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Unexplained recurrent pregnancy loss (uRPL) leaves many couples without a cause or a 

clear plan. Annexin A5 (ANXA5) lines the villous surface of the placenta as an 

anticoagulant shield, and the M2 haplotype of its promoter lowers gene expression. Data 

from Iraq are lacking. In this case–control study we enrolled 100 women with uRPL and 

100 parous controls without pregnancy loss. The M2 haplotype was typed by PCR and 

Sanger sequencing of the ANXA5 core promoter, and plasma ANXA5 was measured by 

sandwich ELISA. Genotypes in both groups were in Hardy–Weinberg equilibrium. M2 

carriers made up 32% of patients and 14% of controls (M2 allele frequency 0.190 vs 

0.075). Carriage raised the odds of uRPL under the dominant model (OR 2.89, 95% CI 

1.43–5.84) and the allelic model (OR 2.89, 95% CI 1.53–5.45). The effect held after 

adjustment for age and body mass index (adjusted OR 2.86, 95% CI 1.40–5.84) but was 

attenuated when plasma ANXA5 was added to the model (OR 1.30, p = 0.534), consistent 

with partial mediation. Plasma ANXA5 was lower in patients than in controls (1.82 ± 0.61 

vs 2.64 ± 0.72 ng/mL, p < 0.001). Within patients it fell stepwise from N/N to M2/N to 

M2/M2 women and correlated inversely with the number of losses (r = −0.38). A cut-off of 

≤2.10 ng/mL separated patients from controls with an area under the curve of 0.81, a 

sensitivity of 73% and a specificity of 78%. Maternal M2 carriage and low plasma ANXA5 

appear to mark a thrombotic subgroup of uRPL in Iraqi women, and both deserve testing 

in larger prospective cohorts. 

Keywords: Annexin A5; ANXA5 M2 haplotype; recurrent pregnancy loss; placental anticoagulant 

shield; thrombophilia; biomarker; Iraq. 

 

INTRODUCTION 

Recurrent pregnancy loss (RPL) is defined by the 

European Society of Human Reproduction and 

Embryology (ESHRE) as the loss of two or more 

pregnancies. It affects about 1–2% of couples [1], and 

some estimates reach 2.5% of women trying to 

conceive [2]. Population data put the prevalence of two 

losses at 1.9% and of three or more at 0.7% [3]. The 

work-up is broad, yet at least half of the cases stay 

unexplained [4,5]. For these couples there is little to 

offer, because the treatments with the best evidence  

 

target specific findings such as antiphospholipid 

antibodies or subclinical hypothyroidism [6]. 

Placental thrombosis has long been a suspect. Inherited 

thrombophilias such as factor V Leiden and the 

prothrombin mutation are linked with RPL, in Middle 

Eastern populations as elsewhere [7,8]. Still, heparin 

did not raise the live-birth rate of women with 

inherited thrombophilia in the ALIFE2 trial [9], and 

routine thrombophilia screening is not advised [1,10]. 

Interest has therefore moved to anticoagulant 

mechanisms that work at the placenta itself. Annexin 
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A5 (ANXA5) is one of them. It binds 

phosphatidylserine in a calcium-dependent way and 

assembles into a two-dimensional lattice on the apical 

syncytiotrophoblast, which keeps procoagulant 

complexes off the villous surface (Figure 1) [11,12]. 

 
Figure 01: Illustration of the annexin A5 anticoagulant 

shield on the placental villus. (A) In a non-carrier, 

annexin A5 trimers form a continuous two-dimensional 

lattice over the phosphatidylserine (PS) exposed on the 

apical syncytiotrophoblast membrane. (B) In an M2 

carrier, lower ANXA5 expression leaves gaps in the 

lattice; the prothrombinase complex (FXa–FVa) 

assembles on exposed PS, thrombin (IIa) is generated 

and fibrin microthrombi build up in the intervillous 

space. Drawn by the authors from the mechanism 

described in [4,11,12]. 

The M2 haplotype is made of four nucleotide changes 

in the ANXA5 core promoter: −19G>A, 1A>C, 

27T>C and 76G>A (Figure 2). It lowers promoter 

activity and ANXA5 expression [4,13]. Its link with 

RPL, however, differs between populations. It was clear 

in Chinese and North Macedonian women [13,14] but 

absent in Greek women [15], and healthy Syrians carry 

the haplotype at an unusually high frequency [16]. 

Circulating ANXA5 has received even less attention 

[17], and we could not find a report from Iraq. This 

study therefore compared M2 carriage and plasma 

ANXA5 between Iraqi women with uRPL and parous 

controls. We also asked whether plasma ANXA5 

follows M2 gene dose and whether it can separate 

patients from controls. 

 
Figure 02: The ANXA5 M2 promoter haplotype. (A) 

Schematic map of the core promoter and exon 1 with 

the four M2 substitutions, their c. positions (relative to 

the translation start) and rs numbers. (B) Alleles that 

define the reference (N), M1 and M2 haplotypes; minor 

alleles are shaded. (C) The M2 haplotype lowers 

promoter activity, so less ANXA5 mRNA and protein 

are made. Not to scale; based on [13,16,18]. 

 

2. MATERIALS AND METHODS 

2.1. Study design and participants 

This case–control study was carried out at Al-

Diwaniyah Teaching Hospital, Al-Diwaniyah, Iraq, 

between October 2025 and June 2026 (Figure 3). 

Cases were 100 women with uRPL, defined as two or 

more pregnancy losses before 24 weeks of gestation 

[1], recruited consecutively from the RPL outpatient 

clinic. Each woman had finished a standard work-up 

before enrolment. It covered parental karyotypes, 

pelvic ultrasound ± hysteroscopy for uterine anomalies, 

lupus anticoagulant, anticardiolipin and anti-β2-

glycoprotein I antibodies (tested twice, at least 12 

weeks apart), thyroid function with thyroid peroxidase 

antibodies, and HbA1c and prolactin. Women with an 

abnormal result, antiphospholipid syndrome, a known 

inherited thrombophilia, diabetes, chronic renal or liver 

disease, an autoimmune disorder, or anticoagulant or 

antiplatelet treatment in the previous three months 

were excluded. 

Controls were 100 healthy women with at least two 

live births, no pregnancy loss and no history of 

preeclampsia or thrombosis, recruited from women 

attending Al-Diwaniyah Teaching Hospital for family 

planning. No woman was pregnant at sampling, and 

patients were sampled at least three months after their 

last loss. The study followed the Declaration of 

Helsinki. The ethics committee approved the protocol 

(approval no. 147/2025, dated 15 October 2025), and 

every participant gave written informed consent. 

 
Figure 03: Study workflow, from recruitment and 

blood sampling to plasma annexin A5 measurement, 

M2 genotyping and statistical analysis. 

2.2. Sample size 

Sample size was estimated for an unmatched case–

control comparison of M2 carriage [19,20]. We 

assumed an M2 carrier frequency of 0.14 among 
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controls (p0). This is close to the 15.4% and 16.0% 

reported for German population controls and Chinese 

control women [13,21]. We also set a smallest relevant 

odds ratio (OR) of 2.5, a two-sided α of 0.05 and a 

power of 80%. The expected carrier frequency among 

cases (p1) was: 

 p1 = OR·p0 / [1 + p0(OR − 1)] = (2.5 × 0.14) / (1 + 0.14 × 1.5) = 0.289 (1) 

and the number of women needed per group was: 

 n = [Zα/2√(2pmqm) + Zβ√(p0q0 + p1q1)]
2 / (p1 − p0)

2 (2) 

where Zα/2 = 1.960, Zβ = 0.842, pm = (p0 + p1)/2 = 

0.215 and q = 1 − p. Equation (2) gave 117.6, that is 

118 women per group, or 130 after allowing for 10% 

attrition. The final sample was 100 women per group. 

At that size the a priori power for an OR of 2.5 was 

73.3%, and the power at the carrier frequencies 

actually observed was 86.2% (Figure 4). 

 
Figure 04: Statistical power of the case–control 

comparison against the number of women per group 

(two-sided α = 0.05). Solid line: planned design (p0 = 

0.14, OR = 2.5), which needs 118 women per group 

for 80% power. Dashed line: power at the observed 

carrier frequencies. Circles mark the enrolled sample 

of 100 per group. 

2.3. Blood sampling and DNA extraction 

Five milliliters of venous blood were drawn into K2-

EDTA tubes between 8:00 and 10:00 a.m. after an 

overnight fast and centrifuged at 1,500 × g for 15 min 

within one hour. Plasma was divided into aliquots and 

stored at −80 °C, and no aliquot was thawed more 

than once. Genomic DNA was extracted from the 

buffy coat with the QIAamp DNA Blood Mini Kit 

(Qiagen, Hilden, Germany). Its purity was checked by 

the A260/A280 ratio (accepted range 1.7–2.0) on a 

NanoDrop One spectrophotometer (Thermo Fisher 

Scientific, Wilmington, DE, USA). 

2.4. Genotyping of the ANXA5 M2 haplotype 

The core promoter segment that carries the four M2 

positions (Figure 2) was amplified by PCR and 

sequenced in both directions by the Sanger method, 

which is the reference approach for this haplotype 

[15,22]. The primers were forward 5′-
AATCAGCATTGTGGGAAGGC-3′ and reverse 5′-
TGAGACGGAGTCTCGCTCTG-3′, giving a 752-bp 

product. Each 25-µL reaction contained 12.5 µL of 2× 

GoTaq Green Master Mix (Promega, Madison, WI, 

USA), 1 µL of each primer (10 µM), 2 µL of template 

DNA (∼50 ng) and 8.5 µL of nuclease-free water, and 

the cycling profile was initial denaturation at 95 °C for 

5 min; 35 cycles of 95 °C for 30 s, 58 °C for 30 s and 

72 °C for 45 s; and a final extension at 72 °C for 7 min. 

Products were checked on a 2% agarose gel and 

sequenced on an ABI 3730xl DNA Analyzer (Applied 

Biosystems, Foster City, CA, USA) at Macrogen Inc. 

(Seoul, South Korea). Two readers, blind to case 

status, compared the chromatograms with the 

reference sequence GenBank accession NG_011545.1. 

A haplotype was called M2 when all four minor alleles 

were present (−19A, 1C, 27C and 76A, that is c.−467A, 

c.−448C, c.−422C and c.−373A), and M1 when only 1C 

and 27C were present [13,16]. The study question 

concerned M2, so M1 and the reference haplotype 

were pooled as N, and each woman was classed as 

N/N, M2/N or M2/M2. A random 10% of samples was 

sequenced again, with 100% agreement. 

2.5. Plasma annexin A5 assay 

Plasma ANXA5 was measured with a commercial 

sandwich ELISA (Human Annexin V ELISA Kit; 

Elabscience, Houston, TX, USA; cat. no. E-EL-H0423) 

following the manufacturer's protocol. Standards of 0, 

0.5, 1, 2, 4 and 8 ng/mL, samples and blanks were run 

in duplicate, and optical density (OD) was read at 450 

nm on a Stat Fax 2100 microplate reader (Awareness 

Technology, Palm City, FL, USA). A four-parameter 

logistic (4PL) curve was fitted to the six calibrators by 

nonlinear least squares: 

OD450 = d + (a − d) / [1 + (C/c)^b]    (R2 = 0.9994) (3) 

(Figure 05). Sample concentrations were interpolated 

from the 4PL curve using the inverse function and 

corrected for the dilution factor: 

C (ng/mL) = c × [(a − d)/(ODsample − d) − 1]^(1/b) × 

dilution factor (4) 

Samples above the top standard were re-assayed at a 

1:2 dilution. Each sample was measured in duplicate; 

the intra-assay and inter-assay coefficients of variation 

were <8% and <10%, respectively. 

 
Figure 05: ELISA four-parameter logistic (4PL) 

calibration curve for plasma annexin A5 (six 

calibrators, 0–8 ng/mL; R² = 0.9994). Diamonds show 

how example samples were back-calculated from their 

OD; the inset shows the calibration residuals. 
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2.6. Statistical analysis 

Data were analyzed with SPSS version 27.0 (IBM Corp., Armonk, NY, USA) and MedCalc version 22.009 (MedCalc 

Software, Ostend, Belgium); exact tests were run in Python (SciPy). Hardy–Weinberg equilibrium (HWE) was checked 

in each group with the χ2 goodness-of-fit test and an exact test [23,24]. Genotype distributions were compared with a 3 

× 2 χ2 test and the Freeman–Halton exact test, and a Cochran–Armitage test looked for a trend across 0, 1 and 2 M2 

copies. Association was tested under five genetic models: heterozygous, homozygous, dominant, recessive and allelic 

[25]. For each 2 × 2 table, with a and b the exposed and reference patients and c and d the exposed and reference 

controls: 

OR = ad/bc; SE(ln OR) = √(1/a + 1/b + 1/c + 1/d); 95% CI = exp(ln OR ± 1.96 × SE)      (5) 

Pearson's χ2 test was used, or Fisher's exact test when an expected count was below 5. Because five models were 

tested, a Bonferroni threshold of 0.01 was also applied [26]. The population attributable fraction was estimated as PAF 

= Pe(OR − 1)/OR, where Pe is the proportion of exposed cases. 

Plasma ANXA5 is given as mean ± SD. Normality was checked with the Shapiro–Wilk test and Q–Q plots both groups 

showed acceptable normality (Shapiro–Wilk p > 0.05); with 100 women per group the t-test tolerates mild skew. 

Patients and controls were compared with Student's t-test, with Welch's test as a check, and the effect size was 

expressed as Cohen's d. Genotype groups within patients were compared by one-way ANOVA with Tukey–Kramer 

post hoc tests and a linear trend contrast. Pearson's r described the relation between plasma ANXA5 and the number 

of losses. Diagnostic accuracy was assessed by receiver operating characteristic (ROC) analysis. The cut-off was chosen 

by the Youden index (J = sensitivity + specificity − 1). Sensitivity, specificity, predictive values and likelihood ratios were 

reported with exact 95% CIs [27–29]. Finally, a binary logistic regression model entered M2 carriage (dominant coding), 

age, body mass index (BMI) and plasma ANXA5 together. Adjusted ORs (aOR) were computed as e
β
, with 95% CI = e

β 

± 1.96 SE. A two-sided p < 0.05 was taken as significant. 

 

3. RESULTS AND DISCUSSION 

3.1. Characteristics of the participants 

Table 1 describes the two groups. Patients and controls were of similar age (28.7 ± 5.3 vs 29.4 ± 4.9 years; p = 0.341) 

and BMI (26.5 ± 3.6 vs 27.1 ± 3.4 kg/m²; p = 0.231). Patients had a median of 3 losses (range 2–7), most of them in the 

first trimester, and 61% had primary RPL. All patients had a normal work-up, as the inclusion criteria required.  

Table 01: Demographic and clinical characteristics of the study groups. 

Characteristic 
uRPL patients  

(n = 100) 

Parous controls (n = 

100) 
p 

Age (years), mean ± SD 28.7 ± 5.3 29.4 ± 4.9 0.341 

BMI (kg/m2), mean ± SD 26.5 ± 3.6 27.1 ± 3.4 0.231 

Pregnancy losses, median (range) 3 (2–7) 0 — 

Gestational age at loss (weeks), mean 

± SD 
8.4 ± 2.6 — — 

Primary / secondary RPL, n (%) 61 (61.0) / 39 (39.0) — — 

Live births, median (range) 0 (0–2) 3 (2–6)  

Urban residence, n (%) 57 (57.0) 61 (61.0) 0.566 

Consanguineous marriage, n (%) 33 (33.0) 28 (28.0) 0.448 

BMI, body mass index; RPL, recurrent pregnancy loss; uRPL, unexplained RPL. 

3.2. Genotype and allele distribution 

Genotype counts agreed with HWE in both groups (patients: χ2 = 2.41, p = 0.120, exact p = 0.186; controls: χ2 = 0.40, 

p = 0.528, exact p = 0.433), so gross genotyping error is unlikely (Table 2). The three genotypes were distributed 

differently between the groups (χ2 = 10.01, df = 2, p = 0.007; Freeman–Halton exact p = 0.005; Figure 06). M2/N was 

found in 26% of patients and 13% of controls, and M2/M2 in 6% and 1%. Overall, 32% of patients carried at least one 

M2 allele, against 14% of controls, and the M2 allele frequency was 0.190 versus 0.075. The Cochran–Armitage test 

confirmed a trend with the number of M2 copies (χ2 = 9.99, p = 0.002). 
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Table 02: Genotype and allele frequencies of the ANXA5 M2 haplotype, with Hardy–Weinberg equilibrium testing. 

Genotype / allele Patients, n (%) Controls, n (%) 
Patients, HWE 

expected 

Controls, HWE 

expected 

N/N 68 (68.0) 86 (86.0) 65.61 85.56 

M2/N 26 (26.0) 13 (13.0) 30.78 13.88 

M2/M2 6 (6.0) 1 (1.0) 3.61 0.56 

M2 carriers (M2/N + 

M2/M2) 
32 (32.0) 14 (14.0) — — 

N allele, n (frequency) 162 (0.810) 185 (0.925) — — 

M2 allele, n (frequency) 38 (0.190) 15 (0.075) — — 

HWE χ2 (p) 2.41 (0.120) 0.40 (0.528) — — 

HWE exact p 0.186 0.433 — — 

Genotype comparison (3 × 2): χ2 = 10.01, df = 2, p = 0.007; Freeman–Halton exact p = 0.005. Cochran–Armitage 

trend: χ2 = 9.99, p = 0.002. HWE, Hardy–Weinberg equilibrium; N, non-M2 haplotype (reference or M1).  

 
Figure 06: Distribution of ANXA5 genotypes in uRPL patients and parous controls. Numbers above the bars are 

percentages (n = 100 per group). 

A note on the HWE checks There is only one M2/M2 control, thus the predicted count in that cell was 0.56. The χ2 

approximation is unstable with cells so tiny. The exact test is the more conservative reading and agreed (p = 0.433) 

[23]. Nevertheless, many association studies do not report still HWE in controls [24] and both tests are provided in 

Table 2. Equilibrium was also not assured in patients, because a recessive allele can give rise to an excess of 

homozygotes. We did see a little more M2/M2 patients than expected (6 vs 3.61) but the surplus was not significant. 

The control frequency is close to that of other control groups. Conversely, carriers in German population controls 

were reported to be 15.4% by Rogenhofer et al. [21] and 16.0% among Chinese control women by Cai et al. [13]. Our 

patient frequency is likewise similar to 30.2% reported by Cai et al. in Chinese women with RPL. But the picture differs 

among populations. The Greek investigation indicated essentially no difference (M2 frequency 11.5% vs 9.3%) [15]. 

Healthy persons in neighbouring Syria carried the allele at 31.9% [16]. If the Syrian figure held for the region, Iraqi 

controls should have had more M2 than we saw. The Syrian group was tiny and was not selected by obstetric history, 

so sampling may account for part of the disparity. Real population structure may account for the rest. In either scenario 

borrowed reference frequencies are less safe than local control data. Our control group presents a preliminary local 

estimate for Iraq but before it can be used as a reference, a population survey not limited to parous women would be 

needed. 

3.3. Association under genetic models 

Table 3 and Figure 7 show the odds ratios. The heterozygous contrast was significant (OR = 2.53, 95% CI = 1.21–5.29, 

p = 0.012). Both the dominant model (OR 2.89, 95% CI 1.43–5.84, p = 0.002) and the allelic model (OR 2.89, 95% CI 

1.53–5.45, p < 0.001) passed the Bonferroni threshold . After Bonferroni correction (α = 0.01), the heterozygous 

contrast did not reach the adjusted threshold (p = 0.012 vs α/5 = 0.01), which is expected when carriers are split into 

smaller subgroups. The homozygous contrast was p=0.049 by Fisher's test however the OR (7.59) had a very broad CI 

(0.89-64.55) as only one control was M2/M2. We take it as a rule of thumb, not a point estimate (its exact conditional 

interval of 0.88-353 conveys the same argument even more clearly). Recessive model was not significant (OR 6.32, 95% 

CI 0.75-53.48, Fisher p = 0.118). If taken at face value, a PAF of 20.9% suggests that around 20.9% of uRPL in this group 

was attributable to maternal carrying of M2. That number has the usual caveats. It assumes a causal relationship and 

treats the OR as an estimated relative risk, which is fair for an outcome as rare as RPL. It also depends on a carrier 

frequency estimated from a small sample. But it does make a practical point. If the association is real, M2 is not an 

uncommon curiosity, but a contributor to a large fraction of losses presently unexplained. 
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Table 03: Association between the ANXA5 M2 haplotype and uRPL under five genetic models. 

Model 

(comparison) 

Patients 

a/b 

Controls 

c/d 
OR (95% CI) χ2 p (χ2) p (Fisher) 

Heterozygous (M2/N 

vs N/N) 
26/68 13/86 2.53 (1.21–5.29) 6.31 0.012 0.019 

Homozygous (M2/M2 

vs N/N) 
6/68 1/86 7.59 (0.89–64.55) 4.66 0.031 0.049a 

Dominant (M2 

carriers vs N/N) 
32/68 14/86 2.89 (1.43–5.84) 9.15 0.002 0.004 

Recessive (M2/M2 vs 

N/N + M2/N) 
6/94 1/99 6.32 (0.75–53.48) 3.70 0.054 0.118a 

Allelic (M2 vs N) 38/162 15/185 2.89 (1.53–5.45) 11.51 < 0.001 0.001 
a Fisher's exact test is the valid test here (an expected count was below 5). OR, odds ratio with Woolf (logit) 95% CI. 

Bonferroni threshold for five models: p < 0.01. Population attributable fraction (dominant model) = 20.9%.  

 
Figure 07: Forest plot of odds ratios (95% CI, log scale) for the association between the M2 haplotype and uRPL under 

five genetic models, together with the adjusted OR from the multivariable model. Red, p < 0.05; grey, not significant; 

blue, adjusted estimate. 

A dominant pattern fits what is known about the haplotype. One M2 copy is enough to lower promoter output [4,13], 

so a heterozygous woman would already have a thinner shield. The size of our effect is close to the adjusted OR of 3.1 

(95% CI 1.1–9.5) reported in Chinese RPL [13]. It also agrees with the excess of M2 heterozygotes in North 

Macedonian women with early losses [14]. Table 4 places these results beside other recent work. 

Table 04: Recent studies (2020–2026) on the ANXA5 M2 haplotype or circulating annexin A5 in pregnancy loss, 

compared with the present study. 

Study Population Design and sample Method Main finding 

Dryllis et al., 

2020 [15] 
Greece 

100 RPL vs 70 fertile 

controls 

PCR (752 bp) and 

Sanger sequencing 

M2 frequency 11.5% vs 9.29%; p = 

0.64 (no association) 

Rogenhofer 

et al., 2021 

[21] 

Germany 

63 RIF couples vs 90 

fertile women and 533 

population controls 

Amplicon 

sequencing 

Carriers: RIF men 28.6%, RIF women 

23.8%, population 15.4%; couples vs 

fertile controls OR 2.1 (1.0–4.3) 

Rana et al., 

2021 [22] 
USA 

IVF patients; 123 

trophectoderm 

biopsies 

Custom TaqMan 

qPCR checked 

against Sanger 

100% agreement with Sanger; embryo 

M2 carriage 46% (one carrier parent) 

and 91% (both parents) 

Cai et al., 

2022 [13] 
China 

235 RPL, 154 IUFD, 

375 controls 

TaqMan genotyping; 

luciferase, RT-

qPCR, western blot 

Carriers 30.2% vs 16.0%; adjusted OR 

3.1 (1.1–9.5); no association with 

IUFD 

Dib et al., 

2022 [16] 
Syria 94 healthy adults 

Nested and allele-

specific PCR 

Carriers 54.3%; M2 allele frequency 

31.9% 

Murad et al., 

2023 [17] 
Syria 

22 RPL, 66 IVF failures, 

16 parous controls 

In-house 

competitive ELISA 

(plasma) 

Mean annexin A5 69 (RPL) vs 160 

ng/mL (controls); inverse link with 

anti-annexin A5 (r = −0.616) 

Terzikj et 

al., 2024 

[14] 

North 

Macedonia 

190 early pregnancy 

loss vs 190 controls 

Multiplex single-

base extension 

M2 heterozygotes more frequent in 

cases (p = 0.0006) 

Present 

study 
Iraq 

100 uRPL vs 100 

parous controls 

PCR and Sanger 

sequencing; 

sandwich ELISA 

Carriers 32% vs 14%; OR 2.89 

(dominant); plasma annexin A5 1.82 

vs 2.64 ng/mL 

IUFD, intrauterine fetal death; IVF, in vitro fertilization; RIF, recurrent implantation failure; RPL, recurrent pregnancy 

loss. 
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Our estimate probably understates the true burden. The placenta is a fetal organ, so the paternal and embryonic 

haplotypes matter too. Paternal M2 carriage raises the risk of recurrent implantation failure [21]. Embryos carry M2 in 

46% of cases when one parent is a carrier [22]. And the risk of placenta-mediated complications seems similar 

whichever parent carries the haplotype [30]. Couples, not women alone, should be typed in future studies [31]. 

3.4. Plasma annexin A5 and gene dose 

Plasma ANXA5 was 31% lower in patients than in controls (1.82 ± 0.61 vs 2.64 ± 0.72 ng/mL; mean difference 0.82 

ng/mL, 95% CI 0.63–1.01; t = 8.69, df = 198, p < 0.001; Table 5 and Figure 8). The effect was large (Cohen's d = 1.23, 

95% CI 0.93–1.53), and Welch's test gave the same answer. Within patients, levels fell from 1.98 ± 0.58 ng/mL in N/N 

women to 1.55 ± 0.52 ng/mL in M2/N and 1.21 ± 0.40 ng/mL in M2/M2 women (F(2, 97) = 9.46, p < 0.001, η2 = 0.163; 

Figure 9). Both carrier groups differed from N/N (Tukey p = 0.003 and 0.005) but not from each other (p = 0.37), 

which is hardly surprising with only six M2/M2 women. The linear trend was clear: each M2 copy lowered the mean by 

about 0.41 ng/mL (p < 0.001), with no departure from linearity (p = 0.78). Levels also fell as the number of previous 

losses rose (r = −0.38, 95% CI −0.54 to −0.20, p < 0.001). The correlation is moderate; plasma ANXA5 explained about 

14% of the variation in the number of losses (r2 = 0.144), so most of that variation lies elsewhere. 

Table 05: Plasma annexin A5 in uRPL patients and parous controls, and by genotype within patients. 

Group n 
Mean ± SD 

(ng/mL) 
SEM Test statistics 

uRPL patients 100 1.82 ± 0.61 0.061 t = 8.69, df = 198, p < 0.001 

Parous controls 100 2.64 ± 0.72 0.072 
Difference 0.82 (95% CI 0.63–1.01); d = 1.23 

(0.93–1.53) 

Patients by genotype 

N/N 68 1.98 ± 0.58a 0.070 ANOVA F(2, 97) = 9.46, p < 0.001; η2 = 0.163 

M2/N 26 1.55 ± 0.52b 0.102 Welch F(2, 14.8) = 12.12, p < 0.001 

M2/M2 6 1.21 ± 0.40b 0.163 Trend −0.41 ng/mL per M2 copy, p < 0.001 

Means with different superscript letters differ (Tukey–Kramer): N/N vs M2/N p = 0.003; N/N vs M2/M2 p = 0.005; 

M2/N vs M2/M2 p = 0.37. Correlation with the number of losses (patients): r = −0.38 (95% CI −0.54 to −0.20), p < 

0.001. SEM, standard error of the mean.  

 
Figure 08: Plasma annexin A5 in uRPL patients and parous controls (mean ± SD). The dashed line marks the ROC cut-

off of ≤2.10 ng/mL. 

These absolute values agree with published ranges. With a commercial kit, baseline plasma levels close to 2 ng/mL were 

reported and described as normal [32], and healthy volunteers usually have less than 5 ng/mL [11]. The numbers 

depend a good deal on the assay, since another kit gave a median of only 0.22 ng/mL [33]. The one recent RPL study of 

circulating ANXA5, from Syria, used an in-house competitive ELISA and reported much higher values. Yet the direction 

matched ours: 69 ng/mL in RPL against 160 ng/mL in parous controls [17]. Across such different methods only the 

direction and the ratio can be compared. 
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Figure 09: Plasma annexin A5 by ANXA5 genotype in uRPL patients (mean ± SD).  

Different letters mark significant Tukey–Kramer differences (p < 0.05); the dotted  

line joins the group means and the dashed line shows the control mean. 

Where does plasma ANXA5 come from in a woman who is not pregnant? Not from the placenta. The protein is 

expressed widely outside the placenta [11], so the stepwise fall across N/N, M2/N and M2/M2 women suggests that the 

M2 promoter acts in maternal tissues as well as in the trophoblast. Plasma ANXA5 measured before conception may 

therefore reflect a woman's constitutional output of the protein. The shield itself, however, is built by the 

syncytiotrophoblast, whose genotype the embryo inherits from both parents. 

The gene-dose pattern fits the lower ANXA5 reported in the placenta and blood of M2 carriers [34] and the weaker 

promoter activity of the haplotype [13]. Genotype is unlikely to be the whole story, though, because N/N patients also 

had lower levels than controls. Autoantibodies may explain part of this gap. In the Syrian cohort, anti-ANXA5 

antibodies were found in 90% of RPL patients and correlated inversely with ANXA5 (r = −0.616) [17]. Preconception 

anti-ANXA5 predicted fewer live births in Chinese women with recurrent miscarriage [35], the antibody has been 

linked with preterm birth and gestational hypertension [36], and it is most enriched in obstetric antiphospholipid 

syndrome [37], where placental annexin V has also been profiled alongside complement and angiogenic proteins [38]. 

We did not measure these antibodies. The inverse link with the number of losses points to a graded relation, but a 

cross-sectional design cannot show whether low ANXA5 comes before the losses or after them. 

3.5. Diagnostic performance of plasma annexin A5 

In ROC analysis, plasma ANXA5 separated patients from controls with an area under the curve (AUC) of 0.81 (95% CI 

0.75–0.87, p < 0.001; Figure 10). At the Youden cut-off of ≤2.10 ng/mL, 73 of 100 patients fell below the line (sensitivity 

73.0%, 95% CI 63.2–81.4) while 78 of 100 controls stayed above it (specificity 78.0%, 95% CI 68.6–85.7; Table 6). The 

positive likelihood ratio was 3.32 and the diagnostic odds ratio 9.59 (Table 6). 

 
Figure 10: Empirical ROC analysis of plasma annexin A5 for uRPL. The curve was plotted from individual patient-level 

data (n = 200). The red circle marks the Youden-optimal operating point at ≤2.10 ng/mL (sensitivity 73%, specificity 

78%). Shaded area shows the AUC of 0.81 (95% CI 0.75–0.87). 
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Table 06: Diagnostic performance of plasma annexin 

A5 for uRPL at the Youden cut-off. 

Index Value 95% CI 

Area under the ROC 

curve 
0.81 0.75–0.87 

Cut-off (Youden) 
≤ 2.10 

ng/mL 
— 

True positives / false 

negatives (patients) 
73 / 27 — 

False positives / true 

negatives (controls) 
22 / 78 — 

Sensitivity 73.0% 63.2–81.4 

Specificity 78.0% 68.6–85.7 

Positive predictive value 76.8% 67.2–84.8 

Negative predictive 

value 
74.3% 64.5–82.4 

Accuracy 75.5% 69.0–81.2 

Youden index (J) 0.51 — 

Positive likelihood ratio 3.32 2.25–4.90 

Negative likelihood 

ratio 
0.35 0.25–0.48 

Diagnostic odds ratio 9.59 5.01–18.36 

Exact (Clopper–Pearson) CIs for proportions; log-

method CIs for likelihood ratios and the diagnostic 

odds ratio. Predictive values refer to the 1:1 case–

control sample (50% prevalence).  

An AUC above 0.80 is usually read as good 

discrimination [27,28]. Some caution is still needed. 

The predictive values come from a 1:1 case–control 

sample, so they do not transfer to a clinic where RPL 

affects only 1–2% of couples [1]. The cut-off was also 

chosen and tested in the same women, which inflates 

accuracy, and it should be validated in an independent 

cohort with attention to how skewed the marker is 

[29]. For now, plasma ANXA5 is better seen as a way 

to flag women for further hemostatic work-up than as 

a diagnostic test. A positive likelihood ratio of 3.32 

roughly triples the pre-test odds, and a negative ratio 

of 0.35 cuts them to about a third, which helps with 

grouping women but settles little for a single patient. 

The two markers may do better together. M2 carriage 

and plasma ANXA5 kept independent effects in the 

regression model (Table 7), so a combined score is 

worth testing in a validation cohort. Other plasma 

markers have also been proposed for uRPL in Iraq; 

complement C3a, TNF-α and IL-17A were all higher in 

women with recurrent loss than in controls [39,40]. 

How these markers compare with ANXA5, alone or in 

combination, remains an open question. 

3.6. Multivariable analysis 

Because plasma ANXA5 fell with each M2 copy 

(Section 3.4), including it as a covariate in the same 

model that tests M2 adjusts for a potential mediator. 

Two complementary approaches were therefore used. 

In Model 1 (primary), M2 carriage was regressed on 

age and BMI only: the adjusted OR was 2.86 (95% CI 

1.40–5.84, p = 0.004), confirming that the dominant-

model association survived adjustment for confounders 

(Table 7). In Model 2 (sensitivity analysis), plasma 

ANXA5 was added: the M2 OR fell to 1.30 (95% CI 

0.53–3.22, p = 0.534), while ANXA5 itself was strongly 

protective (aOR 0.15 per 1 ng/mL, 95% CI 0.07–0.32, p 

< 0.001). The attenuation of the M2 effect is the 

hallmark of mediation. 

Table 07: Multivariable logistic regression for uRPL. 

Variable β SE 
Wald 

χ2 
p 

aOR 

(95% 

CI) 

M2 

carriage 

(dominant) 

1.05 0.36 8.12 0.004 

2.86 

(1.40–

5.84) 

Age (per 

year) 
0.04 0.03 1.78 0.182 

1.04 

(0.98–

1.10) 

BMI (per 

kg/m2) 
0.03 0.04 0.56 0.453 

1.03 

(0.95–

1.11) 

Plasma 

annexin 

A5 (per 1 

ng/mL) † 

−1.87 0.29 24.43 
< 

0.001 

0.15 

(0.07–

0.32) 

Model 1 (primary): M2 carriage + age + BMI. † Model 2 

(sensitivity): Model 1 + plasma annexin A5. Model 1 fit: 

Nagelkerke R² = 0.13; Hosmer–Lemeshow χ² = 8.21, p 

= 0.413. Model 2 fit: Nagelkerke R² = 0.44; Hosmer–

Lemeshow χ² = 5.94, p = 0.654. aOR, adjusted odds 

ratio; BMI, body mass index. 

A formal Baron–Kenny mediation analysis confirmed 

this interpretation. Path a (M2 → ANXA5, linear 

regression) gave β = −0.62 (SE = 0.12, p < 0.001): each 

M2 copy lowered plasma ANXA5 by 0.62 ng/mL. The 

total effect of M2 on RPL (path c) was OR 2.89 (p = 

0.003). After conditioning on ANXA5 (path b: OR 

0.15, p < 0.001), the direct effect of M2 (path c′) 
shrank to OR 1.30 (p = 0.534). The indirect effect (a × 

b = 1.16) was significant by the Sobel test (z = 3.88, p < 

0.001), indicating that circulating ANXA5 mediates a 

substantial share of the M2–RPL association. In 

biological terms, the M2 haplotype lowers ANXA5 

expression, which in turn thins the anticoagulant shield 

and raises thrombotic risk at the placental surface; this 

mediated pathway is one plausible mechanism. The 

statistical pattern is consistent with mediation, but 

because plasma ANXA5 was measured after the losses 

had occurred, the causal direction remains to be 

confirmed in a prospective design. 

3.7. Clinical implications and limitations 

Can these findings change practice? Not yet. A 

systematic review of anticoagulation in M2 carriers 

found a possible benefit, but it rested on only three 

small and heterogeneous studies [30]. ALIFE2 tested 

heparin in women with inherited thrombophilia in 

general and was not designed to answer the question 

for M2 carriers [9], and current guidelines do not 

advise anticoagulants in unexplained RPL [1,10]. M2 

testing should therefore stay inside research protocols, 
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ideally a trial that stratifies couples by carrier status. In 

Iraq, RPL research has so far looked at chromosomal 

[41], immunological [42], cytokine-gene [40] and 

inflammatory markers [39]. Our data add a hemostatic 

axis to that list, in line with meta-analytic evidence for 

other hemostatic genes such as PAI-1 4G/5G [43]. 

The study does have some strengths. The same women 

were genotyped and plasma protein quantified, which 

allowed for gene dosage analysis. The title 

‘unexplained’ was earned, not assumed, as patients had 

a comprehensive negative work-up. Controls were 

parous women with no losses, not population controls 

with unknown obstetric history. The sample size was 

determined a priori and exact tests were applied 

where cells were tiny. The study has limitations. It was 

a single center case–control study and the final sample 

(100 per group) was less than the intended 118, leaving 

the homozygous and recessive estimations unstable. 

Females only were genotyped. Plasma was collected 

once outside pregnancy and we did not test anti-

ANXA5 antibodies, annexin A5 resistance or placental 

ANXA5. Since losses are counts with a small range, a 

rank correlation would be a sensible check. Finally, the 

ROC cut-off still needs to be externally validated. 

 

4. CONCLUSION 

The ANXA5 M2 promoter haplotype was more 

prevalent in unexplained RPL compared to parous 

controls in this group of Iraqi women with 

approximately 2.9-fold greater odds under the 

dominant and allelic models. The link persisted after 

adjusting for age and BMI. Adding plasma ANXA5 to 

the model attenuated the M2 effect, consistent with 

partial mediation through the protein. Patients had 

reduced plasma ANXA5, which decreased with each 

M2 copy and was lowest in women with more losses. 

A cut-off of ≤2.10 ng/mL provided good discrimination 

(AUC 0.81). Together, these results support the idea 

that a weakened annexin A5 shield on the placenta 

contributes to a subgroup of RPL that is now labelled 

unexplained. They do not yet justify routine testing or 

anticoagulant treatment. The next steps are fairly clear. 

Larger multicenter cohorts should genotype both 

partners and measure ANXA5 more than once, during 

and outside pregnancy, together with anti-ANXA5 

antibodies. If the findings hold up, a randomized trial of 

anticoagulation stratified by M2 status would be the 

logical test. Until then, M2 typing and plasma ANXA5 

are best treated as research tools that may help split 

uRPL into smaller and more treatable groups. 

 

5. AUTHOR CONTRIBUTIONS 

Durar Kamil Jabbar: Conceptualization, Methodology, 

Investigation, Formal analysis, Data curation, Writing – 

original draft, Writing – review & editing, Visualization, 

Project administration. 

 

6. FUNDING 

This research received no external funding. 

 

7. CONFLICTS OF INTEREST 

The author declares no conflict of interest. 

 

8. DATA AVAILABILITY 

The data that support the findings are available from 

the corresponding author on reasonable request. 

 

9. ACKNOWLEDGEMENTS 

The author thanks the staff of the RPL outpatient clinic 

at Al-Diwaniyah Teaching Hospital for their assistance 

in patient recruitment and sample collection. 

 

10. REFERENCES 

1. ESHRE Guideline Group on RPL, Bender Atik R, 

Christiansen OB, Elson J, Kolte AM, Lewis S, et al. 

ESHRE guideline: recurrent pregnancy loss: an 

update in 2022. Hum Reprod Open. 

2023;2023(1):hoad002. 

doi:10.1093/hropen/hoad002 

2. Dimitriadis E, Menkhorst E, Saito S, Kutteh WH, 

Brosens JJ. Recurrent pregnancy loss. Nat Rev Dis 

Primers. 2020;6(1):98. doi:10.1038/s41572-020-

00228-z 

3. Quenby S, Gallos ID, Dhillon-Smith RK, Podesek 

M, Stephenson MD, Fisher J, et al. Miscarriage 

matters: the epidemiological, physical, 

psychological, and economic costs of early 

pregnancy loss. Lancet. 2021;397(10285):1658–

1667. doi:10.1016/S0140-6736(21)00682-6 

4. Peng L, Yang W, Deng X, Bao S. Research 

progress on ANXA5 in recurrent pregnancy loss. J 

Reprod Immunol. 2022;153:103679. 

doi:10.1016/j.jri.2022.103679 

5. Turesheva A, Aimagambetova G, Ukybassova T, 

Marat A, Kanabekova P, Kaldygulova L, et al. 

Recurrent pregnancy loss etiology, risk factors, 

diagnosis, and management. Fresh look into a full 

box. J Clin Med. 2023;12(12):4074. 

doi:10.3390/jcm12124074 

6. Coomarasamy A, Dhillon-Smith RK, Papadopoulou 

A, Al-Memar M, Brewin J, Abrahams VM, et al. 

Recurrent miscarriage: evidence to accelerate 

action. Lancet. 2021;397(10285):1675–1682. 

doi:10.1016/S0140-6736(21)00681-4 

7. Liu X, Chen Y, Ye C, Xing D, Wu R, Li F, et al. 

Hereditary thrombophilia and recurrent pregnancy 

loss: a systematic review and meta-analysis. Hum 

Reprod. 2021;36(5):1213–1229. 

doi:10.1093/humrep/deab010 

8. Hamedi B, Feulefack J, Khan A, Sergi C. 

Association between factor V Leiden mutation and 

recurrent pregnancy loss in the middle east 

countries: a Newcastle–Ottawa meta-analysis. 

Arch Gynecol Obstet. 2020;302(2):345–354. 

doi:10.1007/s00404-020-05610-6 

9. Quenby S, Booth K, Hiller L, Coomarasamy A, de 

Jong PG, Hamulyák EN, et al. Heparin for women 

with recurrent miscarriage and inherited 



Jabber KD. UPI j. Pharm. Med. Health Sci, 9(2), 2026: 26-37 

[36] 
 

thrombophilia (ALIFE2): an international open-

label, randomised controlled trial. Lancet. 

2023;402(10395):54–61. doi:10.1016/S0140-

6736(23)00693-1 

10. Practice Committee of the American Society for 

Reproductive Medicine. Recurrent pregnancy loss: 

a committee opinion. Fertil Steril. 

2026;125(6):1023–1041. 

doi:10.1016/j.fertnstert.2026.03.001 

11. Jing J. The relevance, predictability, and utility of 

annexin A5 for human physiopathology. Int J Mol 

Sci. 2024;25(5):2865. doi:10.3390/ijms25052865 

12. Hu J, Chen L, Ruan J, Chen X. The role of the 

annexin A protein family at the maternal–fetal 

interface. Front Endocrinol (Lausanne). 

2024;15:1314214. doi:10.3389/fendo.2024.1314214 

13. Cai Z, Zheng X, Chen Y, Chen F, Chen L, Deng X. 

Genetic analysis of ANXA5 haplotype and its 

effect on recurrent pregnancy loss. Mol Med Rep. 

2022;25(2):43. doi:10.3892/mmr.2021.12559 

14. Terzikj M, Bozhinovski G, Branoski A, Dimkovska 

M, Kubelka-Sabit K, Plaseska-Karanfilska D. 

ANXA5 and VEGFA gene variants in women with 

early pregnancy losses from North Macedonia. 

Balkan J Med Genet. 2024;27(1):5–14. 

doi:10.2478/bjmg-2024-0006 

15. Dryllis G, Giannopoulos A, Zoi C, Pouliakis A, 

Logothetis E, Voulgarelis M, et al. Correlation of 

single nucleotide polymorphisms in the promoter 

region of the ANXA5 (annexin A5) gene with 

recurrent miscarriages in women of Greek origin. J 

Matern Fetal Neonatal Med. 2020;33(9):1538–

1543. doi:10.1080/14767058.2018.1521799 

16. Dib W, Soukkarieh C, Alhalabi M. Genetic analysis 

of the M2/ANXA5 haplotype in Syrian healthy 

population. Int J Reprod Contracept Obstet 

Gynecol. 2022;11(5):1369–1373. 

doi:10.18203/2320-1770.ijrcog20221264 

17. Murad H, Ali B, Twair A, Baghdadi K, Alhalabi M, 

Abbady AQ. "In house" assays for the 

quantification of annexin V and its autoantibodies 

in patients with recurrent pregnancy loss and in 

vitro fertilisation failures. Sci Rep. 

2023;13(1):22322. doi:10.1038/s41598-023-49768-

w 

18. Mou JT, Huang SX, Yu LL, Xu J, Deng QL, Xie YS, 

et al. Identification of genetic polymorphisms in 

unexplained recurrent spontaneous abortion based 

on whole exome sequencing. Ann Transl Med. 

2022;10(10):603. doi:10.21037/atm-22-2179 

19. Wang X, Ji X. Sample size estimation in clinical 

research: from randomized controlled trials to 

observational studies. Chest. 2020;158(1S):S12–

S20. doi:10.1016/j.chest.2020.03.010 

20. Serdar CC, Cihan M, Yücel D, Serdar MA. Sample 

size, power and effect size revisited: simplified and 

practical approaches in pre-clinical, clinical and 

laboratory studies. Biochem Med (Zagreb). 

2021;31(1):010502. doi:10.11613/BM.2021.010502 

21. Rogenhofer N, Markoff A, Ennerst X, Bogdanova 

N, Thaler C. Maternal and paternal carriage of the 

annexin A5 M2 haplotype: a possible risk factor for 

recurrent implantation failure (RIF). J Assist 

Reprod Genet. 2021;38(1):235–242. 

doi:10.1007/s10815-020-01978-1 

22. Rana B, Zimmerman R, Marin D, Xu J, Messick E, 

Fishel S, et al. A novel test for annexin A5 M2 

haplotyping in in vitro fertilization patients and 

preimplantation embryos. F S Sci. 2021;2(3):278–

286. doi:10.1016/j.xfss.2021.06.001 

23. Abramovs N, Brass A, Tassabehji M. Hardy-

Weinberg equilibrium in the large scale genomic 

sequencing era. Front Genet. 2020;11:210. 

doi:10.3389/fgene.2020.00210 

24. Saadat M. Evaluation of Hardy–Weinberg 

equilibrium in genetic association studies. Int J 

Immunogenet. 2024;51(3):183–186. 

doi:10.1111/iji.12668 

25. Liu HM, Zheng JP, Yang D, Liu ZF, Li Z, Hu ZZ, et 

al. Recessive/dominant model: alternative choice in 

case-control-based genome-wide association 

studies. PLoS One. 2021;16(7):e0254947. 

doi:10.1371/journal.pone.0254947 

26. Menyhart O, Weltz B, Győrffy B. 

MultipleTesting.com: a tool for life science 

researchers for multiple hypothesis testing 

correction. PLoS One. 2021;16(6):e0245824. 

doi:10.1371/journal.pone.0245824 

27. Nahm FS. Receiver operating characteristic curve: 

overview and practical use for clinicians. Korean J 

Anesthesiol. 2022;75(1):25–36. 

doi:10.4097/kja.21209 

28. Çorbacıoğlu ŞK, Aksel G. Receiver operating 

characteristic curve analysis in diagnostic accuracy 

studies: a guide to interpreting the area under the 

curve value. Turk J Emerg Med. 2023;23(4):195–

198. doi:10.4103/tjem.tjem_182_23 

29. Hassanzad M, Hajian-Tilaki K. Methods of 

determining optimal cut-point of diagnostic 

biomarkers with application of clinical data in ROC 

analysis: an update review. BMC Med Res 

Methodol. 2024;24(1):84. doi:10.1186/s12874-024-

02198-2 

30. Khattak H, Aleem Husain S, Baker D, Greer I. Use 

of anticoagulants to improve pregnancy outcomes 

in couples positive for M2 haplotype: a systematic 

review. Eur J Obstet Gynecol Reprod Biol. 

2024;296:179–184. 

doi:10.1016/j.ejogrb.2024.02.039 

31. Yu W, Bao S. Association of male factors with 

recurrent pregnancy loss. J Reprod Immunol. 

2022;154:103758. doi:10.1016/j.jri.2022.103758 

32. Tschirhart BJ, Lu X, Mokale Kognou AL, Martin 

CM, Slessarev M, Fraser DD, et al. 

Pharmacokinetics of recombinant human annexin 

A5 (SY-005) in patients with severe COVID-19. 

Front Pharmacol. 2024;14:1299613. 

doi:10.3389/fphar.2023.1299613 



Jabber KD. UPI j. Pharm. Med. Health Sci, 9(2), 2026: 26-37 

[37] 
 

33. Adedayo A, Eluwole A, Tedla F, Kremer A, Khan 

M, Mastrogiovanni N, et al. Relationship between 

the soluble F11 receptor and annexin A5 in 

African Americans patients with type-2 diabetes 

mellitus. Biomedicines. 2022;10(8):1818. 

doi:10.3390/biomedicines10081818 

34. Zheng M, Yan J, Jiang L, Dai Z, Liu X. Association 

between ANXA5 haplotypes and the risk of 

recurrent pregnancy loss. J Int Med Res. 

2022;50(7):3000605211026809. 

doi:10.1177/03000605211026809 

35. Mu F, Wang C, Liu L, Wang F. Preconception anti-

annexin A5 antibodies are associated with 

subsequent live birth in women with recurrent 

miscarriage: a retrospective study from China. Am 

J Reprod Immunol. 2024;91(3):e13822. 

doi:10.1111/aji.13822 

36. Guo X, Xiang J, Zhang W, Zheng X, Dai Y, Cai Z. 

Association of anti-annexin A5 antibody with 

pregnancy outcomes: a cohort study. Am J Reprod 

Immunol. 2024;92(4):e13936. doi:10.1111/aji.13936 

37. Alamlih L, Becetti K, Al Emadi S, Satti E, Tag ZM, 

Chemaitelly H, et al. Anti-annexin A5 antibodies 

and annexin A5 resistance in antiphospholipid 

syndrome: a systematic review and meta-analysis. J 

Transl Autoimmun. 2026;12:100373. 

doi:10.1016/j.jtauto.2026.100373 

38. Castellanos Gutierrez AS, Fuentes-Zacarias P, 

Baños N, Figueras F, Espinosa G, Schleußner E, et 

al. Complement proteins, annexin V, and 

angiogenic markers in placental tissue of 

autoimmune disease patients. Placenta. 

2025;170:18–25. 

doi:10.1016/j.placenta.2025.07.088 

39. Hamasaeed DK, Jalal PJ. C3a and TNF-α as 

potential biomarkers in recurrent spontaneous 

abortion: insights from integrated protein and gene 

expression analysis. Mol Biol Rep. 2026;53(1):313. 

doi:10.1007/s11033-026-11480-z 

40. AlFahham HWJ, Almahbobi TF, Kudhair AH. 

Association of IL-17A rs2275913 polymorphism 

and serum IL-17A levels with recurrent 

spontaneous abortion in Iraqi women: a case-

control study. Middle East Fertil Soc J. 2026;31:38. 

doi:10.1186/s43043-026-00325-1 

41. Khamees DA, Al-Ouqaili MTS. Cross-sectional 

study of chromosomal aberrations and 

immunologic factors in Iraqi couples with 

recurrent pregnancy loss. PeerJ. 2022;10:e12801. 

doi:10.7717/peerj.12801 

42. Hamadi GM, Lafta SF. Immunological parameters 

of recurrent miscarriages among women in Thi-

Qar province. J Med Life. 2022;15(5):635–639. 

doi:10.25122/jml-2021-0388 

43. Maghsudlu M, Noroozi Z, Zokaei E, Motevaseli E. 

Systematic review and meta-analysis of association 

between plasminogen activator inhibitor-1 4G/5G 

polymorphism and recurrent pregnancy loss: an 

update. Thromb J. 2024;22(1):44. 

doi:10.1186/s12959-024-00612-9 

 


