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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 con-
trol 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 heterozy-
gotes 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 geno-
typing 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 pres-
ence and not the dosage of the 4G allele, we still found an 
association between the PAI-1-675 genotype and unex-
plained infertility in women. However, under the autoso-
mal 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.

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 athero-
sclerosis10. Moreover, it seems to play a significant role in 
cancer, insulin resistance, and diabetes, fibrosis and even 
in asthma11-14. Additionally, several studies have identi-
fied a correlation between PAI-1 and various reproduc-
tive 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 expres-
sion 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, inter-
mediate and syncytiotrophoblasts21 reduces extravillous 
cytotrophoblast invasion to the maternal side in early 
pregnancy22, mainly due to inhibition of extracellular ma-
trix 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 de-
fective 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 migra-
tion and invasion29. Indeed, it was shown that in a dose-
dependent manner, PAI-1 low dose provokes tumor an-
giogenesis, whereas high dose suppresses it30. Similarly 
to cancer, it promotes endometriotic cell invasion, con-
tributing to endometriosis20.

PAI-1 4G/5G polymorphism and Reproductive Disorders
The PAI-1 4G/5G polymorphism is one of the fac-

tors contributing to PAI-1 elevation, although it is not the 

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.

PAI-1 -675 
genotype

Genotype frequency DOMINANT MODEL 
Genotype Frequency

RECESSIVE MODEL  
Genotype Frequency

Infertility 
counts (%)

Control 
counts (%)

Infertility 
counts  (%)

Control 
counts (%)

Infertility 
counts (%) Control 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%)4G/4G 33 (28.7%) 21 (19.6%) 33 (28.7%) 21 (19.6%)
Total counts 115 107 115 107 115 107
p value 0.022 0.007 0.116


