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Abstract 

Introduction: Coronary artery disease - CAD and venous thromboembolism - VTE 

(deep venous thrombosis - DVT and/or pulmonary embolism - PE) are two major manifestations 

of cardiovascular diseases. Genetic mutations responsible for the occurrence of CAD and 

VTE in young population are subject of numerous researches and studies.  

Aim: To determine the allelic and genotypic frequencies of the analyzed gene variants 

and to examine whether there is overlap of the most common genetic mutations between the 

two groups. 

Material and methods: This clinical study analyzed the demographic, clinical, and 

genetic data of a group of 36 patients up to 50 years of age with CAD and a second group of 

32 patients up to 50 years of age with VTE. The selection of subjects was according to 

previously established inclusion and exclusion criteria. Genetic testing was performed on 

each patient to determine the presence of certain genetic mutations.  

Results: The occurrence of CAD and VTE in young population is significantly more 

common in men. In terms of risk factors, overweight and obesity were found to be the most 

common in both groups, while hypertension and smoking being more prevalent in the CAD 

group. Heterozygous mutations for: MTHFR C677T, eNOS 786 T>C, e NOS 894T and B-

fibrinogen were most common in group 1, while in group 2 heterozygous mutations for: 

eNOS -786 T>C, MTHFR C677T, MTHFR a1298C and B-fibrinogen.  

Conclusion: Genetic polymorphisms in MTHFR, B-fibrinogen and eNOS genes should 

be tested in patients with CAD and VTE under 50 years of age as additional risk factors.  

Keywords: coronary artery disease, venous thromboembolism, deep vein thrombosis, 

pulmonary embolism, genetic mutation 

 

Introduction 

Coronary artery disease - CAD and venous thromboembolism (deep vein thrombosis - 

DVT and pulmonary embolism - PE) are two major manifestations of cardiovascular diseases 
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(CVD). There are genes involved in endothelial dysfunction, hyperlipidemia, hypertension 

and inflammation. On the other hand, a combination of other factors including hormone

replacement therapy, immobilization, surgery or neoplasms and variations in the genes 

responsible for the coagulation system, can lead to deep vein thrombosis
[1]

.  

Coronary artery disease (CAD) is a complex multifactorial disease leading to 

ischemic heart disease and myocardial infarction. The hereditary component of CAD has 

already been proven and recent studies have shown it in about 40-50% of cases
[2]

. Genetic 

analysis is advancing with the discovery of genes as biological mechanisms responsible for 

the occurrence of CAD. Since 2007, genome-related studies have greatly helped us to 

understand the relationship between genetics and disease
[3,4]

. They have investigated the 

association between millions of individual nucleotide polymorphisms and disease, comparing 

healthy to diseased individuals. Many studies have begun to work on genetics and CAD, and 

certain genetic polymorphisms are already known to be associated with the occurrence of CAD 

in the population
[5,6]

. A study of more than 20,000 twins in Sweden confirmed the claims that 

the risk of CAD was increased in close relatives, and the analysis estimated a hereditary 

relationship of about 50% for CAD
[7,8]

. In the Framingham Heart Study, a family history of 

cardiovascular disease in a parent or sibling was a strong predictor of the disease
[9,10]

.  

Venous thromboembolism (VTE) is a disease involving two entities: deep vein 

thrombosis (DVT) and pulmonary embolism (PE). Hypercoagulable states can be inherited or 

acquired. Inherited hypercoagulable states can be caused by a loss of function of natural 

anticoagulant pathways or a gain of function in procoagulant pathways
[11]

. Besides the well-

known provocative risk factors, VTE has a strong genetic basis, including about 50-60% of 

the incidence of VTE attributed to genetic mutations. Some genetic variants have been 

identified that contribute to an increased risk of venous thrombosis, mainly associated with 

blood clotting and responsible for inherited hypercoagulable conditions. The most common 

known gene mutations responsible for the occurrence of VTE are: factor V Leiden, 

prothrombin G20210A and fibrinogen gamma
[12, 13]

.  

Factor V Leiden (FV) (1691G>A; R506Q) mutation is a genetic disorder characterized 

by a poor anticoagulant response to activated Protein C and an increased risk for venous 

thromboembolism
[14]

. The prothrombin 20210 G/A mutation is associated with elevated levels of 

factor II in plasma, and significantly increases the risk of developing venous thrombosis. In 

fact, this polymorphism is the second most important genetic risk factor for venous thrombosis in 

Caucasian populations. The role of this procoagulant mutation in arterial vascular disease is, 

however, unclear
[15]

. Methylenetetrahydrofolate reductase (MTHFR) is an enzyme involved 

in the metabolism of homocysteine. Mutations in MTHFR may account for reduced enzyme 

activity and elevated plasma homocysteine levels. Hyperhomocysteinemia has been identified 

as an independent risk factor in arterial and venous thrombosis
[16]

. Beta-fibrinogen (FGB) -

455G>A polymorphisms may be associated with elevated levels of plasma fibrinogen, which 

are related to an increased frequency of coronary heart disease
[17]

. Endothelial Nitric Oxide 

Synthase (eNOS; NOS3) is essential for maintaining vascular homeostasis and plays vital 

roles in modulating vascular endothelial function. Therefore, if a polymorphism can impact 

gene expression or protein structure of eNOS, it is likely that this polymorphism may lead to 

a severe vascular endothelial dysfunction and influence predisposition to CAD
[18]

. Lymphotoxin 

alpha is one of the cytokines produced in the early stages of vascular inflammatory processes. 

LTA has been implicated in the pathogenesis of atherosclerosis and coronary heart disease 

(CHD). Since LTA is an inflammatory mediator, it is likely that functional variations in the 

gene encoding this protein confer a high susceptibility to MI by affecting the degree of 

inflammation at the lesion
[19]

.      
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Objectives 
To determine the allelic and genotypic frequencies of the analyzed gene variants of:  

Factor V (Leiden and R2), Prothrombin (G20210A), Factor XIII (V34L), B-fibrinogen (-455 

G> A), Methylenetetrahydrofolate reductase (MTHFR, C677T and A1298C), Endothelial 

Nitric Oxide Synthase (eNOS -786 T> C and eNOS G894T), Lymphotoxin Alpha (LTA) in 

both groups, and to investigate whether there was an overlap of the most common genetic 

polymorphisms and mutations between the first (CAD) and second (VTE) group. 

 

Material and methods 

This clinical study analyzed the demographic, clinical, laboratory and genetic data in 

a study group of 36 patients up to 50 years of age with proven (documented) CAD and 32 

patients up to 50 years of age with proven (documented) VTE. The study was approved by 

the Ethics Committee of the Faculty of Medicine at the Ss. Cyril and Methodius University in 

Skopje and was in accordance with the principles of the Declaration of Helsinki. Each 

participant in this clinical trial signed an informed consent to participate in the study, after the 

study was previously explained and read by the participant. The selection of the subjects was 

according to previously established inclusion and exclusion criteria. 

 The inclusion criteria for the first group with coronary artery disease (CAD) were 

persons aged 18-50 years of both sexes, as well as previously performed coronary angiography 

based on a previously set medical indication. A positive coronary angiographic finding 

(finding at least one significant lesion > 50% of the coronary arteries) categorized the study 

participant in the first group with CAD [15]. Existing risk factors were also considered in 

patients, such as: gender, smoking, family history, arterial hypertension (systolic pressure > 

140 mmHg, diastolic > 90 mmHg), hypercholesterolemia (LDL cholesterol > 2.6 mmol/L, non-

HDL cholesterol > 3.4 mmol/L, or triglycerides > 1.7 mmol/L), type 2 diabetes mellitus (already 

proven or newly discovered - HgbA1c > 6.5%, fasting glycemia > 7.0 mmol/L), overweight 

and obesity (body mass index) BMI> 25 kg/m2
[20-24]

.  

The inclusion criteria for the second group with VTE - deep vein thrombosis and/or 

pulmonary embolism were persons aged 18-50 years of both sexes, and previously performed 

color doppler ultrasound of deep veins to prove DVT, i.e., computed tomography angiography to 

prove PE. Patients in whom DVT and/or PE was diagnosed with these diagnostic methods 

were categorized in the second study group. Existing risk factors were also considered in 

patients, such as: malignancy, surgery, trauma or fracture, immobilization, long-distance travel, 

hospitalization, catheterization, acute infection, obesity or overweight, use of oral contraceptives 

or use of hormone therapy, use of corticosteroids, sedentary lifestyle. 

Exclusion criteria were: persons under 18 or above 50 years of age, pregnant women, 

persons with type 1 diabetes mellitus, persons with valvular diseases, persons with 

cardiomyopathies, persons with congenital heart defects, persons with active malignant disease, 

persons with acute or chronic inflammatory or infectious conditions/diseases, as well as 

persons who have a relative or absolute contraindication to perform coronary angiography 

and/or percutaneous coronary intervention and persons allergic to contrast for angiography. 

A sample of 3 ml of venous blood with anticoagulant (ethylenediaminetetraacetic acid 

- EDTA) was taken from all subjects for routine laboratory tests, as well as blood for genetic 

testing for the presence of genetic polymorphisms and mutations and they were examined at 

the Institute of Immunobiology and Human Genetics. Polymorphism analyses were performed by 

reverse hybridization, using a commercially available kit (CVD, ViennaLab, Vienna, Austria); a 

multiplex polymerase chain reaction (PCR) was performed to amplify the genes using biotinylated 

primers. The amplicons were subsequently hybridized by probes fixed on nitrocellulose tape. 

The positive signals were read by enzymatic reaction and the genotype of the participant was 

determined. The gene mutations and polymorphisms examined in the study were the following: 
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Factor V (Leiden and R2), Prothrombin (G20210A), Factor XIII (V34L), B-fibrinogen (-455 

G> A), Methylenetetrahydrofolate reductase (MTHFR, C677T and A1298C), Endothelial Nitric 

Oxide Synthase (eNOS -786 T> C and eNOS G894T), Lymphotoxin Alpha (LTA). 

For the purposes of this research descriptive analyses were performed, in order to 

determine the demographic characteristics and risk factors of patients, type of CAD or VTE, 

localization of disease, method of treatment, and also, relative frequency of each mutation was 

obtained in both groups to determine the frequency of the mutations. Comparison between 

two groups was performed using the statistical Z-test. 

 

Results 

A total of 68 patients were included in the study, divided into two groups. The first 

group with CAD included 36 patients, while the second group with VTE (DVT and/or PE) 

included 32 patients. In terms of age, patients were equally distributed in both groups with an 

average of 38 years. From the distribution by gender, it can be noticed that in both groups 

men were significantly more represented than women. In the first group 83% were males and 

17% females, while in the second group 75% were males and 25% females. Analysis of 

variance showed that both groups were homogeneous in terms of age and gender (Table 1). 

 
Table 1. Demographic characteristics and risk factors 

 Group 1 n (%) Group 2 n (%) z-test p-value 

Gender (M/F) 30/6 (83.3/16.6%) 24/8 (75/25%) / / 

Age 38.81±7.16 38.38±9.70 / / 

Diabetes mellitus 2 (5.56%) 0 (0%) 1.353 0.176 

Hypertension 12 (33.33%) 3 (9.38%) 2.378 0.017 

Smoking 23 (63.89%) 13 (40.63%) 1.918 0.055 

BMI Class – Overweight 

and obesity 
30 (83.3%) 23 (71.88%) 1.137 0.255 

 

In terms of risk factors, in both groups the most common risk factor was overweight 

and obesity, while hypertension (p<0.05) and smoking (p<0.1) were significantly more 

common in the group with CAD.   

 
Table 2. Group 1 characteristics 

Type of CAD STEMI (69,44%) 

Localization of CAD Anterior wall (58,33%) 

Type of intervention PCI/stenting LAD (50%) 

Single vs Multivessel disease Multivessel disease (61,11%) 

Triglycerides (mmol/L) 2.43±1.37 

LDL Cholesterol (mmol/L) 3.25±1.10 

HgbA1c (%) 6.16±1.75 

 

In the first group with coronary artery disease (CAD), the type of coronary artery disease, its 

localization and method of treatment were analyzed. From the data obtained from a total of 

36 patients, according to the type of CAD, the most common were patients with myocardial 

infarction with ST segment elevation (STEMI) with 69.44%, followed by patients with 

myocardial infarction without ST segment elevation (NSTEMI) with almost 23% (Table 2). 

Regarding the localization of CAD, the most common was the anterior wall in more than half 

of the patients (58.33%), and inferior wall was found in 28%. Regarding the number of 

coronary arteries affected with CAD, 61% of patients had multivessel CAD, as opposed to 

39% with single vessel CAD. Analyzing the method of treatment, 88% underwent percutaneous 

coronary intervention (PCI), 6% were treated with coronary artery by-pass graft (CABG), and 

6% were treated only with medication. In 50% of patients, percutaneous coronary intervention 
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(PCI) of the left anterior descending coronary artery was performed while in 31% of patients 

PCI of the right coronary artery was made, with a lower percentage of PCI on other coronary 

arteries. The average values of triglycerides and LDL cholesterol were above upper limits, 

and the average value of HgbA1c was in normal range. 

The analysis of the second group showed that, out of 32, same number of patients had 

isolated PE or DVT, while almost equal number of patients had both conditions. Frequency 

analysis was performed according to the localization of DVT, and it showed that the most 

common were DVT of the common femoral veins: left common femoral vein with 36%, right 

common femoral vein with 25%, left popliteal vein with 25%, and right popliteal vein with 14%. 

 
    

Table 3. Frequency of the genetic mutations in group 1 and 2 

patients 

 Group 1 

N (f) 
Group 2 

N (f) 
F V Leiden   
-Normal 34 (0.94) 21 (0.66) 
-Heterozygous 2 (0.06) 11 (0.34) 
-Homozygous 0 (0.00) 0 (0.00) 
F V (R2)   
-Normal 29 (0.81) 26 (0.81) 
-Heterozygous 7 (0.19) 6 (0.19) 
-Homozygous 0 (0.00) 0 (0.00) 
Prothrombin   
-Normal 35 (0.97) 29 (0.91) 
-Heterozygous 1 (0.03) 2 (0.06) 
-Homozygous 0 (0.00) 1 (0.03) 
MTHFR C677T   
-Normal 12 (0.33) 11 (0.34) 
-Heterozygous 18 (0.50) 16 (0.50) 
-Homozygous 6 (0.17) 5 (0.16) 
MTHFR A1298C   
-Normal 21 (0.58) 18 (0.56) 
-Heterozygous 10 (0.28) 14 (0.44) 
-Homozygous 5 (0.14) 0 (0.00) 
Factor XIII   
-Normal 21 (0.58) 25 (0.78) 
-Heterozygous 9 (0.25) 7 (0.22) 
-Homozygous 6 (0.17) 0 (0.00) 
eNOS -786 T>C   
-Normal 14 (0.39) 10 (0.31) 
-Heterozygous 15 (0.42) 16 (0.50) 
-Homozygous 7 (0.19) 6 (0.19) 
eNOS G894T   
-Normal 21 (0.58) 12 (0.38) 
-Heterozygous 14 (0.39) 13 (0.41) 
-Homozygous 1 (0.03) 7 (0.22) 
LTA   
-Normal 19 (0.53) 22 (0.69) 
-Heterozygous 14 (0.39) 8 (0.25) 
-Homozygous 3 (0.08) 2 (0.06) 
B-fibrinogen   
-Normal 21 (0.58) 17 (0.53) 
-Heterozygous 13 (0.36) 14 (0.44) 
-Homozygous 2 (0.06) 1 (0.03) 
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The frequency of mutations of the examined genes in patients by groups was statistically 

analyzed. We obtained the following results: in group 1 (patients with CAD) the most 

common were heterozygous mutations for: MTHFR C677T with frequency of 50%, eNOS 

with 786 T>C 42%, e NOS 894T with 39%, and B-fibrinogen with 36%, while homozygous 

mutations were rare: eNOS 786 T>C with frequency of 19%, MTHFR C677T and Factor XIII 

with 17% (Table 3). 

In the second group of patients with VTE, the most common were heterozygous 

mutations for: eNOS -786 T> C and MTHFR C677T with frequency of 50%, followed by 

MTHFR A1298C and B-fibrinogen with 44%, eNOS G894T with 41%, FV Leiden with 

34%. Homozygous mutations were rare, the most common being: eNOS G894T with 22%, 

eNOS -786 T> C 19% and MTHFR C677T with 16%. 

The frequencies of the mutations between the groups were compared. According to 

the statistical analysis for heterozygous mutations, only the frequency of Factor V Leiden was 

significantly higher in the second group (p<0.05). Concerning the homozygous mutations, the 

frequencies of MTHFR A1298C and Factor XIII were significantly higher in the first group 

with CAD, while the homozygous mutation for eNOS G894T was significantly higher in the 

second group (p<0.05). There was a significant overlap of heterozygous mutations for eNOS 

-786 T> C, MTHFR C677T and B Fibrinogen, as most common mutations in both groups. 

 

Discussion 

The number of young patients with CAD has been increasing lately. The incidence of 

symptomatic CAD in young individuals up to 40 years of age is still low at about 3%, but 

there is an increasing trend
[25,26]

. Over the next ten years, we are hopeful that human genetics 

will prove useful in identifying novel root causes of CAD, guiding drug development efforts 

in anticipating the safety and efficacy profile of a given therapeutic drug, and providing 

patients and their providers with genetic data that will aid in CAD prevention and treatment
[27]

. 

Environmental factors and genetic factors rarely act in isolation, but in most cases they act 

synergistically, contributing to an increased risk of a VTE event. Risk factors are not always 

associated in isolation with VTE, and therefore understanding how the interaction of 

environment and genetic factors affects the pathophysiology of VTE greatly increases the 

potential for targeted prevention and treatment in the future, which would significantly 

prevent and reduce the morbidity and incidence of such events
[28]

. 

In our study, patients were divided into two groups: the first group included 36 young 

patients with CAD, and the second group 32 young patients with VTE. The mean age in both 

groups was 38 years and the distribution by gender showed that males were significantly 

more represented than females in both groups. In terms of risk factors, in both groups the 

most common risk factor were overweight and obesity, while hypertension and smoking were 

significantly present among patients in the group with CAD. Regarding the statistical analysis 

of the frequency of examined genetic mutations, we found that in group 1 (patients with 

CAD) most common were heterozygous mutations for: MTHFR C677T with frequency of 

50%, eNOS 786 T>C 42%, e NOS 894T 39% and B-fibrinogen with 36%. Meta-analysis of 

published case control and cohort studies in PubMed, correlating factor V Leiden, Prothrombin 

(PT) G20210A, and methylenetetrahydrofolate reductase (MTHFR) C677T (TT genotype) 

mutations with myocardial infarction and ischemic stroke, have shown that these genetic 

abnormalities increase the risk of developing the above-mentioned diseases, especially in the 

younger population
[29]

.  

A cross-sectional, case-control study to determine the association of atherogenic and 

thrombogenic markers of lymphotoxin-alfa gene mutations and the risk of coronary artery 

disease at a young age was performed  in 336 patients with CAD younger than 50 years and 

189 healthy individuals. The results suggest that the inclusion of lipoprotein (a) and 
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lymphotoxin-alfa mutations in the set of conventional risk factors has shown to be an 

additional factor, with a slight increase in the predictable risk of CAD
[30]

. 

In the second group with VTE, the most common were heterozygous mutations for: 

eNOS -786 T> C and MTHFR C677T with frequency of 50%, followed by MTHFR a1298C 

and B-fibrinogen with 44%, eNOS G894T with 41%, FV Leiden with 34%. According to 

these results, overlap of 3 genetic mutations was observed as the most common in both 

groups: eNOS -786 T> C, MTHFR C677T and B-fibrinogen. The frequencies of the mutations 

between the groups were compared. According to the statistical analysis for heterozygous 

mutations, only the frequency of Factor V Leiden was significantly higher in the second 

group (p<0.05). Concerning the homozygous mutations, the frequencies of MTHFR A1298C 

and Factor XIII were significantly higher in the first group with CAD, while the homozygous 

mutation for eNOS G894T was significantly higher in the second group (p<0.05). 

A meta-analysis performed in 2018, to determine the correlation between 

methylenetetrahydrofolate reductase (MTHFR) gene polymorphism and VTE risk identified 

99 studies published in PubMed, Medline, Embase, and Web of Science. The analysis showed 

that MTHFR polymorphism may serve as a potential biological marker for the occurrence of 

DVT and VTE
[31]

.  

In 2019, a study was conducted to determine the role of risk factors and gene 

polymorphisms in young patients with acute coronary syndrome (ACS). A total of 299 patients 

and a control group of 53 healthy volunteers aged 25 to 44 years were included. Genetic 

polymorphisms for: Prothrombin FII G20210-A, FV Leiden G1691-A and MTHFR C677-T 

were examined by polymerase chain reaction (PCR). The results showed that in the group 

with ACS the following risk factors were present in a significant percentage: increased levels 

of LDL cholesterol, decreased levels of HDL cholesterol, smoking, the presence of MTHFR 

homozygous polymorphism, FV Leiden homozygosity, smoking in combination with 

MTHFR
[32]

. 

Tomsk National Research Medical Centre in 2019 conducted a study to investigate 

the distribution of genes from the coagulation system and their impact on serum parameters 

and hemostasis in 913 patients with acute coronary syndrome. Eight polymorphic variants of 

genes associated with thrombophilia were analyzed: Prothrombin FII (G20210-A), FV Leiden 

(G1691-A), FVII (G10976-A), FXIII (G163-T), FI (G455-A), GP Ia-Ila (C807), GP Ilb-IIIa 

(T1565-C), PAI-I (G6755-G). The results showed that at least 1 polymorphic variant of the 

above-mentioned genes was found in 97% of patients with ACS
[33]

. 

To determine the frequency of recurrent VTE events in patients with factor V Leiden 

(FVL) or prothrombin G20210A mutation in comparison with patients without mutation of 

these genes, and to determine the frequency of VTE events in relatives of patients with and 

without mutations in these genes, a meta-analysis was performed based on relevant studies 

searched in Medline, EMBASE, the Cochrane Library, the Cumulative Index to Nursing and 

Allied Health Literature, and PsycInfo. The results showed that heterozygous and homozygous 

mutations for FVL have predictive value for recurrent VTE event as well as VTE event in 

close relatives compared to individuals without mutation of this gene. On the other hand, a 

heterozygous mutation of Prothrombin G20210 is not predictive of recurrent VTE event. The 

studies on the predictive value of the homozygous mutation of Prothrombin G20210A for the 

occurrence of recurrent VTE event or VTE event in close relatives are insufficient
[34]

. 

In 2014, it was investigated whether there was a link between arterial and venous 

thrombosis. Several studies revealed that subjects with idiopathic venous thrombosis had an 

increased risk of cardiovascular events compared to subjects with secondary thrombosis or 

the control group. On the other hand, atherosclerosis had the potential to cause the development 

of a thrombogenic disorder in the venous system. The different nature of arterial and venous 
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thrombogenic disorders remains a challenge. More studies are needed to find and clarify the 

nature of their association and to evaluate their impact in clinical practice
[35]

. 

At the University Clinic for Cardiology in Skopje, in cooperation with the Institute of 

Immunobiology and Human Genetics, in 2008 a genetic study of Macedonian population was 

performed to determine the association of methylenetetrahydrofolate reductase (MTHFR-677 

and MTHFR-1298) genetic polymorphisms with CAD and DVT. Eighty-three healthy subjects, 

76 patients with CAD and 67 patients with DVT were included. The results did not show a 

significant association between MTHFR-677 and MTHFR-1298 polymorphisms with coronary 

artery disease and deep vein thrombosis in Macedonians, except for the protective effect of 

MTHFR/CA:CC diplotype in CAD
[36]

. 

In 2006, a retrospective case-control study involved 190 patients with venous 

thromboembolic disease and 200 healthy individuals, to determine the prevalence of factor V 

Leiden mutation in patients with venous thromboembolic disease and healthy individuals in 

the Republic of Macedonia. The prevalence of factor V Leiden mutation among patients with 

venous thromboembolic disease was 21.1%, compared to 5.5% in healthy individuals
[37]

. 

The limitation of this study was that we did not include a control group of healthy 

individuals, to compare the frequencies of genetic mutations in patients in both groups with 

the frequencies in healthy population and that is our next objective. Making correlation between 

patient’s groups and healthy population, and logistic regression with the risk factors, can 

determine whether there is a significant association of certain mutations and the occurrence of 

disease (i.e., a significant deviation in these two groups). This study included a small number of 

patients, which may have introduced bias into the study. 

 

Conclusion 

There are environmental risk factors (overweight, obesity, hypertension, smoking) 

that should be considered in the assessment of patients with CAD or VTE under 50 years of 

age.  Our study identified genetic polymorphisms in MTHFR, eNOS and B-fibrinogen genes 

that are associated with a higher risk of CAD and VTE and should be analyzed in these 

patients.  

 

Conflict of interest statement. None declared. 

 

References 

1. Said MA, Verweij N, van der Harst P. Associations of combined genetic and lifestyle 

risks with incident cardiovascular disease and diabetes in the UK biobank study. 

JAMA 2018; 3(8): 693-702. doi: 10.1001/jamacardio.2018.1717. 

2. Won H-H, Natarajan P, Dobbyn A, Jordan DM, Roussos P, Lage K, et al. 

Disproportionate contributions of select genomic compartments and cell types to 

genetic risk for coronary artery disease. Snyder M, editor. PLoS Genet 2015; 11(10):  

e1005622. https://doi.org/10.1371/journal.pgen.1005622. 

3. Samani NJ, Erdmann J, Hall AS, Hengstenberg C, Mangino M, Mayer B, et al. 

Genomewide association analysis of coronary artery disease. N Engl J Med 2007; 

357(5): 443-453. doi: 10.1056/NEJMoa072366. 

4. Burton PR, Clayton DG, Cardon LR, Craddock N, Deloukas P, Duncanson A, et al. 

Genome-wide association study of 14,000 cases of seven common diseases and 3,000 

shared controls. Nature 2007; 447(7145): 661-678. doi: 10.1038/nature05911. 

5. Khera AV, Emdin CA, Drake I, Natarajan P, Bick AG, Cook NR, et al. Genetic risk, 

adherence to a healthy lifestyle, and coronary disease. N Engl J Med 2016; 375(24): 

2349-2358. DOI: 10.1056/NEJMoa1605086. 



Bojovski I. et al. Genetic variants associated with coronary artery disease and venous thromboembolism 
 

117 

 

6. Said MA, van de Vegte YJ, Zafar MM, van der Ende MY, Raja GK, Verweij N, et al. 

Contributions of Interactions Between Lifestyle and Genetics on Coronary Artery 

Disease Risk. Curr Cardiol Rep 2019; 21(9): 89. doi:10.1007/s11886-019-1177-x. 

7. Marenberg ME, Risch N, Berkman LF, Floderus B, de Faire U. Genetic susceptibility 

to death from coronary heart disease in a study of twins. N Engl J Med 1994; 330(15): 

1041-1046. doi: 10.1056/NEJM199404143301503. 

8. Zdravkovic S, Wienke A, Pedersen NL, Marenberg ME, Yashin AI, De Faire U. 

Heritability of death from coronary heart disease: a 36-year follow-up of 20 966 Swedish 

twins. J Intern Med 2002; 252(3): 247-254. doi: 10.1046/j.1365-2796.2002.01029.x. 

9. Lloyd-Jones DM, Nam BH, D'Agostino RB Sr, Levy D, Murabito JM, Wang TJ, et 

al. Parental cardiovascular disease as a risk factor for cardiovascular disease in 

middle-aged adults: a prospective study of parents and offspring. JAMA 2004; 

291(18): 2204-2211. doi: 10.1001/jama.291.18.2204. 

10. Murabito JM, Pencina MJ, Nam BH, D'Agostino RB Sr, Wang TJ, Lloyd-Jones D, et 

al. Sibling cardiovascular disease as a risk factor for cardiovascular disease in 

middle-aged adults. JAMA 2005; 294(24): 3117-3123. doi:10.1001/jama.294.24.3117. 

11. Anderson JA, Weitz JI. Hypercoagulable states. Clin Chest Med 2010; 31(4): 659-

673. doi: 10.1016/j.ccm.2010.07.004. Epub 2010 Aug 11. PMID: 21047574. 

12. Bosevski M, Velkova E, Poredosh P, Spirokoska A, Stojanovski Z, Gavazova-Kozareva 

K. Venous thrombology. Ars lamina, Skopje 2016.  

13. Crous-Bou M, Harrington LB, Kabrhel C. Environmental and Genetic Risk Factors 

Associated with Venous Thromboembolism. Semin Thromb Hemost 2016; 42(8): 

808-820. doi:10.1055/s-0036-1592333. 

14. Kujovich JL. Factor V Leiden thrombophilia. Genet Med 2011; 13(1): 1-16. doi: 

10.1097/GIM.0b013e3181faa0f2. PMID: 21116184. 

15. Vicente V, González-Conejero R, Rivera J, Corral J. The prothrombin gene variant 

20210A in venous and arterial thromboembolism. Haematologica 1999; 84(4): 356-

362. PMID: 10190951. 

16. Park WC, Chang JH. Clinical Implications of Methylenetetrahydrofolate Reductase 

Mutations and Plasma Homocysteine Levels in Patients with Thromboembolic 

Occlusion. Vasc specialist int 2014; 30(4): 113-119. doi:10.5758/vsi.2014.30.4.113 

17. Montalescot G, Collet JP, Choussat R, Thomas D. Fibrinogen as a risk factor for 

coronary heart disease. Eur Heart J 1998; 19 Suppl H:H11-7. PMID: 9717059.  

18. Yu J, Wu X, Ni J, Zhang J. Relationship between common eNOS gene 

polymorphisms and predisposition to coronary artery disease: Evidence from a meta-

analysis of 155 published association studies. Genomics 2020;112 (3): 2452-2458. 

doi.org/10.1016/j.ygeno.2020.01.019.  

19. Li N, Liu R, Zhai H, Li L, Yin Y, Zhang J, et al. Polymorphisms of the LTA gene 

may contribute to the risk of myocardial infarction: a meta-analysis. PLoS One 2014; 

9(3): e92272. Published 2014 Mar 18. doi:10.1371/journal.pone.0092272 

20. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U, et al. 

ESC Scientific Document Group, 2018 ESC/EACTS Guidelines on myocardial 

revascularization. Eur Heart Jl 2019; 40 (2): 87-165.  doi.org/10.1093/eurheartj/ 

ehy394.  

21. Patel MR, Bailey SR, Bonow RO, Chambers CE, Chan PS, Dehmer GJ, et al. ACCF/ 

SCAI/AATS/AHA/ASE/ASNC/HFSA/HRS/SCCM/SCCT/SCMR/STS 2012 Appropriate 

Use Criteria for Diagnostic Catheterization. J Am Coll Cardiol 2012; 59(22): 1995-2027. 

22. American Diabetes Association. 2. Classification and diagnosis of diabetes: Standards 

of Medical Care in Diabetes-2019. Diabetes Care 2019; 42:S13-S28. 

https://doi.org/10.2337/dc19-S002. 



Bojovski I. et al. Genetic variants associated with coronary artery disease and venous thromboembolism 
 

118 

 

23. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. ESC 

Scientific Document Group, 2016 European Guidelines on cardiovascular disease 

prevention in clinical practice: The Sixth Joint Task Force of the European Society of 

Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical 

Practice (constituted by representatives of 10 societies and by invited experts) 

Developed with the special contribution of the European Association for 

Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J 2016; 37(29): 

2315-2381. https://doi.org/10.1093/eurheartj/ehw106. 

24. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. ESC 

Scientific Document Group, 2018 ESC/ESH Guidelines for the management of arterial 

hypertension: The Task Force for the management of arterial hypertension of the European 

Society of Cardiology (ESC) and the European Society of Hypertension (ESH). Eur Heart 

J  2018; 39(33): 3021-3104. https://doi.org/10.1093/eurheartj/ehy339. 

25. Jalowiel DA, Hill JA. Myocardial infarction in the young and in women. Cardiovasc 

Clin 1998; 20(1): 197-206. 

26. Klein LW, Nathan S. Coronary artery disease in young adults. J Am Coll Cardiol  2003; 

41(4): 529-531. DOI: 10.1016/S0735-1097(02)02861-9. 

27. Khera AV, Kathiresan S. Genetics of coronary artery disease: discovery, biology and 

clinical translation. Nat Rev Genet 2017; 18(6): 331-344. doi:10.1038/nrg.2016.160 

28. Crous-Bou M, Harrington LB, Kabrhel C. Environmental and Genetic Risk Factors 

Associated with Venous Thromboembolism. Semin Thromb Hemost 2016; 42(8): 

808-820. doi: 10.1055/s-0036-1592333. 

29. Kim RJ, Becker RC. Association between factor V Leiden, prothrombin G20210A, 

and methylenetetrahydrofolate reductase C677T mutations and events of the arterial 

circulatory system: a meta-analysis of published studies. Am Heart J 2003; 146(6): 

948-957. doi: 10.1016/S0002-8703(03)00519-2. 

30. Ozaki K, Inoue K, Sato H, Iida A, Ohnishi Y, Sekine A, et al. Functional variation in 

LGALS2 confers risk of myocardial infarction and regulates lymphotoxin-alpha 

secretion in vitro. Nature 2004; 429(6987): 72-75. doi: 10.1038/nature02502. 

31. Zeng J, Zeng Q. Correlations between methylenetetrahydrofolate reductase gene 

polymorphisms and venous thromboembolism: A meta-analysis of 99 genetic association 

studies. Eur J Prev Cardiol 2019; 26(2): 120-134. doi: 10.1177/2047487318799467. 

32. Ponomarenko IV, Sukmanova IA. Thrombosis risk factors and gene mutations in 

young age patients with acute coronary syndrome. Kardiologiia 2019; 59(1S): 19-24. 

https://doi.org/10.18087/cardio.2602. 

33. Fedorova SB, Kulagina IV, Ryabov VV. Hemostatic Gene Polymorphisms in Acute 

Coronary Syndrome with Nonobstructive Coronary Atherosclerosis. Kardiologiia 

2019; 59(10): 14-22. Russian. doi: 10.18087/cardio.2019.10.2680. PMID: 31615384. 

34. Segal JB, Brotman DJ, Necochea AJ, Emadi A, Samal L, Wilson LM, et al. 

Predictive value of factor V Leiden and prothrombin G20210A in adults with venous 

thromboembolism and in family members of those with a mutation: a systematic 

review. JAMA 2009; 301(23): 2472-2485. doi: 10.1001/jama.2009.853. 

35. Andrei MC, Andercou A. Is there a Link Between Atherothrombosis and Deep 

Venous Thrombosis? Maedica (Buchar) 2014; 9(1): 94-97. 

36. Spiroski I, Kedev S, Antov S, Arsov T,  Krstevska M, Stojkova-Dzhekova S, et al. 

Association of Methylenetetrahydrofolate Reductase (MTHFR-677 and MTHFR-1298) 

Genetic Polymorphisms with Occlusive Artery Disease and Deep Venous Thrombosis in 

Macedonians. Croat Med J 2008; 49(1): 39-49. doi: 10.3325/cmj.2008.1.39. 

37. Arsov T, Miladinova D, Spiroski M. Factor V Leiden is associated with higher risk of 

deep venous thrombosis of large blood vessels. Croat Med J 2006; 47(3): 433-439. 


