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Abstract 

Background  We conducted this systematic review and meta-analysis to better understand the association 
between rs1799762 PAI-1 gene polymorphism and the risk of RPL.

Methods  A systematic search for studies that assessed the association between PAI-1 4G/5G polymorphism and RPL 
risk published in search sources, PubMed/Medline, ISI Web of Knowledge, Scopus, and Google Scholar till January 
2024 was conducted.

Results  There were 23 case-control studies in total, with a high degree of statistical heterogeneity among them 
which indicated the need for subgroup analysis. We found a significant positive association between the risk of RPL 
and 4G/4G PAI-1 (OR: 2.57; 95% CI: 1.69-3.90), likewise 4G/5G (OR: 2/02 95% CI: 1.39-2.92) and mixed genotype 
(4G/4G+4G/5G) (OR: 2.31 95% CI: 1.81-2.93). Considering the ethnicity, the 4G/4G polymorphism is significantly 
associated with Asian descent (OR: 2.10; CI: 1.65-2.69) while the strong association (OR: 6.47; CI: 3.23-12.97) observed 
in the Greater Middle East descent is not statistically significant (P=0.16). PAI-1 4G/5G polymorphism association 
with RPL was only significant in Greater Middle East descent (OR: 2.93; CI: 2.41-3.56), and mixed genotype was sig-
nificantly associated with RPL in Asian (OR: 2.37; CI: 1.55-3.61), Greater Middle East (OR: 3.01; CI: 2.16-4.19), and Euro-
pean populations (OR: 1.38; CI: 0.91-2.10). The association between RPL and PAI-1 4G/4G was significant for RPLs 
both under 12 weeks (OR: 1.82; 95% CI: 1.34-2.47), and under 24 weeks (OR: 1.46; 95% CI: 1.11-1.92), while considering 
heterozygote form the association was only significant for RPLs under 24 weeks (OR: 1.91; 95% CI: 1.58-2.31). Regard-
ing the mixed genotype, there is a significant positive association between PAI-1 and RPL for RPLs under 12 weeks 
(OR: 2.09; 95% CI: 1.49-2.93), and under 24 weeks (OR: 2.10; 95% CI: 1.52-2.92).

Conclusions  Our findings indicate a significant association between the rs1799762 PAI-1 polymorphism and the risk 
of RPL.

Keywords  Recurrent pregnancy loss, Plasminogen activator inhibitor-1, Thrombophilia, Meta-analysis

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Thrombosis Journal

*Correspondence:
Zahra Noroozi
Noroozizahra22@yahoo.com
Elahe Motevaseli
e_motevaseli@tums.ac.ir
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-0286-4024
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12959-024-00612-9&domain=pdf


Page 2 of 12Maghsudlu et al. Thrombosis Journal           (2024) 22:44 

Background
Miscarriage is described as the loss of a pregnancy 
before the fetus reaches viability. Recurrent pregnancy 
loss (RPL) is defined by the American Society for Repro-
ductive Medicine (ASRM) and the European Society of 
Human Reproduction and Embryology (ESHRE) as the 
loss of two or more pregnancies before 20–24 weeks of 
gestation, including both embryonic and fetal losses [49]. 
Anatomical malformations, immunological illnesses, 
chromosomal errors and genetic polymorphisms, life-
style variables, and thrombophilic gene polymorphisms 
have all been proposed as susceptibility factors that raise 
the likelihood of pregnancy loss in otherwise healthy 
women [4, 36]. On the other hand, routine clinical evalu-
ations leave roughly half of the couples unidentified [44].

A delicate equilibrium between maternal coagula-
tion and fibrinolysis is required for successful implanta-
tion and a healthy pregnancy [45]. Pregnancy itself is a 
hyper-coagulation state characterized by an increase in 
coagulants (factors VII, VIII, IX, X, XII, fibrinogen, and 
von Willebrand factor [vWF]), decreased anticoagulant 
factors (protein C and protein S), and diminished fibrino-
lytic activities because of hormonal modifications to 
prevent excessive maternal hemorrhage. However, RPL, 
intrauterine fetal growth restriction (IUGR), preeclamp-
sia, and venous thromboembolism (VTE) have all been 
connected to hyper-coagulation conditions, including 
inherited or acquired thrombophilia [6, 29, 33]. Throm-
bophilia is a common cause of RPL, accounting for 
40–50% of all instances. When comparing women with 
RPL to controls, Laude et  al. discovered that levels of 
circulating procoagulant micro-particles were greater in 
cases  with RPL [3]. Thrombophilia may occur in a syn-
cytiotrophoblast invasion of the maternal blood arteries, 
resulting in micro-thrombosis at the implantation site, 
resulting in RPL and implantation failure [13].

Plasminogen activators are serine proteases that are 
involved in the conversion of plasminogen to plasmin. 
The human plasminogen activator inhibitor-1 (PAI-1) 
gene has nine exons and eight introns and is found on the 
long arm of chromosome 7. (12.2 Kb). During the pro-
cess of trophoblast invasion, PAI-1 is a critical regulator 
that controls proteolysis and maternal tissue remodeling 
[12]. Greater transcription of the PAI-1 gene is linked to 
homozygosity of the 4G allele of the PAI-1 gene in the 
promoter region, resulting in increased gene expression. 
Individuals who are homozygous for the 4G allele have 
the highest levels of PAI-1 in their plasma, while het-
erozygote intermediates and 5G homozygotes have the 
lowest levels [44].

Several research has looked into the potential risk 
of RPL in patients with PAI-1 4G/5G polymorphism 
in recent years, but the results have been equivocal or 

conflicting [2, 8, 9, 17, 22, 24, 25, 38, 42]. This contradic-
tion could be due to issues such as uncorrected multiple 
hypothesis testing, inadequate statistical power, publica-
tion biases, and ethnic inequalities. Previous meta-anal-
yses [14, 15] based on published material have looked 
into the possibility of RPL susceptibility with the PAI-1 
4G/5G polymorphism. Several more single-center inves-
tigations have recently been conducted [9, 21, 26, 31, 48]. 
To evaluate the existing totality of information on the risk 
of RPL with PAI-1 4G/5G polymorphism, we conducted 
this updated systematic review and meta-analysis utiliz-
ing stronger search parameters and a methodological 
quality analysis of the included studies and data.

Materials and methods
Search strategy
A comprehensive literature search regarding PAI-1 
mutations and recurrent pregnancy loss was performed 
through the major databases of PubMed/Medline, Sco-
pus, ISI Web of Knowledge, and Google Scholar till 30th 
January 2024 using keywords of (4G/5G OR PAI-1 OR 
“plasminogen activator inhibitor-1” OR Thrombophilia) 
AND (abortion OR miscarriage OR “pregnancy loss”). 
Moreover, we considered the reference lists of included 
articles in order to discover any further studies. Language 
and time restriction was not applied. Two reviewers 
independently screened the retrieved articles to assess if 
the study would meet the criteria for inclusion.

Inclusion criteria
All titles of papers and their abstracts were attentively 
screened to distinguish their relevance. If the abstract 
represented that potential inclusion criteria were met 
or if the abstract did not provide enough information to 
ensure a decision, full texts were reviewed. The studies 
were qualified for inclusion if they indicated the follow-
ing criteria: (1) being case-control studies, (2) evaluating 
the relationship between PAI-1 and the risk of RPL, (3) 
defining RPL as two or more losses less than 24 weeks of 
gestation, (4) detecting mutation through DNA analysis 
techniques (PCR-RFLP, PCR and reverse hybridization, 
ARMS-PCR and, real-time PCR, sequencing), and (5) 
publications in which effect sizes were reported by rate or 
risk ratios (RRs) or odds ratios (ORs). In case of disagree-
ment about the inclusion of a study between the authors, 
a third person (E.M) assessed the study in question and 
made the final decision.

Exclusion criteria
The applied exclusion criteria were (1) case reports, let-
ters to editor, animal studies, reviews, and meta-analyses, 
(2) those did not report ORs or RRs as effect size, (3) 
studies on other polymorphisms of thrombophilic genes 
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or polymorphisms in PAI-1 gene other than 4G/5G, (4) 
studies on some other adverse pregnancy outcomes apart 
from fetal loss, and (5) studies including participants 
with RPL of known cause or RPL in patients with under-
ling disease.

Data extraction
All information from studies was extracted indepen-
dently by two reviewers using a pre-designed table 
(Table  1). The following data were extracted from each 
article (1) first author’s familial name, year of publication, 
country, mean age of the participants, sample size (num-
ber of included cases/controls in each study), methodol-
ogy used for polymorphism detection, comparison of the 
number of abortions in patient vs controls, the reported 
ORs or RRs with corresponding 95% Confidence Inter-
vals (CIs) for heterozygous or/and homozygous women 
for PAI-1 based on time of RPL. Again any disagreements 
between the reviewers were resolved by the principal 
investigator (E.M).

Statistical analysis
The analyses were conducted by the use of version 14th 
of Stata software. For all obtained results, the statistical 
significance range was considered under 0.05. To calcu-
late log OR and its standard errors (SEs), ORs and RRs 
with 95% CIs for odds of RPL were considered. Random 
effects model was used to calculate Pooled odds ratios 
(OR) and their 95% CIs, considering inter-study variabil-
ity. A meta-analysis on the association between the risk 
of RPL and polymorphisms of PAI-1 4G/5G (heterozy-
gote), 4G/4G (homozygote), and 4G/5G+4G/4G (mixed 
genotype) genotypes was performed. I-squared and 
Cochrane’s Q test were used to assess the heterogeneity 
between studies and it was considered significant when 
I2>50%. Funnel plot asymmetry was inspected visually 
to evaluate publication bias and statistical assessment of 
these plots was performed by Egger’s regression asymme-
try tests. To investigate the extent to which results might 
depend on a specific study or group of studies, sensitivity 
analysis was carried out.

Results
Characteristics of included studies
Based on our search strategy overall 1352 articles on the 
association between PAI-1 4G/5G polymorphism and 
RPL were retrieved through comprehensive database 
searching. Through the screening and selection process, 
1329 articles were excluded. Ultimately 30 effect sizes 
from 23 publications [1, 5, 7, 10, 11, 16, 18–21, 23, 25, 27, 
28, 31, 34, 35, 37, 39–41, 46, 47] were considered eligible 
for the final meta-analysis, including 4284 RPL cases and 

3549 controls. Table  1 presents the detailed data of the 
included publications.

For PAI-1 4G/4G polymorphism 2231 cases and 1961 
controls were included [1, 7, 11, 16, 21, 25, 27, 28, 31, 37, 
41, 46, 47], while for PAI-1 4G/5G polymorphism 2278 
cases and 1846 controls [5, 11, 18, 19, 21, 25, 28, 31, 34, 
37, 39, 41]  and for PAI-1 4G/4G+4G/5G (mixed geno-
types) 4284 cases and 3549 controls were considered [1, 
7, 5, 10, 11, 16, 18–25, 27, 28, 31, 34, 35, 37, 39–41, 46, 
47]. The complementary data about retrieved studies like 
the country where the study was conducted, number of 
cases and controls in each study, number of RPLs, time of 
RPLs, mean age of cases and controls, and the mutation 
assessment techniques are indicated in Table 1.

Meta‑analysis on PAI‑1 4G/4G (homozygous) and RPL risk
The results of the meta-analysis on homozygous PAI-1 
4G/4G and the risk of RPL are shown in Fig. 1. Among 
the selected publications, 13 studies investigated the 
association between PAI-1 4G/4G polymorphism and 
risk of RPL. Each timing category for RPL in these studies 
was considered as a separate group; therefore, we derived 
16 effect sizes from 13 studies.

Amongst, six effect sizes have been reported for the 
association of PAI-1 4G/4G and RPLs under 12 weeks 
[11, 16, 31, 37, 46, 47], two on the association of PAI-1 
4G/4G and RPLs over 12 weeks [46, 47], seven effect 
sizes on the association of PAI-1 4G/4G RPLs under 24 
weeks [1, 7, 21, 25, 27, 28, 41] and one effect size on this 
association and early-late RPL [47].

Combining 16 effect sizes derived from 13 case-control 
studies, depicted an overall 2.5-fold significant increased 
risk of RPL in homozygous women with PAI-1 4G/4G 
polymorphism (OR: 2.57; 95% CI: 1.69-3.90; P=0.00). 
The heterogeneity among studies was found to be sig-
nificant (I2=76%, P<0.000). Therefore, we performed 
subgroup analysis based on time of RPL, race (was identi-
fied according to the location of the study, when it was 
not clearly stated), polymorphism assessment method, 
and number of losses to find any possible sources of the 
heterogeneity. The results of the subgroup analysis are 
shown in Table  2. Evidence of a significant publication 
bias was found (Egger’s test=0.00). In addition, sensitiv-
ity analysis indicated that no single study affected the 
findings. When the ratio comparing odds of homozygous 
form of PAI-1 4G/4G in the RPL and control groups were 
calculated with its 95% confidence interval (CI), a sig-
nificant increase in the risk of recurrent miscarriage was 
observed with RPLs under 12 weeks (OR:1.82; 95% CI: 
1.34-2.47), and under 24 weeks (OR: 1.46; 95% CI: 1.11-
1.92), while it was not statistically significant in RPLs 
over 12 weeks (OR: 4.12; 95% CI: 2.26-7.51).
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According to subgroup analysis based on race, the asso-
ciation of RPL and homozygous polymorphism (4G/4G) 
was higher than six folds in Greater Middle East (OR: 
6.47; CI: 3.23-12.97) but it wasn’t statistically significant 
(P=0.16), while it was significant in Asian subgroup (OR: 
2.10; CI: 1.65-2.69) and European population (OR: 1.04; 
CI: 0.73-1.48). The number of abortions was also signifi-
cantly associated with PAI-1 4G/4G (P=0.00), for both 
recurrent miscarriages ≥2 (OR: 2.09; CI: 1.64-2.65) and 
recurrent miscarriages ≥3 (OR: 1.38; CI: 1.01-1.88).

In connection with the mutation assessment tech-
niques used in the included studies, 4 different methods 
were used and PCR-RFLP was the most repetitive one. 
Differences in the accuracy and performance of these 
techniques can act as a source of heterogeneity.

Meta‑analysis on PAI‑1 4G/5G (heterozygous) and RPL risk
The results of the meta-analysis on heterozygous PAI-1 
4G/5G and the risk of RPL are shown in Fig. 2. The asso-
ciation between PAI-1 4G/5G polymorphism and risk of 
RPL was inquired among 12 publications of the selected 
studies. Considering the details, four effect sizes have 

been reported for the association of PAI-1 4G/5G and 
RPLs under 12 weeks [11, 19, 31, 37], one on the asso-
ciation of PAI-1 4G/5G and RPLs over 12 weeks [5], and 
seven effect sizes on the association of PAI-1 4G/5G 
RPLs under 24 weeks [18, 21, 25, 28, 34, 39, 41].

The analysis indicated an overall 2-fold significant 
increase in the risk of RPL for heterozygous women with 
PAI-1 4G/5G polymorphism (OR: 2.02; 95% CI: 1.39-
2.92: P=0.00). Subgroup analysis has been performed 
considering the significant heterogeneity among stud-
ies (I2=83.4%, P<0.000), and the results are shown in 
Table  3. Significant publication bias was found (Egger’s 
test=0.805), moreover; sensitivity analysis confirmed 
that no single study had an effect on the findings. Com-
paring the heterozygous form of PAI-1 in RPL and con-
trol groups, the results infer a significant increase in the 
risk of recurrent miscarriage with RPLs under 24 weeks 
(OR: 1.91; 95% CI: 1.58-2.31), but not in RPLs under 12 
weeks (OR: 1.59; 95% CI: 1.20-2.10). In addition, compar-
ing between different descent, the association of PAI-1 
4G/5G polymorphism and RPL was significantly more 
than two folds in Greater Middle East (OR: 2.93; CI: 

Fig. 1  Association of homozygous PAI-1 4G/4G and risk of RPL
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Table 2  Supplementary. Subgroup analysis for the association between PAI-1 4G/4G and the risk of RPL

Variables PAI-1 4G/4G
OR (95%CI)

I2 Pbetween Number 
of Effect 
sizes

Race
  Asian 2.10 (1.65-2.69) 69.1 0.002 8

  Greater Middle Eastern 6.47 (3.23-12.97) 41.1 0.165 4

  European 1.04 (0.73-1.48) 74.8 0.019 3

  Latin American 0.82 (0.34-1.97) - - 1

NO of miscarriage
  ≥2 2.09 (1.64-2.65) 76.7 0.000 11

  ≥3 1.38 (1.01-1.88) 74.0 0.004 5

Mutation assessment
  PCR-RFLP 1.90 (1.52-2.37) 79.6 0.000 11

  PCR and reverse hybridization 19.29 (2.42-153.82) - - 1

  Allele Specific PCR 1.59 (1.06-2.37) 58.4 0.091 3

  Sequencing 0.82 (0.34-1.97) - - 1

Time of RPL
  ≤12 weeks 1.82 (1.34-2.47) 73.1 0.002 6

  ≥12 weeks 4.12 (2.26-7.51) 40.0 0.193 2

  ≤24 weeks 1.46 (1.11-1.92) 81.6 0.000 7

  Early-late 2.10 (0.91-4.85) - - 1

Fig. 2  Association of heterozygous PAI-1 4G/5G and risk of RPL
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2.41-3.56) while it wasn’t significant in Asian (OR: 1.14; 
CI: 0.82-1.57) and European (OR: 1.32; CI: 0.91-1.93) 
populations. Considering the association between PAI-1 
4G/5G polymorphism and the number of abortions, the 
association was statistically significant in both groups 
(P=0.00), albeit there was not a distinguishable difference 
between the two groups, for ≥2 RPLs (OR: 2.03; CI: 1.66-
2.48) and for ≥3 RPLs (OR: 2.08; CI: 1.67-2.59).

Meta‑analysis on PAI‑1 4G/4G+ 4G/5G (Mixed Genotype) 
and RPL risk:
The graphs related to the results of the meta-analysis 
on PAI-1 mixed genotype and risk of RPL are provided 
in Fig. 3. Twenty-three studies out of the total included 
publications addressed the association between mixed 
genotype of PAI-1 and the risk of RPL. Considering 
each different timing category for RPL in these studies 
as a separate group, we derived 30 effect sizes from 23 
publications.

The association between mixed genotype and RPLs 
have been reported by nine effect sizes for under 12 
weeks [10, 11, 16, 19, 31, 37, 46, 47], by three related 
effect sizes for over 12 weeks [5, 46, 47], by 17 effect sizes 
for under 24 weeks [1, 7, 18, 20, 21, 23, 25, 27, 28, 28, 34, 
35, 39–41], and finally by one effect size on this associa-
tion with early-late RPL [46, 47].

Considering the 30 size effects obtained from 23 stud-
ies, an overall 2.49-fold increased risk of RPL for mixed 

genotype (OR: 2.31; 95% CI: 1.81-2.93) was observed. The 
subgroup analysis was performed in accordance with the 
above, since the heterogeneity among studies found to be 
significant here as well (I2=79.5%, P<0.000).

The results of the subgroup analysis have been men-
tioned in Table  4. According to the results an evidence 
of a significant publication bias was found (Egger’s 
test=0.027) while, sensitivity analysis inferred that no 
single study affected the results. Analysis indicated that 
mixed genotype of PAI-1 in the RPL compare to the 
control groups shows a significant increase in the risk 
of the recurrent miscarriage with RPLs under 12 weeks 
(OR: 2.09; 95% CI: 1.49-2.93), and under 24 weeks (OR: 
2.10; 95% CI: 1.52-2.92), while it was not statistically sig-
nificant in RPLs over 12 weeks (OR: 4.96; 95% CI: 3.32-
7.40). In addition, comparing different populations, the 
association of mixed genotype and RPL was significantly 
around three folds in Greater Middle East (OR: 3.01; CI: 
2.16-4.19) and it was also positive in Asian (OR: 2.37; CI: 
1.55-3.61) and European (OR: 1.38; CI: 0.91-2.10) popu-
lations. Looking at the association between mixed geno-
type of PAI-1 polymorphism and number of abortions, 
the association was statistically significant in both groups 
(P<0.00), although there was not a distinguishable differ-
ence between the two groups, for ≥2 RPLs (OR: 2.40; CI: 
1.77-3.26) and for ≥3 RPLs (OR: 2.12; CI: 1.77-3.26).

Discussion
The results of this systematic review and meta-analysis 
of 22 case-control studies showed that PAI-1 4G/5G 
polymorphisms were significantly associated with RPL 
in both heterozygous and homozygous cases in addition 
for the mixed genotypes. The stratified analysis based on 
geographic region in contradiction with a former meta-
analysis by Li et al. [32] revealed a significant association 
between the PAI-1 4G/5G polymorphism and the risk of 
RPL for all Greater Middle Eastern, Asians and Europe-
ans populations. This association was stronger in Greater 
Middle East descent although it was not significant for 
homozygous cases and this stronger association might be 
due to higher number of studies that was conducted in 
these areas. The analysis of data based on time and the 
number of abortions showed that pregnant women carry-
ing the polymorphism PAI-1 4G/5G were associated with 
an increased risk for RPL. The association was statisti-
cally significant in different groups (P=0.00), although 
there was not a distinguishable difference between the 
heterozygous, homozygous and mixed genotype groups.

Recurrent pregnancy loss is regarded as a difficult 
problem with many facets that is little understood. 
Growing evidences have accumulated over the years 
supporting the link between RPL and thrombophilic 
or hypofibrinolytic gene variations [2, 8, 9, 17, 22, 24, 

Table 3  Supplementary. Subgroup analysis for the association 
between PAI-1 4G/5G and the risk of RPL

Variables PAI-1 4G/4G
OR (95%CI)

I2 Pbetween Number 
of effect 
sizes

Race
  Asian 1.14 (0.82-1.57) 3 0.310 2

  Greater Middle Eastern 2.93 (2.41-3.56) 80.0 0.000 7

  European 1.32 (0.91-1.93) 70.1 0.067 2

  Latin American 1.62 (0.89-2.95) - - 1

NO of miscarriage
  ≥2 2.03 (1.66-2.48) 88.6 0.000 7

  ≥3 2.08 (1.67-2.59) 70.4 0.009 5

Mutation assessment
  PCR-RFLP 1.93 (1.61-2.30) 86.9 0.000 8

  ARMS-PCR 2.25 (1.30-3.88) 88.4 0.003 2

  Allele-Specific PCR 2.78 (1.95-3.97) - - 1

  Sequencing 1.62 (0.89-2.95) - - 1

Time of RPL
  ≤12 weeks 1.59 (1.20-2.10) 0 0.532 4

  ≥12 weeks 5.57 (3.62-8.58) - - 1

  ≤24 weeks 1.91 (1.58-2.31) 84.8 0.000 7
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25, 38, 42]. A hypofibrinolytic state can result from the 
PAI-1-675 4G variant, which is linked to gene overex-
pression. PAI-1 is upregulated throughout implantation 
to alter trophoblast cells and stop hemorrhage during 
placentation. The most plausible explanation is that 4G 
alleles (including 4G/5G and 4G/4G) can increase PAI-
1 gene expression, preventing fibrin lysis that causes 
placental thrombosis and limiting trophoblastic migra-
tion through regulating proteolysis and maternal tissue 
modification, ultimately leading to abortion [30]. For 
women in the first trimester of pregnancy, high PAI-1 
expression is closely associated with hypofibrinoly-
sis and thrombotic problems. Numerous case-control 
studies on the risk of RPL in women with the 4G/5G 
polymorphism of the PAI-1 gene have been conducted, 
however the results have been inconsistent depend-
ing on the ethnic group and the study design [8, 23, 
43]. Therefore, it is advised that pregnant women be 
screened for the PAI-1-675 polymorphism, particularly 
those who experience RPL. If necessary, anticoagu-
lant medication can be used during pregnancy to treat 

pregnant women who have the 4G allele and high levels 
of PAI-I.

Previous research on the relationship between PAI-1 
4G/5G polymorphisms and the risk of RPL has produced 
conflicting result. Both the rising prevalence of these two 
polymorphisms in individuals with a history of RPL and 
the lack of a substantial correlation between these two 
polymorphisms and RPL have been noted. Therefore, 
combining the findings of several research can produce 
a more conclusive result than doing it in isolation. As a 
result, we carried out a meta-analysis and a systematic 
review to compile the findings of earlier research in this 
area. Our study revealed a strong correlation between 
RPL and PAI-1 4G/5G polymorphisms which concur 
with the findings of earlier meta-analyses. For instance 
while patients with homozygote 4G mutations were 
much more likely to experience RPL compared to healthy 
controls, Khosravi et  al. [25] found a link between PAI-
1 and RPL and implantation failure (IF) in the Iranian 
population [25]. A study performed a systematic review 
and meta-analyses in which subgroup analysis showed 

Fig. 3  Association of PAI-1 (4G/4G+4G/5G) and risk of RPL
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a significantly elevated susceptibility to RPL in Asians, 
Caucasians, and Africans [17]. In concordance, our study 
showed that the PAI-1 4G/5G polymorphism probably 
provides a genetic contribution to the emergence of RPL. 
The findings might be used to create a theoretical frame-
work for practical RPL prevention and treatment efforts.

On the other hand, Su et  al. [44] published a system-
atic review and meta-analysis of 11 studies showing that 
high clinical heterogeneity existed among studies of PAI-
1 4G/5G, and the aggregated data failed to confer higher 
susceptibility to idiopathic RPL in Caucasian and non-
Caucasian patients [44]. A prior systematic review and 
meta-analysis found significant association between the 
PAI-1 4G/5G polymorphism and the risk of RPL under 
the recessive model (OR = 1.70, 95% CI = 1.21–2.38). 
However, in contrast to our findings no significant asso-
ciation between the PAI-1 4G/5G polymorphism and 
RPL was reported in this study [42].

The wide heterogeneity in clinical and methodological 
approaches of included studies was one of the obstacles 
in the way of this meta-analysis although we tried to han-
dle this issue using sub group analysis. Considering the 
limitations of this study, we only included articles which 
had reported odd ratios thus some of the studies that had 
only reported frequencies were left out. In addition, we 
only looked at published studies, and also excluded some 
studies because they lacked sufficient data.

In summary, the significance of 4G/4G and 4G/5G 
polymorphisms as potential risk factors for RPL is high-
lighted by this meta-analysis. The results highlight the 
importance of routinely screening and analyzing PAI-1 
(4G/5G) polymorphism alterations in patients with RPL, 
particularly in Greater Middle East area.
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