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were Caucasian and of Greek origin, who lived in North-
ern 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 Thessaloni-
ki, 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 sec-
ond 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 estab-
lished after detailed personal medical history was record-
ed 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), Luteiniz-
ing hormone (LH), progesterone, Anti-Müllerian hor-
mone (AMH), Estradiol (E2), 17-hydroxyprogesterone 
(17-OHP), prolactin, testosterone, free triiodothyronine 
(FT3), free thyroxine (FT4), Thyroid-stimulating hor-
mone (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 in-
formed consent was obtained, and a sample of whole pe-
ripheral blood was donated for this study which was col-
lected 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 manufac-
turer’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, Chi-

cago, Illinois, USA) version 17.0 was used for statisti-
cal 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. De-
viation 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 Control 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, adhe-

sions) or the uterus (e.g. fibromyomas, bicornuate uterus)
• Normal hormone levels (follicle stimulating hormone (FSH), Lutein-

izing hormone (LH), progesterone, Anti-Müllerian hormone (AMH), 
Estradiol (E2), 17-hydroxyprogesterone (17-OHP), prolactin, testos-
terone, free triiodothyronine (FT3), free thyroxine (FT4), Thyroid-
stimulating hormone (TSH), triiodothyronine (T3), thyroxine (T4) 
levels for hormonal abnormalities

• No infections (Chlamydia trachomatis, Neisseria gonorrhoeae, My-
coplasma genitalium)

• No immunologic factors (antithyroid autoantibodies, antinuclear au-
toantibodies, antiphospholipid autoantibodies)

• No Polycystic ovary syndrome (PCOS), no endometriosis, no Prema-
ture Ovarian Failure (POF)

• No other health problems (e.g. cancer, thyroid, diabetes mellitus)
• Normal karyotype

• 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


