.132, and significance level was at
p < 0.001. The specificity and sensitivity of the method
were 92.9% and 87.5%, respectively, and the predictive
ability of the presence and absence of an effect was
93.3% and 86.7%, respectively. Thus, the developed
mathematical model has a high predictive value.

DISCUSSION

Autoimmune processes are caused by impairment of
the mechanisms of emergence and maintenance of self-
tolerance, that is, immune tolerance, to own antigens.
Currently, a number of hypotheses for the induction of
the development of autoimmune reactions have been
proposed, including the theory of sequestered (hidden)
antigens [13, 17]. When the immune system matures,
the antigens of the genital glands are enclosed by the
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blood-testis barrier and are not in contact with blood
plasma lymphocytes; as a result, they are not eliminated
by the corresponding clones of immunocompetent cells.
When the blood-testis barrier is disrupted and antigens
enter the bloodstream, their own immunocompetent
cells recognize them as foreign and trigger the immune
response mechanism [13, 18].

Another theory of immunological regulation disorders
is the decrease in the function of suppressor T-lympho-
cytes, dysfunction of T-helper lymphocytes, and impaired
production of the corresponding cytokines by T-helper
lymphocytes of types | and Il [17].

An important factor in the development of autoim-
mune male infertility is oxidative stress, which is a result
of an overproduction of reactive oxygen species. The lat-
ter disrupts the integrity of the sperm membrane and
DNA structure, leading to a decrease in their motility and
impairment of fertilizing ability [8, 13].

Previous studies have revealed that LLLT intensi-
fies the processes of repairing DNA breaks, promotes
the synthesis of repair enzymes and phospholipids and
the formation of cell membranes, and activates the pro-
cesses of reparative regeneration, proliferation of cell
systems, and microcirculation [19-23]. In addition to the
above-described effects, LLLT promotes the biosynthesis
of antioxidant system substances and has an immuno-
modulatory effect [20, 24].

The mechanisms of action of LLLT on the human im-
mune system have been investigated for many years.
Laser therapy is able to stimulate immune responses
and enhance the body’s immunological adaptation [21].
In 1993, Tadakuma established that LLLT in the IR
spectrum acted directly and selectively on the auto-
immune system, restoring the immune competence
of cells [24].

In our opinion, in addition to the sufficiently studied
antioxidant and immunomodulatory mechanisms, a de-
crease in the MAR test score may be caused by the indi-
rect effect of LLLT on the stabilization of the membrane
potential of spermatozoa, which prevents the fixation of
ASA on them, leading to agglutination and aggregation
of spermatozoa. However, this hypothesis needs to be
further investigated.

In our study, the reference value of the MAR test
was <10%, and its increase was regarded as a sign of
an autoimmune form of male infertility. Although the
World Health Organization presented that the normal
MAR test score is <50%, according to the Russian So-
ciety of Urology (2017), a MAR test value of >10% can
be an indication for conservative treatment [10, 25];
with an increase to >50%, even with normozoospermia,
the efficiency of conservative therapy is considered
doubtful, and in most cases, the ART procedure (intracy-
toplasmic sperm injection (ICSI) into the egg) is recom-
mended. According to Pochernikov et al. [4], the risk of
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pregnancy loss increased six times or higher with MAR
test scores >10%. According to some authors, the MAR
test value of 10%-50% is an indirect sign of the presence
of inflammation of the urethra and male genital organs,
but these patients were not included in our study.

The present study confirmed the efficiency of LLLT
in the IR spectrum in men with autoimmune infertil-
ity; however, it resulted in a significant decrease in the
MAR test score when its initial value was less than 60%.
For the rest of the patients, we recommend ART, espe-
cially ICSI.

In most of our patients, an increase in the MAR test
score before treatment was accompanied by pathozoo-
spermia and/or pathological SDNAF, which coincides
with the results of other studies [6, 11, 12]. Patho-
logical SDNAF increases the risk of pregnancy loss
due to the male factor both in the natural reproductive
cycle and in in vitro fertilization/ICSI protocols [26, 27].
Interestingly, according to our data, LLLT not only led to
an improvement in the fertile properties of the ejaculate
by improving the main parameters of the spermogram,
but also to the normalization of pathological SDNAF in
most patients. Therefore, we recommend this treatment
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