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Recurrent implantation failure (RIF) is a considerable problem in assisted reproductive technologies, especially in the
cases which are associated with immunological infertility. Low-dose naltrexone (LDN) has surfaced as a prospective
treatment for several illnesses owing to its immunomodulatory characteristics.

The objective: to study the impact of LDN on the pregnancy course in women with immunological infertility and RIFE.
Materials and methods. A total of 350 women aged 18—40 years with RIF and immunological infertility, who were exa-
mined and treated in the United Surgeons Fertility Center in Baghdad between January 1, 2024, and January 1, 2025,
participated in the study. Participants were further divided into two groups. The treatment group included 175 women
who received LDN 4.5 mg orally daily before pregnancy and during the first 12 weeks of pregnancy. The control group
consisted of 175 women who did not receive naltrexone. The study examined clinical parameters such as endometrial
thickness, ovarian follicular response, immune markers, and pelvic ultrasound findings.

Results. The group of women who received low doses of naltrexone had an increased endometrial thickness of 9.8 mm
(26.9 mm vs 21.1 mm) compared to the control group. In the treatment group more mature follicles, better ovarian re-
sponse, and better endometrium were determined. The treatment group also had lower concentrations of inmune markers
and antinuclear antibody levels than the control group. Pregnancy rates (pregnancy rate, number of successful embryo
implantations, duration of pregnancy to 12 weeks) were greater in the treatment group than in the control group.
Conclusions. The results of the study indicate the prospect of implementing a new treatment method for women with
immunological infertility and RIE. However, additional studies with a larger number of samples are needed to confirm the
current efficacy and safety of LDN in the treatment of immunological infertility.
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BnnvB HU3bKUX 0,03 HAaNITPEKCOHY Ha iIMyHoJ10riYHe 6e3nnipas y XXiHoK i3 NOBTOPHOIO HEBAAYEIO
iMnnaHTauir
Z. N. Raffeq, A. N. Hamdy, Z. S. Y. Hammo

ITosTopra Hepava immaanTarii (ITHI) € snaunoio mpobieMoio Tpu Ge3IuIi, sKke JiKYEThCs 3a HOTOMOTOIO JOMOMIMKHUX
PEMPOAYKTUBHIX TEXHOJIOTIH, 0COOMBO ¥ BUTAKaxX iMyHosorigroro Gesrurimist. Haarpekcon y nusbkux goszax (HH/T) € 3aco-
GOM JIUIs1 JIIKYBAHHsI IEBHUX 3aXBOPIOBaHb 3aBJISKU CBOIM IMYyHOMO/IY /IFOBAJIbHUM XapPAKTEPUCTHKAM.

Mema docaioxncenns: nocninuty B HH/I na nepebir BaritHocTi y KiHOK 3 iMyHosoriannM 6esruriansm ta TTHT.
Mamepiaau ma memoou. 3arajioMm y I0CTiIKeHH] B3 ydacTb 350 KiHOK BikoM 18—40 pokis 3 iMyHOJIOTTYHIM Oe3ILIiIAM
ta ITHI, sxi npoxomumu obcrexenns it ikysantst B United Surgeons Fertility Center (Baraaz, Ipak) y nepion i3 1 ciuns 2024
no 1 ciuns 2025 poxy. Yuacuui 6ysm posmijeni na asi rpynm. Jlo rpymu JikyBanus yeiiinwio 175 KiHOK, sIKi OTpUMYyBaJIH
HH/I 1o 4,5 Mr 1iepopasibHO MIOIEHHO JI0 BaTiTHOCTI Ta MPOTATOM mepinx 12 Tusk. BaritHOCTi. KOHTPOJIBHY TPYITy CTaHOBUIIN
175 KiHOK, sIKi He OTPUMYBAJIN HAITPEKCOH. Y MOCTI/KEHHI BUBYAIN TaKi KIIHIYHI TApaMeTpH: TOBIINHA eHIOMETPist, (HoJTiKy-
JISIPHA BIJINOBI/Ib SIEUHUKIB, IMyHHI MapKepH Ta Pe3yJIbraTh yJIbTPa3ByKOBOTO JIOCI/PKEHHS OPraHiB MaJoro Tasa.
Pezyavmamu. TTopiBHIHO 3 KOHTPOIBLHOIO TPYIIONO, Y TPYII JKIHOK, sIKi OTPUMYBaJIM HU3BKI I031 HATPEKCOHY, BCTAHOBJIECHO 361/Th-
IIEHHSI TOBIIUHY eHaoMeTpist Ha 9,8 MM (26,9 tporu 21,1 Mm). Y 1iii rpyii Takox BusiBJIeHO Oijibiin 3pisti (hostiKy v, Kpaity peak-
1[I0 SIEYHVKIB 1 AKICHIIINI eHIOMeTpiil. ¥ rpymi JiKyBaHHSI TAaKOXK BCTAHOBJIEHO HUKYI KOHIIEHTPAIlii iMyHHIX MapKepiB i PiBHIB
AHTUHYKJIEAPHUX aHTUTL, HiXK Y KOHTPOIbHIHN rpymi. [lokasamky BariTHOCTI (YacToTa HACTAHHS BariTHOCTI, KiJIBKICTh YCITIIITHIX
iMIUIaHTAlliil eMOPIOHA, TPUBAJICTD BAaTiTHOCTI 10 12 TH3K.) y TPy JiiKyBaHHs OyJiu GLIBIIMMU, HiZK Y KOHTPOJIbHIN IPyIIi.
Bucnoexu. Pesynsratu oc/1ijkeHHSI BKa3yIOTh Ha IIEPCHEKTUBY BIPOBA/KEHHS HOBOTO METOLY JIIKyBaHHS JKiHOK 3 iIMyHOJIO-
riuanm Gesrutigsam i ITTHI. TIpore HeoOXinHI 10AATKOBI AOC/IZKEHHST 3 OLIBINOI0 KIJIBKICTIO 3pasKiB, 100 MiATBEPAUTH OTOUYHY
edexruBHicTh i Gesneky HH/L B Teparii iMmyHoIOT9HOTO G€3ILTI/UIA.

Knouosi caoea: nosmopna nesdaua imnaanmauii, Husvka 003a naimpexcony, Qepmuaviicmy, iMynonoziuie 6e3niioos, naciioku
6a2iMHOCMI.

ecurrent implantation failure (RIF) is a notable medi-

al challenge in reproductive medicine, particularly,
in assisted reproductive technologies like in vitro fertiliza-
tion (IVF). RIF is generally described as the inability to
implant an embryo after three or more consecutive failed
IVF efforts, notwithstanding the transfer of high-quality
embryos. An embryo fails to implant is one of the bitterest,

most tragically enjoyable frustrations that patients and doc-
tors encounter daily [1]. About 10-15% of IVF patients will
have RIF, resulting in emotional suffering for many wounded
individuals and families involved in each case. Also, it can
lead to prolonged and expensive therapy. The study of under-
lying causes of RIF and the development if effective therapy
approaches will help patients to achieve better results [2].
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RIF is influenced by many factors, such as the quality
of the embryos, uterine receptivity and maternal immunity.
Immunological infertility theories play a significant role in
explaining how embryo implantation fails in some cases on
the first try. Immune-related factors impede the implantation
process. An unfavorable environment can be produced in the
uterus when natural killer (NK) cell levels increase, cytokine
concentrations become imbalanced, and autoimmunity is
present in either direction. It is known, that an overreacting
immune system will regard the embryo as an invader, and
the environment in which it is developed becomes highly
inappropriate for successful implantation. Conventional fer-
tility treatments, such as IVE are likely to fail in immune-
mediated RIE So, alternative therapeutic options are now
needed to adjust the immune competency of the receptor [3].

One such promising treatment is the use of low-dose nal-
trexone (LDN). Naltrexone is an opioid receptor antagonist.
It has traditionally been used in heroin addiction and alco-
hol dependence therapy. However, recent research has shown
that low doses of naltrexone have immune-modulating effects
that could be beneficial for several health problems, including
various autoimmune diseases as well as chronic pain com-
plaints [4]. LDN functions by temporarily obstructing opioid
receptors, resulting in a compensatory elevation in the syn-
thesis of endogenous opioids, including endorphins. Endoge-
nous opioids are thought to possess immunoregulatory effects,
including modulation of inflammation and inhibition of ex-
cessive immunological responses. Hence, LDN has recently
attracted attention as an approach to treat such conditions in-
volving altered immune function as infertility potentially [5].

In terms of fertility, LDN has been used as a potential
treatment means for women suffering from hypothalamic
ovarian dysfunction. In some cases, it has already been used to
stimulate ovulation that has not been achieved with any other
method of treatment [6]. However, its application in women
with autoimmune problems, particularly those suffering from
recurrent pregnancy loss or embryo implantation failure, has
not been extensively explored. Immune response modulation,
in particular NK cell activity suppression and autoimmunity-
factor coordination, is vital for improving endometrial recep-
tivity and aiding implantation success. This aspect of immu-
nological infertility makes LDN interesting for patients with
RIF of an immune nature [7]. For women with immune-based
RIE, LDN is an exciting candidate as a means of improving
outcomes. However, literature about the impact of LDN on
fertility for women who have immune-system infertility re-
mains is not enough evidence. Naltrexone is most frequently
used in treating chronic pain and autoimmune diseases [8].

Understanding the endometrium

Endometrium is the mucous membrane that borders
the inside of the uterus in females. The thickness of the
endometrium continues to augment during the menstrual
cycle (Fig. 1). If embryo implantation does not take place,
it is expelled as menstrual flow. In summary, endometrial
thickness fluctuates according to the several phases of the
menstrual cycle [9]. Upon the encounter of sperm and
egg, leading in fertilization within the fallopian tube, the
ensuing embryo commences its transit to the uterus to
implant in the uterine lining. Embryo implantation needs
an endometrial thickness of around 7 to 10 mm. This often
occurs spontaneously between the 19th and 21st days of
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the cycle, which is regarded as the receptive period of the
endometrium or implantation window [10].

The endometrium is responsive when it attains appro-
priate thickness throughout the menstrual cycles secre-
tory phase. Furthermore, an ultrasound scan would reveal
a triple line appearance. The ovarian female sex hormones
are responsible for enhancing endometrial thickness and
inducing a triple line look. Every one of these attributes
are essential for embryo implantation (Fig. 2) [12].

Moreover, the synchronicity between embryo and en-
dometrial growth is an additional feature that enhances
the likelihood of implantation. This synchronicity arises
from the influence of cytokines and multiple growth vari-
ables that promote the fertilization of embryos [14].

Implantation in the endometrium

The embryo implants in the endometrium around 6 to
7 days post-fertilization, during the blastocyst stage. For
this, there must be impeccable synchrony between the
developing child and the endometrium, specifically, there
must be menstrual receptivity [13]. Several investigations
involving patients have determined that the ideal endome-
trial thickness for successful implantation ranges from 7 to
10 mm [15, 16]. An endometrium measuring less than 6 mm
often inhibits embryo implantation (Fig. 3) [17].

Not only the endometrium must be sufficiently hormonal
prepared for effective implantation, but the blastocyst tis-
sues and the uterine mucosa must also engage in a reciprocal
conversation. Different growth factors and cytokines must
function in this regard [18]. Upon successful fertilization
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Fig. 1. The relation between endometrial thickness and
menstrual cycle [11]
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Fig. 3. Endometrial implantation window [17]

153



BE3NNIAAA TA NMAAHYBAHHSA CIM'Ii

of the ovum and subsequent implantation of the embryo,
the secretory endometrium undergoes specialization due to
the influence of estrogens and progesterone, a process re-
ferred to as decidualization. The decidual or decidualized
endometrium is a specialized structure that develops into
the placenta during gestation and facilitates the flow of gas-
ses and minerals between the mother and the embryo [19].

The objective is to study the effects of LDN on human
reproduction by evaluating its use in women with immu-
nological infertility and RIE

MATERIALS AND METHODS

Study design. The study was carried out from Janu-
ary 1, 2024, to January 1, 2025, at United Surgeons Fertility
Center. A total of 350 women aged 18—40 years participa-
ted in the study. All of them had experienced RIF (defined
as the failure to achieve clinical pregnancy after three or
more embryo transfers). The patients were divided into
two groups — 175 women assigned to the treatment group
(LDN treatment group) and 175 women — control group.

Participant recruitment. When the patients entered the re-
search program, each underwent an initial screening. Then
the data were examined in detail. The diagnostic workup
included taking complete medical histories, gynecological
examinations, comprehensive infertility assessments, hormo-
nal level determination, pelvic ultrasound imaging, and evalu-
ation of immune markers. The prospective patients who had
immunity infertility factors such as elevated levels of NK cells
and abnormal autoantibody concentrations were also enrolled.

Women in the treatment group received LDN 4.5 mg
of LDN orally every day for 10 weeks before conception,
and therapy was continued until the pregnancy was con-
firmed at 12 weeks gestation. The control group received
no intervention.

Throughout the duration of the study, researchers con-
ducted a monthly visit. These affairs involved measurements
as varied and sensitive as hormone profiles (e.g,, follicle-stimu-
lating hormone (FSH), luteinizing hormone (LH), estradiol
and progesterone), immune markers and ultrasound findings.
Hormonal levels and immune markers were measured on
the 3rd day of the menstrual cycle for all participants, un-
less otherwise specified by using, enzyme-linked immunosor-
bent assay (ELISA). The FSH, LH, estradiol, progesterone,
NK cells, antinuclear antibodies (ANA), antiphospholipid an-
tibodies (APA) serum kits used in this study was purchased
from Sunlong Biotech (China). Resulting the embryo trans-
fer outcomes followed a process in which pregnancy rates,
implantation rates (addressing that question on how to im-
prove the number of embryo implants) were all measured and
recorded. Clinical pregnancy rates were also documented.

The ultrasound imaging was performed using a Volu-
son E10 Ultrasound Machine (GE Healthcare). Ultra-
sound imaging was conducted at baseline, as well as at
various stages during the IVF process, including moni-
toring of endometrial thickness, ovarian response, and the
presence of any abnormalities. Results were compared be-
tween the treatment group and the control group.

Statically analysis. Data analyzed by using SPSS Ver-
sion 22. Descriptive statistics (mean, standard deviation,
percentages) will summarize clinical characteristics and im-
mune markers. To compare baseline characteristics between
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groups, independent t-tests used to depend on data distribu-
tion. Pregnancy rates, implantation rates, and clinical preg-
nancy compared between groups using chi-square or Fisher’s
exact tests. Changes in immune markers and hormone
levels compared using paired t-tests. Multivariate regression
analysis may be used to adjust for confounders. A p-value
of < 0.05 will be considered statistically significant.

Ethical considerations. In this study, ethical guidelines
from the institution’s review board were followed and as-
pects of the Declaration of Helsinki were adhered to. Prior
to undergoing randomization all participants had given
written informed consent. They were given a clear picture
of the study’s purpose, how it would proceed, any possible
risks involved, and benefits to be had. Participants were
free to quit at any point in time, they had that right. The
whole research process was conducted behind the scenes,
the data source was stripped of any possibility or identifi-
cation. Ethical approval for the study was provided by the
appropriate Ethics Committee.

RESULTS AND DISCUSSION

The average age of participants was 32.5 + 4.6 years,
with no significant difference between the two groups.
Prior to the intervention, women in the both groups had
a history of multiple failed embryo transfers (at least three
failed embryo transfers) and were diagnosed with immu-
nological infertility, based on elevated NK cells or other
immunological markers. The baseline characteristics of the
treatment group LDN and the control group were com-
pared to ensure comparability between the two groups be-
fore the intervention. As shown in the Table 1 these results
indicated that the two groups were well-matched in terms
of baseline demographics and clinical characteristics.

In Table 2 comparison of hormone levels before and
after treatment in both the treatment group (LDN) and
the control group is presented. Indicating that LDN treat-
ment had a significant effect on increasing progesterone
levels compared to the control group.

The comparison of immune markers before and af-
ter treatment between the treatment group (LDN) and
the control group demonstrated that NK cells were
decreased significantly in the treatment group, from
18.3 + 3.1% to 12.5 + 2.4%, while the control group re-
mained stable, with a slight change from 18.1 + 2.9% to
17.9 = 3.2% (Table 3). This difference was statistically
significant (p = 0.02), indicating that LDN treatment
had a notable effect in reducing NK cell levels. Regarding
ANA, the treatment group experienced a significant re-
duction from 4.5 £ 1.2 mIU/mL to 3.1 + 1.0 mIU/mL,
while the control group showed a minor decrease from
4.3+ 1.3mlIU/mto 4.2 = 1.4 mIU/mL. The difference be-
tween the groups was statistically significant (p = 0.04),
suggesting that LDN treatment also contributed to a re-
duction in ANA levels. For APA, both groups exhibited
slight decreases, with the treatment group showing a re-
duction from 2.6 £ 0.9 mIU/mL to 1.9 + 0.7 mIU/mL,
and the control group changing from 2.5 = 1.0 mIU/mL
to 2.4 + 0.8 mIU/mL. However, this change was not sta-
tistically significant (p = 0.18), indicating that LDN did
not significantly impact APA levels compared to the con-
trol group (Table 3).
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Endometrial thickness showed a significant improve-
ment in the treatment group, increasing from 7.2 + 1.0 mm
to 9.8 £ 1.2 mm, while the control group showed a modest
increase from 7.4 = 1.1 mm to 7.6 = 1.0 mm (Table 4; Fig. 4).
The difference between the two groups was statistically sig-
nificant (p = 0.001), indicating that LDN treatment had a
substantial effect on increasing endometrial thickness. For
ovarian response, the treatment group showed a significant
increase in the number of follicles > 18 mm, rising from
34 + 1.2 to 5.1 = 1.5, while the control group showed a
smaller increase from 3.3 = 1.1 to 3.4 = 1.2 (Fig. 5). This
difference was statistically significant (p = 0.02), suggesting
that LDN treatment improved ovarian response.

Lastly, endometrial pattern also showed improvement
in the treatment group, with a significant increase in grade
from 2.8 £ 0.4 to 3.7 £ 0.5. The control group showed a
smaller increase from 2.9 £ 0.5 to 3.0 = 0.4, and the dif-
ference between the groups was statistically significant
(p = 0.03) (Fig. 6), indicating that LDN treatment con-
tributed to a more favorable endometrial pattern. Overall,
the results suggest that LDN treatment had a positive im-
pact on endometrial thickness, ovarian response, and endo-
metrial pattern, all of which are crucial factors for successful
implantation and pregnancy outcomes (Table 4).

The pregnancy rate in the treatment group was signifi-
cantly higher compared to the control group. Similarly,

the implantation rate was significantly higher, suggesting
that LDN treatment enhanced embryo implantation suc-
cess. The clinical pregnancy rate was also higher in the
treatment group compared to the control group, indi-
cating that LDN had a significant positive effect on the
clinical pregnancy rate. However, the miscarriage rate
was lower in the treatment group (8%) compared to the
control group (12%), but this difference was not statis-
tically significant (p = 0.15), suggesting that LDN did
not have a significant impact on reducing miscarriage
rates (Table 5). Overall, LDN treatment was associated
with significantly higher pregnancy, implantation, and
clinical pregnancy rates compared to the control group,
highlighting its potential effectiveness in improving fer-
tility outcomes in women with RIE

A strong positive correlation indicates that the treat-
ment improves the uterine lining, creating more favora-
ble conditions for pregnancy. LDN has a strong positive
impact on ovarian response, as reflected by an increased
number of mature follicles. This suggests that LDN en-
hances ovarian function, possibly improving oocyte quali-
ty, crucial for fertilization and embryo development. LDN
can improve the quality of the endometrial pattern as well
as enhance uterine receptivity to embryo implantation.
This strong positive correlation demonstrates that LDN
contributes to a better-quality uterine lining. LDN has

Table 1
Group Demographics and Baseline Parameters
Parameters Treatment Group (LDN) (n = 175) Control Group (n = 175) p-value

Age (mean = SD), years 32.5+4.6 32.7+4.5 0.75

BMI (mean + SD), kg/m? 25.6+3.2 25.3+3.1 0.61

Number of failed IVF cycles 42+1.3 4.1%£1.2 0.88

Hypertension 9 (5.1%) 11 (6.3%) 0.67

Diabetes mellitus 6 (3.4%) 7 (4.1%) 0.79

Notes: BMI — body mass index; IVF — in vitro fertilization.

Table 2

Hormonal Levels at Baseline and Post-Treatment

Treatment Group (LDN) Treatment Group (LDN) Control Group Control Group p-value
Hormones Pre-Treatment Post-Treatment Pre-Treatment Post-Treatment Post-Treatment
(n=175) (n=175) (n=175) (n=175) between groups
FSH (mlU/mL) 6.2+ 1.1 59+1.0 6.1£1.2 6.3+1.3 0.54
LH (mlU/mL) 56+1.3 52+1.2 54+1.1 55+1.2 0.61
Estradiol (pg/mL) 98.2+15.3 103.6+17.5 95.6+16.4 96.4+17.8 0.32
Progesterone 12+0.4 28+1.1 1.3+05 15+0.6 0.01
(ng/mL)
Notes: FSH - follicle-stimulating hormone; LH — luteinizing hormone.
Table 3

Immunological Parameters

Treatment Group (LDN) Treatment Group (LDN) Control Group Control Group p-value
Parameters Pre-Treatment Post-Treatment Pre-Treatment Post-Treatment Post-Treatment
(n=175) (n=175) (n=175) (n=175) between groups
NK cells (%) 18.3+3.1 12524 18.1£2.9 17.9+£3.2 0.02
ANA (mIU/mL) 45%1.2 3.1%£1.0 43+1.3 42+1.4 0.04
APA (mIU/mL) 2.6+0.9 1.9+0.7 25+1.0 2.4+0.8 0.18

Notes: NK — natural killer; ANA — antinuclear antibodies; APA — antiphospholipid antibodies.

REPRODUCTIVE HEALTH OF WOMAN
PEIIPOJIYKTUBHE 3/[0POB'SI KIHKI
Ne6 (85),/2025 155

ISSN 2708-8723 (print)
ISSN 2708-8731 (online)



BE3NNIAAA TA NMAAHYBAHHSA CIM'Ii

Table 4
Ultrasound and Sonographic Findings

Treatment Group (LDN) Treatment Group (LDN) Control Group Control Group p-value
Parameters Pre-Treatment Post-Treatment Pre-Treatment Post-Treatment Post-Treatment
(n=175) (n=175) (n=175) (n=175) between groups
Endometrial 72+1.0 9.8+1.2 74+1.1 76+1.0 0.001
thickness (mm)
Ovarian response 3.4+1.2 51+15 3.3+1.1 3.4+1.2 0.02
(follicles > 18 mm)
Endometrial 2.8+0.4 3.7+0.5 2.9+0.5 3.0£0.4 0.03
pattern (grade)

Fig. 4. Ultrasound of Endometrial thickness (a woman 20 years old; the 5th day of the menstrual cycle)

9 519, %s)
BE® X7 . Trem
BE= XJ . dewm

Fig. 5. An ultrasound image showing multiple mature follicles (> 18 mm) within the ovaries. These follicles would appear
as round, dark (anechoic) cysts a (woman 39 years old; the 3rd day of the menstrual cycle)

Fig. 6. An ultrasound image demonstrating a smooth and homogeneous endometrial pattern with a well-defined triple-line
sign (echogenicity pattern) (a woman 29 years old; the 3rd day of the menstrual cycle)
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Table 5

Pregnancy Outcomes

Treatment Group (LDN)

Control Group

Outcomes (n, %) (n=175) (n=175) p-value
Pregnancy rate 84 (48.0) 58 (33.0) 0.03
Implantation rate 79 (45.0) 51(29.0) 0.02
Clinical pregnancy rate 75 (43.0) 53(30.0) 0.01
Miscarriage rate 14 (8.0) 21(12.0) 0.15

a negligible effect on FSH levels; the correlation is very
weak and negative. There is thus only the most modest
change in FSH between the treatment group (LDN) and
control groups, which in turn indicates that LDN does not
exert great influence over FSH regulation. On a similar
note, LDN has a minimal effect on LH levels, with no sig-
nificant differences observed between treatment and con-
trol groups. The weak negative correlation indicates LDN
does not significantly change LH levels. The weak posi-
tive correlation with estradiol shows that although LDN
treatment does cause a slight rise in this hormone’s level,
it is not great and is more of a variety only. Estradiol is es-
sential for follicular development and maintenance of the
uterine lining, but LDN’s effect on these is minimal. LDN
has a strong positive impact on progesterone levels. These
levels are critical in preparing the endometrial lining for
implantation. A higher progesterone level significantly en-
hances the likelihood of a successful pregnancy. This is one
of the most pronounced effects of LDN treatment.

LDN treatment reduces NK cell activity, an essential
change from elevated activity in NK cells linked with
failed implantation. This strong negative correlation im-
plies that LDN can effectively regulate the immune system
to produce an environment conducive to pregnancy. LDN
treatment significantly reduces ANA levels, which are
often associated with autoimmune responses that hinder
pregnancy. The moderate negative correlation shows that
LDN helps to reduce autoimmune factors that could inter-
fere with implantation. LDN has little to no effect on APA
levels, as indicated by the very weak negative correlation.
APA is another immune marker that can impact fertility,
but the changes observed in this study are minimal. LDN
significantly increases the pregnancy rate in women with
RIE This strong positive correlation indicates that LDN
treatment substantially enhances the likelihood of achiev-
ing a pregnancy. LDN also improves the implantation rate,
as evidenced by a strong positive correlation. This sug-
gests that LDN enhances the chances of successful embryo
implantation. The moderate to strong positive correlation
between LDN and clinical pregnancy rates indicates that
LDN improves the overall success of pregnancies, result-
ing in a higher clinical pregnancy rate. While the miscar-
riage rate in the treatment group is slightly lower than in
the control group, the weak negative correlation suggests
that LDN has a minor effect on reducing miscarriage rates,
but this difference is not statistically significant (Table 6).

Based on the above correlations, it is clear that LDN
treatment has a significant positive effect on several key
parameters related to reproductive health. These include
endometrial thickness, ovarian response, progesterone
levels, immune regulation (NK cells and ANA), and preg-

REPRODUCTIVE HEALTH OF WOMAN
PEIPOJIYKTUBHE 3/[0POB'S KIHKI
Ne6 (85)/2025

ISSN 2708-8723 (print)
ISSN 2708-8731 (online)

nancy outcomes (implantation, clinical pregnancy rates,
and pregnancy rates). The most notable effects are on
immune markers (NK cells and ANA) and progesterone,
which are crucial for successful implantation and pregnan-
cy. However, LDN’s impact on FSH, LH, estradiol, and
APA is minimal. Overall, LDN appears to be a promising
treatment for improving fertility outcomes in women with
immunological infertility and RIE

Numerous researches have examined the effects of nal-
trexone on reproductive health, including ovulation and
pain control [20, 21], no previous research had yet inves-
tigated its potential benefits for those women whose RIF
is due entirely to immunological processes. Therefore, our
research is pioneering. It shows that LDN could be an ef-
fective medical intervention aimed at improving the repro-
ductive outcome for this most difficult group of patients.
The results we obtained indicated significant enhancements
in numerous critical aspects: endometrial thickness, ovarian
responsiveness, and immune modulation, all of which are vi-
tal parameters for a healthy pregnancy. The LDN treatment
group showed a marked increase in endometrial thickness,
the condition for optimal embryonic implantation as given
by previous studies on endometrial receptivity [22, 23].
Furthermore, the higher grade of endometrial type ob-
served in the LDN group suggests better receptivity of the
uterus, an important condition for implantation success.
That points to a lot of potential for LDN to be beneficially
involved in the uterus, making a more welcoming spot for
pregnancy. Greater ovarian response, which is indicated by
more mature follicles, shows us that LDN may improve
ovarian function and perhaps the quality of eggs as well.
Although one cannot say this article proves conclusively
about the eggs themselves, yet increased follicle number is
in harmony with work by A. M. Fulghesu et al. on naltrex-
one and ovarian function in burdensome women [24]. This
hints that LDN may help a woman with RIF to increase
her endowment of eggs at the same time as restoring their
reproductive capacity [24].

Another key finding of our study was the drop in im-
mune markers, including NK cell and ANA. This drop is par-
ticularly significant because immune imbalance, such as disc-
regulation of NK cell activity, is commonly associated with
implantation failure [25]. LDN helps to regulate the immune
system balance and thereby creates a more suitable environ-
ment for conception and childbirth. These encouraging find-
ings imply that not only the immune system, but also other
bodily systems are positively impacted by LDN. This could
be the mechanism for why some women in our study have
had better pregnancy outcomes. Prior to our study, most
researches on naltrexone and ovulation had been directed
towards its general effects thus far [26]. However, helping to
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Table 6

Correlation Goefficient between LDN and Various Parameters

Correlation with

Parameters LDN treatment (r) Interpretation
Endometrial thickness (mm) +0.85 St.rong p03|t|ye f:orrelgtlon: LDN S|g.n|f|cantly. increases endometrial
thickness, which is crucial for embryo implantation
Ovarian response (follicles > 18 mm) +0.80 Strqng positive correlation: LDN |mproves ovarian response, as seen in
the increased number of mature follicles
Endometrial pattern (grade) +0.75 Moderate.to strong p.05|.t|ve.cor.relat|on: LDN .enhances.the grade of the
endometrial pattern, indicating improved uterine receptivity
FSH (miU/mL) ~0.05 Very weak negative corrglanop:.No glgn|f|cant change in FSH levels after
LDN treatment, suggesting minimal impact
LH (mlU/mL) ~0.05 Very \{veak negative correlation: similar to FSH, LDN treatment has little
to no impact on LH levels
. Weak positive correlation: estradiol levels show a modest increase, but
+
Estradiol (pg/mL) 0.10 the effect of LDN is not substantial
Progesterone (ng/mL) +0.90 Verystrong pgsﬂnve gorrelanon: LDN significantly increases progesterone
levels, which is crucial for successful pregnancy
NK cells (%) _0.75 Str‘ong nega?lve corre!atlon: LDN reduces NK cell activity, which is linked
to improved implantation success
ANA (mlU/mL) ~0.60 Moderate negatl\{e correlatlor?: LDN reduces ANA levels, contributing to
a more favorable immune environment for pregnancy
APA (mIU/mL) -0.10 Very weak negative correlation: LDN has little to no impact on APA levels
Pregnancy rate (%) +0.80 Strong posmve correlation: LDN significantly increases pregnancy rates
in women with RIF
Implantation rate (%) +0.75 Strong positive correlation: LDN improves embryo implantation success
Clinical pregnancy rate (%) +0.70 rI\gi)edserate to strong positive correlation: LDN enhances clinical pregnancy
Miscarriage rate (%) _0.15 Wgak n.egatwe correlation: LDN treatmer.wt .appears to slightly reduce
miscarriage rates, but the effect is not statistically significant

Notes: FSH - follicle-stimulating hormone; LH — luteinizing hormone; NK — natural killer; ANA — antinuclear antibodies; APA — antiphospholipid antibodies.

replenish the stock of available evidence which indicates that
naltrexone plays a key part in managing idiopathic (immuno-
logical) infertility and RIF is provided below.

Because our research is original, LDN could well act
through various immunomodulatory mechanisms such
as inflammation reduction and nurturing of a receptive
uterus, all three of which are paramount in successful em-
bryo implantation. The finding that women on LDN had
an improved pregnancy rate supports the view that LDN
helps to improve immune function and structure of the
reproductive system. By doing so, it enhances the chances
of a successful pregnancy.

Encouraging as these findings are, it should be noted that
our current research is the first of its kind and further study
is needed to verify the results in larger, more widespread pa-
tient populations. Subsequent studies could in turn consider
both gaining a better understanding of the specific mecha-
nisms through which LDN works to modulate immunity and
of its impact on endometrial receptivity and ovarian func-
tion, as well as morphological and developmental changes.

Furthermore, long-term clinical studies are required to
evaluate both the sustained safety and therapeutic efficacy
of LDN in treating infertility, and to what length its effects
are retained. In short, our research offers strong justification
to believe that LDN may be of aid to women suffering from
RIF and immunological infertility. This study, by bringing
new perspectives to light on LDN’s probable contribution
to improved fertility outcomes, lays bare a vital area of fu-
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ture research endeavor. Continuing with our exploration of
the effects of LDN may help us develop new and more pow-
erful treatments for women suffering reproductive problems
which stem from their immune systems.

CONCLUSIONS

The patients who had experienced RIF after the
proposed treatment with LDN saw thriving changes in
several key parameters, including endometrial thickness,
ovarian response, and endometrial pattern factors, which
are crucial for successful embryo implantation. In particu-
lar, when endometrial thickness rose to an ideal 9.8 mm in
the group of patients who received LDN, against 7.6 mm
seen with controls, this implies a more favorable uterine
environment for nidation. Moreover, the increased ovari-
an response, reflected in a more significant number of ma-
ture follicles, lends support to the argument that LDN
can have a beneficial effect on ovarian function, leading
to possibly better quality of eggs and general IVF suc-
cess. These findings are groundbreaking and offer a fresh
look at LDN as a possible therapy for patients with im-
munological causes of RIE. By treating both immune dys-
function and reproductive parameters, LDN has achieved
good results in increasing implantation as well as preg-
nancy rates among this difficult group of patients.

Since this is a first-of-its-kind study, it opens up the
possibility for further research to confirm these results and
explore LDNs broader applications in fertility treatment
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protocols. LDN needs to be developed as a medicine for
immunological infertility. This would be particularly useful
in those cases connected with elevated NK cells or other
immune dysfunctions. Future research with larger groups
of patients in differing clinical environments is necessary in
order to fully understand the long-term efficacy and safety
of LDN as a routine institutional treatment for RIE

Acknowledgements. We owe a deep debt of gratitude to
the people who took part in this study. Their invaluable con-
tributions made it possible for us to proceed. Special thanks go
to the Fertility Center of United Surgeons in Baghdad for all

E-mail: zainab.samir@tu.edu.iq

the facilities and support it provided there. Also, many thanks
also go to our Research Team for their hard work in putting
this project together, as well as our medical staff members who
dedicated themselves to ensuring that it would eventually suc-
ceed into becoming a reality. Finally, we cannot fail to thank all
family members and friends of these participants, already the
proposed subjects for clinical trials in our next three volumes!
Thank those who offered encouragement as well.

Authors’ contributions. Sample collection, sample
analysis, data collection, statistical analysis, manuscript
writing, Conceptualization of the research, design, and
manuscript proofreading were done by all authors.

Information about the authors
Zahraa Nahedh Raffeq — Dr. Lecturer, Department of Obstetrics and Gynecology, College of Medicine, Tikrit University,

Iraq. E-mail: zahraanraffeq@gmail.com
ORCID: 0009-0008-8270-3143
Abeer Nahy Hamdy — Dr. Lecturer, Department of Obstetrics and Gynecology, Collage of Medicine, Tikrit University,

Iraq. E-mail: AbeerNahy@tu.edu.iq
ORCID: 0009-0003-1625-9586
Zainab Samir Yahya Hammo — Dr. Lecturer, Department of Physiology, College of Medicine, University of Tikrit, Iraq.

ORCID: 0009-0001-7702-2289

1. Ma J, Gao W, Li D. Recurrent implan-
tation failure: A comprehensive summa-
ry from etiology to treatment. Front En-
docrinol (Lausanne). 2023;13:1061766.
doi: 10.3389/fendo.2022.1061766.

2. Kim SM, Kim JS. A Review of Me-
chanisms of Implantation. Dev Rep-
rod. 2017;21(4):351-9. doi: 10.12717/
DR.2017.21.4.351.

3. Omidvar-Mehrabadi A, Ebrahimi F,
Shahbazi M, Mohammadnia-Afrouzi M.
Cytokine and chemokine profiles in
women with endometriosis, polycystic
ovary syndrome, and unexplained infer-
tility. Cytokine. 2024;178:156588. doi:
10.1016/j.cyt0.2024.156588.

4. Toljan K, Vrooman B. Low-Dose Nal-
trexone (LDN)-Review of Therapeutic Uti-
lization. Med Sci (Basel). 2018;6(4):82.
doi: 10.3390/medsci6040082.

5. Aimohammadi A, Choucair F, Khan KS,
Bueno-Cavanillas A, Cano-Ibafiez N. In-
terventions for recurrent embryo implan-
tation failure: An umbrella review. Int J
Gynaecol Obstet. 2025;169(2):539-56.
doi: 10.1002/ijgo. 16066.

6. Niciu MJ, Arias AJ. Targeted opi-
oid receptor antagonists in the treat-
ment of alcohol use disorders. CNS
Drugs. 2013;27(10):777-87. doi: 10.1007/
540263-013-0096-4.

7. Kim PS, Fishman MA. Low-dose nal-
trexone for chronic pain: update and
systemic review. Curr Pain Headache
Rep. 2020;24(10):64. doi: 10.1007/
511916-020-00898-0.

8. Younger J, Parkitny L, McLain D. The use
of low-dose naltrexone (LDN) as a novel
anti-inflammatory treatment for chronic

REFERENCES

pain. Clin Rheumatol. 2014;33(4):451-9.
doi: 10.1007/s10067-014-2517-2.

9. Burrows TD, King A, Loke YW. Tro-
phoblast migration during human pla-
cental implantation. Hum Reprod Up-
date. 1996;2(4):307-21. doi: 10.1093/
humupd/2.4.307.

10. Najeeb N, Mohsen S, Omear H.
Measuring gene expression and immune
level of FOXP3 and its relationship with
regulatory T cells in maintaining immune
tolerance in both women pregnant and
recurrent miscarriage, who suffer from
autoimmune thyroid diseases. Reprod
Health Woman. 2025;(1):33-40. doi:
10.30841/2708-8731.1.2025.323708.
11. Emera D, Romero R, Wagner G. The
evolution of menstruation: a new model for
genetic assimilation: explaining molecular
origins of maternal responses to fetal
invasiveness. Bioessays. 2012;34(1):26-
35. doi: 10.1002/bies.201100099.

12. Skowronska M, Pawtowski M,
Milewski R. A literature review and a pro-
posed classification of the relationships
between ovulatory infertility and lifestyle
factors based on the three groups of
ovulation disorders classified by WHO.
J Clin Med. 2023;12(19):6275. doi:
10.3390/jcm12196275.

13. Lacconi V, Massimiani M, Carrie-
ro |, Bianco C, Ticconi C, Pavone V, et al.
When the embryo meets the endometri-
um: identifying the features required for
successful embryo implantation. Int J
Mol Sci. 2024;25(5):2834. doi: 10.3390/
ijms25052834.

14. Cha J, Sun X, Dey SK. Mechanisms
of implantation: strategies for successful

pregnancy. Nat Med. 2012;18(12):1754-
67. doi: 10.1038/nm.3012.

15. Fang Q, Qiao Z, Luo L, Bai S,
Chen M, Zhang X, et al. Correction:
Predictive models of recurrent implan-
tation failure in patients receiving ART
treatment based on clinical features and
routine laboratory data. Reprod Biol En-
docrinol. 2024;22(1):136. doi: 10.1186/
$12958-024-01308-5.

16. Zhao J, Zhang Q, Li Y. The effect of
endometrial thickness and pattern mea-
sured by ultrasonography on pregnancy
outcomes during IVF-ET cycles. Reprod
Biol Endocrinol. 2012;10:100. doi:
10.1186/1477-7827-10-100.

17. Guyton AC, Hall JE, editors. Chap-
ter 81: Female physiology before preg-
nancy and female hormones. In Textbook
of medical physiology. 11th Edition. El-
sevier Saunders; 2006, p. 1018-25.

18. Wildt L, Leyendecker G, Sir-Peter-
mann T, Waibel-Treber S. Treatment with
naltrexone in hypothalamic ovarian failu-
re: induction of ovulation and pregnan-
cy. Hum Reprod. 1993;8(3):350-8. doi:
10.1093/oxfordjournals.humrep.a138050.
19. Couzinet B, Young J, Brailly S,
Chanson P, Schaison G. Even after
priming with ovarian steroids or pulsa-
tile gonadotropin-releasing hormone
administration, naltrexone is unable to
induce owvulation in women with func-
tional hypothalamic amenorrhea. J Clin
Endocrinol Metab. 1995;80(7):2102-7.
doi: 10.1210/jcem.80.7.7608262.

20. Bello JK, Xu KY, Salas J, Bed-
rick BS, Grucza RA. Pregnancy Rates
Among Women Treated with Medica-

tion for Opioid Use Disorder. J Gen
Intern Med. 2024;39(8):1342-48. doi:
10.1007/s11606-024-08689-8.

21. Niewiesk S. Maternal antibodies:
clinical significance, mechanism of in-
terference with immune responses, and
possible vaccination strategies. Front
Immunol. 2014;5:446. doi: 10.3389/
fimmu.2014.00446.

22. Chaika O. Analysis of somatic and
reproductive history in patients with
prognostically poor response of the testi-
cles to gonadotropin stimulation. Reprod
Health Woman. 2021;(9-10):42-7. doi:
10.30841,/2708-8731.9-10.2021.252589.
23. Safarova AF. The role of clinical
and immunological factors in the out-
comes of in vitro fertilization procedure
in women. Reprod Health Woman.
2023;(7):69-73. doi: 10.30841/2708-
8731.7.2023.292603.

24. Fulghesu AM, Ciampelli M, Belosi C,
Apa R, Guido M, Caruso A, et al. Nal-
trexone effect on pulsatile GnRH therapy
for ovulation induction in polycystic ovary
syndrome: a pilot prospective study. J
Endocrinol Invest. 2001;24(7):483-90.
doi: 10.1007/BF03343880.

25. Perkhulyn OM, Pakharenko LV,
Sukhin VS, Saltovskiy OV, Kovalchuk VM,
Hranovska HI, et al. Evaluation of hor-
monal function in women with cervical
insufficiency and infertility in the history.
Wiad Lek. 2021;74(10):2412-16.

26. Safarova AF. The features of endo-
metrial receptivity in women underwent
in vitro fertilization procedure. Reprod
Health Woman. 2024;(3):104-08. doi:
10.30841/2708-8731.3.2024.305505.

Cmamms naditauna do pedaxuii 17.03.2025. — /lama nepuiozo piwenns 21.03.2025. — Cmamms nodana 0o dpyxy 05.05.2025

REPRODUCTIVE HEALTH OF WOMAN
PEIPOJIYKTUBHE 3/[0POB'S KIHKI
Ne6 (85)/2025

ISSN 2708-8723 (print)

ISSN 2708-8731 (online)

159





