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1. Introduction 
Central and peripheral thromboembolism are common diseases 
with life-threatening consequences. The definition of central 
thromboemboli is used for thromboembolic events in the brain 
while thromboembolies occurring in the other organs and 
systems are defined as peripheral thromboemboli. Risk factors 
may vary, especially in young patients therefore genetic 
thromboembolic causes should be carefully investigated (Heit 
et al., 2000; Kyrle and Eichinger, 2005). Although the most 
frequently observed single nucleotide polymorphisms as the 
genetic probable risk factors are Prothrombin G2021A 
(PT20210A), Factor V Leiden G1691A (1), a total of 32 genes 
have been identified and studied (Casas et al., 2004). PAI-1 
polymorphisms are also among the controversial risk factors. 

Thrombus formation is regulated by the balance between 
two molecules found in the fibrinolytic system: the tissue type 
plasminogen activator (t-PA) and its inhibitor plasminogen 
activator inhibitor type 1 (PAI-1) (Loskutoff, 1991). The 
plasminogen activator inhibitor (PAI) -1 is a glycoprotein 

produced by the liver and endothelial cells (Liguori et al., 
2014) that suppresses the formation of active plasmin which 
breaks down the fibrin (Pepper, 2001), thus, is associated with 
an increased thrombotic risk (Meltzeret al., 2010; Incalcaterra 
et al., 2014). High PAI-1 levels make a significant contribution 
to smooth muscle cell proliferation, plaque and matrix 
modeling and thus the formation of atherosclerosis (Roest and 
Banga, 2003). Thromboembolic events that may arise due to a 
problem in the fibrinolytic system can cause cardiovascular 
disease (Ploplis, 2011), cerebrovascular disease (Tjarnlund-
Wolf et al., 2012) and obstetric diseases (Su et al., 2013). In 
this context, PAI-1 activity is closely related to atherosclerosis, 
thromboembolic events and stroke (Catto et al., 1997). 

The PAI-1 gene is located on the 7th chromosome 
(Strandberg et al., 1988) and contains the nucleotide 
insertion/deletion polymorphism. Polymorphisms of the PAI-1 
gene affect the expression of PAI-1, increasing the risk of 
thromboembolism (Barcellona et al., 2003). The 5G allele has 
an additional repressor protein binding site while the 4G allele 
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does not, so the 4G allele produces much more mRNA in vitro 
than 5G allele and this is associated with increased PAI-1 
activity in vivo (Eriksson et al., 1995). While 50% of the 
population has heterozygote (4G/5G) polymorphism, 25% are 
in 5G/5G polymorphism (Liguori et al., 2014). The most 
common polymorphism type is 4G / 5G and is associated with 
more PAI-1 expression (Tsantes et al., 2008). 4G/4G and 
4G/5G polymorphisms have been reported as a risk factor for 
thromboembolism in many ages and ethnic groups (Kain et al., 
2002; Cao et al., 2014), but there are other studies stating that 
there is no risk for thromboembolic diseases with these 
polymorphisms (Chen et al., 2003; van Goor et al., 2005). In 
other studies, PAI-1 levels of 4G/4G carriers were found to be 
higher than those with 5G/5G and 4G/5G polymorphisms 
(Eriksson et al., 1995). 4G/5G polymorphism is thought to 
increase the risk of stroke by altering PAI-1 levels by affecting 
body mass index and plasma lipid levels (Dawson et al., 1993; 
Attia et al., 2007). Some studies reported that 4G/4G 
polymorphism is neutral or protective by stabilizing the 
atherosclerosis plaque in terms of stroke (Endler et al., 2000). 

Currently, the relationship between PAI-1 polymorphisms 
and thromboembolism remains a mystery. Thromboembolism 
can affect both arterial and venous vessels. Therefore, we 
aimed to reveal the differences in central and peripheral 
thromboembolisms in terms of PAI polymorphisms. 

2. Materials and methods 
In this study, we used hospital database from January 2016 and 
December 2019 to include patients retrospectively. Patients 
with thromboembolic diseases recorded with ICD 
(International Classification of Diseases, 10th revision) and 
diagnosed with radiological and clinical findings were 
included. Demographic characteristics, age, gender, disease 
characteristics, hypertension, diabetes mellitus, 
hyperlipidemia, smoking and family history were recorded. 
Exclusion criteria were using anticoagulant use, having cancer, 
infection, autoimmune disease, renal disease or hepatic 
disease. 106 of 342 patients were screened for genetic 
thrombophilic risk factors. These patients were divided into 
two subgroups as central thromboembolism and peripheral 
thromboembolism. Central thromboembolism was defined as 
the arterial and venous thromboembolism belonging to the 
brain, while other thromboembolic events were classified as 
peripheral thromboembolism. The diagnosis of central 
thromboembolism was made according to World Health 
Organization (WHO) criteria and was supported by 
Computerized Tomography CT or Magnetic resonance 
imaging (MRI) (Hatano, 1976). Clinical and radiological 
findings were used for the diagnosis of peripheral 
thromboembolism. The research was performed in humans in 
accordance with the ethical standards of the committee 
responsible for human experimentation and with the 
Declaration of Helsinki in 1975, as revised in 2008. This study 
was approved by local ethics committee.  

Genetic analysis was performed for thrombophilia within 
1-7 days after the disease onset. The Deoxyribonucleic acid 
(DNA) of the patients was isolated using routine methods from 
peripheral blood which is taken into an Ethylene Diamine Tetra 
Acetic Acid (EDTA) tube. The peripheral blood sample was 
centrifuged for 15 minutes at 3000 rpm and kept at -800C until 
the analysis. Polymerase chain reaction (PCR) method was 
applied by using multiplex primer pairs of variation and the 
presence of fluorescent stained fragments were analyzed by 
fragment analysis method in ABI 3500 capillary 
electrophoresis device. With this test, single nucleotide 
changes can be detected with 99% accuracy. Genetic 
mutations; Factor V Leiden G1691A, Factor V HR1299R, 
Factor II (Prothrombin) G20210A, MTHFR C677T, MTHFR 
A1298C, PAI 4G/5G were analyzed. Genetic analyzes were 
also identified as homozygote positive, heterozygote positive 
and negative. 

Descriptive statistics are used to define continuous 
variables. (Average, standard deviation, minimum, median, 
maximum). Non-parametric statistical methods were used for 
values with skewed distribution. The Kruskal-Wallis and 
Mann-Whitney U tests were used to analyze the variables 
between the groups. The χ² test or Fisher Exact test was used 
for categorical variables and expressed as observation counts 
and percentages. Statistical significance was accepted when p 
value was lower than 0.05. Statistical analysis was performed 
using the MedCalc Statistical Software version 12.7.7 
(MedCalc Software, Belgium; http://www.medcalc.org; 2013). 

3. Results 
The mean age of the included patients was 39.6 (17-71). 
Seventy-two central thromboembolism (69.8%), 34 (31.2%) 
peripheral thromboembolisms were detected. Sixty-three of the 
central thromboembolisms were from arterial system and nine 
were from venous system. Eighteen patients in the peripheral 
thromboembolism group had a diagnosis of pulmonary 
embolism, 19 were diagnosed in deep vein thrombosis and 4 of 
them had both pulmonary embolism and deep vein thrombosis 
(DVT). Smoking was statistically significantly more common 
in patients with central thromboembolism (p= 0.041 and p: 
0.039). The other risk factors for central and peripheral 
thromboembolism were not different (Table 1). 26.61% of the 
patients with central thromboembolism had 4G/4G 
polymorphism, 65.27% of them had 4G/5G polymorphism and 
11.6% of them had 5G/5G polymorphism.  

For patients with peripheral thromboembolism; 23.5% of 
the patients had 4G/4G polymorphism, 47.1% of them had 
4G/5G polymorphism and 29.4% of them had 5G/5G 
polymorphism. 4G/5G polymorphism was statistically 
common in patients with central thromboembolism while 
5G/5G polymorphism was more commonly seen in patients 
with peripheral thromboembolisms compared to central 
thromboembolism (p, 0.039, 0.025, respectively) (Table 2). 
PAI 4G/4G polymorphism was accompanied by the Factor 
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VHR1299R mutation (33.3%) and by Factor II mutation 
(85.2%) and Factor VHR1299R (33.3%). The most common 
association with other genetic thrombophilia mutations was in 
the PAI 4G/5G polymorphism. (Table 3). Heterozygote Factor 
V Leiden mutation was more common in peripheral thrombosis 
(p, 0.009), but there was no significant difference between 
other mutations (Table 4).  

Table 1. Demographic and clinical features 

 Central 
Thromboembolism 

Peripheral 
Thromboembolism p 

Age 40.5±10.8 37.1±14.04 0.183 

Gender Male:37 (49.3%) 
Female:35 (50.7%) 

Male :17 (50%) 
Female :17 (50%) 0.945 

Smoking n=15 (21.7%) n=2 (11.8%) 0.041 
Family history n=14 (20.3%) var n=8 (21.4%) var 0.76 
Hypertension n=7, 10.1% n=2, 5.9% 0.471 
Diabetes 
Mellitus n=3, 4.3% n=2, 5.9% 0.733 

Hyperlipidemia n=5, 7.2% n=0 0.108 
Stroke    
Arteriel n=63, (87.5%) -  
Venous n=9, (12.5%) -  
Deep venous 
thrombosis - n=19, 55.9%  

Pulmonary 
embolism - n=18, 52.9%  

 4. Discussion 
Thromboembolism has so many risk factors and genetic 
mutations are some of the most important of these risk factors. 
PAI-1 polymorphisms are defined as a risk factor which 
changes the balance of fibrinolytic system in the direction of 
thrombus formation by the effects of increased PAI-1 levels 
especially in 4G/5G polymorphism in arterial system 
(Vergouwen et al., 2004; Verschuur et al., 2005). But still; the 
relationship between thromboembolism and PAI-1 
polymorphisms is controversial (Segui et al., 2000).  

4G/5G polymorphism in the PAI-1 gene is a risk factor for 
cardiovascular events, ischemic stroke, and venous 
thromboembolism (Eriksson et al.,1995; Tsantes et al., 2008), 
and the presence of the 4G allele has also been associated with 
venous thromboembolism (Tsantes, 2007; Tsantes et al., 
2008).  

Controversially in some studies, no relation was found 
between 4G/5G polymorphism and venous thromboembolism 
(Gurgey et al., 2003). Although the studies focused on the 
differences of PAI-1 polymorphisms in the arterial and venous 
system, conflicting results have been reported due to 
differences in study methods. Aim in this study is to examine 
PAI polymorphisms in patients with peripheral and central 
thromboembolism in the same study.  

Table 2. PAI gene polymorphism in central and peripheral thrombosis 

 

Table 3. Association of PAI morphisms with other genetic 
thrombophilic mutations 

 PAI 4G/4G PAI 
4G/5G 

PAI 
5G/5G 

F V Leiden 
G1691A 5 (20.8%) 13 

(54.2%) 6 (25%) 

F V HR1299R 3 (33.3%) 3 (33.3%) 3 
(33.3%) 

Factor II G20210A 0 6 (85.7%) 1 
(14.3%) 

MTHFRC677T 15 (27.8(%) 28 
(51.9%) 

11 
(20.4%) 

MTHFRA1298C 11(22.4%) 27 
(55.1%) 

11 
(22.4%) 

In this study, PAI-1 polymorphisms were evaluated and 
PAI-1 4G/5G polymorphism was observed more frequently in 
patients with central thromboembolism than in patients with 
peripheral thromboembolism. Studies focused on PAI-1 
polymorphisms and stroke showed that 4G/4G polymorphism 
has an increased stroke risk (Tsantes et al., 2008), but also, it’s 
reported that PAI-1 polymorphisms were not a risk factor for 
ischemic stroke (Catto et al., 1997; Endler et al., 2000; Roest 
et al., 2000). There are several studies claiming that PAI-1 
levels are neurotoxic and neuroprotective by expressing 
excessive PAI-1 in astrocytes (Benchenane et al., 2004).  

Also, inhibiting the formation of the matrix in the 
atherosclerotic plaque is another pathogenetic mechanism for 
neural protection (Roest et al., 2000). However, PAI-1 levels 
are positively associated with LDL, VLDL and triglyceride 
levels and negatively with HDL (Juhan-Vague et al., 1996). 
4G/4G polymorphism is also associated with high cholesterol 
levels (Boncoraglio et al., 2006).  

In terms of other risk factors for stroke and PAI-1 
comorbidity it’s shown that high PAI-1 levels have also been 
associated with insulin resistance and obesity (Bastard et al., 
2000; Sartori et al., 2001). Therefore, PAI-1 polymorphisms 
are associated with an increased risk of thromboembolism by 
its effect on risk factors of stroke and atherosclerosis. 
However, in our study, 4G/5G polymorphism was seen more 
frequently in central thromboembolism compared to peripheral 
thromboembolism, suggesting that the risk was also high in 
heterozygous polymorphisms like 4G/5G. This may be a result 
of multifactorial properties of PAI-1 and also multiple risk 
factors of stroke. But the risk factors are not different between 
peripheral and central thromboemboli patients except smoking 
and its p value is very limited. 

In addition, 63 of the patients with central 
thromboembolism had arterial thromboembolism while only 9 
of them had venous thromboembolism. Similarly, in the 
literature, PAI-1 4G/5G polymorphism is reported to be a more 
prominent risk factor for arterial stroke (van Goor et al., 2005) 
but has also been reported as a risk for venous system-induced 
thromboembolism (Kupeli et al., 2011). In our study, PAI-1 
4G/5G polymorphism was observed more frequently in the 
central thromboembolism originating from both the venous 
system and the arterial system, mostly from arterial origin, as 

P. morphism 
Central 

thromboembolism 
(n=72) 

Peripheral 
thromboembolism 

(n=34) 
P (χ 2) 

4G/4G 17 (23.61%) 8 (23.5%) 0.706 
4G/5G 47 (65.27%) 16 (47.1%) 0.039* 

5G/5G 8 (11.6%) 10 (29.4%) 0.025* 
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compared with the literature but it didn’t reach statistical 
significance. 

Table 4. Features of other genetic thromboembolic mutations in central 
and peripheral thromboembolism 

It has been reported that the presence of 4G allele in 
patients with genetic thrombophilia is a risk, but in patients 
without known risk factors, there is a lower risk factor of 
4G/5G (Tsantes et al., 2008). However, the only risk factor 
different for groups was smoking and more common in central 
thromboembolism. Nicotine is known to significantly increase 
PAI-1 expression and plasma PAI-1 levels, especially in 
endothelial cells (Zidovetzki et al., 1999). Thus, both smoking 
and 4G/5G polymorphism together that are frequently 
observed in central thromboembolism can increase the risk of 
thromboembolism especially in central thromboembolism.  

Among all PAI-1 polymorphisms, the most common 
polymorphism accompanied by other thrombophilia mutations 
was the 4G/5G polymorphism. The most prevelant 
thrombophilic mutations that were identified with 4G/5G 
polymorphisms were Factor II, MTHFR A1298C, Factor V 
Leiden, MTHFR C677T polymorphisms. However, due to the 
low number of Factor II polymorphisms, it was assumed that it 
could not be evaluated clearly and comorbidity of MTHFR 
polymorphisms was more frequent. In previous studies, it was 
reported that thromboembolic risk increased in association 
with other mutations (Tsantes et al., 2008).  When PAI-1 
polymorphisms were excluded, the only difference between 
central and peripheral thromboembolisms among other 
thrombophilia genetic polymorphisms was observed in Factor 
V Leiden mutation and on our observations, we found it often 
as heterozygote in peripheral thromboembolism.  

The most important limitation of this study is the study 
design as being retrospective. A prospective study which will 
be conducted with larger series will be precious. More 
homogeneous group definition will be crucial for prospective 
design which is another limitation of our study. The healthy 

control group can increase the impact of the study design.   

To conclude; PAI-1 is a complex molecule that has 
different effects on various tissues and organs. 4G / 5G 
polymorphism can be a risk factor for central 
thromboembolism but it’s not different for arterial or venous 
thromboembolies. Additionally, smoking and genetic 
thrombophilic factors can potentiate thromboembolic risk of 
PAI-1 polymorphisms. So, it’s important to evaluate PAI 
polymorphisms predominantly in central thromboembolisms 
to determine the risk factors more accurately 
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