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Abstract
Background: Infertility is a major issue of concern for couples at reproductive age. The underlying causes of infertility
remain unknown in 15-30 % of the cases. Plasminogen activator inhibitor type 1 (PAI-1), which is a major fibrinolytic
factor, has been associated with increased infertility risk. DNA variants at PAI-1, such as -675 4G/5G promoter polymorphism, have been implicated in infertility-related reproductive disorders, possibly due to a molecular mechanism
involving implantation failure. This study aims to investigate the association of PAI-1 4G/5G polymorphism to otherwise
unexplained female infertility in a sample of women of Greek ethnic origins.
Methods: We enrolled in this study 222 women from the population of Northern Greece; 115 women with unexplained
infertility (group 1) and 107 normal fertile women (group 2). All participants were genotyped for PAI-1 -675 by real-time
polymerase chain reaction.
Results: Our results indicate an association with the PAI-1 4G allele in our sample of women with unexplained infertility. The dominant genetic model supports the association, in contrast to the recessive genetic model.
Conclusions: Our results indicate that PAI-1 4G/5G polymorphism is a promising screening factor which could potentially be a target for certain cases of unexplained female infertility. However, they should be interpreted with caution and
should be validated in larger studies and diverse populations. In addition, other variants in genes involved in thrombophilia might need to be considered. HIPPOKRATIA 2017, 21(4): 180-185.
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Introduction
The basic infertility evaluation fails to identify the
causes of infertility in approximately 15 to 30 % of couples. As a result, infertility of unknown etiology is usually treated empirically, on an individual basis and remains
a challenging issue concerning its causes and appropriate
management1.
Embryonic implantation failure, defective placentation, and thrombophilia have been proposed as some of
the underlying contributing factors in unexplained female infertility. For the prevention of pregnancy loss, attributed to fibrin accumulation in the intervillous space,
decidual vessel thrombosis, and problematic placental
circulation, the balance between coagulation and fibrinolysis is crucial. The imbalance towards hypercoagulation
has been associated with pregnancy complications, such
as placental abruption, recurrent pregnancy loss, intrauterine growth retardation, intrauterine fetal loss, and
preeclampsia2,3.
Plasminogen activator inhibitor-1 (PAI-1) is an im-

portant fibrinolytic factor, which is implicated in thrombotic complications4. PAI-1-675 (4G/5G) insertion-deletion polymorphism in the promoter region of SERPINE1
(PAI-1) gene, is one of the modulator variants of PAI-1
expression. The 4G allele is associated with upregulation
of PAI-1 transcription and overexpression5, resulting in
higher PAI-1 plasma levels and possibly inhibition of fibrinolysis4. At the same time, it could trigger or reinforce
the trophoblast invasion process6,7.
Association studies between PAI-1 gene variants and
pregnancy complications are limited and controversial.
Moreover, their association with unexplained female infertility remains largely unexplored. The present study
aimed to evaluate the contribution of PAI-1 4G/5G polymorphism to unexplained female infertility in a sample of
Greek women from the population of Northern Greece.
Materials and methods
This retrospective case-control study was conducted
from October 2011 until October 2017. All participants
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were Caucasian and of Greek origin, who lived in Northern Greece and were enrolled in the study from January
2012 until January 2016. They consisted of consecutive
infertile patients attending the Hematology outpatient
clinic, of the fourth department of Internal Medicine in
co-operation with the third department of Obstetrics and
Gynecology of the Aristotle University of Thessaloniki, at Hippokration General Hospital of Thessaloniki.
A total of 222 women from the population of Northern
Greece were enrolled. The study was approved by the
Bioethics Committee of Medical School of the Aristotle
University of Thessaloniki and written informed consent
was obtained by all participants of this study. Women
were divided into two groups: the first group consisted
of 115 women with unexplained infertility, and the second group, which was the control group, consisted of
107 normal fertile women (with normal conceptions and
pregnancies, and no history of miscarriages or pregnancy
complications) (Table 1).
The diagnosis of unexplained infertility was established after detailed personal medical history was recorded and the following examinations had been performed,
in order to rule out known infertility factors:
i) Ultrasound, hysteroscopy or hysterosalpingogram
for anatomic abnormalities in the fallopian tubes or the
uterus, as well as polycystic ovary syndrome (PCOS) or
endometriosis.
ii) Follicle stimulating hormone (FSH), Luteinizing hormone (LH), progesterone, Anti-Müllerian hormone (AMH), Estradiol (E2), 17-hydroxyprogesterone
(17-OHP), prolactin, testosterone, free triiodothyronine
(FT3), free thyroxine (FT4), Thyroid-stimulating hormone (TSH), triiodothyronine (T3), thyroxine (T4) levels
for hormonal abnormalities.
iii) Antithyroid autoantibodies, antinuclear autoanti-

bodies, antiphospholipid autoantibodies for autoimmune
disorders.
iv) Chlamydia trachomatis, Neisseria gonorrhoeae,
Mycoplasma genitalium for microbiological infection.
v) Karyotype for genetic abnormalities.
vi) Anatomic clinical examination, semen analysis,
microbiological examination and karyotype for male
partner examination.
If any of these infertility factors was identified, cases
were excluded from this study (Figure 1).
During the participants’ visit in the clinic, written informed consent was obtained, and a sample of whole peripheral blood was donated for this study which was collected in ethylenediaminetetraacetic acid (EDTA) tubes.
DNA was extracted using the QIAamp® DNA Blood
Mini Kit (QIAGEN®, Hilden, Germany) and the PAI-1
4G/5G variant was determined by Real-Time polymerase
chain reaction (PCR), using the commercially available
kit, LightMix® Kit human PAI-1 4G/5G (TIB MOLBIOL
GmbH, Berlin, Germany) according to the manufacturer’s instructions and specifications. Following PAI-1
gene PCR amplification with specific primers, specific
hybridization probes allowed PCR fragment analysis.
Thus, the 5G/5G, 4G/5G, and 4G/4G genotypes were
determined by the identification of the different melting
points (Tm) of the 4G and 5G alleles in the melting curve.
Statistical analysis
The SPSS Statistics for Windows (SPSS Inc, Chicago, Illinois, USA) version 17.0 was used for statistical analysis. The Chi-square test was used to examine
the Hardy–Weinberg equilibrium (HWE) for PAI-1-675
(4G/5G) genotype distributions in the control group. Deviation from HWE was assessed for a p-value of less than
0.05. The Pearson chi-square test was used to determine

Table 1: Inclusion criteria for the enrollment of cases (women with unexplained infertility) and controls (normal fertile women)
from the population of Northern Greece.
Patient Inclusion Criteria
•
•
•
•
•
•

•
•
•
•
•

Caucasian women of Greek origin, who live in Northern Greece
Primary infertility (never pregnant)
At least one year unprotected regular intercourse
No male partner infertility (normal anatomy, no varicocele, normal
semen analysis, no infection, and normal karyotype)
No anatomic abnormalities of the fallopian tubes (e.g. polyps, adhesions) or the uterus (e.g. fibromyomas, bicornuate uterus)
Normal hormone levels (follicle stimulating hormone (FSH), Luteinizing hormone (LH), progesterone, Anti-Müllerian hormone (AMH),
Estradiol (E2), 17-hydroxyprogesterone (17-OHP), prolactin, testosterone, free triiodothyronine (FT3), free thyroxine (FT4), Thyroidstimulating hormone (TSH), triiodothyronine (T3), thyroxine (T4)
levels for hormonal abnormalities
No infections (Chlamydia trachomatis, Neisseria gonorrhoeae, Mycoplasma genitalium)
No immunologic factors (antithyroid autoantibodies, antinuclear autoantibodies, antiphospholipid autoantibodies)
No Polycystic ovary syndrome (PCOS), no endometriosis, no Premature Ovarian Failure (POF)
No other health problems (e.g. cancer, thyroid, diabetes mellitus)
Normal karyotype

Control Inclusion Criteria
•
•
•
•
•

Caucasian women of Greek
origin, who live in Northern
Greece
Have given birth at least once
Uncomplicated pregnancies
After normal spontaneous
conception
No personal history of
miscarriages

182

KYDONOPOULOU K

Figure 1: Flowchart explaining the process of excluding cases for the enrollment of women with unexplained infertility.

the significance of the differences between patients and
controls. The indication of statistical significance was set
at a p-value of 0.05 or less.
Results
The patient group consisted of 115 Greek women
aged 25-48 (median: 36) years with a body mass index
(BMI) between 19.1 and 29.9 [mean BMI ± standard deviation (SD): 23.0 ± 1.9]. The control group consisted of
107 Greek women aged 22-48 (median: 37) years with
a BMI between 18.6 and 31.2 (mean BMI ± SD: 22.7 ±
2.3). The duration of unexplained infertility ranged from
one to five years.
HWE: Data quality testing
Testing for HWE was considered essential in order
to confirm the quality of data. The control group was in
HWE for the PAI-1-675 polymorphism (p =0.135).
Comparison of Unexplained Infertility group vs. Control
group
A significant difference was observed in the genotype
frequencies between infertile women of unknown etiology and controls [x2(2) =7.593; p =0.022]. Among infertile women, the 5G/5G genotype was detected in 22.6 %

(26/115), the 4G/5G genotype in 48.7 % (56/115), and
finally the 4G/4G genotype in 28.7 % (33/115) of the participants. For the control group, the respective frequencies were 39.3 % (42/107), 41.1 % (44/107), and 19.6 %
(21/107). In particular, it seems that their difference mainly lies in the difference of the 5G/5G genotype between
the two groups (Adj.Res. =│2.7│>│2.2│). Consequently, for heterozygotes (Adj.Res. =│1.1│<│2.2│) and homozygotes for the 4G allele (Adj.Res. =│1.6│<│2.2│),
where the difference between the two groups is not significant, we could conclude that for our study population
in total (107+115 =222 women) the genotype frequencies
are estimated to be 45 % (100/222) heterozygotes and
24.3 % (54/222) 4G homozygotes (Table 2).
Dominant Genetic Model
Upon testing for the autosomal dominant genetic
model, it was estimated that 22.6 % (26/115) of the infertile group of women were 5G/5G, and 77.4 % (89/115)
were either 4G/5G or 4G/4G. On the other hand, within
the control group, 39.3 % (42/107) were 5G/5G, and 60.7
% (65/107) had at least one 4G allele. The difference between the two groups is considered to be statistically significant [x2(1) =7.226; p =0.007] (Table 2).
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Table 2: Comparison of genotype frequencies of the PAI-1 -675 4G/5G polymorphism in women with unexplained infertility
and fertile women from the population of Northern Greece. Examination under the dominant and recessive genetic model.
Data reveals association between the polymorphism and unexplained female infertility, especially under the dominant model,
although not under the recessive one.
DOMINANT MODEL
RECESSIVE MODEL
Genotype frequency
Genotype Frequency
Genotype Frequency
PAI-1 -675
genotype
Infertility
Control
Infertility
Control
Infertility
Control counts (%)
counts (%)
counts (%)
counts (%)
counts (%)
counts (%)
5G/5G
26 (22.6%)
42 (39.3%)
26 (22.6%)
42 (39.3%)
82 (71.3%)
86 (80.4%)
4G/5G
56 (48.7%)
44 (41.1%)
89 (77.4%)
65 (60.7%)
33 (28.7%)
33 (28.7%)
21 (19.6%)
4G/4G
21 (19.6%)
Total counts
p value

115

0.022

107

115

Recessive Genetic Model
By contrast, upon testing for the autosomal recessive
genetic model, the difference between the two groups
was not statistically significant [x2(1) =2.477; p =0.116].
More specifically, the 4G/4G genotype was detected in
28.7 % (33/115) of infertile women whereas the 5G/5G
and 4G/5G genotypes in 71.3 % (82/115). For the control group, 4G homozygotes account for 19.6 % (21/107),
while 80.4 % (86/107) were either 5G/5G or 4G/5G. In
this case, 24.3 % (54/222) of the total study population
were 4G/4G, and 75.7 % (168/222) were either heterozygotes or 5G/5G (Table 2).
Discussion
Our results suggest that the quality of our data, after
testing for HWE, is sufficient to exclude the case of genotyping mistakes or publication bias. Statistical analyses
indicate an association between the PAI-1-675 genotype
and unexplained female infertility. In fact, with our null
hypothesis (H0) of no association and p-value of 0.022,
the likelihood of falsely rejecting H0 is limited to a 2.2 %
chance. Similarly, under the autosomal dominant genetic
model, i.e., if we suppose that all that matters is the presence and not the dosage of the 4G allele, we still found an
association between the PAI-1-675 genotype and unexplained infertility in women. However, under the autosomal recessive genetic model, there is no indication of this
association. Thus, our results do not support the idea that
unexplained infertility in women is associated only with
homozygosity for the 4G allele (4G/4G genotype), but
rather with the presence of the 4G allele in general (both
homozygous and heterozygous).
The PAI-1 4G/5G polymorphism has been linked
to elevated PAI-1 levels8. In view of the association of
this polymorphism with otherwise unexplained female
infertility, we postulate that PAI-1 overexpression may
be responsible for this unexplained infertility; however,
this remains to be explored. Besides, there are also other
factors triggering PAI-1 elevation, including hypoxia,
fibroblast growth factor (FGF), epidermal growth factor
(EGF), vascular endothelial growth factor (VEGF), and
interleukin 1 (IL-1)9.

0.007

107

115

0.116

107

PAI-1 levels and Reproductive Disorders
PAI-1 plasma levels have been strongly associated
with multiple diseases, especially cardiovascular, such as
(recurrent) myocardial infarction (MI), as well as atherosclerosis10. Moreover, it seems to play a significant role in
cancer, insulin resistance, and diabetes, fibrosis and even
in asthma11-14. Additionally, several studies have identified a correlation between PAI-1 and various reproductive disorders that could lead to infertility problems15.
Recurrent pregnancy loss (RPL)16, preeclampsia17,
insulin resistance syndrome and especially polycystic
ovary syndrome (PCOS)18 have all been associated with
elevated plasma levels of PAI-1. Increased PAI-1 expression has been detected even at a more localized level, e.g.,
at the placenta of intrauterine growth restriction (IUGR)
patients19 or endometriotic stromal cells20.
The underlying mechanism of most of these multiple
actions of PAI-1 is based on its contradictory effect on
cell invasion, since it can either promote or inhibit cell
invasion, like another Dr Jekyll and Mr Hyde. Thus, on
the one hand, PAI-1, which is expressed among others
in the placenta and localized in cytotrophoblasts, intermediate and syncytiotrophoblasts21 reduces extravillous
cytotrophoblast invasion to the maternal side in early
pregnancy22, mainly due to inhibition of extracellular matrix degradation and the resulting fibrin accumulation23-24.
The above-described mechanism, where elevated PAI-1
levels prevent trophoblast invasion, is likely to apply to
preeclampsia25 and IUGR19.
Furthermore, PAI-1 can also be responsible for defective placental vascular remodeling of maternal spiral
arteries and consequently for pregnancy complications,
including preeclampsia, RPL, and IUGR26-28.
On the other hand, PAI-1 promotes tumor cell migration and invasion29. Indeed, it was shown that in a dosedependent manner, PAI-1 low dose provokes tumor angiogenesis, whereas high dose suppresses it30. Similarly
to cancer, it promotes endometriotic cell invasion, contributing to endometriosis20.
PAI-1 4G/5G polymorphism and Reproductive Disorders
The PAI-1 4G/5G polymorphism is one of the factors contributing to PAI-1 elevation, although it is not the
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only one8. The PAI-1 4G/5G contribution to RPL remains
controversial. Some studies suggest that it is related to
unexplained RPL and defective implantation, particularly
in Caucasians according to a meta-analysis31,32 or Asians
and Africans, according to another meta-analysis33, while
others suggest that multiple thrombophilic mutations are
responsible, rather than a single polymorphism34. Similarly, some studies have demonstrated an association of
the 5G/5G genotype with early-onset severe preeclampsia35, while other meta-analyses did not support such an
association36. Infertility due to endometriosis has also
been linked to 4G/5G polymorphism37, although there are
studies with contradictory results. As for IUGR, no correlation to the PAI-1 4G/5G polymorphism has been demonstrated38. Nonetheless, an association seems likely as
far as PCOS is concerned, in various populations (Asian,
Turkish, and European)39.
Limitations
Obviously, limitations in a study are inevitable. The
present study enrolled a relatively small sample size and,
as it is original, its sample size calculation was based on
a preliminary pre-study of the first thirty samples. In the
future larger studies are needed, comparing primary to
secondary infertility, infertility before and after assisted
reproduction methods, or groups of different infertility
duration. Moreover, other potential infertility factors, that
have not been tested cannot be ruled out, for example,
smoking or other thrombophilic gene variants. Additionally, as already mentioned, this study has not examined
PAI-1 levels.
Conclusion
Our study indicated an association between the PAI-1
4G/5G polymorphism and unexplained female infertility
of unknown etiology, as far as the population of Northern
Greece is concerned. In particular, this association refers
to the presence of the 4G allele and is potentially due to
defective implantation. However, our results should be
interpreted with caution, since larger studies, on different
populations, that will take into account multiple thrombophilic gene interactions, are required. Nonetheless, the
PAI-1 4G/5G could be a promising screening test to be
utilized in cases of otherwise unexplained female infertility. Further investigations are essential to demonstrate
whether PAI-1 levels are indeed elevated in unexplained
infertility and if PAI-1-related infertility could be addressed by anti-coagulation treatments.
Conflicts of interest
There are no conflicts of interest.
Acknowledgement
The authors are thankful to Vasilakos Konstantinos and
Tsioni Konstantina for their help with obtaining informed
consents, keeping records of the participants’ medical
history, collecting samples and data processing. We also
thank Kyrka Krystallia for the efforts in obtaining in-

formed consents, collecting and processing samples.
References

1. Practice Committee of the American Society for Reproductive
Medicine. Effectiveness and treatment for unexplained infertility. Fertil Steril. 2006; 86: S111-S114.
2. Goodman CS, Coulam CB, Jeyendran RS, Acosta VA, Roussev
R. Which thrombophilic gene mutations are risk factors for recurrent pregnancy loss? Am J Reprod Immunol. 2006; 56: 230236.
3. Patnaik MM, Haddad T, Morton CT. Pregnancy and thrombophilia. Expert Rev Cardiovasc Ther. 2007; 5: 753-765.
4. Lane DA, Grant PJ. Role of hemostatic gene polymorphisms in
venous and arterial thrombotic disease. Blood. 2000; 95: 15171532.
5. Balta G, Altay C, Gurgey A. PAI-1 gene 4G/5G genotype: A risk
factor for thrombosis in vessels of internal organs. Am J Hematol. 2002; 71: 89-93.
6. Labied S, Blacher S, Carmeliet P, Noël A, Frankenne F, Foidart
JM, et al. Transient reduction of placental angiogenesis in PAI1-deficient mice. Physiol Genomics. 2011; 43: 188-198.
7. Kotani T, Iwase A, Ino K, Sumigama S, Yamamoto E, Hayakawa
H, et al. Activator protein-2 impairs the invasion of a human
extravillous trophoblast cell line. Endocrinology. 2009; 150:
4376-4385.
8. Eriksson P, Nilsson L, Karpe F, Hamsten A. Very-low-density lipoprotein response element in the promoter region of the human
plasminogen activator inhibitor-1 gene implicated in the impaired fibrinolysis of hypertriglyceridemia. Arterioscler Thromb
Vasc Biol. 1998; 18: 20-26.
9. Prutsch N, Fock V, Haslinger P, Haider S, Fiala C, Pollheimer J,
et al. The role of interleukin-1β in human trophoblast motility.
Placenta. 2012; 33: 696-703.
10. Yasar Yildiz S, Kuru P, Toksoy Oner E, Agirbasli M. Functional
stability of plasminogen activator inhibitor-1. ScientificWorldJournal. 2014; 2014, 858293.
11. Cesari M, Pahor M, Incalzi RA. Plasminogen activator inhibitor-1 (PAI-1): a key factor linking fibrinolysis and age-related
subclinical and clinical conditions. Cardiovasc Ther. 2010; 28:
e72-e91.
12. Ghosh AK, Vaughan DE. PAI-1 in tissue fibrosis. J Cell Physiol.
2012; 227: 493-507.
13. Duffy MJ, McGowan PM, Harbeck N, Thomssen C, Schmitt
M. uPA and PAI-1 as biomarkers in breast cancer: validated for
clinical use in level-of-evidence-1 studies. Breast Cancer Res.
2014; 16: 428.
14. Lyon CJ, Hsueh WA. Effect of plasminogen activator inhibitor-1 in diabetes mellitus and cardiovascular disease. Am J Med.
2003; 115 Suppl 8A: 62S-68S.
15. Ye Y, Vattai A, Zhang X, Zhu J, Thaler CJ, Mahner S, et al. Role
of Plasminogen Activator Inhibitor Type 1 in Pathologies of Female Reproductive Diseases Int J Mol Sci. 2017; 18: pii: E1651.
16. Gris JC, Ripart-Neveu S, Maugard C, Tailland ML, Brun S,
Courtieu C, et al. Respective evaluation of the prevalence of
haemostasis abnormalities in unexplained primary early recurrent miscarriages. The Nimes Obstetricians and Haematologists
(NOHA) Study. Thromb Haemost. 1997; 77: 1096-1103.
17. Bodova KB, Biringer K, Dokus K, Ivankova J, Stasko J, Danko
J. Fibronectin, plasminogen activator inhibitor type 1 (PAI-1)
and uterine artery Doppler velocimetry as markers of preeclampsia. Dis Markers. 2011; 30: 191-196.
18. Koiou E, Tziomalos K, Katsikis I, Delkos D, Tsourdi EA, Panidis D. Disparate effects of pharmacotherapy on plasma plasminogen activator inhibitor-1 levels in women with the polycystic
ovary syndrome. Hormones (Athens). 2013; 12: 559-566.
19. Sheppard BL, Bonnar J. Uteroplacental hemostasis in intrauterine fetal growth retardation. Semin Thromb Hemost. 1999; 25:
443-446.
20. Bruse C, Guan Y, Carlberg M, Carlstrom K, Bergqvist A. Basal

HIPPOKRATIA 2017, 21, 4
release of urokinase plasminogen activator, plasminogen activator inhibitor-1, and soluble plasminogen activator receptor from
separated and cultured endometriotic and endometrial stromal
and epithelial cells. Fertil Steril. 2005; 83 Suppl 1: 1155-1160.
21. Hofmann GE, Glatstein I, Schatz F, Heller D, Deligdisch L.
Immunohistochemical localization of urokinase-type plasminogen activator and the plasminogen activator inhibitors 1 and 2
in early human implantation sites. Am J Obstet Gynecol. 1994;
170: 671-676.
22. Lash GE, Otun HA, Innes BA, Bulmer JN, Searle RF, Robson
SC. Low oxygen concentrations inhibit trophoblast cell invasion
from early gestation placental explants via alterations in levels
of the urokinase plasminogen activator system. Biol Reprod.
2006; 74: 403-409.
23. Estella C, Herrer I, Atkinson SP, Quiñonero A, Martinez S, Pellicer A, et al. Inhibition of histone deacetylase activity in human
endometrial stromal cells promotes extracellular matrix remodelling and limits embryo invasion. PLoS One. 2012; 7: e30508.
24. Silva JF, Serakides R. Intrauterine trophoblast migration: A comparative view of humans and rodents. Cell Adh Migr. 2016; 10:
88-110.
25. Redman CW, Sargent IL. Latest advances in understanding preeclampsia. Science. 2005; 308: 1592-1594.
26. Feng Q, Liu Y, Liu K, Byrne S, Liu G, Wang X, et al. Expression
of urokinase, plasminogen activator inhibitors and urokinase receptor in pregnant rhesus monkey uterus during early placentation. Placenta. 2000; 21: 184-193.
27. Soares MJ, Chakraborty D, Kubota K, Renaud SJ, Rumi MA.
Adaptive mechanisms controlling uterine spiral artery remodeling during the establishment of pregnancy. Int J Dev Biol. 2014;
58: 247-259.
28. Kaufmann P, Black S, Huppertz B. Endovascular trophoblast invasion: implications for the pathogenesis of intrauterine growth
retardation and preeclampsia. Biol Reprod. 2003; 69: 1-7.
29. Lala PK, Lee BP, Xu G, Chakraborty C. Human placental trophoblast as an in vitro model for tumor progression. Can J Physiol Pharmacol. 2002; 80: 142-149.
30. McMahon GA, Petitclerc E, Stefansson S, Smith E, Wong MK,
Westrick RJ, et al. Plasminogen activator inhibitor-1 regulates

185

tumor growth and angiogenesis. J Biol Chem. 2001; 276: 3396433968.
31. Li X, Liu Y, Zhang R, Tan J, Chen L, Liu Y. Meta-analysis of the
association between plasminogen activator inhibitor-1 4G/5G
polymorphism and recurrent pregnancy loss. Med Sci Monit.
2015; 21: 1051-1056.
32. Khosravi F, Zarei S, Ahmadvand N, Akbarzadeh-Pasha Z, Savadi E, Zarnani AH, et al. Association between plasminogen
activator inhibitor 1 gene mutation and different subgroups of
recurrent miscarriage and implantation failure. J Assist Reprod
Genet. 2014; 31: 121-124.
33. Chen H, Nie S, Lu M. Association between plasminogen activator inhibitor-1 gene polymorphisms and recurrent pregnancy
loss: a systematic review and meta-analysis. Am J Reprod Immunol. 2015; 73: 292-300.
34. Poursadegh Zonouzi A, Chaparzadeh N, Ghorbian S, Sadaghiani
MM, Farzadi L, Ghasemzadeh A, et al. The association between
thrombophilic gene mutations and recurrent pregnancy loss. J
Assist Reprod Genet. 2013; 30: 1353-1359.
35. Gerhardt A, Goecke TW, Beckmann MW, Wagner KJ, Tutschek
B, Willers R, et al. The G20210A prothrombin-gene mutation
and the plasminogen activator inhibitor (PAI-1) 5G/5G genotype
are associated with early onset of severe preeclampsia. J Thromb
Haemost. 2005; 3: 686-691.
36. Morgan JA, Bombell S, McGuire W. Association of plasminogen activator inhibitor-type 1 (-675 4G/5G) polymorphism with
pre-eclampsia: systematic review. PLoS One. 2013; 8: e56907.
37. Gonçalves-Filho RP, Brandes A, Christofolini DM, Lerner TG,
Bianco B, Barbosa CP. Plasminogen activator inhibitor-1 4G/5G
polymorphism in infertile women with and without endometriosis. Acta Obstet Gynecol Scand. 2011; 90: 473-477.
38. Larciprete G, Rossi F, Deaibess T, Brienza L, Barbati G, Romanini E, et al. Double inherited thrombophilias and adverse pregnancy outcomes: fashion or science? J Obstet Gynaecol Res.
2010; 36: 996-1002.
39. Lee YH, Song GG. Plasminogen activator inhibitor-1 4G/5G and
the MTHFR 677C/T polymorphisms and susceptibility to polycystic ovary syndrome: a meta-analysis. Eur J Obstet Gynecol
Reprod Biol. 2014; 175: 8-14.

