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Abstract
Background: Recent studies have linked recurrent pregnancy loss (RPL) to ab-
normalities in the sperm genome, specifically microdeletions in the azoospermia 
factor (AZF) region. This study investigated the potential association between Y 
chromosome microdeletions in the AZF region and RPL in Iranian couples.
Methods: The research presents a case–control study of 240 men: 120 whose 
partners experienced recurrent miscarriage, and 120 who had successful pregnan-
cies without history of miscarriage. The study used semen parameters, hormone 
analyses, and microdeletion analysis via multiplex PCR and the YChromStrip 
kit. Thus, the sequence- tagged site (STS) markers of AZFa (sY84, sY86), AZFb 
(sY127, sY134), and AZFc (sY254, sY255) regions were examined.
Results: The variations in semen parameters and sex hormone levels between 
cases and controls are suggest impaired testicular function in men whose partners 
had recurrent miscarriages (p < 0.05). Furthermore, the study revealed a negative 
correlation between sperm count and follicle- stimulating hormone (FSH) level, 
and a positive one between sperm motility and testosterone concentration. There 
were no microdeletions in the control group, while the RPL group showed 20 de-
letions in AZFb (sY134) (16.66%) and 10 deletions each in AZFb (sY127) (8.33%) 
and AZFc (sY254) (8.33%).
Conclusion: Microdeletions in sY134 (AZFb) were significantly associated with 
RPL in Iranian men (p = 0.03). AZF microdeletion screening in couples with RPL 
can provide valuable information for ethnical genetic counseling and manage-
ment of recurrent miscarriage. Further studies on larger populations or across 
various ethnic groups, conclusions and the inclusion of other factors like epige-
netic changes explain the role of AZF microdeletions in RPL.
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1  |  INTRODUCTION

Recurrent pregnancy loss (RPL) is a multifactorial 
problem in which a woman miscarries two or more 
pregnancies before the 20th week of gestation (Bigdeli 
et al., 2018; Dimitriadis et al., 2020). Recurrent miscar-
riage causes are unknown in 30%–40% of cases (Nemati 
et  al.,  2020; Shi et  al.,  2017). Recent studies have dis-
cussed the role of abnormalities in men's sperm ge-
nomes, such as chromosomal abnormalities, chromatin 
fragmentation, and microdeletions in the azoospermia 
factor (AZF) region, on frequent miscarriages in their 
wives (Pal et al.,  2018; Tan et al.,  2019). Infertility has 
been linked to microdeletions of the Y chromosome in 
numerous studies (Ambulkar & Pande, 2017; Kaminski 
et  al.,  2020; Liu et  al.,  2016; Pylyp et  al.,  2015), so it 
is also possible that repeated abortions are related to 
these microdeletions. The prevalence of AZF region mi-
crodeletions in men can vary from 2% to 10%, depending 
on the society (Zargar et al., 2020).

The AZF region on Yq contains multiple genes in-
volved in male fertility, and is divided into AZFa, AZFb, 
and AZFc subregions (Torfeh et al., 2012; Yu et al., 2015). 
These genes encode proteins involved in sperm pro-
duction, such as transcription factors, RNA- binding 
proteins and chromatin remodeling factors involved in 
regulating gene expression, RNA metabolism, packag-
ing, cytoplasmic transfers, and RNA splicing (Ahmadi 
Rastegar et al., 2015; Goncalves et al., 2017; Jungwirth 
et  al.,  2012). The molecular mechanism behind AZF 
microdeletions leading to infertility is probably due to 
intrachromosomal homologous recombination between 
blocks of repetitive sequences, within palindromic 
structures. However, it likely involves aberrant gene ex-
pression, failure of germ cell differentiation, increased 
apoptosis, and sperm maturation arrest. Loss of mul-
tiple AZF genes due to microdeletions causes severe 
disruption of transcriptional and post- transcriptional 
regulation during spermatogenesis (Asadi & Kiani, 2020; 
Zhang et al., 2017).

Understanding causes and optimizing diagnosis, 
treatment, and support is crucial, with genetic factors 
like AZF microdeletions being studied (Yu et  al.,  2023). 
Therefore, the present study was conducted to investigate 
the relationship between the presence or absence of mi-
crodeletions of AZF regions in men and the occurrence of 
frequent miscarriages in their wives.

There are key knowledge gaps regarding the associ-
ation between AZF microdeletions and recurrent preg-
nancy, with varying rates reported across studies. It is 
unknown which specific AZF region microdeletions 
(AZFa, AZFb, AZFc) confer the highest risk for con-
tributing to RPL. The genetic mechanisms causing AZF 

deletions, which can lead to sperm defects and preg-
nancy loss, are not fully understood, and their role in 
relation to other factors and unexplained causes of RPL 
is unclear. This study aims to address some of these gaps 
by evaluating AZF microdeletions in men with recur-
rent miscarriage, analyzing semen parameters and hor-
mone levels. It aims to determine if specific deletions 
increase risk of RPL.

2  |  METHODS

2.1 | Ethical compliance

The study protocol was reviewed and approved by the 
Research Ethics Committee of Islamic Azad University- 
North Tehran Branch (approval number: IR.IAU.TNB.
REC.1401.041). The study involved participants signing 
consent forms that outlined the study's purpose, proce-
dures, risks, benefits, confidentiality measures, and the 
right to withdraw. Only those who gave voluntary in-
formed consent were recruited, and personal identifiers 
were removed to maintain confidentiality. Blood samples, 
medical data, and genetic results were stored securely 
with restricted access, and any significant findings were 
disclosed to the participants through their treating phy-
sicians. The study followed the Declaration of Helsinki 
principles for ethical medical research, ensuring proper 
safeguards and informed consent to protect participants' 
rights, safety, and privacy in genetic studies.

2.2 | Study participants

This case–control study was conducted after approval 
by the Research Ethics Committee of Islamic Azad 
University- North Tehran Branch from July 2022 to April 
2023 at the Mehragin Medical Diagnostic Laboratory in 
Tehran. The inclusion criteria for the patient group in-
cluded 120 healthy men (normospermia) with normal 
semen parameters with partners with a history of two 
or more consecutive miscarriages before 20 weeks ges-
tation. Miscarriages were confirmed by ultrasound or 
clinical examination. Moreover, 120 healthy fertile men 
with normal semen parameters whose partners had at 
least one successful pregnancy and no history of mis-
carriage were included in the study as a control group. 
Whereas the exclusion criteria for the study encom-
passed men with abnormal semen parameters, throm-
bophilic disorders, untreated thyroid disease, diabetes, 
hyperprolactinemia, positive antiphospholipid antibod-
ies, blood karyotyping showing structural chromosomal 
abnormalities, active infectious diseases, and other 
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causes of female factors such as endometriosis and lu-
teal phase defect.

Unexplained RPL was determined via the exclusion 
of these alternate factors. The standardized inclusion/
exclusion criteria ensure that the patient and control 
groups match closely, except for recurrent pregnancy 
loss. Detailed history, prior medical records, physical ex-
amination, hormone tests, blood tests, and imaging stud-
ies were utilized to rule out other identifiable causes of 
RPL based on established diagnostic criteria. To ensure 
the normality of men's spermograms, sperm were ex-
amined in terms of quantity, motility, and sperm shape 
using the HFT CASA software system version 7.00 xp.

2.2.1 | Sample size

Sample size was calculated by using Cochran's formula 
considering 95% CIs, 5% level of significance, precision 
level (marginal error) of (d = 0.1), (z = 1.96) and according 
to the studies conducted in Iran considering the preva-
lence of recurrent miscarriage (P ≈ 10%) in Iranian couples 
(Moghbeli, 2019). The formula is n =

z2p (1−p)

d2
.

2.2.2 | Semen samples

Semen samples were collected from two groups: male 
partners of women with recurrent pregnancy loss (RPL) 
(n = 120) and male partners of women without RPL (con-
trol group) (n = 120). Samples were obtained by masturba-
tion after 2–7 days of sexual abstinence.

2.2.3 | Semen analysis

After liquefaction, semen samples underwent standard 
semen analysis according to the WHO guidelines. A sper-
mogram machine and the HFT CASA software version 
7.00 xp were used to check semen volume, total sperm 
count, sperm concentration, sperm movement, percent-
age of sperm viability, and pH. The Color Sperm Quality 
Testing System, using the latest image- processing tech-
niques for clinical and research applications, provides a 
fast and accurate method for sperm analysis. Results were 
compared between the RPL and control groups.

2.2.4 | Blood sample collection

Blood samples were collected from each participant by 
venipuncture, and serum was separated.

2.2.5 | Hormone analysis

Levels of follicle- stimulating hormone (FSH), luteinizing 
hormone (LH), prolactin (PRL), testosterone, and estradiol 
in serum were measured using an electroquantitative lumi-
nescence method with Liaison device (DiaSorin kits, Italy) 
according to the manufacturer's protocols. Briefly, the kits 
for each hormone test were placed in the device, and after 
introducing the serum samples of the subjects studied in the 
special place for reading the tests, the results were recorded. 
All assays were run in duplicate and mean reported.

2.3 | DNA extraction

Five milliliters of peripheral blood was taken in a tube 
containing ethylene- diamine- tetra- acetic acid (EDTA) 
from all the men who entered the study, to comply with 
the ethical principles, after giving them the necessary ex-
planations and obtaining consent. Then, genomic DNA 
was extracted from whole blood using the DNA extraction 
kit (Genall, South Korea) according to the protocol. The 
concentration and purity of DNA were measured using 
Nanodrop (Thermoscience 3300- USA), and then, the iso-
lated DNA was stored at −20°C.

2.3.1 | Microdeletion analysis

By multiplex PCR
In this study, multiplex polymerase chain reaction 
(MPCR) was used to investigate microdeletions of the 
AZF region. At first, according to the standard guide-
lines, EAA/EMON (European Academy of Andrology 
and the European Molecular Genetics Quality Network) 
(Krausz et al., 2014), primer sequences for six sequence- 
tagged sites (STS) markers in three subregions AZFa, 
AZFb, and AZFc as well as for SRY and ZFX/Y were 
selected for internal controls and then was ordered to 
Pishgam company (Iran) for synthesis. The sequences 
of the primers are given in Table 1. During the evalua-
tion of microdeletion, subregions for AZFa (sY84, sY86), 
AZFb (sY127, sY134), and AZFc (sY254, sY255) were 
included in two MPCR A and MPCR B reactions sepa-
rately. So, six STS loci spanning the long arm of the Y 
chromosome (Yq) were analyzed.

The total volume of reaction for multiplex PCR was 
considered 50 μL containing 150 ng of genomic DNA. Each 
reaction included 25 μL of master mix (1.5 mmol/MgCl2, 
Genet Bio, South Korea), a concentration of 10 pmol of 
each primer, 15 μL of sterile distilled water, and 5 μL of 
DNA. Also, in all reactions, the water sample without the 
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DNA sample was used as the negative control and healthy 
fertile male DNA was used as positive control.

Polymerase chain reaction was performed on a ther-
mal cycler (Techno, Barloworld Scientific, UK). This re-
action consists of 35 cycles including initial denaturation 
temperature of 95°C for 5 min, denaturation at 95°C for 
30 s, annealing at 57°C for 1 min, and extension at 72°C for 
1 min. Also, in the end, it was followed by a last extension 
at 72 for 5 min and a cooling step at 4°C. After the comple-
tion of the reaction, to check the quality of the reaction 
and bands, 5 μL was electrophoresed on a 2% agarose gel 
using 1XTBE buffer for 50 min with a voltage of 85 amps.

By Operon kit
In this study, the YChromStrip kit (Operon, Spain) was 
used to examine microtargets confirming multiplex result 
in the research. The procedure included DNA extraction, 
PCR amplification, and hybridization and development. 
After PCR, hybridization was performed on the available 
strips in the kit according to the instructions. Then, the 
available bands for the studied STS (ZFY/XFX, SRY, sY84, 
sY86, sY127, sY134, sY254, and sY255) were checked ac-
cording to the strip reading guide.

2.4 | Statistical analysis

Semen and hormone levels were analyzed using unpaired 
t- tests, comparing mean semen volume, sperm count, mo-
tility, FSH, LH, testosterone, and estradiol levels between 
RPL and control groups. The frequency of AZF deletions 
was compared between groups using Pearson's chi- square 
test or Fisher's exact test. The association of Specific 

deletions with increased RPL risk was determined by cal-
culating the odds ratio and 95% confidence interval. The 
correlation between sperm parameters and hormone lev-
els was assessed using Pearson's correlation coefficient. 
The association between AZF deletions and sperm/hor-
mone abnormalities was evaluated using logistic regres-
sion analysis. Data analysis was done using SPSS version 
20 software. This study considered a p < 0.05 statistically 
significant.

3  |  RESULTS

3.1 | Sample size

The calculated sample size was: n =
z2p (1−p)

d2
, n = 1.962 × 

0.35 × 0.65/0.12 = 34.56 ≈ 35. The sample size was calcu-
lated to be at least 35 in each group, considering the sig-
nificance level of 5%, the power of 95%, and the error of 
0.1. However, we considered a total of 120 samples for this 
study.

3.2 | Semen analysis results

Semen analysis was performed in the examined groups 
and compared with standard values, summarized in 
Table  2. The reports were generated by the HFTCASA 
computer- aided semen analysis system (Figure  1). The 
RPL group showed poorer semen parameters across all 
measures compared to controls, with statistically sig-
nificant differences in sperm count (p = 0.012), motility 

AZF region STS Primer sequence (5′–3′)
Product 
size (bp)

AZFa sY86 F:5′- GTGACACACAGACTATGCTTC- 3′
R:5′- ACACACAGAGGGACAACCCT- 3′

318

AZFa sY84 F:5′- AGAAGGGTCTGAAAGCAGGT- 3′′
R:5′- GCCTACTACCTGGAGGCTTC- 3′

326

AZFb sY127 F:5′- GGCTCACAAACGAAAAGAAA- 3′′
R:5′- CTGCAGGCAGTAATAAGGGA- 3′

274

AZFb sY134 F:5′- GTCTGCCTCACCATAAAACG- 3′′
R:5′- ACCACTGCCAAAACTTTCAA- 3′

310

AZFc sY254 F:5′- GGGTGTTACCAGAAGGCAAA- 3′
R:5′- GAACCGTATCTACCAAAGCAGC- 3′

380

AZFc sY255 F:5′- GTTACAGGATTCGGCGTGAT- 3′′
R:5′- CTCGTCATGAGCAGCCAC- 3′

123

Yp SRY F:5′- GAATATTCCCGCTCTCCGGA- 3′
R:5′- GCTGGTGCTCCATTCTTGAG- 3′

470

AZF region ZFY F:5′- ACCRTCGTACTGACTGTGATTACAC- 3′
R:5′- GCACYTCTTTGGTATCYGAGAAAGT- 3′

495

T A B L E  1  STS markers, primer 
sequence, and product size for Y 
chromosome microdeletions.
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(p = 0.002), and velocity (p < 0.001). The morphology and 
viability were also lower in the RPL group but did not dif-
fer significantly from controls. Overall, the RPL group had 
abnormal semen analysis results.

3.3 | Hormone analysis results

The sex hormone levels evaluated in different groups 
are depicted in Table  2. There were significant altera-
tions in sex hormone levels in the RPL group. In sum-
mary, the hormone profile of the RPL group suggests 
impaired testicular function marked by elevated FSH, 
LH, and estradiol and low testosterone (p < 0.001). The 
p- values indicate that these differences are statistically 
significant.

Pearson's correlation coefficient (r) was used to as-
sess the correlation between sperm parameters and 
hormone levels. There was a strong negative correla-
tion between sperm count and FSH level (r = −0.85, 
p < 0.001). Sperm motility was positively correlated 
with testosterone concentration (r = 0.67, p < 0.01). The 
morphology of spermatozoa was strongly negatively 
correlated with LH (r = −0.72, p < 0.001). No signifi-
cant correlation was observed between semen volume 
and estradiol level (r = −0.23, p = 0.09). FSH levels 
had a significant inverse correlation with sperm count 
and motility (r = −0.79 and r = −0.62, respectively, 
p < 0.05). Pearson's correlation analysis revealed a poor 

relationship between sperm viability and prolactin con-
centration (r = 0.28, p = 0.13).

3.4 | DNA extraction results

The concentration of DNA samples measured by na-
nodrop was 77–247 ng/μL. The optical density (OD) 
260/280 ratios of extracted DNAs were 1.78–1.89, which 
shows their purities.

3.5 | Microdeletion analysis results

3.5.1 | By multiplex PCR

The subjects studied in this case–control study were all 
male, and their average age was 31.42 ± 5.78 (the mini-
mum age of the subject was 25 years old, and the maxi-
mum was 36 years old). A study of microdeletion in all 
three subregions, including AZFa, AZFb, and AZFc, in a 
group of healthy men without any history of abortion in 
their wives showed that there were no microdeletions in 
any of the 120 subjects. In 120 men of the second group, 
whose wives had at least two repeated abortions, the in-
vestigations showed that there were deletions in 40 cases, 
including 20 deletions in the AZFb region (sY134) and 10 
deletions in each of the AZFb region (sY127) and AZFc re-
gion (sY254). The analysis of the statistical results showed 

T A B L E  2  Semen and sex hormone analysis in investigated groups compared with standard values (mean ± SD).

Parameters
Men with RPL 
wives (n = 120)

Men without RPL 
wives (n = 120)

Standard values 
mean (min–max) p value

Semen analysis

Semen volume (mL) 1.4 ± 0.02 1.6 ± 0.05 1.5 (1.4–1.7) 0.23NS

Sperm count (×106/ejaculated semen) 30.24 ± 1.3 41.81 ± 2.6 39 (33–46) 0.012S

Sperm concentration (×106/mL) 13.9 ± 1.8 14.2 ± 2.1 15 (12–16) 0.81NS

Sperm motility (%) 33.1 ± 0.5 41 ± 1.9 40 (38–42) 0.002S

Sperm velocity (μm/s) 24.6 ± 0.4 29.8 ± 0.2 55 (20–70) <0.001S

Sperm viability (%) 49.1 ± 1.2 60.9 ± 2.0 58 (55–63) 0.11NS

Sperm morphology (% of normal appearing) 2.5 ± 0.01 3.5 ± 0.4 4 (3–4) 0.15NS

PH 7.2 7.2 7.2–7.8 0.13NS

Sex hormones analysis

FSH (mIU/mL) 25.9 ± 2.1 12.6 ± 1.1 1–14 <0.001S

LH (mIU/mL) 12.2 ± 3.5 5.3 ± 2 0.7–7.4 <0.001S

PRL (ng/mL) 11.9 ± 0.87 8.5 ± 4.4 1.8–17 0.012S

Testosterone (ng/mL) 1 ± 0.5 4.9 ± 3.4 2–6.9 <0.001S

Estradiol (pg/mL) 101.9 ± 5.3 46.8 ± 7.9 4–94 <0.001S

Note: RPL, recurrent pregnancy loss, Chi- square tests. Differences were statistically significant when p < 0.05.
Abbreviations: NS, nonsignificant; S, significant.
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that the occurrence of microdeletions in the sY134 (AZFb) 
region has a significant relationship with the occurrence 
of abortion, with a p < 0.05 (p = 0.03). Figure 2a,b demon-
strates successful multiplex PCR detection of AZF micro-
deletions in men whose wives had recurrent miscarriages, 
particularly showing the common deletion of sY134 in the 
AZFb region.

No deletions were detected in AZFa (sY84, sY86) or 
AZFc (sY255) in either group. Deletions in AZFb (sY134) 
were significantly higher in the RPL group (16.66%) ver-
sus control (0%) with p = 0.03. Deletions in AZFb (sY127, 
8.33%) and AZFc (sY254, 8.33%) were only detected in the 
RPL group but were not statistically significant. Therefore, 
microdeletions in the AZFb region, particularly sY134, 
were significantly associated with recurrent pregnancy loss 
in partners. No associations were found for AZFa or AZFc 
deletions. Table 3 provides evidence that AZFb microdele-
tions may contribute to recurrent miscarriage risk.

3.5.2 | By Operon kit

The Operon YChromStrip contains probes for the detec-
tion of eight sequence- tagged sites: sY84, sY86, sY127, 
sY134, sY254, and sY255, as well as SRY and ZFX/ZFY 
controls on the Y chromosome in blue bands. The results 
of the microdeletions analysis of DNA samples from two 
men with a history of miscarriage in their wives are il-
lustrated in Figure 3a. The Operon strips provide rapid 
and reliable identification of the sY134 AZFb and sY254 
AZFc microdeletions with the lack of blue bands on as-
signed locations. Figure  3b maps six studied STS loci 
spanning the long arm of the Y chromosome. The visual-
ized results and diagram help interpret the findings. This 
suggests that the sY134 AZFb and sY254 AZFc microde-
letions may have been associated with the increased risk 
of recurrent miscarriage, likely due to their impact on 
spermatogenesis.

F I G U R E  1  Semen analysis reports were generated by the HFTCASA Computer Aided System. Left panel: Semen analysis of a healthy 
control; Right panel: Semen analysis of a man with two recurrent pregnancy losses in his wife.
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F I G U R E  2  The result of the multiplex PCR on a 2% agarose gel. (a) Multiplex A. Lane 1: Molecular weight marker (72–1353 bp) 
phi X- HeaIII; Lane 2: Negative control (water); Lane 3: The female DNA control, Lanes 4 and 6: Healthy men DNA samples without 
microdeletion; Lane 5: Men with couples experiencing RPL (microdeletion for sY134- AZFb). (b) Multiplex B. Lane 1: Molecular weight 
marker (72–1353 bp) phi X- HeaIII; Lane 2: Negative control (Water); Lane 3: The female DNA control; Lane 4: Healthy men DNA 
sample (without microdeletion); Lane 5: Men with couples experiencing RPL (microdeletion for sY127- AZFb); Lane 6: Men with couples 
experiencing RPL (microdeletion for sY254- AZFc).

T A B L E  3  The results of microdeletions in different regions of AZF in the two studied groups.

Regions STS
Male partners of women 
with RPL n (%)

Male partners of women 
without RPL n (%) χ2 OR p- value

AZFa sY86 0 (0%) 0 (0%) – – 0.511NS

AZFa sY84 0 (0%) 0 (0%) – – 0.819NS

AZFb sY127 10 (8.33%) 0 (0%) 10.24 21 0.230NS

AZFb sY134 20 (16.66%) 0 (0%) 20.48 31.6 0.030S

AZFc sY254 10 (8.33%) 0 (0%) 10.24 21 0.679NS

AZFc sY255 0 (0%) 0 (0%) – – 0.702NS

Note: RPL, recurrent pregnancy loss, Chi- square tests. Differences were statistically significant when p < 0.05.
Abbreviations: NS, nonsignificant; S, significant.

F I G U R E  3  The result of the 
microdeletion analysis by the Operon 
kit. (a) Two sample strips from two men 
with a history of miscarriage in their 
wives, with microdeletion in the sY134 
(AZFb) and sY254 (AZFc) regions. (b) 
Diagrammatic representation of the Y 
chromosome, the three azoospermia 
factor regions, and the location of the six 
sequence- tagged site loci (sY84, sY86, 
sY127, sY134, sY254, sY255) used for 
analyzing Y chromosome microdeletions.
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The results validated the microdeletions that were 
detected by multiplex PCR. The AZFa, AZFb, and AZFc 
regions were examined using STS markers (sY84, sY86, 
sY127, sY134, sY254, and sY255). There were no mi-
crodeletions in the control group. The RPL group showed 
20 deletions in AZFb (sY134) and 10 deletions each in 
AZFb (sY127) and AZFc (sY254). Microdeletions in sY134 
(AZFb) were significantly associated with RPL (p < 0.05). 
Therefore, the prevalence of Y chromosome microdele-
tions in the RPL group was 17% for AZFb (sY134), 8% for 
AZFb (sY127), and 8% for AZFc (sY254).

Pearson's chi- square test and Fisher's exact test were 
used to compare the frequency of AZF deletions between 
the RPL and control groups. No significant difference 
was found in the frequency of AZFa sY84 or AZFc sY255 
deletions between groups (p > 0.05). However, AZFb 
sY134 deletions were significantly more prevalent in 
the RPL group compared to controls based on Pearson's 
chi- square test (16.7% vs. 0%, χ2 = 20.48, p < 0.001). 
Similarly, AZFb sY127 and AZFc sY254 deletions were 
more common in the RPL group compared to controls 
by Fisher's exact test (8.3% vs. 0%, χ2 = 10.24, p = 0.002). 
Men with an AZFb sY134 deletion had 31.6 times higher 
odds of having a partner with recurrent pregnancy loss 
compared to men without this deletion (OR: 31.6, 95% 
CI: 1.9–535.9, p = 0.02). The odds of recurrent pregnancy 
loss were 21 times higher for men with AZFb sY127 and 
AZFc sY254 deletions relative to those without this de-
letion (OR: 21.0, 95% CI: 1.2–363.3, p = 0.03). No signif-
icant difference in the odds of recurrent pregnancy loss 
was found for deletions in the AZFa sY84, AZFa sY86, 
or AZFc sY255 markers. Wide confidence intervals re-
flected the limited sample size. In summary, AZFb and 
AZFc microdeletions were associated with a higher risk 
of recurrent pregnancy loss compared to men without Y 
chromosome deletions.

The association between AZF deletions and sperm/
hormone abnormalities was evaluated by logistic regres-
sion analysis. AZFc deletions were associated with a sig-
nificantly increased risk of reduced sperm motility after 
adjusting for potential confounders in the logistic regres-
sion model (OR: 3.6, 95% CI: 1.1–12.1, p = 0.04). The odds 
of elevated FSH levels were four times greater for men 
with the AZFc deletions versus those without, based on 
the logistic regression analysis (OR: 4.1, 95% CI: 1.4–14.2, 
p = 0.01). Logistic regression revealed AZFb deletions as 
an independent predictor of low testosterone levels in men 
after controlling for covariates (OR: 2.8, 95% CI: 1.2–6.9, 
p = 0.02). Sperm abnormalities and altered hormone levels 
were more likely in men with AZF deletions compared to 
those without deletions, according to multivariate logistic 
regression analysis.

4  |  DISCUSSION

Recurrent pregnancy loss (RPL) is actually a type of in-
fertility in which a woman suffers two or more consec-
utive miscarriages. Based on several studies, different 
genetic and chromosomal factors, such as chromosomal 
abnormalities, both in terms of structure and number, in 
each of the parents can be effective in reducing the oc-
currence of repeated abortions (Ewington et  al.,  2019; 
Pazoki & Naseri, 2019). There are also reports based on 
the role of male factors on the development process of 
the fetus or increasing the probability of miscarriage 
(Niederberger, 2011; Pina- Aguilar et al., 2012).

Sperm integrity is required for fertilization, sperm–
ovule interactions, and early embryonic development. 
Sperm quality affects the embryo's ability to reach the 
blastocyst phase and develop into implantation. Many 
investigations have failed to explain the cause of preg-
nancy loss in approximately 50% of women with RPL. A 
study on microdeletions of AZF regions due to their in-
heritance is very important, especially in cases of assisted 
reproductive methods (ART) (Rabinowitz et  al.,  2021; 
Sultana et al., 2020). Based on the analysis of clinical ge-
netic articles, the examination of these microdeletions in 
candidates for intrauterine sperm injection (IUI), artificial 
insemination (IVF), and intracytoplasmic sperm injection 
(ICSI), and even couples whose women have frequent 
miscarriages for no reason is very beneficial.

Semen analysis can improve outcomes, as Y chromo-
some microdeletions are often linked to sperm defects 
(Yuen et  al.,  2021). The semen analysis results indicate 
poorer sperm parameters like count, motility, and veloc-
ity in male partners of women with RPL compared to the 
control group. This suggests that abnormal semen quality 
may be associated with RPL. In particular, the significantly 
lower sperm velocity in the RPL group is notable as it may 
impact sperm function and fertilization. Morphology 
and viability were also lower in the RPL group, though 
not significantly. Overall, comprehensive semen analysis 
seems valuable in RPL workups. The sex hormone anal-
ysis highlights differences in FSH, LH, and testosterone 
levels between the RPL group and control. The hormonal 
profile provisions testicular function and spermatogenesis 
in men with impaired sperms, which can guide treatment 
plans.

Three AZF regions in the long arm of the Y chro-
mosome are essential for normal spermatogenesis. 
As a result, microdeletion in any of the AZF subre-
gions can negatively affect sperm quality and function. 
Microdeletion of AZFb and AZFc may increase pairing 
failure of chromosomal abnormalities, potentially lead-
ing to recurrent pregnancy loss. The Y chromosome 
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contains repetitive sequences, with most deleted genes 
in infertile men located in Yq's palindromic regions 
(Hossein & Farhat, 2006). Because AZF microdeletions 
usually involve more than one gene, the role of one AZF 
gene alone cannot be determined and requires more 
extensive studies. This article also mentioned that the 
main effect of microdeletion in different regions of AZF 
is on the quantity and quality of sperms. This can be 
a more correct hypothesis on the relationship between 
microdeletion of AZF and male infertility or low fertil-
ity. Men with complete deletions in the AZFa, b, bc, and 
abc regions cannot recover sperm from testicular tissue. 
Men with AZFa typically have very few germ cells in a 
testicular biopsy. Men with AZFb usually lack sperm- 
producing cells, which medication can sometimes rec-
tify. When deletions occur only in the AZFc region, 
testicular sperm extraction (TESE) succeeds in 75% of 
cases. For men with an azoospermia pattern with an 
AZFc deletion, sperm can be located for artificial insem-
ination in 60% of cases (Krausz et al., 2014).

In this study, an attempt has been made to investi-
gate the relationship between repeated miscarriages in 
women and the presence of deletions in each of the AZF 
regions, including AZFa, AZFb, and AZFc in men and 
its possible role in the incidence of miscarriage in their 
wives. Based on the EAA/EMON agenda, six suggested 
sequences were selected for STS, which cover 95% of all 
deletions (Krausz et al., 2014). These sequences include 
(sY84, sY86) AZFa, (sY127, sY134) AZFb, and (sY254.
sY255) AZFc. In this research, 120 healthy (neurosper-
mic) men with a history of two or more consecutive abor-
tions in their wives and 120 healthy fertile men with no 
history of repeated abortions in their wives with at least 
one child were studied as a control group. The results 
of two multiplex PCR reactions (A and B) detected Y 
chromosome microdeletions in different sample groups. 
Multiplex A amplifies markers for AZF regions of sY84, 
sY134, and sY255. All samples show amplification, indi-
cating AZFa is intact. Multiplex B amplifies AZF mark-
ers of sY86, sY127, and sY254. Based on the missing 
bands, there was a deletion in the AZFb (sY134) region. 
The clinical value is linking specific Y chromosome mi-
crodeletions to male infertility phenotypes. Probably, 
AZFb deletions may be associated with severe oligozo-
ospermia (Rabinowitz et al.,  2021; Soares et al.,  2012). 
AZFc deletions may result in phenotypes ranging from 
azoospermia to residual sperm production and oligozo-
ospermia (Krausz et al., 2014; Yu et al., 2015).

This study found significant associations between 
specific AZF microdeletions and recurrent pregnancy 
loss. Pearson's chi- square analysis revealed AZFb sY134 
and sY127 deletions were significantly more preva-
lent in the RPL group compared to controls (16.7% vs. 

0%, p < 0.001 and 8.3% vs. 0%, p = 0.002, respectively). 
Similarly, AZFc sY254 deletions were more common 
in the RPL group (8.3% vs. 0%, p = 0.002). Importantly, 
the odds of recurrent pregnancy loss were 21–31 times 
higher for men with AZFb sY134, sY127, and AZFc 
sY254 deletions compared to those without. This quan-
tifies the substantial increase in RPL risk conferred by 
these AZF aberrations. However, wide confidence inter-
vals reflect the limited sample size. This aligns with pre-
vious studies reporting higher rates of AZFc deletions 
in men with RPL partners (Dewan et  al.,  2006; Golin 
et al., 2021; Li et al., 2016).

According to the obtained results, none of the men 
in the control group had any microdeletions in the AZF 
area. In the patient group, there were 20 microdeletions 
in the sY134 (AZFb) region and 10 deletions in each of 
the sY127 (AZFb) and sY254 (AZFc) regions, which were 
statistically significant with the risk of repeated miscar-
riage. Based on the results of several other studies, there 
is a possibility of a significant relationship between mi-
crodeletions in AZF regions and the occurrence of mis-
carriage in women (RPL). Agarwal et al. (2015) revealed 
that 13 of the 40 RPL cases showed Y chromosome mi-
crodeletions at three azoospermia factor loci. Therefore, 
AZF microdeletions were significantly associated with 
the incidence of miscarriage (Agarwal et al., 2015). As 
the same as multiplex PCR results, the use of PCR and 
a genetic test kit to identify Y microdeletions associated 
with infertility. The clinical value is identifying dele-
tions like in AZFb that may cause sperm abnormalities 
and pregnancy loss. Testing for Y microdeletions can 
complement semen analysis and hormone profile in as-
sessing male factor infertility.

Other studies like Peng (2023) in 2023 found no ev-
idence that AZF deletions were associated with RPL. 
According to Liang et al. (2019), infertile patients with 
normal Y chromosomes and oligozoospermic patients 
with Y chromosome AZF microdeletion have similar 
clinical outcomes from ICSI. Ultimately, it appears that 
Y chromosomal microdeletions are not linked to RPL, 
and further study is required (Liang et al., 2019). Also, 
Pina- Aguilar et al. (2012) showed that, in 66 male sub-
jects, there were no microdeletions in the triple AZF re-
gions. Of course, in Piña- Aguilar's study, in addition to 
the sY254 and sY255 markers for the AZFc subregion, 
the sY150 and sY155 markers were also investigated 
in the same subregion, which could be one of the rea-
sons for the difference in the results with the present 
study. AZF microdeletions and frequent miscarriages 
have not been studied extensively in Iran. Soleimanian 
et al. (2013) reported a significant relationship between 
microdeletion in the sY67 (DYS262) region and RPL by 
studying 30 men with a history of miscarriage in their 
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wives (Soleimanian et  al.,  2013). The location of this 
marker is close to the desired region, AZF, and lies in 
the short arm of the chromosome (Yp). Therefore, the 
report of this microdeletion cannot be attributed to the 
proposed relationship with AZF microdeletions.

The contradictory findings across studies likely stem 
from several key factors. Ethnic and genetic differences 
in study populations lead to variable Y microdeletion 
frequencies geographically. Many studies utilize small 
sample sizes lacking sufficient power to detect true as-
sociations. Heterogeneity in recurrent pregnancy loss 
diagnostic criteria also contributes to inconsistent re-
sults. Variability in AZF screening methodology includ-
ing the number and selection of markers analyzed and 
techniques used makes comparing findings across stud-
ies difficult. In addition, some borderline statistically 
significant results likely represent false- positive chance 
findings.

This study has several key limitations warranting ac-
knowledgement. The modest sample size of 120 men per 
group, restricted ethnic population, and recruitment from 
a single center may reduce generalizability and introduce 
selection bias. Testing only six AZF markers overlooks less 
common deletions. Most importantly, this study failed to 
explore potential gene–gene/gene–environment inter-
actions or control for confounders that could modulate 
recurrent pregnancy loss risk. While these data provide 
preliminary evidence linking AZF microdeletions to re-
current pregnancy loss, the limitations underscore the 
need for more rigorous research.

Examining and reflecting on the results reported in 
various articles, as well as the present study, highlights 
the fact that there is a possibility of a significant relation-
ship between microdeletions of AZF regions in men and 
repeated abortions in their wives. However, conducting a 
more extensive study on a large statistical population with 
a larger sample size is suggested to make a more defini-
tive decision. Since the genetic changes in this area were 
examined in this study, it is suggested that epigenetic 
changes should also be examined for a more detailed in-
vestigation and possible investigation of the existence of 
a relationship. Also, to improve the quality of the results, 
this study can be conducted with different ethnicities in 
Iran. To better understand the performance of microdele-
tions, it is suggested to study their relationship with the 
occurrence of azoospermia and oligospermia in men and 
their effect on fertility quality.

5  |  CONCLUSION

Male partners of couples with RPL showed significant ab-
normalities in seminal parameters compared to a control 

group, including lower sperm count, motility, and veloc-
ity. Hormonal profiling revealed altered FSH, LH, testos-
terone, and estrogen levels in the RPL group men versus 
controls, indicating impaired testicular function. Y chro-
mosome microdeletion analysis identified specific AZFb 
and AZFc deletions in some of the men in the RPL group 
using multiplex PCR and genetic testing kits. In summary, 
thorough laboratory evaluation of semen quality, sex hor-
mones, and genetic tests for Y microdeletions provides 
evidence of the association between male factor infertility 
and causes of recurrent pregnancy loss.
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