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PREAMBLE 

The initial aim of this project was to investigate the influence of certain genetic polymorphisms on 
heart disease in the Portuguese population. Specifically, this study intended to study the frequency of 
VKORC1 and CYP2C9 genes’ polymorphisms and their impact on an anticoagulant drug’s 
metabolization used to treat and prevent cardiovascular diseases. The drug in study was the warfarin, an 
antagonist of vitamin K widely used to treat and prevent cardiovascular diseases through the inhibition 
of vitamin K production. The vitamin K inhibition will consequently decrease clotting factors II, VII, 
IX, and X presence on the coagulation cascade, preventing clot formation or expansion [1]–[3]. 

The reason to perform this work was the urgent need for new technologies to rapidly predict a 
customized drug dose for each patient. A warfarin dose customization allows the minimization of any 
adverse effect through the prescription of the lowest drug dose to prevent clot formation. The main issue 
found related to warfarin is its narrow therapeutic index that makes it impossible to administer a 
standardized dose to a patient, which means that a specific dose for an individual might not apply for 
another. The variation in the warfarin dose requirement will depend on the patient’s vitamin K intake, 
age, and the presence of the VKORC1 and CYP2C9 genes’ polymorphisms. [4]. 

This research would occur by the optimization of the DNA samples' extraction and purification, 
followed by the optimization of PCR amplification parameters. Moreover, the intention was to perform 
DNA electrophoresis run with agarose gel and then detect the studied polymorphisms on the amplified 
DNA using electrochemical genosensors.  

 However, the suspension of this experimental work was mandatory due to the COVID-19 pandemic. 
The president of Instituto Politécnico do Porto and the other responsible directed the suspension of all 
the laboratory and classroom activities to assure the safety of students, teachers, and employees. Even 
if this compromises the completion of this project, there are more relevant issues and values to consider 
when fighting a pandemic.  

As laboratory activities were not feasible, there was the need to find a project as challenging as this. 
The plausible solution found was to change the focus of this project to compile in an article review the 
frequency of the CYP2C9, VKORC1, and CYP4F2 genes polymorphisms in every European country. 
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SUMÁRIO 

As doenças cardiovasculares são a principal causa de morte na Europa, representando cerca de 3.90 
milhões de mortes anuais. O anticoagulante mais prescrito para tratar e prevenir complicações advindas 
destas doenças é a varfarina. Por outro lado, a varfarina é também o fármaco mais associado a efeitos 
nefastos devido à prescrição de dosagem incorreta. A variação da dose de varfarina é explicada em 56% 
pela presença dos polimorfismos nos genes VKORC1, CYP2C9 e CYP4F2. Esta significativa variação 
na dose de varfarina realça a importância da farmacogenética na individualização da dose prescrita. Este 
estudo foi realizado com o intuito de compilar informação acerca da presença destes polimorfismos em 
países europeus e avaliar o seu impacto na variação da dose de varfarina necessária. 

Estes dados foram obtidos através de uma pesquisa sistemática nas bases de dados PUBMED e Web 
of Knowledge através do uso das seguintes palavras-chave: [*País da Europa*, *gene* e 
polymorphisms] e [*Nacionalidade de cada país da Europa*, *gene* e polymorphisms]. Esta pesquisa 
foi levada a cabo de julho de 2020 a agosto de 2020, da qual foram obtidos 119 artigos válidos. Os 
critérios de exclusão foram artigos de revisão sistemática, meta-análises e estudos que não estivessem 
escritos em inglês. Para além destes, estudos genotípicos conduzidos em pacientes e em animais foram 
também descartados. 

No que diz respeito ao gene VKORC1 avaliou-se a frequência dos polimorfismos -1639 G>A, 1173 
C>T, e 3730G>A. Relativamente ao gene CYP2C9 avaliou-se a frequência dos polimorfismos 
CYP2C9*2 e CYP2C9*3. Por último, o polimorfismo V433M foi o único do gene CYP4F2 avaliado 
nas populações europeias. 

Para simplificar a análise dos polimorfismos genéticos nos países europeus, estes foram agrupados 
em seis subdivisões geográficas: Norte, Este, Sudeste, Centro, Sul e Oeste. 

As populações estudadas de países do sudeste europeu apresentaram uma maior frequência para os 
polimorfismos -1639 G>A (de 39.9% a 53.4%) e 1173 C>T (de 46.7% a 50.0%) do gene VKORC1. No 
sentido inverso, as populações estudadas do sul, centro e oeste europeu apresentaram uma frequência 
para os polimorfismos -1639 G>A, e 1173 C>T do gene VKORC1 menor do que 43.1% e 44.8%, 
respectivamente. As populações do sudeste europeu mostraram uma alta frequência para os 
polimorfismos CYP2C9*2 (de 12.5% a 18.6%), e CYP2C9*3 (de 7.3% a 10.9%). Além disso, as 
populações estudadas do norte e este europeu apresentaram uma baixa frequência para os polimorfismos 
CYP2C9*2 (de 8.8% a 14.3%), and CYP2C9*3 (de 4.6% a 7.4%). 

De acordo com a frequência dos polimorfismos -1639 G>A e 1173 C>T do gene VKORC1, um 
indivíduo de um país do sudeste europeu tem maior probabilidade de necessitar de uma menor dose de 
varfarina. Da mesma forma que, atendendo às frequências dos polimorfismos CYP2C9*2 e CYP2C9*3, 
um indivíduo do sul da Europa tem maior probabilidade de requerer uma dose mais baixa de varfarina. 

Em relação aos polimorfismos V433M (CYP4F2) e 3730 G>A (VKORC1) não é possível retirar 
qualquer conclusão acerca da sua frequência em países europeus, devido à escassez de informação. 

PALAVRAS-CHAVE: VKORC1, CYP2C9, CYP4F2, genes, polimorfismos, farmacogenética e Europa. 
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ABSTRACT 

Cardiovascular diseases (CVDs) are the leading cause of mortality in Europe accounting for 3.90 
million deaths each year. The most widely used anticoagulant to treat and prevent CVDs events is 
warfarin. However, warfarin is also the drug most associated with adverse reactions due to incorrect 
dosage. This warfarin dose variation is explained by 56% in the presence of the Vitamin K epoxide 
reductase complex subunit 1 (VKORC1), Cytochrome P450 2C9 (CYP2C9), and Cytochrome P450 4F2 
(CYP4F2) genes polymorphisms. Such a narrow therapeutic index for warfarin justifies why 
pharmacogenetics are indispensable for dose customizing. Therefore, this study aimed to compile the 
available data regarding these polymorphisms’ frequency in European countries and to assess their 
impact on the warfarin requirement dose.  

This data was obtained through a systematic search carried out in PUBMED, and Web of Knowledge 
using the following keywords: [*European country*, *gene* and polymorphisms] and [*each European 
country nationality*, *gene* and polymorphisms]. This search was conducted between July 2020 and 
August 2020, from which were retrieved 119 valid papers. The exclusion criteria were systematic 
reviews, meta-analysis, and non-writing English papers, as well as genotypic studies conducted in 
patients, and animals. 

Concerning the VKORC1 gene, the obtained studies evaluated the frequency of the -1639 G>A, 1173 
C>T, 3730G>A polymorphisms in European populations. Regarding the CYP2C9 gene, the frequency 
of the CYP2C9*2 and CYP2C9*3 polymorphisms was assessed. Finally, the CYP4F2 gene only had the 
frequency of the V433M polymorphism assessed in European populations.  

To simplify the analysis of polymorphisms’ frequency, the European countries were grouped into 
six geographical subdivisions (Northern, Eastern, Southeastern, Central, Southern, and Western). 

The studied populations from Southeastern Europe countries showed a higher frequency either for 
the VKORC1 gene -1639 G>A (39.9% to 53.4%) and 1173 C>T (46.7% to 50.0%) polymorphisms. 
Conversely, the Southern, Central, and Western European studied populations presented a frequency for 
the VKORC1 gene -1639 G>A, and 1173 C>T polymorphisms lower than 43.1%, and 44.8%, 
respectively. The studied populations from Southern Europe displayed a higher frequency for the 
CYP2C9*2 (12.5% to 18.6%), and CYP2C9*3 (7.3% to 10.9%) polymorphisms. Also, the Northern and 
Eastern European populations presented a lower frequency for the CYP2C9*2 (8.8% to 14.3%), and 
CYP2C9*3 (4.6% to 7.4%) polymorphisms. 

Concerning the frequency of the VKORC1 gene -1639 G>A and 1173 C>T polymorphisms, one 
individual from Southeastern Europe is more likely to require a lower warfarin dose. Simultaneously, 
the frequencies for the CYP2C9*2, and CYP2C9*3 polymorphisms suggest that one individual from 
Southern Europe is more prone to require a lower warfarin dose.  

It is not possible to draw any conclusions regarding the frequency of V433M (CYP4F2), and 3730 
G>A (VKORC1) polymorphisms due to due to the scarcity of studies assessing their frequency in 
European countries. 

KEYWORDS: VKORC1, CYP2C9, CYP4F2, genes, polymorphisms, pharmacogenetics, and 
Europe.  
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1. INTRODUCTION 

1.1. Cardiovascular diseases in Europe 
Cardiovascular diseases (CVDs) are the leading cause of mortality and disability worldwide whether 

in developed, low or middle-income countries. Even though they affect women in a higher proportion 
than men. Every year, about 32.4 million CVDs events occur, being the myocardial infarctions and 
strokes the most reported cases [5], [6]. 

In Europe, according to data from 2017, CVDs estimate for 3.90 million deaths each year, 
representing 45% of the total. The most prevalent CVDs are coronary heart disease (CHD) and stroke. 
CHD is the leading cause of death (19% of all deaths) among the European countries accounting for 
about 1.74 million deaths a year. On the other hand, stroke ranks second on the list of the most lethal 
causes of death, representing almost 1 million deaths every year [7]. 

CVDs are also the leading cause of premature death across Europe. Annually, about 1.3 million 
people under the age of 75 years die from complications related to CVDs (35% of total deaths). 
Concerning people under 65 years old, CVDs are the second cause of death accounting for 192 thousand 
deaths (22% of total) [7]. 

The CVDs have their origin in a phenomenon named atherosclerosis. This event consists of an 
artery's inside narrowing due to the plaque build-up that develops arterial occlusion over time (Figure 
1.1). The most severe cases of atherosclerosis manifest their symptoms when the consequences for the 
patients are irreversible. It mainly results in unpredictable and sometimes fatal acute coronary events 
(heart attacks) and cerebrovascular events (strokes). [5], [6].  

 

Figure 1.1 - Illustrated representation of plaque build-up, which over the years will lead to arterial occlusion [8]. 



  
 

- 2 - 
 

The sudden occurrence of the clinical events mentioned is more likely to happen whether the 
individual adopts risky behaviours (such as smoking, sedentary lifestyle, lack of balanced nutrition, 
excessive alcohol consumption, and stress). These risk factors lead to higher blood pressure and low-
density lipoprotein (LDL) cholesterol. These factors combined with an eventual family's historical 
predisposition to CVDs, will increase the probability of a CVD event to occur.  Therefore, a timely 
change of risk habits would reduce clinical events and premature deaths by a third in flagged people 
with CVDs, and in people at high CVD risk due to one or more factors [5], [6], [9]. 

The World Health Organization (WHO) and the International Society of Hypertension (ISH) 
developed prediction charts to assess the incidence of CHD, stroke, and peripheral events. These charts 
apply for first and recurrent cases to prevent and control CVDs in low– and middle– income countries. 
These charts enable equity between low– and middle– income countries with high-income countries as 
they balance their populations’ level of CVDs risk assessment. [10].  

The risk prediction charts calculate the combined risk of developing a CVD based on the 
individual’s risk factors (age, gender, smoking habits, blood pressure, blood cholesterol, blood sugar). 
As seen in Figure 1.2, the risk prediction charts enable an individual to be classified according to their 
risk of suffering a CVD event in the following ten years. The darker the assigned colour, the greater the 
risk of an individual to suffer a clinical event. For those individuals, whose score results in high 
cardiovascular risk, the guidelines recommend the administration of vitamin K (VK) antagonists and an 
abrupt change on the risk behaviours. Also, it is crucial to have in mind that people with previous CVDs 
occurrences have a much higher probability of suffering from other clinical events. On the other hand, 
if the risk is low, there is no need for such drastic changes, but it is recommended that the individual 
adjusts some behaviours, such as smoking [11]. 

 

Figure 1.2 – WHO and ISH cardiovascular risk prediction charts [12].  
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The individuals’ socioeconomic status (SES) and their country’s income will significantly impact 
their predisposition to suffer from CVD. Men and women living in high-income countries with low SES 
are more susceptible to CVDs than people with high SES. The principal reasons for this to happen seems 
to be the psychosocial factors, the influence of area of residence, and the health inequalities and 
inequities in the referred countries. The same is replicated in low-income and middle-income at a 
grander scale not only because of the higher revenue disparities, but also because social aid and health 
services are often not guaranteed [13]. 

The solution to this health problem is noticeable, but its implementation is arduous. As middle-
income countries become wealth, CVDs patterns are improved, and with that, their populations' SES 
reaches higher levels. It is possible to replicate in lower-income countries what has been done in higher-
income countries. This can be achieved by incorporating SES into screening and risk calculation to 
reduce psychosocial and behavioural risk, enabling equal care for everyone [13], [14].  

There is a variety of factors that will influence the variability in disease frequency. It may depend 
on the countries' progress rhythm and where that progress leads. For example, when countries develop 
from agrarian to an industrial situation, there are changes at an environmental, social, and structural 
scale. This will drive to the increase of people's lifespan but, on the other hand, it will lead a higher 
exposure to risk factors for chronic diseases. The determining part of this subject is to find the balance 
between developing and the increase of risk factor levels to define the incidence frequency and mortality 
caused by CVD [14]. 

Simultaneously, other circumstances may influence the rising of mortality caused by CVDs in some 
countries. Some nations face additional pressures like war or infectious diseases while individuals from 
other countries may have or not a genetic predisposition for CVD risk  (e.g., in Japan, despite the CVDs' 
risk levels increment over the last years, its incidence is still 3-fold lower than in the United States of 
America (USA)) [14]. 

Among the European countries, particularly the European Union (EU) countries (which includes 
the United Kingdom in the 2016 year), Iceland, Norway, Switzerland, Serbia, and Turkey there are 
significant income differences. This income difference could correlate to different CVDs’ mortality 
rates, even if some of these countries are part of an exclusive economic zone and all are geographically 
located on the same continent [15]. 

There are a few ways of measuring a country's economic activity, living and development standards. 
However, the most consensual and used indicator is the Real Gross Domestic Product (GDP) per capita, 
even though it does not consider the adverse effects of economic activity and the unpaid household. The 
distinction between Real GDP and GDP is that Real GDP takes inflation into account. Therefore, GDP 
is an indicator that measures the final output of all goods and services that a country's economy produces 
over a year divided by its population’s number [15].  In the year 2016, the EU countries CVDs' mortality 
rate represented 37.1% of the total number, equivalenting to 1.68 million deaths. However, the CVD’s 
mortality rate disparity amongst the EU countries can be as broad as 23.9% in Denmark to 66.2% in 
Bulgaria. Part of this referred disparity could find an explanation on the Real GDP per capita in each 
country [15], [16].   
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Looking at Figure 1.3 is possible to observe that in countries whose Real GPD per capita is lower 
than 2000€, the CVDs mortality rate is, generally, as higher as lower the Real GDP is. This correlation 
is specifically noted on Balkan, Baltic, and Eastern European (Poland, Czech Republic, Hungary) 
countries whose income is low, while presenting the highest CVDs’ mortality rate.  This group of 
countries show a CVDs’ mortality rate above 43.3% and an income per capita below 17000€ [15], [16].  

Still, countries with higher income per capita may show CVDs’ mortality rates similar to lower income 
countries due to social, cultural, eating behaviours and health factors. There are good examples of 
countries with higher CVDs’ mortality rates despite showing higher value for Real GDP per capita as is 
the case of Austria and Nordic countries. Austria shows a CVDs’ mortality rate comparable to all the 
studied Eastern countries despite the Austria’s income (36430€) being 49.1% to 70.1% higher. 
Concerning the Nordic countries, although presenting a high value for Real GPD per capita, only 
Denmark stands out for showing the lowest CVDs’ mortality rate (23.9%). Simultaneously, Norway, 
Iceland, Sweden, and Finland compare their mortality rate to countries whose income is much lower. A 
great example of this is Portugal that despite having a medium-low income (17010€), has a similar or 
lower CVDs’ mortality rate than some Nordic countries whose income is 51.8% to 75% higher. 

 

 

Figure 1.3 – CVDs mortality rate against Real GPD per capita in the 2016 year. Adapted data from [15] 
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1.2. Coagulation cascade 
The coagulation cascade is a sequence of events in which chain-activated anticoagulant proteins 

are involved, allowing haemostasis to occur. The rapid prevention and cure of unexpected bleeding are 
due to the existence of two distinct pathways (extrinsic and intrinsic). These pathways converge on a 
common pathway, leading to the conversion of fibrinogen into fibrin. The haemostasis process occurs 
in two different phases. The first phase of haemostasis is the organism's first response to bleeding, 
forming an aggregation of platelets at the damaged site. The secondary haemostasis is the organism's 
reinforcement response by the intrinsic and extrinsic pathway in the damaged place. This response will 
combine fibrin strands, binding platelets together to stabilize the platelet plug [1], [3], [17]–[19]. 

The Figure 1.4 shows the intrinsic, extrinsic, and common pathways in the coagulation cascade, 
and how the involved proteins interact with each other. The factors of the intrinsic pathway (VII, IX, 
XI, and XII), the extrinsic pathway (III and VII), and the common pathway (I, II, V, and X), when not 
activated, flow into the bloodstream as zymogens. Also, some of them (factors II, VII, IX, X, XI, and 
XII) will be then activated into serine proteases to catalyse the conversion of the remaining zymogens 
into serine proteases [1], [3], [17]–[20]  

 

Figure 1.4 - Illustrated representation of coagulation cascade. The clot factors surrounded with orange colour are the 
factors inhibited by warfarin Adapted from [21] 
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The intrinsic pathway involves the largest number of clotting factors compared to the 
extrinsic. The exposure to endothelial collagen, which only happens when there is endothelial damage, 
unleashes the activation of the serine protease Factor XIIa. The Factor XIIa will then catalyze the 
activation of Factor XI into Factor XIa, which in turn will activate Factor IXa. Factor IXa will next 
stimulate the Factor X activation into Factor Xa, where the intrinsic pathway and the extrinsic pathway 
fuse [20].  

On the other hand, the extrinsic pathway is the shorter pathway. This process begins with the 
damage of vessels that will make the endothelial cells to release the tissue factor (Factor III), allowing 
the activation of Factor VII zymogen into Factor VIIa. Factor VIIa will, in its turn, activate factor Xa, 
and at this point, the intrinsic and extrinsic pathways come together [20]. 

As previously mentioned, the common pathway results from the meeting of the intrinsic and 
extrinsic pathways. In this way, the common pathway starts at the activation of factor X to factor Xa 
through cleavage by the tenase. Tenase can either be a complex of the extrinsic pathway, which includes 
the tissue factor, Factor VIIa, and Ca2 +, or intrinsic pathway, containing Factor IXa, CoFactor VIII, 
phospholipids, and Ca2+. Therefore, Factor II (prothrombin) is then cleaved into its active form Factor 
IIa (thrombin) by Factor Xa in conjunction with the CoFactor V. Factor IIa will then catalyze Factor I 
(fibrinogen) activation into Factor Ia (fibrin). The fibrin subunits will, in turn, come together to form the 
fibrin strands. The fibrin strands with the action of Factor XIII, will create a fibrin mesh to stabilize the 
platelet plug [1], [3], [17]–[19], [22]. 

1.3. Warfarin and oral anticoagulants  
Warfarin is, nowadays, the most prescribed oral anticoagulant in the world to treat thromboembolic 

disorders, but it was primarily used as a rodenticide in 1952. Two years later, warfarin started being 
marketed to prevent and control thromboembolism prophylaxis and venous thromboembolism. The 
intake of this drug is one of the most common causes of emergency for adverse drug reactions. This 
happens due to its narrow therapeutic index, multifactorial etiology exposure, and high usage, making 
dose standardization impossible. Briefly,  this means that a specific dose for an individual might cause 
bleeding events, while the same dose might cause blood clot in other. [1]–[3]. 

As warfarin (Figure 1.5) pharmacokinetics is not understood yet, there is the need to know the initial 
response to therapy. This drug is a racemic mixture (a substance that contains equal amount of left- and 
right-handed enantiomers of a chiral molecule) of -S and -R stereoisomers that will bound 99 % to 
albumin. S-warfarin is transformed by Cytochrome P450 2C9 (CYP2C9 into inactive metabolites while 
R-warfarin by Cytochrome P450 1A1 (CYP1A1), Cytochrome P450 1A2 (CYP1A2), Cytochrome P450 
2C19 (CYP2C19), and Cytochrome P450 3A4 (CYP3A4). These enantiomers will act as VK epoxidase 
reductase complex inhibitors, being the S-warfarin 3 to 5-fold more efficient than the R-warfarin 
enantiomer  [1]–[3], [23]–[25]. 
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Figure 1.5- Chemical structure for warfarin 
 

The anticoagulation treatment aims to administer the drug’s lowest possible dose to prevent clot 
formation or expansion. Warfarin acts as an antagonist of VK, which is a fundamental element on the 
synthesis of clotting factors II, VII, IX and X, well as anticoagulant proteins C, S and Z. The 
anticoagulation state occurs due to the inactivation of the carboxylation of some glutamic acid residues 
by VK antagonists. This carboxylation process requires a reduced form of VK to allow the production 
of clotting factors and anticoagulant proteins. Therefore, in the presence of VK antagonists, the rate of 
production of clotting factors and proteins will reduce by 30% to 50%, allowing anticoagulation [1]–
[3]. 

Warfarin has a fast and almost complete absorption through the gastrointestinal tract, whose effect 
lasts from 2 to 5 days. After the first intake, warfarin will bond to plasmatic albumin, where its maximum 
presence will be detected within 1 hour. However, its highest antithrombotic effect will only manifest 
about 48 hours later with an average half-life of 40 hours. The liver and the kidneys carry out this drug 
metabolization and, after being  transformed into inactive metabolites, will be excreted through urine 
and faeces [1]–[3], [23]–[25]. 

There is a known but not quite understood interindividual variation response on the warfarin 
administration due to the genetic, clinical, physical, SES and environmental factors. The discrepancy in 
patients’ warfarin dose can be as broad as 0.6 mg/day to 15.5 mg/day. Individuals on warfarin therapy 
usually are from 45% to 63% of the time within the therapeutic range (upper limit drug concentration 
above which adverse effects are likely, and by a lower limit below which warfarin is most often not 
effective). Yet, the proportion of patients showing a positive response to warfarin administration in the 
treatment of CVDs is significantly high, being from 50% to 75%. On the other hand, the percentage of 
patients who suffered from adverse reactions is 15% [1], [3], [26], [27]. 

VK is a fat-soluble vitamin with a methylated naphthoquinone nucleus (menadione) and a variable 
aliphatic side chain at the 3′ position that can assume two natural forms, namely Phylloquinone (VK1) 
and Menaquinones (VK2). VK in its reduced form plays an indispensable role in blood clotting since it 
is in the VK cycle that clotting factors II, VII, IX and X used in the coagulation cascade are produced.  
[28].  
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The VK cycle (Figure 1.6) begins by the reduction of dietary VK form. This reduction occurs 
through the action of quinone reductase that will catalyse the donation of two electrons by NADPH, 
giving rise to VK hydroquinone. Afterward, VK hydroquinone will be the cofactor alongside carbon 
dioxide and oxygen for the carboxylation step by giving its electrons to gamma-glutamyl carboxylase 
(GGCX). The electron acceptance by GGCX will allow the conversion of the coagulation factors and 
anticoagulation proteins onto their functional forms. This occurs because of the addition of a carboxyl 
group onto the end of their glutamic acid residues [3], [18], [29], [30] . 

 

Figure 1.6 - VK cycle and respective warfarin effect on this process. Adapted from [25], [29].  

 

VK is, after the carboxylation step, in an oxidized form to which is given the name of VK 
epoxide. From this moment on, vitamin K epoxide reductase (VKORC1) will stimulate the conversion 
of the VK epoxide to the original dietary VK form, through the donation of electrons from a thiol group. 
Also, the Cytochrome P450 4F2 (CYP4F2) enzyme is known for regulating the excess of VK1 through 
its oxidation into hidroxyVK1, enabling the removal of active VK1 from the VK cycle [3], [18], [31], 
[32]. A single VK molecule can be part of innumerable VK cycles, and warfarin acts on the coagulation 
process by restraining its regeneration. As can be seen in Figure 1.6, warfarin inhibits the function of 
the VKORC1 and quinone reductase enzymes by binding to their active site in a still uncertain way. 
Therefore, the coagulation factors’ activation on the coagulation cascade will be inhibited [1], [3], [18], 
[19], [33]. 

As noted, warfarin affects the VK cycle by inhibiting the activity of the enzymes VKORC1 and 
quinone reductase. This warfarin action will inhibit the cyclic interconversion of VK, which means it 
will lower the production of the VK hydroquinone. In the absence of VK hydroquinone, GGCX is then 
unable to proceed to the carboxylation step that converts non-functional coagulation factors and 
anticoagulant proteins into functional ones. This happens because Ca2+ and the phospholipid membranes 
will not be able to bind accordingly to proteins, which will  discontinue the coagulation cascade [34], 
[35].  
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1.4. Coagulation tests 
Studies prove that the warfarin's antithrombotic effect is somehow dissociated from its 

anticoagulant effect. Also, some studies suggest that the reduction of factors II and X are more 
preponderant than the rest. Warfarin, in a study carried out in rabbits, showed an antithrombotic effect 
after six days of treatment. On the other hand, the anticoagulant effect rises only after two days. The 
antithrombotic effect necessarily requires a decrease in the values of prothrombin (factor II). Factor II 
presents a half-life of 60 to 72 hours, which is much lower than that presented by the other factors with 
6 to 24 hours of half-life [35], [36]. 

The adverse reaction of administering inappropriate warfarin doses is haemorrhage. 
Haemorrhage is directly linked to the level of the International Normalized Ratio (INR) whose the higher 
value, the higher the risk of bleeding. These undesirable events caused by warfarin increase their 
likelihood to happen when the patient is old, has associated pathologies and has risky behaviours. In the 
most severe cases, the administration of VK supplements are prescribed to lessen the adverse effects of 
warfarin [37].  

Prothrombin time (PT) assesses warfarin dose efficacy on an individual by measuring the 
function of the extrinsic and common pathway. The PT evaluates the reduction that warfarin causes on 
Factor II, VII, and X at a proportional rate to their half-life. This means that in the first days, Factor VII 
will suffer a higher depletion for having a lower half-life. This test is performed by triggering the fibrin 
clot through the addition of isolated blood plasma and Ca2+ with thromboplastins. The thromboplastin 
responsiveness will then vary according to the reduction of coagulation factors. The time that the study 
sample takes to clot is the PT, which then is compared to a reference clotting time of a healthy person 
called Control Time (CT). The comparison between PT and CT will determine if the warfarin dose is 
suitable to an individual [3], [26], [35], [38]. 

The PT testing is not standardized because several companies are producing different testing 
kits whose clot rates differ, making the PT impossible to compare. The standardization of this PT value 
is then possible due to INR (Equation 1.1). The INR is the relation between PT and CT raised to the 
power of the International Sensitivity Index (ISI). The ISI is the value that each manufacturer assigns to 
indicate a tissue factor compared to an international reference tissue factor [3], [26], [35], [38]. 

𝐼𝑁𝑅 = ൬
𝑃𝑇 𝑡𝑒𝑠𝑡

𝐶𝑇
൰

ூௌூ

 

Equation 1.1 - Equation for INR 

 

This measurement method has been widely used since the WHO recommends its application. 
The use of INR allows the patients' monitoring of warfarin therapy. On a subject that is not under any 
anticoagulant therapy, the common INR values are from 0.8 to 1.2. On the other hand, people taking 
VK antagonists usually show an INR range from 2.0 to 3.0 in their blood. Theferore, a higher INR value 
indicates a high risk of bleeding, and a lower INR value means a high risk of thrombosis. This system 
is extremely convenient to predict bleeding events and sudden deaths in patients suffering from atrial 
fibrillation and increased stroke risk [3], [26].  
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1.5. DNA Polymorphisms and Pharmacogenetics 
The concepts of pharmacogenetics and pharmacogenomics can be confused as synonymous, but 

the fact is that they are distinct sciences. Pharmacogenetics studies refer to the single-gene mutations 
and their respective impact on the drug response. These mutations can lead to individual differences in 
dose-plasma concentrations for many drugs due to changes in the metabolizing enzymes, and proteins. 
On the other hand, the pharmacogenomics study field relies on the entire genome surveillance. This 
science aims to evaluate the various determinants of drug responses, studying inter-individual variations 
in the DNA sequence related to drug response using genomic technologies. Pharmacogenetics and 
pharmacogenomics are indisputably the answers for personalized medicine issue. They make possible 
the prescription of drugs based on the population’s polymorphisms diversity, genetic mutations, and 
gene expression profiles [39], [40]. 

However, a drug's overall effect cannot only be understood and explained by pharmacogenetics and 
pharmacogenomics. This is only possible if these study fields are combined with the individual's 
physical characteristics, environmental factors, and drugs' variable adherence and metabolization [1], 
[3]. 

The use of pharmacogenetic and pharmacogenomic strategies helped to decrease the incidence of 
adverse reactions of some drugs (e.g., abacavir hypersensitivity syndrome in clinical practice through 
prospective genotyping for HLA-B*57:01). Nevertheless, there is no customized cardiovascular test at 
a clinical practice level due to logistical, financial, and health care provider barriers. These tests 
implementation and development worsen with the inconsistent results, the focus on new cardiovascular 
drugs’ approval, and the lack of evidence from the patient's point of view. Besides this, most VK 
antagonists are non-patented, which leads them to be cheaper and prescribed by many physicians [1], 
[3]. 

The so-called polymorphisms are, by definition, a variation in the genome among the population 
with a minor allele frequency (MAF) higher than 1% in the whole population.  Polymorphisms are 
responsible for a variation in the human genome of around 1%, being the remaining percentage the same 
in every human being. These variations occur in all traits, at any segment of coding or non-coding DNA, 
attributing to all human beings their different characteristics [41], [42]. 

Single-nucleotide polymorphisms (SNPs) are the most common polymorphisms in the human 
genome, accounting for 10 million SNPs identified. As the name implies, SNPs are polymorphisms 
whose alteration is the substitution of one single nucleotide (adenine, guanine, cytosine, or thymine) in 
the DNA structure for another (Figure 1.7) [43], [44]. 

These nucleotide substitutions may emerge either on coding or non-coding regions of the gene. 
Within the SNPs in coding regions they may be synonymous and non-synonymous (missense or 
nonsense) [43]–[47].  

Non-coding substitutions occur on the intronic or untranslated regions of the gene. These 
variations are the main responsible for disease and complex traits due to their effect on mRNA splicing. 
This alteration on the splicing process enables skipping exon, retention intron, and introduction of a new 
splice site into an exon or intron. The result of a non-coding substitution may be the gene’s expression 
enhancement or inhibition [43], [44].  
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Regarding the SNPs in coding regions, there may be a synonymous nucleotide substitution 
without an amino acid exchange which will not alter the protein sequence (e.g., TTC codon origins Lys 
but TTT codon also origins Lys). On the contrary, this nucleotide substitution may also change protein 
sequence (TTC codon origins Lys but TGC codon origins Thr) to which is given the name of non-
synonymous SNPs [45]–[47].  

Regarding synonymous SNPs, it was thought that its influence on gene expression would be 
insignificant. However, it is now known that it affects the translation of mRNA, the enlogation rate and 
decoding efficiency. Concerning the non-synonymous SNPs, a missense SNP is a variation in which the 
substituted nucleotide will give rise to the expression of a dysfunctional or unstable protein. On the other 
hand, a nonsense variation gives the protein expression a premature termination codon (TGA, TAG, 
TAA), from which will result a truncated and unstable protein [45]–[47].  

The nonsynonymous SNPs may influence the gene expression, mRNA and DNA conformation, 
and translational efficiency. This has a significant impact on the individuals' susceptibility to diseases, 
genome evolution and drug metabolism. Despite genotype factors do not explain the whole variation on 
the drug requirement dose, assessing the SNPs frequency on a population is still fundamental to create 
models to predict drugs doses [48]–[52].  

 

 

Figure 1.7- Representation of SNPs. Adapted from [53]. 

 

The SNPs are inherited from at least one of the individual’s parents. All individuals receive from 
each parent 23 chromosomes that will be grouped in homologous chromosomes according to their 
genetic information. These homologous chromosomes have a locus in each allele for the same 
characteristic, and, depending on these alleles, it will give rise to a particular genotype [41]. 

When an individual carries a specific SNP in both alleles, the gene expressed is the recessive gene 
due to the absence of the dominant gene. On the other hand, the regular responders of a particular drug 
dose are the wild-type allele carriers, which means that for specific loci there is no SNP [41], [54]. 
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The heterozygous carriers of SNPs may either carry two different SNPs in both alleles or one just 
one SNP in one of the alleles. The repercussion on the organism’s response may change the drug 
requirement dose. However, when the wild-type allele is present, the impact on the  drug requirement 
dose will not be that significant as it is when only mutant alleles are present [41], [54]. 

An individual with predisposition to suffer from a specific disease due to the presence of specific 
SNPs may never develop that pathology. This happens because the disease's onset results from the 
interaction between genotype, clinical, and environmental factors [48]–[52].  
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1.6. Polymorphism impact in Antagonist Vitamin K metabolism  
The variability in warfarin dosage caused by genetic factors is not yet fully understood due to 

the immensity of SNPs that exist for the VKORC1, CYP2C9, and CYP4F2 genes. However, the 
interaction of clinical factors with the most studied genetic variants of VKORC1 (-1639G>A), CYP2C9 
(CYP2C9*2 and CYP2C9*3) and CYP4F2 (V433M) impact 56% on warfarin dose variability. In 
addition to the SNPs mentioned above, this article will also consider other less studied genetic variants, 
whose impact on the warfarin dose requirement is not as well-known [4]. 

Table 1.1 shows information about the effect of various polymorphisms on the VKORC1, 
CYP2C9, and CYP4F2 genes on the warfarin dose requirement. The nomenclature used to refer to SNPs 
may be information about the change in the definition of the SNP nucleotide, e.g. (3730G>A), the 
possible amino acid change, e.g. (Arg3014His), and refSNP (rs) cluster identification number, e.g. 
(rs7294). The presentation of Table 1.1 intends to show all the polymorphisms found on the research to 
assess the SNPs' frequency amongst the European countries. The nomenclature that the various SNPs 
can present, and their respective names to be used in the study can be found in the "allele name" column.  

 

Table 1.1 - Information regarding the influence that several polymorphisms on the VKORC1, 
CYP2C9 and CYP4F2 genes have on the warfarin requirement dose and their different nomenclatures. 

Gene 
Allele 
name 

Defining 
Change 

Amino acid 
change 

refSNP 
SNPs’ Effect on 

warfarin requirement 
dose 

VKORC1 

-1639G>A -1639G>A - rs9923231 
Reduced warfarin 
requirement dose 

-1320G>A -1320G>A - rs28533718 
High warfarin 

requirement dose 

-679A>G -679A>G - - 
High warfarin 

requirement dose 

1173C>T 1173C>T - rs9934438 
Reduced warfarin 
requirement dose 

2255 T>C 2255 T>C - 
 

Rs2359612 
Reduced warfarin 
requirement dose 

3730G>A 3730G>A - rs7294 
High warfarin 

requirement dose 

6009 C>T 6009 C>T - rs17708472 
High warfarin 

requirement dose 

5808T>G 5808T>G - rs2884737 
Reduced warfarin 
requirement dose 

6853G>C 6853G>C - rs8050894 
Reduced warfarin 
requirement dose 

CYP2C9 
CYP2C9*2 430C>T Arg144Cys rs1799853 

Reduced warfarin 
requirement dose 

CYP2C9*3 1075A>C Ile359Leu rs1057910 
Reduced warfarin 
requirement dose 

CYP4F2 
V433M 1297G>A Val433Met rs2108622 

High warfarin 
requirement dose 

rs1558139 c.919-446C>T - rs1558139 - 
-91T>C -91T>C - rs3093098 - 
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 The VKORC1 gene located in 16p11.2 is responsible for encoding the Vitamin K epoxide 
reductase complex, which is the molecular target of warfarin. This gene on chromosome 16 presents 
several genetic variations, but only the −1639G>A and 1173C>T SNPs have been widely studied. The 
remaining polymorphisms found in this study are -1320G>A, -679A>G, 6399C>T, 6768G>C, 
1173C>T, 2255 T>C, 3730G>A, 6009 C>T, 5808T>G, and  6853G>C [32]. 

The -1639G>A SNP consists of the substitution of guanine for adenine at position -1639 in the 
VKORC1’s gene upstream promoter region. This gene polymorphism changes the gene transcription, 
reducing the protein expression by 50%. Hereupon, this SNP will then assign their carriers a lower 
warfarin resistance, which means they will require a lower dose of this drug. Asians present the highest 
frequency of this genetic variant, having an A allele frequency in the range of 82% to 96%. The Asians 
are followed by Caucasians (31%-48%) and Africans (3-15%). The G/G and G/A carriers require a 
102% and 52% higher warfarin dose, respectively than the A/A carriers. Thus, only considering this 
polymorphism’s presence, an individual from Africa is more prone to require a higher warfarin dose, 
while one individual from Asia is more likely to require a lower [55]–[58]. 

The -1320 G>A SNP, results from a guanine for an adenine substitution, along with the -679 
A>G SNP which result of an adenine for a guanine substitution, occur in the 5’-flanking region. Both 
polymorphisms are more frequent in Jewish individuals but rare amongst other ethnic groups. The 
homozygous and heterozygous carriers of the A allele show a higher warfarin dose requirement because  
hese polymorphisms increase the VKORC1 transcription [59], [60]. 

The 1173 C>T polymorphism is a genetic variance that results from the replacement of cytosine 
by thymine at position 1173 of intron 1. The C/T, and T/T carriers require an average dose of warfarin 
of 4.8 mg/day and 3.5 mg/day, respectively. On the other hand, the C/C carriers require a significantly 
higher average dose of warfarin with 6.2 mg/day. As observed regarding the -1639G> A polymorphism, 
Asians show a higher frequency for the 1173 C>T polymorphism, accounting for about 90%. Asians are 
followed by Caucasians (around 41%), and Africans with the lowest T allele frequency (around 7%). 
Considering the presence of the 1173 C>T polymorphism, one individual from Asia is more likely to 
require a lower warfarin dose and one individual from Africa is more prone to require a higher [61]–
[64]. 

The 3730 G>A polymorphism is a genetic variance that occurs when there is a substitution of 
guanine for adenine in the 3' untranslated region of the gene. The presence of this mutant allele means 
for its carriers an average higher warfarin dose requirement. The A/A carriers demand an average 
warfarin dose of around 8 mg/day. Conversely, the G/A carriers will demand a warfarin dose in a range 
of 4.82 mg/day to 5.90 mg/day. The G/G carriers will then require, as expected a considerably lower 
warfarin dose in a range of 3.36 mg/day to 3.80 mg/day. The A allele frequency is around 32%, and 8%, 
respectively, in Caucasians, and Asians, while for Africans there is no reported frequency. Therefore, 
one Caucasian is more prone to require a higher warfarin dose than one individual from Asia. [61], [65]. 

The 2255 C>T polymorphism is a genetic variance resulting from cytosine to a thymine 
substitution in the gene's intron 2 region. The T/T carriers require a lower warfarin dose than the C/T 
carriers and the C/C carriers. The T allele frequency is higher in Asians (around 91%), followed by 
Caucasians (around 38%), and Africans (around 21%). It is possible to conclude that, one individual 
from Asia is more prone to require a lower warfarin dose, while one individual from Africa is more 
likely to demand a higher warfarin dose [66]–[68].  



  
 

- 15 - 
 

The 6009 C>T SNP is the outcome of the substitution of cytosine to thymine in the intron 1 
region of the gene. The presence of this will result in higher resistance to warfarin, increasing the 
warfarin requirement dose. The Europeans presents the highest frequency of this mutant allele 
accounting for around 20%. In comparison, Africans and Eastern Asians share the lowest frequency for 
T allele with 3%. Between these, there are Americans and Southern Asians with a mutant allele 
frequency of around 14%, and 9%, respectively. Thus, one European individual is more prone to require 
a higher warfarin dose, and an individual from Southern Asia is more likely to require a lower dose [69], 
[70]. 

The 5808 T>G is an intronic VKORC1 genetic variance consisting of a thymine nucleotide 
substitution to guanine. The G/G carriers show a lower warfarin dose requirement (about 2.5 mg/day) 
than G/T heterozygous carriers (about 4.1 mg/day) and T/T carriers (about 6.0 mg/day). The Europeans 
show the highest G allele frequency (about 26%), followed by Americans (about 18%). On the other 
hand, Eastern and Southern Asians and Africans show the lowest frequency for this mutant allele with 
about 0%, 7%, and 1%, respectively. Hereupon, it is possible to verify that one individual from Europe 
is more prone to require a lower warfarin dose, while one individual from Asia and Africa is more likely 
to require a higher [71]–[73]. 

The 6853 G>C SNP is a VKORC1 intronic variant resulting from a guanine substitution for a 
cytosine that decreases the warfarin requirement dose. The C/C carriers require a lower warfarin dose 
than G/C and G/G wild carriers in an unknown proportion. The C allele frequency Eastern Asians is the 
highest (around 89%), followed by Americans (around 40%) and Europeans (around 44%). On the other 
hand, Africans and Southern Asians present the lowest C allele frequency with around 25% and 15%, 
respectively. Considering the presence of this polymorphism, one individual from Eastern Asia is more 
prone to require a lower warfarin dose, while an individual from Southern Asia is likely to require a 
higher. [74], [75]. 

CYP2C9 gene located in 10q23.33 encodes the enzyme responsible for 15% to 20% of the 
metabolic clearance and S-warfarin metabolism. This enzyme is part of the CYP450 enzyme 
superfamily, including the CYP2C8, CYP2C18, and CYP2C19 enzymes. It is estimated that 5% to 30% 
of the world's population carries any CYP2C9 gene's polymorphism. The CYP2C9 gene has several 
polymorphisms that affect warfarin metabolization by promoting or inhibiting it, but in this study, only 
the CYP2C9*2 and CYP2C9*3 polymorphisms will be addressed [55], [76]. 

The CYP2C9*2 is the result of cytosine substitution for thymine in the exon 3 region of the 
CYP2C9 gene at position 430 leading to an amino acid exchange (Arg144Cys). On the other hand, the 
CYP2C9*3 is a 1075 A>C genetic variant in the exon 7 region of the CYP2C9 gene that will lead to an 
Ile359Leu amino acid change  [55], [77]. 

Both CYP2C9*2 and CYP2C9*3 SNPs are more frequent in Caucasians than in any other, 
accounting for around 8% to 15% and 6% to 8%, respectively. Africans show a lower frequency for the 
CYP2C9*2 (around 0% to 4%) and the CYP2C9*3 polymorphism (around 0% to 2%). In Asian 
populations, the CYP2C9*2 (around 0%) and CYP2C9*3 (from around 2% to 5%) polymorphisms are 
also rare. The *1/*2 and *1/*3 carriers will suffer a reduction on the warfarin dose requirement of 19.6% 
and 33.7%, respectively relatively to *1/*1 carriers. In parallel, *2/*2 and *3/*3 carriers, contrast with 
an even higher reduction on the warfarin requirement dose of 36.0% and 78.1%, respectively compared 
to that required by *1/*1 carriers. Finally, the *2/*3 carriers present a 56.7% reduction on the warfarin 
dose requirement. Therefore, considering the presence of the CYP2C9*2 and CYP2C9*3 
polymorphisms one Caucasian individual is more prone to require a lower warfarin dose than one Asiatic 
and African individual [55], [78], [79]. 
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The CYP4F2 gene located in 19p13.12 encodes for the CYP4F2 protein. This enzyme’s 
importance emerged due to its prominence in catalysing the hydroxylation of VK1’s phytyl side chain 
into hydroxyvitamin K1, which allows the removal of the excess of VK1. The polymorphisms 
concerning the CYP4F2 gene found during this search were: V433M, -91T>C, and rs1558139 [32].  

The V433M is a missense SNP that results from a cytosine substitution to thymine at position 
12. The presence of this polymorphism will result on a decrease of the enzyme's catalytic activity, which 
will increase the levels of VK1 levels, and the warfarin dose requirement in 7%. The Europeans show 
an T allele's frequency of around 11%, similar to Asiatic (around 9%), while African–American present 
a much lower frequency (1.4%). Thus, one European individual is more likely to require a  higher 
warfarin dose requirement, while one African-American individual is more prone to require a lower 
dose [80]–[82].  

The genetic variant rs1558139 consists of a substitution of cytosine for thymine in an intronic 
region. As there are no studies relating the presence of the T allele to the requirement dose of warfarin, 
there is no information on this subject. [82]–[84]. 

Regarding the -91T>C SNP, it results of a thymine substitution for a cytosine in the 5’ 
untranslated region of the gene. Its impact on the variability of the warfarin dose requirement as well as 
its frequency among world’s populations, has not been reported [85], [86]. 

Some genetic polymorphisms may enhance the enzyme's response to warfarin, while others will 
inhibit it. The use of SNPs on pharmacogenetics studies helps the homogeneity testing, identifying and 
map complex of common diseases as heart disease and, diabetes. The interest in these polymorphisms 
intensifies whit the possibility of its large-scale genotyping, enabling its use as a marker to identify 
genetic variation that predisposes to complex disorders [48]–[50].   
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2. MATERIAL AND METHODS 

2.1. Systematic review 
The literature used in this study was found through the search on two article databases ‐ PubMed 

and Web of Knowledge. The investigation was conducted between July 2020 and August 2020 to find 
relevant papers about the effect and frequency among European countries of the VKORC1, CYP2C9, 
and CYP4F2 genes polymorphisms. The keywords used were [*European country*, *gene* and 
polymorphisms] and [*each European country nationality*, *gene* and polymorphisms] (e.g., [Spain, 
VKORC1, and polymorphisms] and [Spanish, VKORC1, and polymorphisms]). The selection criteria 
were experimental studies and case reports excluding systematic reviews, meta-analysis, and non-
written English articles with no restriction on the article’s publication year.  

  For the VKORC1 gene, there were obtained 327 results after discarding 83 repeated results out 
of 410. While for the CYP2C9 gene there were obtained 628 results from which 96 duplicated results 
were discarded, leaving a total of 532 results. On the other hand, for the CYP4F2 gene, there were 
retrieved 123 results, from which 29 results were discarded for a total of 94 available articles. Hereupon, 
a total of 953 documents obtained from the different searches performed were then scanned to assess 
the presence of duplicated results, leaving a total of non‐duplicated 695 articles (Figure 2.1). 

 As it is possible to observe in Figure 2.1, after assessing the presence of duplicated articles, they 
were evaluated and excluded according to their content. The primary excluding criteria were studies in 
animals (31) while the second exclusion criteria were studies conducted on in- and outpatients (206). 
The third selection criteria were to exclude studies conducted in healthy control groups whose content 
does not address the genes under study (309).  

Therefore, between the articles studying the VKORC1, CYP2C9 and CYP4F2 genes polymorphisms 
in healthy volunteers, 23 articles were excluded for not providing the genotypic distributions of studied 
controls. Also, seven articles were excluded because they do not provide the allelic frequency of their 
studied volunteers. The allelic frequencies presented on these studies cannot be obtained through the 
allele counting from the genotypic distribution since this is presented is grouped. 

Hereupon, a total of 576 articles were discarded due to the reasons mentioned above. This leaves a 
total of 119 validated articles whose content addresses the frequency of the VKORC1, CYP2C9, and 
CYP4F2 genes polymorphisms in healthy European studied populations. Among the validated articles, 
only the polymorphisms that were mentioned in at least 3 articles were considered for this survey. 
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Figure 2.1 - Flowchart explaining the selection 
process of papers studying the frequency of 
VKORC1, CYP2C9 and CYP4F2 gene 
polymorphisms in Europe. 
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3. DISCUSSION 
To facilitate the frequency of polymorphisms' analysis in European countries, these were 

grouped into six geographical subdivisions according to political and cultural criteria. The referred 
subdivisions, namely, Northern, Eastern, Southeastern, Central, Southern, and Western Europe, can be 
observed in Figure 3.1, as well as the respective countries part of them [87]. Although Turkey is not an 
integral part of any of these subregions, it was considered for study purposes, that this country would be 
part of the subregion of Southeastern Europe. Concerning Russia, as it is a transcontinental country, 
only studies in cities/locations within Eastern Europe's delimited area were considered valid. 

 

Figure 3.1 - Geographical subregions of the European continent according to political and cultural criteria. Adapted from 
[87]. 
 

3.1. VKORC1 –1639G>A gene polymorphism frequency in European countries 
A compilation of the genotypic and allelic distribution of the -1639G>A polymorphism among the 
European countries is presented in Table 3.1. In this research there were validated 36 papers studies 
published between 2005 and 2020. In the referred studies, there were involved 6911 healthy individuals 
from 16 countries (Austria, Bosnia, Croatia, Cyprus, France, Germany, Greece, Hungary, Macedonia, 
Poland, Portugal, Hungary, Romania, Russia, Slovakia, Turkey) across the different European 
subregions (Figure 3.1). The population's age and gender proportion were not considered because not 
all studies provide that information. Also, this study only intends to access the polymorphisms' 
frequency and their impact on the warfarin dose requirement.
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Table 3.1 - Genotypic and allelic frequencies for the VKORC1 -1639G>A gene polymorphism among the European countries 

Population N 
Genotypic 

Distribution 
Allelic 

Frequency References 
GG GA AA G A 

Eastern Europe 
Russian Chuvash (Republic of Chuvashia, Central European 

Russia) 
238 50 137 51 0.498 0.502 [88] 

Russian Mari (Republic of Mari El, Eastern European Russia) 206 60 94 52 0.519 0.481 [88] 
Russian Kabardian (Republic of Kabardino-Balkaria, Southwestern 

European Russia) 
157 38 90 29 0.529 0.471 [88] 

Russian Ossetian (Republic of North Ossetia – Alania, 
Southwestern European Russia) 

244 60 128 56 0.508 0.492 [88] 

Central Europe 
Austrian (Vienna, Eastern Austria) 188 68 93 68 0.609 0.391 [89] 
Austrian (Graz, Southern Austria) 333 123 161 49 0.611 0.389 [90] 
Croatian (Osijek, eastern Croatia) 420 151 196 73 0.593 0.407 [91] 

German (Schleswig, Northern Germany) 521 192 243 86 0.602 0.398 [92] 
German (Bonn, Western Germany) 200 69 96 35 0.580 0.420 [93] 
German (Bonn, Western Germany) 221 80 102 40 0.590 0.410 [94] 
German (Bonn, Western Germany) 100 30 53 17 0.560 0.440 [95] 

German (Mecklenburg-Vorpommern, Northern Germany) 120 41 58 21 0.580 0.420 [96] 
Hungarian (Pecs, Southwestern Hungary) 510 180 262 68 0.610 0.390 [69] 
Polish (Warsaw, Eastern Central Poland) 140 61 66 13 0.671 0.330 [97] 
Romani (Pecs, Southwestern Hungary) 451 214 206 31 0.703 0.297 [69] 

Slovak (Bratislava, Southwestern Slovakia) 112 41 58 13 0.630 0.370 [98] 
Southeastern Europe 

Bosnian (Sarajevo, Eastern Bosnia) 129 51 59 19 0.624 0.376 [60] 
Greek (Patras, Southwestern Greece) 145 46 70 29 0.559 0.441 [99] 
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Table 3.1 - Genotypic and allelic frequencies for the VKORC1 -1639G>A gene polymorphism among the European countries (cont.) 

Population N 
Genotypic 

Distribution 
Allelic 

Frequency References 
GG GA AA G A 

Greek (Ioannina, Northwestern Greece) 82 33 38 11 0.634 0.366 [100] 
Greek (Alexandroupolis, Northeastern Greece) 328 109 147 72 0.556 0.444 [101] 

Macedonian (Skopje, Northern Central Macedonia) 101 40 46 15 0.624 0.376 [102] 
Romanian (Cluj-Napoca, Northwestern Romania) 178 61 92 25 0.601 0.399 [103] 
Romanian (Cluj-Napoca, Northwestern Romania) 332 107 170 55 0.578 0.422 [104] 
Romanian (Cluj-Napoca, Northwestern Romania) 114 41 47 26 0.566 0.434 [105] 

Turkish (Ankara, Northern Central Turkey) 149 40 79 31 0.530 0.471 [106] 
Turkish (Gaziosmanpaşa, Northwestern Turkey and Tokat, 

Northern Central Tukey) 
140 47 78 15 0.615 0.385 [107] 

Turkish (Gaziosmanpaşa, Northwestern Turkey and Tokat, 
Northern Central Tukey) 

89 22 49 18 0.522 0.478 [108] 

Turkish (Gaziosmanpaşa, Northwestern Turkey and Tokat, 
Northern Central Tukey) 

66 14 38 14 0.500 0.500 [109] 

Turkish (Kayseri, Central Turkey) 51 19 19 13 0.559 0.441 [110] 
Turkish (Eskisehir, Western Central Turkey) 100 22 56 22 0.500 0.500 [111] 
Turkish (Eskisehir, Western Central Turkey) 100 22 50 28 0.470 0.530 [112] 

Western Europe 
French (Paris, Northern Central France) 222 72 110 40 0.572 0.428 [113] 

Southern Europe 
Cypriot (Nicosia, Limasol, Ammochostos, Larnaka, Pafos, and 

Kerynia, Cyprus) 
148 34 70 44 0.466 0.534 [114] 

Italian (Lombardia, Northern Italy) 120 49 62 9 0.667 0.333 [115] 
Portuguese (Oporto, Northern Portugal 89 30 43 16 0.579 0.422 [116] 

Portuguese (São Miguel island, Azores archipelago, Portugal) 58 20 26 12 0.569 0.431 [117] 
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Analyzing Table 3.1 it is possible to verify that Russia is the only country in Eastern Europe 
(Figure 3.1) that presents data related to the presence of -1639G>A polymorphism in its population. A 
total of 856 healthy individuals spread across the Republics of Chuvashia, Mari El, Kabardino-Balkaria, 
and North Ossetia-Alania, respectively belonging to the Chuvash, Mari, Kabardian and Ossetian ethnic 
groups had their genotypic profile assessed.  

The 238 Chuvash volunteers presented the highest G/A carriers' frequency with 57.6%, and a 
frequency for the A/A carriers of 21.4%. Such genotypic distribution resulted in the highest A allele 
frequency with 50.2%. The 157 genotyped Kabardin individuals presented the lowest frequency for the 
A/A carriers with 18.5%, and a G/A carriers’ frequency of 57.3%. This genotypic distribution resulted 
in an A allele of 47.1% [88].  

Furthermore, the 206 genotyped Mari volunteers presented the highest frequency for A/A 
carriers (25.5%) and the lowest for G/A carriers (45.6%), resulting on an A allele frequency of 48.1%. 
Finally, the 244 genotyped Ossetians presented a frequency of 23.0%, and 24.6%, respectively for A/A 
and G/A carriers, resulting in an A allele frequency of 49.2% [88].  

 
Hereupon, it is possible to predict which individual from the different Russian studied 

populations is more prone to require a higher warfarin dose. One individual from the Republic of 
Chuvashia is more prone to present a lower warfarin dose requirement. This occurs since the studied 
Chuvash population presented the highest A allele frequency with 50.2%. On the other hand, one 
individual belonging to the Kabardian ethnic group is more likely to require a higher warfarin dose. This 
happens because the studied Kabardian displayed the lowest A allele frequency with 47.1%. It is 
important to note that these predictions only consider the presence and influence of the -1639 G>A 
polymorphism [56], [88]. 

 The -1639G>A polymorphism’s frequency assessment in Central European countries (Figure 
3.1) involved 3316 volunteers from 6 different countries (Austria, Croatia, Germany, Hungary, Poland, 
and Slovakia) spread across 11 study populations  (Table 3.1). 

The two studies evaluating the -1639G>A polymorphism's genotypic distribution in the 
Austrian population genotyped 188 volunteers from Vienna [89] and 333 from Graz [90]. The genotyped 
individuals from Vienna, and Graz showed a G/A carriers' frequency of 49.5% and 48.3%, respectively. 
Moreover, for the genotyped volunteers from Vienna and Graz the A/A carriers' frequency was 14.4% 
and 14.7%, respectively. This genotypic distribution resulted in an A allele frequency of 39.1%, and 
38.9%, for populations from Vienna, and Graz, respectively. The presented similarity for the A allele 
frequency is understandable and explicable since these cities are only 200 km apart from each other. 

Five papers contain information about the -1639G>A polymorphism’s genotypic distribution in 
1162 individuals from 3 different cities in Northern and Western Germany. The involved volunteers 
under study were from Bonn [93]–[95], Schleswig [92], and Mecklenburg-Vorpommern [96]. 

Three studied populations from Bonn had their genotypic profiles assessed. The 221 studied 
individuals by Watzka et al. [94] showed a G/A, and A/A carriers’ frequency of, respectively, 46.6%, 
and 18.1%. Such genotypic distribution resulted in the lowest A allele frequency with 41.0%. 
Furthermore, the 100 studied individuals by Spohn et al. [95] presented a frequency for the G/A and 
A/A carriers of, respectively, 53.0%. and 17.0%, which resulted in an A allele frequency of 44.0%. 
Finally, the 200 controls assessed by Geisen et al. [93] displayed a G/A, and A/A carriers’ frequency of 
48.0%, and 17.5%, accounting for an A allele frequency of 42.0%.   
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Hereupon, it is possible to note that the studied population by Spohn et al. [95] show a disparate 
genotypic distribution when compared to the other Bonn’s populations [93], [94]. Such differences 
suggest a bias on the population sampling that skew the allelic frequencies. Therefore, these individuals 
will not be considered in further analysis for not representing the Bonn’s population.  

The 120 volunteers from Mecklenburg-Vorpommern [96] showed a G/A (48.3%), and A/A 
(17.5%) carriers’ frequency that accounts for an A allele frequency of 41.7%. Similarly, the 521 
volunteers from Schleswig [92] displayed a G/A (46.6%), and a A/A (16.5%) carriers’ frequency that 
resulted in a comparable A allele frequency of 39.8%. These presented A allele frequencies are, as 
expected, very similar to those presented by the studied populations from Bonn [94], [95]. 

France is the only country representing the Western European (Figure 3.1, Table 3.1) countries. 
The 222  studied  individuals from Paris [113] showed a G/A and a A/A carriers’ frequency, respectively 
of 49.5%, and 18.0%, which accounts for an A allele frequency of 42.8%. This presented A allele 
frequency compares to those presented in the genotyped populations from Bonn studied by Geisen et al. 
[93] (42.0%) and Watzka et al. [94] (41.0%), Schleswig [92] (39.8%), and Mecklenburg-Vorpommern 
[96] (41.7%). Such similarities were expected as France and Germany are neighbouring countries. 

The study conducted in Hungary had as controls two populations living in Pecs. These studied 
populations involved 510 native Hungarians, and 451 Romani living in Pecs [69].  

The studied Romani populations presented frequencies for the G/A (45.7%) and A/A (6.9%) 
carriers that resulted in an A allele frequency of 29.7%. Conversely, the Hungarian genotyped controls 
presented a higher frequency for the G/A, and A/A carriers with, respectively, 51.4%, and 13.3%. The 
genotypic distribution found in the studied Hungarians resulted in an A allele frequency of 39.0%. Such 
disparities in the A allele frequency between these populations may be due to  Romani’s strict marriage 
tradition, where marrying someone who is not from the Roma community is not welcomed [69]. 

The 140 Polish studied individuals [97] presented a G/A (47.1%), and A/A (9.3%) carriers’ 
frequency that resulted in an A allele frequency of 33.0%. Moreover, the 420 genotyped Croatians [91] 
showed a frequency for the G/A, and A/A carriers’ of 46.7%, and 17.4%, respectively. This genotypic 
distribution results on an A allele frequency of 40.7% for Croatians. Also, the 112 assessed Slovaks [98] 
showed a frequency for the G/A (51.8%), and a A/A (11.6%) carrier’s frequency that resulted in in an 
A allele frequency of 37.0%.  

The studied Slovaks [98] and Polish [97] showed a comparable A allele frequency, which is 
understandable since these are neighbouring countries. Moreover, the A allele frequency found in the 
studied population from Croatia [91] resemble those presented by the genotyped individuals from Bonn 
studied by Geisen et al. [93] (42.0%) and Watzka et al. [94] (41.0%), Schleswig [92] (39.8%), 
Mecklenburg-Vorpommern [96] (41.7%) Viena [89] (39.1%), Graz [90] (38.9%), Hungary (native 
individuals) [69] (39.0%), and France [113] (42.8%). Also, for this case the similar A allele frequencies 
are explainable because of geographical proximity. 

The studied Romani [69] and Germans from Mecklenburg-Vorpommern [96] then accounted, 
respectively, for the lowest (29.7%) and highest (42.0%) A allele frequency amongst the studied Central 
European populations. Therefore, it is possible to note that one Romani individual is more prone to 
require a higher warfarin dose. Conversely, one individual from Mecklenburg-Vorpommern is more 
likely to require a lower warfarin dose. It is important to note that these predictions only consider the 
presence and influence of the -1639 G>A polymorphism [56].  
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In the research carried out to evaluate the -1639G>A polymorphism’s genotypic distribution in 
Southeastern Europe (Figure 3.1) a total of 15 articles were obtained. These papers assessed 2113 
individuals from 5 different countries, namely Bosnia and Herzegovina, Greece, Macedonia, Romania, 
and Turkey (Table 3.1). 

In Greece, three populations from the southeast, northwest, and northeast had their genotypic 
profile for the -1639G>A polymorphism assessed. The 82 studied individuals from Ioannina [100] 
showed a G/A, and A/A carriers’ frequency of, respectively, 46.3%, and 13.4%. The genotypic 
distribution presented by genotyped controls from Ioannina resulted in the lowest A allele frequency 
amongst the Greek populations with 36.6%. 

The geographical proximity of  the city of Ioannina with  Macedonia and Bosnia explains the 
similar A allele frequency found between their populations [60], [100], [102]. The 129 genotyped 
Bosnian [60] and the 101 studied Macedonian [102] showed a concordant frequency for the G/A (45.7%, 
and 45.5%, respectively), and A/A (45.5%, and 14.9%, respectively) carriers. This genotypic 
distribution also resulted in a similar A allele frequency for the Bosnian (37.6%) and Macedonian 
(37.6%) genotyped volunteers. 

  On the other hand, the studied 145 controls from Patras [99] and the 328 volunteers from 
Alexandroupolis [101] presented very a similar frequency either for the G/A (48.3%, and 44.8%, 
respectively), and A/A (20.0%, and 22.0%, respectively) carriers. Such a similar genotypic distribution 
resulted in a comparable A allele frequency for the studied populations from Patras (44.1%) and 
Alexandroupolis (44.4%). 

In Romania, three studies [103]–[105] conducted in 624 healthy volunteers from Cluj-Napoca 
assessed their -1639G>A polymorphism’s genotypic distribution. The 178 assessed individuals by 
Groza et al. [103] showed a G/A and a A/A carriers’ frequency of, respectively, 51.7%, and 14.0%. Such 
genotypic distribution resulted in an A allele frequency of 39.9%. Moreover, the 332 studied volunteers 
by Buzoianu et al. [104] showed a similar frequency for the G/A (51.2%), and A/A (16.6%) carriers 
with that presented by the individuals studied by Groza et al. [103]. The presented genotypic distribution 
then resulted in an A allele frequency of 42.2%. 

On the other hand, the 114 genotyped individuals by Vesa et al. [105] showed  discrepant 
frequencies for the G/A (41.2%) and A/A (22.8%) carriers with other Cluj-Napoca studied populations 
[103], [104]. This genotypic distribution in an A allele frequency of 43.4%. Such differences suggest a 
bias on the population sampling that skew the genotypic distribution. Therefore, the individuals studied 
by Vesa et al. [105] will not be considered in further analysis for not representing the Cluj-Napoca’s 
population.The studied populations from Romania [103], [104] show a similar A allele frequency with 
populations from neighboring countries, namely genotyped Hungarians (native individuals) [69] 
(39.0%), Slovaks [98] (37.5%), Bosnian [60]  (37.6%), Croatians [91] (40.7%), and Macedonian [102] 
(37.6%). 

The seven studies obtained addressing the -1639G>A polymorphism’s genotypic distribution in 
the Turkish populations involved 695 individuals. The genotyped controls were spread over five study 
populations from the cities of Ankara, Gaziosmanpaşa, Tokat, Kayseri and Eskisehir. 

Three of the seven referred papers portray the genotypic distribution in grouped study 
populations from cities of Gaziosmanpaşa and Tokat. As the number of studied individuals from each 
city is not showed in the studies, it is not possible to compare the genotypic distribution of each studied 
population from Gaziosmanpaşa and Tokat [107]–[109].  
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The 89 genotyped controls by Demir et al. [108] showed a G/A, and a A/A carriers’ frequency 
of, respectively, 55.1%, and 20.2%, resulting in an A allele frequency of  47.8%. Simultaneously, the 
66 assessed individuals by Ortak et al. [109] showed similar G/A (57.6%) and A/A (21.2%) carriers’ 
frequencies, accounting for an A allele frequency of 50.0%. 

On the other hand, the 140 evaluated individuals by Kutluturk et al. [107] displayed a G/A, and 
A/A carriers’ frequency, of respectively, 55.7%, and 10.7%, accounting for an A allele frequency of 
38.5%. Such differences with the remaining studied individuals from Gaziosmanpaşa-Tokat [108], [109] 
suggest a bias on the population sampling that skew the allelic frequencies. Therefore, the individuals 
studied by Kutluturk et al. [107] will not be considered in further analysis for not representing the 
combined populations of Gaziosmanpaşa and Tokat.  

 There were genotyped a total of 200 individuals from Eskisehir divided in two study populations 
[111], [112]. The 100 evaluated individuals studied by Ozbayer et al. [111] showed a frequency for the 
G/A, and A/A carriers, respectively of 56.0%, and 22.0%. This genotypic distribution will then result in 
an A allele frequency of 50.0%. Conversely, the 100 assessed individuals by Cosan et al. [112] displayed 
a G/A and A/A carriers’ frequency of 50.0%, and 28.0%, accounting for an A allele frequency of 53.0%. 

 The genotypic distributions’ differences among the two studied populations from Eskisehir, 
suggests that their genotypic distributions are not comparable [111], [112]. As Ankara is about 250 km 
apart from Eskisehir, it is expected that the genotypic distribution among their populations does not 
differ much. The 149 individuals from Ankara studied by Taşkın et al.  [106] displayed a G/A (53.0%) 
and A/A (20.8%) carriers’ frequency, resulting on an A allele frequency of 47.1%.  Therefore, it is 
possible to verify that the studied population from Ankara showed a more comparable genotypic 
distribution with the studied individuals by Ozbayer et al. [111]. Conversely, the assessed individuals 
by Cosan et al. [112] will not be considered in further analysis for not representing the population of 
Eskisehir. 

 The 51 studied individuals from Kayseri [110] showed a  frequency for the G/A, and A/A 
carriers of respectively, 37.3%, and 25.5%, representing an A allele frequency of 44.1%. The notorious 
difference in this population’s allelic frequencies with the other Turkish populations, suggests that there 
was a sampling error. Therefore, the studied population from Kayseri will not be considered in further 
analysis. 

 The studied Turkish individuals from Gaziosmanpaşa-Tokat [108], [109], Eskisehir [111], and 
Ankara [106] showed a similar A allele frequency with the studied Greeks from Alexandroupolis [101] 
(44.4%) and Patras [99] (44.1%). This happens because Turkey is geographically close, and due to the 
Turkish preponderant influence in the region.  

Also, the referred studied populations from Turkey present a similar A allele frequency with the 
genotyped Russians from the Republics of Chuvashia (50.2%), North Ossetia-Alania (49.2%), Mari El 
(48.1%), Kabardino-Balkarian (47.1%) [118]. 

The studied population from Ioannina [100] and Eskisehir [111] accounted, respectively for the 
lowest (36.6%) and highest (50.0%) A allele frequency amongst the Southeastern European countries. 
Then it is possible to predict that one individual from Ioannina is more likely to require a higher warfarin 
dose than one person from Eskisehir. It is important to note that these predictions only consider the 
presence and influence of the -1639 G>A polymorphism [56]. 
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In the Southern European (Figure 3.1) countries, four studies involving 415 healthy volunteers 
assessed their -1639G>A polymorphism’s genotypic profile. The studied populations were spread across 
three different countries, namely Cyprus, Italy and, Portugal (Table 3.1). 

The 58 studied islanders from São Miguel [117] showed a G/A, and a A/A carriers’ frequency 
of 44.8%, and 20.7%, respectively, which represented an A allele frequency of 43.1%. Simultaneously, 
the 89 genotyped individuals from Oporto [116] showed similar frequencies for the G/A (48.3%) and 
A/A (18.0%) carriers, accounting for an A allele frequency of 42.2%. Such similarities on these A allele 
frequencies would be expected since these are populations from the same country. 

The 148 genotyped volunteers from Cyprus [114] displayed a G/A, and a A/A carriers’ 
frequency respectively of, 47.3%, and 29.7%. This genotypic distribution then represented an A allele 
frequency of 53.4%. The A allele frequency presented by the studied Cypriots is comparable with that 
presented by the genotyped Turkish from Gaziosmanpaşa-Tokat studied by Demir et al. [108] (47.8%), 
and Ortak et al. [109] (50.0%), Eskisehir [111] (50.0%), and Ankara [106] (47.1%). This happens due 
to the strong Turkish influence in Cyprus, as well as the geographical proximity. 

On the other hand, the 120 studied Italians from Lombardia [115] showed a frequency for the 
G/A, and A/A carriers, respectively of 51.7%, and 7.5%. Such genotypic distribution accounted for an 
A allele frequency of 33.3%. The region of Lombardia is located in Northern Italy, which is 
geographically close to Central European and Balkan countries. This results in similar A allele 
frequencies between the individuals from Lombardia and populations from Poland [97] (32.9%), 
Ioannina [100] (36.6%), Slovakia [98] (37.5%), Bosnia [60] (37.6%), and Macedonia [102] (37.6%). 

The studied populations that showed the highest and lowest A allele frequency are, respectively 
Cypriot [114] (53.4%) and  Romani [69] (29.7%). These two studied populations are necessarily isolated 
from other populations since the Cypriots are islanders and the Romani do not usually homogenize with 
the environment in which they are inserted. Thus, this favours the conservation of their genetic code, 
making them present such disparate frequencies for the A allele compared to other populations. 

The studied population from Italy [115] accounted for the lowest A allele frequency (33.3%) 
amongst the Southern European populations, while the studied Cypriots [114] for the highest (53.4%). 
Therefore, the one individual from Lombardia is more prone to require a higher warfarin dose. 
Conversely, one person from Cyprus, has a higher probability to require a lower warfarin dose. It is 
important to note that these predictions only consider the presence and influence of the -1639 G>A 
polymorphism [56]. 

3.2. VKORC1 1173C>T gene polymorphism frequency in European countries  
Nine studies published between 2005 and 2019 were validated to assess the 1173C>T polymorphism’s 
presence in European populations. The 3030 assessed individuals were spread across Central, 
Southeastern, Western, and Southern European countries (Figure 3.1, Table 3.2). As this study only 
intends to access the polymorphism's impact on the warfarin dose requirement, the population's age and 
gender were not considered.
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Table 3.2 - Genotypic and allelic frequencies for the VKORC1 1173C>T gene polymorphism among the European countries  

Population N 
Genotypic 

Distribution 
Allelic 

Frequency References 
CC CT TT C T 

Central Europe 
Croatian (Osijek, eastern Croatia) 420 151 196 73 0.593 0.407 [91] 

Slovak (Bratislava, Southwestern Slovakia) 112 41 58 13 0.630 0.370 [98] 
Southeastern Europe 

Romanian (Cluj-Napoca, Northwestern Romania) 136 45 55 36 0.533 0.467 [119] 
Turkish (Gaziosmanpaşa, Northwestern Turkey and Tokat, 

Northern Central Tukey 
89 22 49 18 0.522 0.478 [108] 

Turkish (Gaziosmanpaşa, Northwestern Turkey and Tokat, 
Northern Central Tukey 

66 14 38 14 0.500 0.500 [109] 

Western Europe 
French (Paris, Northern Central France) 24 5 12 7 0.458 0.542 [120] 

French (Brest, Northwestern France) 439 158 210 71 0.600 0.400 [121] 
Dutch (General population, Netherlands) 1667 654 762 251 0.621 0.379 [122] 

Southern Europe 
Italian (Naples, Southern Italy) 77 20 45 12 0.552 0.448 [123] 
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In France (Western Europe) (Figure 3.1), two studied populations from Brest [121] and Paris 
[120] were assessed for the 1173C>T polymorphism’s frequency. The 439 studied individuals from 
Brest showed a C/T, and T/T carriers’ frequency of, respectively, 47.8%, and 16.2%. The T allele 
frequency that resulted from the referred genotypic distribution was 40.0%. Conversely, the 24 
genotyped volunteers from Paris presented a frequency for the C/T (50.0%), and T/T (29.2%) carriers, 
resulting in a T allele frequency of 54.2%. 

The 1667 assessed Dutch [122] (Netherlands, Western Europe) (Figure 3.1) presented a C/T 
(45.7%), and T/T  (15.1%) carriers’ frequency that resulted in a T allele frequency of 37.9%. Therefore, 
it is possible to verify a disparate T allele frequency in the studied population from Paris (54.8%) [120] 
compared to the genotyped individuals from Brest (40.0%) [121] and the Netherlands (37.9%). 
Hereupon, the study conducted in individuals from Paris for presenting a small sample size cannot be 
representative of the population of Paris and will be excluded from further analysis. 

The 420 genotyped Croatians  from Osijek [91] (Central Europe) (Figure 3.1) showed a C/T, 
and T/T carriers’ frequency, respectively of 46.7%, and 17.4%. The T allele frequency for the studied 
Croatians accounted for 40.7%. Moreover, the 112 studied Slovaks [98] (Central Europe) (Figure 3.1) 
presented a C/T (51.8%), and T/T (11.6%) carriers’ frequency that resulted in a T allele frequency of 
37.0%. Therefore, it is possible to verify that the studied individuals from Slovakia and Croatia showed 
a comparable T allele frequency  with that presented by the assessed French from Brest (40.0%) [121] 
and Dutch (37.9%) [122]. The reason for these similar T allele frequencies may lie on the geographical 
proximity. 

In Turkey (Southeastern Europe), two grouped populations from Gaziosmanpaşa and Tokat had 
their genotypic profile assessed in two studies. As the number of individuals from each city is not 
available in the papers, it is impossible to dissociate the two populations of Gaziosmanpaşa and Tokat 
[108], [109].  

The 89 volunteers from Gaziosmanpaşa and Tokat studied by Demir et al. [108] showed a C/T, 
and T/T carriers’ frequency respectively of 55.1%, and 20.2%. The T allele frequency resulted in 47.8% 
from the presented genotypic distribution. Simultaneously, the 66 genotyped controls by Ortak et al. 
[109] showed frequencies for the C/T (57.6%), an T/T (21.2%) carriers, resulting on a comparable T 
allele frequency of 50.0%. 

The 77 individuals from Naples in Italy [123] (Southern Europe) displayed a  C/T (58.4%), and 
T/T (15.6%) carriers’ frequency that resulted in a T allele frequency of 44.8%. Simultaneously, the 136 
studied individuals from Romania [119] (Southeastern Europe) showed a C/T, and a T/T carriers’ 
frequency, respectively of 40.4%, and 26.5%. This genotypic distribution resulted in a similar T allele 
frequency of 46.7% with that presented by the studied Italians. Also, the Turkish populations studied by 
Ortak et al. [109], and Demir et al. [108] showed a comparable T allele frequency (respectively with 
50.0%, and 47.8%) compared with the genotyped Romanians and Italians. The similar T allele 
frequencies for these studied populations may be due to the geographical proximity. 

The genotyped Slovaks [98] and the studied individuals by Ortak et al. [109] from 
Gaziosmanpaşa-Tokat presented, respectively the lowest (37.0%) and highest (50.0%) T allele 
frequency. Therefore, it is possible to verify that a Slovak individual is more prone to require a higher 
warfarin dose. On the other hand, one Turkish individual presents the highest probability to require a 
lower warfarin dose. It is important to note that these predictions only consider the presence and 
influence of the 1173C>T polymorphism [63], [64].  
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3.3. VKORC1 3730G>A gene polymorphism frequency in European countries 
 
 The data regarding the 3730 G>A polymorphism presence in different European populations 
from Central, Southeastern, and Southern Europe (Figure 3.1) is presented in Table 3.3. Six papers 
assessed the genotypic and allelelic frequency of this polymorphism in 1362 healthy individuals spread 
across four countries (Hungary, Portugal, Slovakia, and Turkey). Information as age or gender was not 
considered as the aim of this study is only to access the 3730G>A frequency in the populations. 
 

Table 3.3 - Genotypic and allelic frequencies for the VKORC1 3730G>A gene polymorphism 
among the European countries 

Population 
N Genotypic Distribution 

Allelic 
Frequency References 

 GG GA AA G A 

Central Europe 
Hungarian (Pecs, 

Southwestern 
Hungary) 

510 206 233 71 0.632 0.368 [69] 

Romani (Pecs, 
Southwestern 

Hungary) 
451 132 220 99 0.537 0.463 [69] 

Slovak (Bratislava, 
Southwestern 

Slovakia) 
112 43 47 22 0.590 0.410 [98] 

Southeastern Europe 
Turkish (Eskisehir, 

Western Central 
Turkey) 

100 37 53 10 0.635 0.365 [111] 

Turkish (Eskisehir, 
Western Central 

Turkey) 
100 41 40 19 0.610 0.390 [112] 

Southern Europe 

Portuguese 
(Oporto, Northern 

Portugal 
89 44 40 5 0.714 0.286 [116] 

 

Two studies carried out in Turkish individuals from Eskisehir [111], [112] (Southeastern 
Europe) (Figure 3.1) involved 200 volunteers. The 100 individuals studied by Ozbayer et al. [111] 
displayed a G/A (53.0%), and A/A (10.0%) carriers’ frequency that resulted in an A allele frequency of 
36.5%. On the other hand, the 100 volunteers studied by Cosan et al. [112] presented a frequency for 
the G/A, and A/A carriers, respectively of 41.0%, and 40.0%. This genotypic distribution result on an 
A allele frequency of 39.0%. Despite both studied populations presented similar A allele frequencies 
these also presented disparate genotypic distributions. This suggests that at least one of these studied 
populations do not represent the Eskisehir’s population. Therefore, because there is no other Turkish 
studied population that can serve as a term of comparison, neither of these populations will be included 
in further analysis. 
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The 451 studied Romani [69] living in Hungary (Central Europe) (Figure 3.1) showed a  G/A 
(48.8%), and A/A (22.0%) carriers’ frequency that resulted in an A allele frequency of 46.3%. On the 
other hand, the 510 genotyped Hungarians [69] (Central Europe) (Figure 3.1) presented a frequency for 
the G/A, and A/A carriers, respectively of 45.7%, and 13.9%. This genotypic distribution resulted in an 
A allele frequency of 36.8%.  

The 112 genotyped Slovaks [98] (Central Europe) showed a frequency for the G/A (42.0%), and 
A/A (19.6%) carriers’, resulting in an A allele frequency of 41.0%. The similar A allele frequency 
presented by the studied populations from Slovakia and Hungary [69] (36.8%) is understandable since 
they are neighboring countries. 

The 89 studied Portuguese [116] (Southern Europe) showed disparate frequencies for the G/A 
(44.9%), and A/A (5.6%) carriers with the remaining studied European populations. This genotypic 
distribution then resulted in the lowest A allele frequency with 28.1%.  

Thus, the Romani [69] and Portuguese [116] studied populations showed, respectively, the 
highest (46.3%) and lowest (28.6%) A allele frequency. This means that one Portuguese individual is 
more likely to require a lower warfarin dose than one Romani individual. This prediction only considers 
the presence and influence of the 3730G>A polymorphism [65]. 
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3.4. CYP2P9*2 and CYP2C9*3 polymorphisms frequency in European countries 
The CYP2C9*2 and CYP2C9*3 polymorphisms’ frequency in different European populations 

can be consulted in Table 3.4. The 136 articles found contained information for these  polymorphisms 
in 120667 healthy individuals across 28 different countries spread in the six different European 
subdivisions (Figure 3.1). 

The articles found differed in the approach regarding the genotypic survey of studied 
populations. Some papers assessed the homozygous carriers’ frequency of wild (*1/*1) and mutant 
(*2/*2; *3/*3) alleles.  Also, the frequency for the carriers of wild type allele/mutant allele (*1/*2; 
*1/*3) and mutant allele/mutant allele (*2/*3) genotypes was evaluated in these populations. Other 
paper only presented the grouped number of carriers of wild type/mutant, and mutant/mutant genotypes 
(*1/*2, *1/*3, *2/*2, *2/*3, and *3/*3), as is the case of the British volunteers from Tayside and Fife 
[124]. These studied populations can be then denominated fully genotyped populations. 

. Moreover, some populations only presented the grouped number of carriers for some 
genotypes. By a way of example, one studied population from Zagreb [125] assessed for the grouped 
number of the carriers of the *1/*2, and *1/*3 genotypes as well as the carriers of the *2/*2, and *3/*3 
genotypes. 

On the other hand, other studies separately evaluate the presence of the CYP2C9*2 and 
CYP2C9*3 polymorphisms. These populations are then studied for the *1/*2 and *2/*2 genotypes’ 
presence separately concerning the *1/*3, and *3/*3 genotypes. Thus, the presence of the *2/*3 
genotype was not evaluated in these populations. Some other studied populations also do not have some 
genotypes assessed, as is the case of the studied individuals from Brussels [126] and Istanbul [106] that 
only do not show information for the *2/*2 genotype.  

The non-fully genotyped populations will suffer an excess deviation on the *1 allele frequency 
compared to the fully genotyped populations. This occurs because the alleles present in a particular non-
evaluated genotype will be counted as being the *1 allele. Taking this into account, the frequency values 
for the homozygous wild-type (*1/*1), and wild-type/ mutant (*1/*2, *1/*3) carriers will be skewed, 
and consequently the *2 and *3 alleles frequency. By way of example, in the case of populations only 
assessed for the *1/*1, *1/*2, and *2/*2 genotypes' presence, the *3 allele frequency will be counted as 
being the *1 allele. This skew of the genotypic distributions occurs for every population that do not have 
any of the *1/*2, *2/*2, *2/*3, *1/*3, and *3/3 genotypes assessed.  

Hereupon, the comparison among populations regarding the *2 and *3 allele frequencies can 
only be done for the fully genotyped populations. Also, a proper prediction and comparison of the 
warfarin dose requirement can also only be assessed among the fully genotyped populations. This 
happens because their genotypic profile regarding the CYP2C9*2 and CYP2C9*3 polymorphisms was 
fully assessed, including the *2/*3 genotype. 
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Table 3.4 - Genotypic and allelic frequencies for the CYP2C9*2 and CYP2C9*3 polymorphisms among the European countries. 

Population N 
Genotypic Distribution Allelic Frequency 

References 
*1/*1 *1/*2 *2/*2 *2/*3 *1/*3 *3/*3 *1 *2 *3 

Eastern Europe 

Russian Balkar (Kabardino-Balkarian Republic, 
Southwestern European Russia) 

200 
153 - - - 43 4 0.873 - 0.128 

[127] 
149 47 4 - - - 0.863 0.138 - 

Russian Tatar (Republic of Tatarstan, Eastern 
European Russia) 

141 117 - - - 18 6 0.894 - 0.106 
140 118 21 1 - - - 0.911 0.082 - 

Russian (Bashkortostan Republic, Eastern European 
Russia) 

133 109 - - - 24 0 0.910 - 0.090 

[128] 

112 95 17 0 - - - 0.924 0.076 - 

Russian Tatar (Bashkortostan Republic, Eastern 
European Russia) 

129 115 - - - 14 0 0.946 - 0.054 
107 96 11 0 - - - 0.949 0.051 - 

Russian Bashkir (Bashkortostan Republic, Eastern 
European Russia) 

65 57 - - - 8 0 0.938 - 0.062 
57 50 7 0 - - - 0.939 0.061 - 

Russian Avar (Dagestan, Southern European Russia) 90 65 - - - 22 3 0.844 - 0.156 
[129] Russian Lak (Dagestan, Southern European Russia) 46 31 - - - 12 3 0.805 - 0.195 

Russian Dargin (Dagestan, Southern European Russia) 50 34 - - - 15 1 0.840 - 0.160 
Russian (Moscow, Central European Russia) 352 243 73 2 7 26 1 0.831 0.119 0.050 [130] 
Russian (Moscow, Central European Russia) 177 128 28 - 1 20 0 0.859 0.082 0.059 [131] 

Russian (Voronezh, Central European Russia) 290 19 53 2 4 33 1 0.828 0.105 0.067 [132] 
Russian Sámi (Kola Peninsula, Northern European 

Russia) 
49 41 - - - 8 0 0.918 - 0.082 [133] 

Russian Mari (Mari El Republic, Eastern European 
Russia) 

206 
182 24 0 - - - 0.942 0.058 - 

[88] 

161 - - - 42 3 0.883 - 0.117 
Russian Kabardian (Kabardino-Balkarian Republic, 

Southwestern European Russia) 
157 

122 33 2 - - - 0.882 0.118 - 
114 - - - 41 2 0.857 - 0.143 

Russian Ossetian (North Ossetia – Alania Republic, 
Southwestern European Russia) 

244 
212 31 1 - - - 0.932 0.068 - 
186 - - - 52 6 0.869 - 0.131 
Northern Europe 

Danish (Faroe Islands archipelago, Denmark) 311 228 50 0 5 28 0 0.859 0.088 0.053 [134] 
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Table 3.4 - Genotypic and allelic frequencies for the CYP2C9*2 and CYP2C9*3 polymorphisms among the European countries.(cont.). 

Population N 
Genotypic Distribution Allelic Frequency 

References 
*1/*1 *1/*2 *2/*2 *2/*3 *1/*3 *3/*3 *1 *2 *3 

Danish (general population) 
10392 

7996 2232 164 - - - 0,877 0,123 - 

[135] 
9088 - - - 1262 42 0,936 - 0,064 

36856 
28353 7914 589 - - - 0,877 0,123 - 
32284 - - - 4442 130 0,936 - 0,064 

Danish (Odense, Southern Denmark) 276 190 53 4 6 23 0 0.826 0.121 0.053 [136] 
Danish (Copenhagen, Southeastern Denmark) 175 117 39 4 3 11 1 0.780 0.143 0.046 [137] 

Finnish (Helsinki, Southwestern Finland) 71 61 - - - 10 1 0,923 - 0,077 [133] 
Finnish (Helsinki, Southwestern Finland) 29 17 8 0 1 3 0 0,776 0,155 0,069 [138] 
Finnish (Helsinki, Southwestern Finland) 12 9 1 0 1 1 0 0,833 0,083 0,083 [139] 

Finnish (Turku, Southwestern Finland) 
447 347 94 6 - - - 0,881 0,119 - 

[140] 
444 388 - - - 54 2 0,935 - 0,065 

Norwegian (Oslo, Southern Norway) 309 213 55 2 2 36 1 0,837 0,099 0,065 [134] 
Swedish (Stockholm, Southeastern Sweden) 22 6 3 3 4 5 1 0,455 0,295 0,25 [141] 
Swedish (Huddinge, Southeastern Sweden) 430 287 80 2 8 50 3 0,819 0,107 0,074 [142] 
Swedish (Stockholm, Southeastern Sweden) 1503 1025 269 21 18 165 5 0,83 0,11 0,065 [143] 

Central Europe 
Austrian (Vienna, Eastern Austria) 375 244 79 7 3 40 2 0.809 0.128 0.063 [144]. 

Croatian (general population) 177 122 41 12 1 1 0 0.839 0.124 0.037 [145] 
Croatian (general population) 1080 645 254 19 21 138 3 0.779 0.145 0.076 [146] 

Croatian (Zagreb, Northern Croatia) 52 40 11 1 - 0 - 0.875 0.125 0.000 [147] 
Population N *1/*1 *1/*2, *1/*3 *2/*2, *3/*3 *1 *2 *3 References 

Croatian (Zagreb, Northern Croatia) 200 148 45 7 0.740 0.165 0.095 [125] 
  *1/*1 *1/*2 *2/*2 *2/*3 *1/*3 *3/*3 *1 *2 *3  

Czech (Prague, Northwestern Czech Republic) 254 170 51 5 1 25 2 0.819 0.122 0.059 [148] 

German (General population, Germany) 
675 599 - - - 74 2 0,940 - 0,060 

[149] 
673 524 137 12 - - - 0,880 0,120 - 
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Table 3.4 - Genotypic and allelic frequencies for the CYP2C9*2 and CYP2C9*3 polymorphisms among the European countries.(cont.). 

Population N 
Genotypic Distribution Allelic Frequency 

References 
*1/*1 *1/*2 *2/*2 *2/*3 *1/*3 *3/*3 *1 *2 *3 

German (Berlin, Northeastern Germany) 309 205 66 5 6 24 3 0,809 0,133 0,058 [150] 
German (Münster, Northwestern Germany) 66 43 8 1 4 10 0 0,796 0,140 0,064 [151] 

German (Bonn, West Central Germany) 
107 91 - - - 12 4 0,910 - 0,090 

[95] 
105 79 22 4 - - - 0,870 0,130 - 

German (Würzburg, Central Germany) 283 181 52 5 5 39 1 0,800 0,118 0,081 [152] 
Hungarians (General population, Hungary) 535 332 104 11 8 74 6 0,787 0,125 0,088 [153] 

Polish (Łódź, Central Poland) 97 
97 - - - 0 0 1,000 - 0,000 

[154]. 
76 21 0 - - - 0,892 0,108 - 

Polish (Warsaw, Eastern Central Poland) 114 71 18 0 5 20 0 0,781 0,096 0,105 [97] 
Polish (Poznań, Western Central Poland) 30 21 2 - - 7 - 0,850 0,033 0,117 [155] 

Slovak (Bratislava, Southwestern Slovakia) 112 77 16 2 3 14 0 0,831 0,119 0,050 [156] 

Swiss (Bern, Northwestern Switzerland) 25 
13 9 3 - - - 0,700 0,300 - 

[157] 
14 - - - 8 3 0,720 - 0,280 

Southeastern Europe 

Bosnian (Sarajevo, Eastern Bosnia) 129 
96 32 1 - - - 0.868 0.132 - 

[60] 
107 - - - 21 1 0.911 - 0.089 

Bosnian (Tešanj, Northern Central Bosnia) 43 35 8 0 - - - 0.910 0.090 - [158] 
Greek (Alexandroupolis, Northeastern Greece) 283 176 57 4 8 38 0 0,790 0,129 0,081 [159] 

Kosovar (General population, Kosovo) 234 117 62 8 4 39 4 0,726 0,175 0,109 [160]. 
Macedonian (General population, Republic of North 

Macedonia) 
179 112 38 5 2 20 2 0,788 0,139 0,073 [161] 

Macedonian (Skopje, Northern Republic of North 
Macedonia) 

27 18 5 0 0 4 0 0,833 0,093 0,074 [162] 

Romanian (Cluj-Napoca, Northwestern Romania) 332 209 62 2 9 47 3 0,794 0,113 0,093 [104] 

Serbian (General population, Serbia) 484 
375 104 5 - - - 0,883 0,117 - 

[163] 
411 - - - 68 5 0,919 - 0,081 

Turkey (Gaziantep, Southern Turkey) 499 308 90 5 6 86 4 0,794 0,106 0,100 [164] 
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Table 3.4 - Genotypic and allelic frequencies for the CYP2C9*2 and CYP2C9*3 polymorphisms among the European countries.(cont.). 

Population N 
Genotypic Distribution Allelic Frequency 

References 
*1/*1 *1/*2 *2/*2 *2/*3 *1/*3 *3/*3 *1 *2 *3 

Turkish (Ankara, Norhern Central Turkey) 15 10 4 0 - 1 - 0,833 0,133 0,033 [165] 
Turkish (Ankara, Norhern Central Turkey) 85 58 10 3 1 12 1 0,812 0,100 0,088 [166] 
Turkish (Ankara, Norhern Central Turkey) 73 51 10 1 1 9 1 0,829 0,089 0,082 [167] 

Turkish (Istanbul, Northwestern Turkey) 
160 127 31 2 - - - 0,890 0,110 - 

[168] 
142 114 - - - 18 10 0,870 - 0,130 

Turkish (Istanbul, Northwestern Turkey) 207 113 34 - 6 50 4 0,749 0,097 0,155 [106] 

Turkish (Istanbul, Northwestern Turkey) 55 
43 12 0 - - - 0,890 0,110 - 

[169] 
48 - - - 6 1 0,940 - 0,060 

Turkish (Mersin, Southern Turkey) 186 119 35 3 8 20 1 0,788 0,132 0,081 [170] 

Turkish (Mersin, Southern Turkey) 97 
90 7 0 - - - 0,964 0,036 - 

[171] 
77 - - - 20 0 0,897 - 0,103 

Turkish (Mersin, Southern Turkey) 90 
74 14 2 - - - 0,900 0,100 - 

[172] 
59 - - - 31 0 0,828 - 0,172 
Western Europe 

Belgian (Brussels, Northern Central Belgium) 120 81 22 - 2 14 1 0.825 0.100 0.075 [126] 
British (Newcastle upon Tyne, Northeasthern England) 100 60 20 0 2 17 1 0,790 0,125 0,085 [173] 
British (Newcastle upon Tyne, Northeasthern England) 128 81 23 3 3 16 2 0,785 0,125 0,090 [174] 

British (General population, United Kingdom) 
247 211 60 3 - - - 0,883 0,117 - 

[175] 
280 233 - - - 47 0 0,916 - 0,084 

British (Unspecified city/region, United Kingdom) 76 69 - - - 5 2 0,941 - 0,059 
[133] 

British (Orkney Islands archipelago, Scotland) 88 77 - - - 11 0 0,937 - 0,063 

Population N *1/*1 
*1/*2, *1/*3, *2/*2, 

*2/*3, *3/*3 
*1 *2 *3 References 

British (Tayside and Fife, East Central Scotland) 248 180 104 0,810 0,120 0,070 [124] 
  *1/*1 *1/*2 *2/*2 *2/*3 *1/*3 *3/*3 *1 *2 *3  

French (Paris, Northern Central France) 151 94 30 16 1 4 6 0,770 0,150 0,080 [176] 
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Table 5 - Genotypic and allelic frequencies for the CYP2C9*2 and CYP2C9*3 polymorphisms among the European countries (cont.). 

Population N 
Genotypic Distribution Allelic Frequency 

References 
*1/*1 *1/*2 *2/*2 *2/*3 *1/*3 *3/*3 *1 *2 *3 

French (Paris, Northern Central France) 24 11 0 0 2 11 0 0,688 0,042 0,271 [120] 
French (Paris, Northern Central France) 18 10 3 0 0 4 1 0,75 0,083 0,167 [177] 

French (Paris, Northern Central France) 49 
37 12 0 - - - 0,878 0,122 - 

[178] 
42 - - - 7 0 0,929 - 0,071 

French (French Basque Country, Southwestern France) 76 64 - - - 11 1 0,914 - 0,086 [133] 

Dutch (Amsterdam, Northwestern Netherlands) 93 
75 - - - 18 0 0.905 - 0.095 

[179] 
84 9 0 - - - 0.950 0.05 - 
Southern Europe 

Italian (General population, Italy) 174 101 36 6 11 16 4 0.730 0.176 0.095 [180] 
Italian (Rome, Central Italy, and Sicily island) 90 76 11 2 0 1 0 0.910 0.083 0.007 [181] 

Italian (Sicily Island, Italy) 360 223 62 10 8 52 5 0.778 0.125 0.097 [182] 
Italian (Sicily Island, Italy) 59 51 - - - 8 0 0.932 - 0.068 

[133] Italian (Bergamo, Northeastern Italy) 81 75 - - - 6 0 0.963 - 0.037 
Italian (Piedmonte, Northern Italy) 58 51 - - - 6 1 0.931 - 0.069 

Italian (Verona, Nothern Italy) and Spanish (Santiago 
de Compostela, Northwestern Spain and Barcelona, 

Northeastern Spain) 
1245 742 295 31 27 142 8 0.771 0.154 0.074 [183] 

Italian (Sardinia Island, Italy) 384 245 89 9 8 32 1 0.797 0.15 0.056 [184] 

Population N *1/*1 *1/*2, *1/*3 
*2/*2,*2/*3, 

*3/*3 
*1 *2 *3 References 

Italian (Rome, Central Italy) 218 138 67 13 0.787 0.133 0.080 [185] 
  *1/*1 *1/*2 *2/*2 *2/*3 *1/*3 *3/*3 *1 *2 *3  

Portuguese (São Miguel island, Azores archipelago, 
Portugal) 

58 35 9 2 5 7 0 0.741 0.155 0.103 [117] 

Spanish (Madrid, Central Spain) 197 102 32 5 16 41 1 0.703 0.147 0.150 [186] 
Spanish (Madrid, Central Spain) 24 13 4 2 - 5 - 0.729 0.167 0.104 [187] 
Spanish (Madrid, Central Spain) 246 140 57 6 5 37 1 0.760 0.150 0.089 [188] 
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Table 5 - Genotypic and allelic frequencies for the CYP2C9*2 and CYP2C9*3 polymorphisms among the European countries (cont.). 

Population N 
Genotypic Distribution Allelic Frequency 

References 
*1/*1 *1/*2 *2/*2 *2/*3 *1/*3 *3/*3 *1 *2 *3 

Spanish (Madrid, Central Spain) 79 47 21 - 3 8 - 0.778 0.152 0.070 [189] 

Spanish (Spanish Pyrenees region, Northeastern Spain) 
154 

 
96 29 4 6 18 1 0.769 0.142 0.088 [190] 

Spanish (Badajoz, Southwestern Spain) 157 78 25 3 14 37 0 0.694 0.143 0.162 [191] 
Spanish (Badajoz, Southwestern Spain) 102 59 20 4 4 14 1 0.745 0.156 0.098 [192] 
Spanish (Badajoz, Southwestern Spain) 327 195 78 8 13 30 3 0.760 0.160 0.080 [193] 

Spanish (Badajoz, Southwestern Spain) 362 
237 11 14 - - - 0.808 0.192 - 

[194] 
302 - - - 58 2 0.914 - 0.086 

Spanish (Badajoz, Southwestern Spain) 355 175 100 11 10 55 4 0.711 0.186 0.103 [195] 
Spanish (Romani origin, Spain) 62 54 - - - 8 0 0.935 - 0.065 

[133] 
Spanish (Catalonia, Spain) 63 55 - - - 8 0 0.937 - 0.063 

Spanish (Valencia, Eastern Spain) 549 492 - - - 54 3 0.945 - 0.055 [196] 
Spanish (Madrid, Central Spain and Alicante, 

Southeastern Spain) 
26 16 4 - - 5 1 0.788 0.077 0.135 [197] 

Population N *1/*1 *1/*2, *1/*3 
*2/*2,*2/*3, 

*3/*3 
*1 *2 *3 References 

Spanish (Zagaroza, Northeastern Spain) 282 164 104 14 0.790 0.133 0.077 [198] 

  *1/*1 *1/*2, *1/*3 
*2/*2,*2/*3, 

*3/*3 
*1 *2 *3  

Spanish (Madrid, Central Spain) 106 66 37 3 0.800 0.120 0.070 [199] 
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Between Eastern European countries (Figure 3.1), only Russian individuals presented 
information regarding the CYP2C9*2 and CYP2C9*3 polymorphisms. Eight papers published between 
2003 and 2020 surveyed 2438 control individuals' genotypic distribution belonging to twelve distinct 
ethnic groups (Balkar, Tatar, Russian, Bashkir, Avar, Lak, Dargin, Sámi, Chuvash, Mari, Kabardian, 
and Ossetian). These assessed volunteers were from ten different cities or republics in European Russia. 

Among the Russian populations, several studied populations were separately assessed for the CYP2C9*2 
and CYP2C9*3 polymorphisms.  Within these studied populations are the Balkars and Tatars genotyped 
by Abdullaev et al. [127], the Russian (ethnic group), Tatars and Bashkirs studied by Korytina et al. 
[128], and the Chuvashs, Maris, Kabardin, and Ossetians studied by K. Mirzaev et al [88].  On the other 
hand, the Avars, Laks, and Dargins [129] as well as the Sámis [133] were only evaluated for the 
CYP2C9*3 polymorphism’s presence. Also, only the population from Moscow studied by O. Gra et al 
in 2008 [131] was not assessed for the *2/*2 genotype. 

Among the Eastern European populations, only individuals belonging to the Russian ethnic 
group had their genotypic distribution fully assessed. These individuals were part of studied populations 
from Moscow [131] and Voronezh [132]. Only these populations can have their warfarin dose 
requirement predicted and compared.  

The 352 individuals from Moscow [130] showed a *1/*2 (20.7%), *2/*2 (0.6%), *2/*3 (2.0%), 
*1/*3 (7.4%), and *3/*3 (0.3%) carriers’ frequency that resulted, respectively in a *2 and *3 allele 
frequency of 11.9%, and 5.0%. Simultaneously, the 290 genotyped volunteers from Voronezh [132] 
presented a frequency for the 1/*2 (18.3%), *2/*2 (0.7%), *2/*3 (1.4%), *1/*3 (11.4%), and *3/*3 
(0.3%) carriers that accounted for a *2 and *3 allele frequencies of 10.5%, and 6.7%, respectively. Such 
similar allelic frequencies are understandable since the genotyped individuals belong to the same ethnic 
group and Moscow and Voronezh are only 500km apart. 

In Northern European populations (Figure 3.1, Table 3.4) twelve papers published between 1999 
and 2012 assessed the presence of the CYP2C9*2 and CYP2C9*3 polymorphisms in 50833 healthy 
volunteers. The studied individuals were natives of Finland, Denmark, Sweden, and Norway. 

The two samples of the Danish  population [135], and the studied individuals from Turku in 
Finland [140] were separately assessed for the CYP2C9*2 and CYP2C9*3 polymorphisms. On the other 
hand, the population from Helsinki studied by Pimenoff et al. [133] only had the CYP2C9*3 
polymorphism’s presence evaluated. 

The remaining Northern European populations were fully genotyped. A total of 3067 studied 
individuals spread across study populations from the Faroe Islands [134], Odense [136], Copenhagen 
[137], Helsinki [138], [139], Oslo [134], and Stockholm [141]–[143] were assessed for the presence of 
the *1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 genotypes. 

The 276 studied individuals from Odense [136] did not register any carrier of the *3/*3 genotype 
and showed a *1/*2, *2/*2, *2/*3, and *1/*3 carriers’ frequency, respectively of 19.2%, 1.4%, 2.2%, 
and 8.3%. The showed genotypic distribution for the studied individuals from Odense resulted in a *2 
and *3 allele frequencies, respectively of 12.1%, and 5.3%. Similarly, the 175 genotyped controls from 
Copenhagen [137] showed a frequency for the *1/*2 (22.3%), *2/*2 (2.3%), *2/*3 (1.7%), *1/*3 
(6.3%), and *3/*3 (0.6%) carriers that resulted in a *2 and *3 allele frequency, respectively of 14.3%, 
and 4.6%. These similar allelic frequencies are understandable since Odense, and Copenhagen are about 
200 km apart. 
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Conversely, the 311 studied volunteers from the Faroe Islands [134] presented a frequency for 
the *1/*2 ,  *2/*3 , *1/*3  carriers, respectively of 16.1%, 1.7%, and 6.3%, and did not register any 
carrier for the *2/*2, and *3/*3 genotypes. This resulted in a *2, and *3 allele frequency of 8.8%, and 
5.3%, respectively. This *2 allele frequency presented by the studied individuals from Faroe Islands 
differs from that presented by the studied populations from Copenhagen [137] (14.3%) and Odense 
[136] (12.1%). The reason for this to happen may lie on the remote location of the Faroe Islands in 
relation to continental Denmark. 

The 12 individuals from Helsinki studied by Karonen et al. [139] did not register any carrier for 
the *2/*3, and *3/*3 genotypes, accounting for a *1/*2, *2/*2, and *1/*3 carriers’ frequency of 8.3%. 
Also, the 29 volunteers from Helsinki studied by Niemi et al. [138] did not register a carrier for the 
*2/*3, and *3/*3 genotypes, showing a frequency for the *1/*2, *2/*2, and *1/*3 carriers respectively 
of 27.6%, 3.4%, and 10.3%. The populations from Helsinki studied by Karonen et al. [139], and Niemi 
et al. [138] showed disparate *2 (8.3%, and 15.5%, respectively) and *3 (8.3%, and 6.9%, respectively) 
allele frequencies. These disparate allelic frequencies are due to the small sample size presented by both 
studies. Thus, both studied populations will not be considered in further analysis with others for not 
being representative of the population of Helsinki. 

The 430 volunteers from Stockholm studied by Yasar et al. in 1999 [142] presented  a frequency 
for the *1/*2 (18.6%), *2/*2 (0.5%), *2/*3 (1.9%), *1/*3 (11.6%) and *3/*3 (0.7%) carriers, which 
resulted in a *2 and *3 allele frequency, respectively of 10.7%, and 7.4%. Similarly, 1503 controls also 
from Stockholm studied by Bennet et al. [143] showed a *1/*2 (17.9%), *2/*2 (1.4%), *2/*3 (1.2%), 
*1/*3 (11.0%) and *3/*3 (0.3%) carriers’ frequency, that accounted for a *2 and *3 allele frequency, 
respectively of 11.0%, and 6.5%.  

Conversely, the 22 individuals studied by Yasar et al. in 2002 [141] showed a frequency for the 
*1/*2 (13.6%), *2/*2 (13.6%), *2/*3 (18.2%), *1/*3 (22.7%) and *3/*3 (4.5%) carriers that resulted in 
a *2, and *3 allele frequency of 29.5%, and 25.0%, respectively. The allelic frequencies presented by 
this studied population studied by Yasar et al. in 2002 [141] and the remaining populations from 
Stockholm [142], [143] are disparate. This suggests that the population studied by Yasar et al. in 2002 
[141] does not represent the population of Stockholm due to its small sample size. Hereupon, the 
individuals studied by Yasar et al. in 2002 [141] will not be considered in further analysis and 
comparisons. 

The 309 studied individuals from Oslo in Norway [134], showed a *1/*2 (17.8%), *2/*2 (0.6%), 
*2/*3 (0.6%), *1/*3 (11.7%) and *3/*3 (0.3%) carriers’ frequency that resulted  in a *2 and *3 allele 
frequency, respectively of 9.9%, and 6.5%. The studied Norwegian presented a very similar *2 and *3 
allele frequency with the Swedish studied by Yasar et al. in 1999 [142] (10.7%, and 7.4%, respectively), 
and Bennet et al. [143] (11.0%, and 6.5% respectively).  

Amongst the studied Northern European populations, it is expectable that one Danish individual 
from the Faroe Islands is more likely to require a higher warfarin dose. This happens because the studied 
individuals from the Faroe Islands [134] present a lower *2 and *3 allele frequency, respectively with 
8.8%, and 5.3%. On the other hand, one individual Stockholm is more prone to present a lower warfarin 
dose. This occurs due to the higher *2 and *3 allele frequencies presented by the Swedish genotyped in 
the two studies conducted by Yasar et al. in 1999 [142] (10.7%, and 7.4%, respectively) and Bennet et 
al. [143] (11.0%, and 6.5% respectively) [79].  
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The genotypic and allelic information found for the CYP2C9*2 and CYP2C9*3 polymorphisms 
in the Central European countries (Figure 3.1, Table 3.4) is available in 17 different papers. These 
studies involved 4491 healthy individuals from eight distinct countries, namely Austria, Croatia, Czech 
Republic, Germany, Hungary, Poland, Slovakia, and Switzerland. The assessed volunteers subjected to 
this evaluation were part of 15 study populations. 

The German general studied population [149] and the studied individuals from Bonn [95] 
(Germany), and Łódź [154] (Poland), and Bern [157] (Switzerland) were separately assessed for the 
CYP2C9*2 and CYP2C9*3 polymorphisms. Moreover, the Croatians from Zagreb studied by Miroševic 
Skvrce et al. [147] did not have the *2/*3, and *1/*3 genotyped assessed. Also, another population from 
Zagreb studied by Božina et al. [125] was not evaluated for the presence of the *2/*3 genotype. Finally, 
a studied population from Poznań in Poland [155] was not assessed for the presence of the *2/*2, *2/*3, 
and *3/*3 genotypes. 

On the other hand, in the remaining Central European populations, a total of 3305 individuals 
were assessed for the *1/*1, *1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 genotypes. These volunteers were 
spread across study populations from Vienna [144] (Austria), Prague [148] (Czech Republic), Berlin 
[150] (Germany), Münster [151] (Germany), Würzburg [152] (Germany), Warsaw [97] (Poland), and 
Bratislava [156] (Slovakia). Also, one Hungarian [153], and two Croatian [145], [146] general study 
populations had their genotypic profile regarding the CYP2C9*2 and CYP2C9*3 completely assessed. 

A group of 177 Croatians studied by Topić et al. [145] showed a *1/*2, *2/*2, *2/*3, and *1/*3 
carriers’ frequency, respectively of 23.2%, 6.8%, 0.6%, and 0.6%, and did not register any carrier for 
the *3/*3 genotype. Therefore, this studied population from Croatia accounted for a *2 and *3 allele 
frequency of 12.4%, and 3.7%, respectively. Conversely, the 1080 studied Croatians by Ganoci et al. 
[146] displayed a frequency for the *1/*2 (23.5%), *2/*2 (1.8%), *2/*3 (1.9%), *1/*3 (12.8%) and 
*3/*3 (0.3%) carriers that resulted in a *2 and *3 allele frequency of 14.5%, and 7.6%, respectively. The 
disparate allelic frequencies presented by these general study populations suggests that one of them is 
not representative of the Croatian population. Therefore, the population sample studied by Topić et al. 
[145] will be excluded from further analysis for being considerably lower than the sample studied by 
Ganoci et al. [146]. 

In Germany, three studied populations from Münster, Würzburg and Berlin were fully 
genotyped for the CYP2C9*2, and CYP2C9*3 polymorphisms. The 309 studied volunteers from Berlin 
[150] showed a *1/*2 (21.4%), *2/*2 (1.6%), *2/*3 (1.9%), *1/*3 (7.8%) and *3/*3 (1.0%) carriers’ 
frequency that resulted in a *2 and *3 allele, respectively of 13.3%, and 5.8%. Similarly, the 283 studied 
individuals from Würzburg [152] presented a *1/*2 (18.4%), *2/*2 (1.8%), *2/*3 (1.8%), *1/*3 (13.8%) 
and *3/*3 (0.4%) carriers’ frequency that accounted for a *2 and *3 allele frequency of 11.8%, and 
8.1%, respectively. Also, the 66 genotyped volunteers from Münster [151] displayed a frequency for the 
*1/*2, *2/*2, *2/*3, *1/*3, respectively of 12.1%, 1.5%, 6.1%, and 15.2% and did not register any 
carrier of the *3/*3 genotype. Such genotypic distribution resulted in a *2 and *3 allele frequency, 
respectively of 14.0%, and 6.4%. 

It is possible to verify that the three studied populations from Germany showed comparable 
allelic frequencies. However, the studied population from Münster [151] showed a disparate genotypic 
distribution with the studied populations from Würzburg [152], and Berlin [150], which is not expected 
since these are populations from cities of the same country. This suggests that the population sample 
from Münster [151] is too small to be representative. Therefore, the studied population from Münster 
will not be considered in further analysis. 
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The 375 studied Austrians from Vienna [144] showed a  *1/*2, *2/*2, *2/*3, *1/*3, *3/*3 
carriers’ frequency, respectively of 21.1%, 1.9%, 0.8%, 10.7%, and 0.5%. Similarly, the 254 genotyped 
Czechs from Prague [148] presented a frequency for the carriers of the same genotypes, of 20.1%, 2.0%, 
0.4%, 9.8%, and 0.8%, respectively. Moreover, the 535 studied Hungarians [153] presented a frequency 
for the same genotypes carriers’ of 19.4%, 2.1%, 1.5%, 13.8%, and 1.1%, respectively. Also, the 112 
genotyped Slovaks [156] from Bratislava did not register any carrier of the *3/*3 genotype and 
accounted for a *1/*2, *2/*2, *2/*3, *1/*3 carriers’ frequency, respectively of 14.3%, 1.8%, 2.7%, and 
12.5%. Such similar genotypic distributions for the studied Austrians, Czechs, Hungarians, and Slovaks 
resulted in an also similar *2 (12.8%, 12.2%, 12.5%, and 11.9% respectively), and *3 (6.3%, 5.9%, 
8.8%, and 5.0% respectively) allele frequency. This can be explained due to geographical proximity of 
these countries. 

On the other hand the 114 studied Polish [97] showed a disparate *3 allele frequency with the 
studied Austrians [144], Czechs [148],  Hungarians [153], and Slovaks [156] despite being neighboring 
populations. The studied Polish presented a *1/*2, *2/*3, and *1/*3 carriers’ frequency, respectively of 
14.9%, 4.4% and 16.7% and did not register any carrier of the *2/*2, and *3/*3 genotypes. This 
genotypic distribution resulted in a *2 and *3 allele frequency, respectively of 9.6%, and 10.5%. 

Amongst the Central European populations, one Czech individual is more prone to require a 
higher warfarin dose. This is due to the lower *2 and *3 allele frequency presented by the studied 
population from Czech Republic [148], respectively with 12.2% and 5.9%.  Conversely, one Polish 
individual is expected to require a lower warfarin dose requirement. The reason for this to happen is the 
result of the higher *2, and *3 allele frequencies presented by the studied population from Poland [97], 
respectively with 9.6%, and 10.5% [79]. 

The information concerning the presence of the CYP2C9*2 and CYP2C9*3 polymorphisms in 
the Southeastern European countries is available in 18 papers published between 2004 and 2019.  Study 
populations from Bosnia and Herzegovina, Greece, Kosovo, Macedonia, Romania, Serbia, and Turkey 
(Figure 3.1, Table 3.4) involved a total of 3178 healthy volunteers dispersed among 12 different 
populations. 

The Serbian general population sample [163] and the studied individuals from Sarajevo [60] 
(Bosnia and Herzegovina), Istanbul [168], [169] (Turkey), and Mersin [171], [172] (Turkey) were 
separately assessed for the CYP2C9*2 and CYP2C9*3 polymorphisms. Moreover, the Bosnian studied 
population from Tešanj [158] only had the CYP2C9*3 polymorphism’s presence assessed. Also, the 
studied individuals from Ankara [165] (Turkey) were not assessed for the *2/*3, and *3/*3 genotypes. 
Finally, the Istanbul population studied by Taşkın [106] did not have the *2/*2 genotype evaluated. 

Conversely, 1898 healthy individuals were fully genotyped for the presence of the CYP2C9*2, 
and CYP2C9*3 polymorphisms in the remaining Southeastern populations. These volunteers were 
spread across populations from Alexandroupolis [159] (Greece), Skopje [162] (Macedonia), Cluj-
Napoca [104] (Romania), Gaziantep [164]  (Turkey), Mersin [170] (Turkey), and Ankara [166], [167] 
(Turkey). Also, two general study populations from Kosovo [160], and Macedonia [161] were fully 
genotyped. 
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The 27 studied individuals from Skopje [162] showed a frequency for the *1/*2, and *1/*3 
carriers of respectively, 18.5%, and 14.8% and did not register any carrier for the *2/*2, *2/*3, and 
*3/*3 genotypes. This genotypic distribution accounted for a *2 and *3 allele frequency, respectively of 
9.4%, and 7.4%. On the other hand, the 179 studied individuals part of  Macedonian population sample 
[161] presented a frequency for the same genotype’s  carriers genotypes of 21.2%, 2.8%, 1.1%, 11.2%, 

and 1.1%, respectively. This studied population’s *2 and *3 allele frequency then accounted, 
respectively for 13.9%, and 7.3%. The presented disparities between the two Macedonian studied 
populations occur due to the small sample size of the population studied by Kapedanovska Nestorovska 
et al. [162]. Therefore, the genotyped population from Skopje is not representative, and for that reason 
will not be included in further analysis. 

The 283 studied Greeks [159] showed a *1/*2, *2/*2, *2/*3, and *1/*3 carriers’ frequency, 
respectively of 20.1%, 1.4%, 2.8%, and 13.4% and did not register any carrier of the *3/*3 genotype. 
Similarly, the 332 genotyped Romanians [104] showed a *1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 carriers’ 
frequency, respectively of 18.7%, 0.6%, 2.7%, 14.2% and 0.9%. The Romanian, Greek, and Macedonian 
[161] studied populations showed, as expected, a similar *2 (11.3%, 12.9%, 13.9%, respectively), and 
*3 (9.3%, 8.1%, 7.3%, respectively) allele frequency. Such comparable frequencies occur because these 
are populations from neighboring countries. Conversely, the 234 studied Kosovars [160] presented a 
*1/*2 (26.5%), *2/*2 (3.4%), *2/*3 (1.7%), *1/*3 (16.7%), and *3/*3 (1.7%) carriers’ frequency that 
accounted for the highest *2 and *3 allele frequency, respectively with 17.5%, and 10.9%. 

In Turkish studied populations a total of 843 healthy individuals from Ankara, Gaziantep, and 
Mersin were fully genotyped. The 85 individuals from Ankara studied by Babaoglu et al. [166] showed 
a frequency for the *1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 carriers, respectively of 11.8%, 3.5%, 1.2%, 
14.1%, 1.2%. Similarly the 73 individuals also from Ankara studied by Goktaş et al. [167] showed a 
comparable frequency for the sames genotypes’ carriers of 13.7%, 1.4%, 1.4%, 12.3%, and 1.4%, 
respectively. These shown genotypic distributions for populations studied by Babaoglu et al. [166], and 
Goktaş et al. [167] resulted in a comparable *2 (10.0%, and 8.8%, respectively) and *3 (8.9%, and 8.2%, 
respectively) allele frequencies. 

Also, the 186 studied individuals from Mersin [170] and the 499 genotyped volunteers from 
Gaziantep [164] showed similar *2 and *3 allele frequencies. The studied population from Mersin 
presented a *1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 carriers’ frequency, respectively of 18.8%, 1.6%, 
4.3%, 10.8%, and 0.5%. Regarding the genotyped population from Gaziantep they showed a frequency 
for the same genotypes’ carriers of 18.0%, 1.0%, 1.2%, 17.2%, and 0.8%, respectively. Therefore, the 
genotypic distributions presented by the studied populations from Mersin and Gaziantep resulted in 
comparable *2 (13.2%, and 10.6%, respectively) and *3 (8.1%, and 10.0%, respectively) allele 
frequencies. Such similar allelic frequencies are understandable since the cities of Mersin and Gaziantep 
are only 300 km apart.  
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It is possible to verify a similar *2 and *3 allele frequencies amongst the Southeastern European 
populations, excluding the case of the Kosovar studied population. For this reason, one individual from 
Kosovo is expected to require a lower warfarin dose. This is the result of the higher *2 and *3 allele 
frequencies presented by the studied population from Kosovo, respectively with 17.5%, and 10.9%. On 
the other hand, the one individual from Ankara is more prone to require a higher warfarin dose. The 
explanation for this lie on the lower *2 and *3 allele frequencies showed by the populations studied by 
Babaoglu et al. (10.0%, and 8.8%, respectively) [166], and Goktaş et al. (8.9%, and 8.2%, respectively) 
[167] [79].   

The 13 studies conducted in Western European populations (Figure 3.1, Table 3.4) assessed 
1451 healthy individuals for the presence of the CYP2C9*2 and CYP2C9*3 polymorphisms. These 
studied individuals were spread across nine populations from Belgium, France, Netherlands, and the 
United Kingdom (UK). The papers with the mentioned information were published between 1999 and 
2017.  

The British general population sample [175], the studied individuals from Paris [178] (France), 
and Amsterdam [179] (Netherlands) were separately genotyped for the CYP2C9*2, and CYP2C9*3 
polymorphisms. Also, the studied individuals from Orkney Islands [133] (UK), French Basque Country 
[133] (France), and the British from an unspecified region [133] were only assessed for the presence of 
the CYP2C9*3 polymorphism. Moreover, one studied population from Brussels [126] (Belgium) was 
not assessed for the *2/*2 genotype. 

At the same time, 421 individuals had the presence of the CYP2C9*2, and CYP2C9*3 
polymorphisms completely assessed. These volunteers were spread across studied populations from 
Newcastle [173], [174] (UK), Tayside and Fife [124] (UK) and Paris [120], [176], [177] (France). 

Two populations from Newcastle upon Tyne were fully genotyped by Aithal et al. [173], and  
Howard et al. [174], involving a total of 228 volunteers. The 100 individuals studied by Aithal et al. 
[173] did not register any carrier for the *2/*2 genotype, and showed a *1/*2, *2/*3, *1/*3, and *3/*3 
carriers’ frequency respectively of 20.0%, 2.0%, 17.0%, and 1.0%. Similarly, the 128 volunteers studied 
by Howard et al. [174] presented a frequency for the same genotypes’ carriers of 18.0%, 2.3%, 2.3%, 
12.5%, 1.6%, respectively. The *2 and *3 allele frequencies are, as expected very similar for the 
populations studied by Aithal et al. [173] (12.5%, and 9.0%, respectively), and Howard et al. [174] 
(12.5%, and 8.5%, respectively). 

Also, the 248 studied individuals from Tayside and Fife [124] despite not presenting the 
discriminate number of the carriers for each genotype, were fully genotyped. This studied population 
presented such a genotypic distribution that resulted in a similar *2 (12.0%) and *3 (7.0%) allele 
frequency with that presented by the two studied populations from Newcastle upon Tyne [173], [174]. 
The similar allelic frequencies can be explained due to the geographical proximity since the city of 
Newcastle upon Tyne and the region of Tayside and Fife are only 250 km apart. 

In France, three populations from Paris were genotyped, involving a total of 193 volunteers. The 
group of 24 individuals studied by Verstuyft et al. [120] did not register any carrier for the *1/*2, *2/*2, 
and *3/*3 genotypes, presenting a *2/*3, and *1/*3 carriers’ frequency, respectively of 8.3%, and 
45.8%. Another group of 18 individuals studied by Chhun et al. [177], they did not register any carrier 
of the *2/*2, and *2/*3 genotypes accounting for a *1/*2, *1/*3, and *3/*3 carriers’ frequency, 
respectively of 16.7%, 22.2%, and 5.6%. On the other hand, the 151 volunteers studied by J. Q. Yang 
et al. [176] presented a *1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 carriers’ frequency, respectively of 19.9%, 
2.6%, 4.0%, 10.6%, and 0.7%. The *2 and *3 allele frequencies then differed between the populations 
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studied by Verstuyft et al. [120] (4.2%, and 27.1%, respectively), Chhun et al. [177] (8.3%, and 16.7%, 
respectively), and J. Q. Yang et al. [176] (15.0%, and 8.0%, respectively). The disparate allelic 
frequencies presented can be explained by the small sample size of the populations studied by Verstuyft 
et al. [120], and Chhun et al. [177]. Therefore, the populations studied by Verstuyft et al. [120], and 
Chhun et al. [177] will be excluded from further analysis for not being representative of the population 
of Paris.  

Amongst the Western European studied populations one individual from the region of Tayside 
and Fife is more likely to require a higher warfarin. This happens because the studied population from 
Tayside and Fife presented a lower *2, and *3 allelle frequencies, respectively with 12.0%, and 7.0%. 
On the other hand, one individual from Paris is more prone to require a lower warfarin dose. The reason 
for this is because of the higher *2 and *3 allele frequencies presented by the population from Paris 
studied by J. Q. Yang et al. [176], respectively with 15.0%, and 8.0% [79]. 

The presence of the CYP2C9*2, and CYP2C9*3 polymorphisms in Southern European countries 
(Figure 3.1, Table 3.4) is available in 22 papers published between 1999 and 2020. These papers 
involved 6160 healthy individuals spread across 17 populations from Portugal, Spain, and Italy. 

Only one population from Badajoz studied by Martínez et al. in 2014 [194] (Spain) had the 
presence of the CYP2C9*2, and CYP2C9*3 polymorphisms separately assessed. Also, studied 
populations from Valencia [196] (Spain), Sicily [133] (Italy), Bergamo [133] (Italy), Piedmonte [133] 
(Italy), Catalonia [133] (Spain), and the genotyped individuals from a Romani community [133] (Spain) 
were only assessed for the presence of the CYP2C9*3 polymorphism. Moreover, one population from 
Madrid studied by Cabaleiro et al. in 2015 [189] was not assessed for the *2/*2, and *3/*3 genotypes. 
Furthermore, one studied population grouping individuals from Madrid and Alicante [197] did not have 
the *2/*2, and *3/*3 genotypes evaluated. Additionally, one population from Madrid studied by Dapia 
et al. [199] did not have the *3/*3 genotype assessed.  Finally, one population from Madrid studied by 
Zubiaur et al. [187] was not assessed for the*2/*3, and *3/*3 genotypes. 

Within the remaining Southern European populations there are the 4349 fully genotyped 
individuals for the presence of the CYP2C9*, and CYP2C9*3 polymorphisms. The volunteers were part 
of study populations from Rome [185] (Italy), Sicily [182] (Italy), Sardinia [184] (Italy), São Miguel 
[117] (Portugal), Madrid  [186], [188] (Spain), Badajoz [191]–[193], [195] (Spain), Zaragoza [198] 
(Spain) and the Spanish Pyrenees region [190]. Also, one Italian general population sample [180], one 
grouped population involving volunteers from Verona (Italy), Santiago de Compostela (Spain), and 
Barcelona (Spain) [183], and other involving controls from Rome and Sicily [181] were fully genotyped. 

The 218 studied volunteers from Rome [185] do not present the discriminated numbers for the 
carriers of each genotype. Despite this, this population was completely genotyped and showed a *2, and 
*3 allele frequency, respectively of 13.3%, and 8.0%, respectively. Similarly, the 360 genotyped 
islanders from Sicily [182] presented a *1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 carriers’ frequency, 
respectively of 17.2%, 2.8%, 2.2%, 14.4%, and 1.4%. The resulting *2 and *3 allele frequencies 
presented for the studied individuals from Sicily (12.5%, and 9.7%, respectively) are then comparable 
to that presented by the genotyped population from Rome. Although Sicily is an island, its populations 
is not very isolated from continental Italy, which may explain the similarities on the allelic frequencies. 
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The study involving 90 studied volunteers from Rome and Sicily [181] do not discriminate the 
number of individuals from each city. For that reason, the shown data for this sample refers to Rome 
and Sicily population. The presented *1/*2, *2/*2, *1/*3 carriers’ frequency was, respectively, 12.2%, 
2.2%, and 1.1%, while the *2/*3, and *3/*3 genotypes did not register any carrier. This genotypic 
distribution resulted in an *2 and *3 allele frequency, respectively of 8.3%, and 0.7%, which differs 
from that presented by the studied populations from Rome [185] (13.3%, and 8.0%, respectively) and 
Sicily [182] (12.5%, and 9.7%, respectively). Therefore, it is possible to verify that the studied 
population sample from Rome and Sicily is not representative, and for that reason, will be excluded 
from further analysis. 

A group of 218 studied individuals belonging to the Italian general population sample [180] 
were from northern, central, and southern continental Italy. These individuals showed a *1/*2, *2/*2, 
*2/*3, *1/*3, and *3/*3 carriers’ frequency, respectively of 20.7%, 3.4%, 6.3%, 9.2%, and 2.3%. This 
genotypic distribution resulted in a *2 and *3 allele frequency, respectively of 17.6%, and 9.5%. The *2 
and *3 allele frequencies presented by the studied individuals from Rome [185] (13.3%, and 8.0%, 
respectively) and Sicily [182] (12.5%, and 9.7%, respectively) does not differ from those showed by the 
Italian general population sample.  

The 384 studied volunteers from Sardinia [184] displayed a frequency for the  *1/*2, *2/*2, 
*2/*3, *1/*3, and *3/*3 carriers, respectively of 23.2%, 2.3%, 2.1%.8.3%, and 0.3%. This genotypic 
distribution resulted in a *2 and *3 allele frequencies, respectively of 15.4%, and 5.6%. This presented 
*2 and *3 allele frequencies contrast with that presented by the studied individuals from [185] (13.3%, 
and 8.0%, respectively), Sicily [182], and the Italians part of the general population sample sample [180] 
(17.6%, and 9.5%, respectively). The reason for this is due to the isolation of the island of Sardinia, 
which allows its population to preserve its unique genetic code since the Neolithic period [200]. 

A total of 941 studied individuals from Badajoz spread across four studied populations [191]–
[193], [195] had the presence of the CYP2C9*2 and CYP2C9*3 assessed. A group of 355 genotpyped 
individuals studied by Martínez et al. in 2005 [195] presented a *1/*2 (28.2%), *2/*2 (3.1%), *2/*3 
(2.8%), *1/*3 (15.5%), and *3/*3 (1.1%) carriers’ frequency that resulted in a *2, and *3 allele 
frequency, respectively of 18.6%, and 10.3%. Simultaneously, another group of 327 volunteers studied 
by Pedro Dorado et al. in 2011 [193] showed frequency for the same genotypes’ carriers of 23.9%, 2.4%, 
4.0%, 9.2%, and 0.9%, respectively. This genotypic distribution resulted in a *2 and *3 allele 
frequencies, respectively of 16.0%, and 8.0%. 

Also, the 102 controls studied by Pedro Dorado et al. in 2003 [192] volunteers displayed a 
frequency for the *1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 carriers, respectively of 19.6%, 3.9%, 3.9%, 
13.7%, and 1.0%. This accounted for a *2, and *3 allele frequencies, respectively of 15.6%, and 9.8% 
for the individuals studied by Pedro Dorado et al. in 2003 [192].  

On the other hand, the 157 individuals studied by Elena García-Martín in 2001 [191] did not 
register any carrier for the *3/*3 genotype, and presented a *1/*2, *2/*2, *2/*3, and *1/*3 carriers’ 
frequency, respectively of 15.9%, 1.9%, 8.9%, and 23.6%. This genotypic distribution accounted for a 
*2 and *3 allele frequencies, respectively of 14.3%, and 16.2%. These presented frequencies for the *2 
and *3 allele differ from the remaining studied populations from Badajoz. Therefore, such disparate 
allelic frequencies suggest that the population studied by Elena García-Martín in 2001 [191] is not 
representative of the population of Badajoz and will be excluded from further analysis. 

The studied populations from Zaragoza [198], and the Pyrenees region [190] showed similar 
frequencies for the *2 and *3 allele. The 282 studied individuals from Zaragoza had not discriminated 
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the number of carriers for each genotype. The 154 assessed controls from the Pyrenees region showed 
a *1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 carriers’ frequency, respectively of 18.8%, 2.6%, 3.9%, 11.7%, 
and 0.6%. The *2 and *3 allele frequencies were then very similar among the studied populations from 
Zaragoza (13.3%, and 7.7%, respectively), and the Pyrenees region (14.0%, and 8.4%, respectively) 

Also, the 246 individuals from Madrid studied by Cabaleiro et al. in 2012 [188] presented a 
frequency for the *1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 carriers, respectively of 23.2%, 2.4%, 2.0%, 
15.0%, and 0.4%. This accounted for a *2 and *3 allele frequencies, respectively of 15.0%, and 8.9%, 
very similar with that presented by the studied population from Zaragoza [198] (13.3%, and 7.7%, 
respectively) which is only 300 km apart from Madrid. 

A group of 197 volunteers studied by Elena García-Martín et al. in 2002 [186] presented a 
frequency for the *1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 carriers, respectively of 16.2%, 2.5%, 8.1%, 
20.8%, and 0.5%. This resulted in a *2 and *3 allele frequencies, respectively of 14.7%, and 15.0% 
which are very disparate from that presented by the population from Madrid studied by Cabaleiro et al. 
in 2012 [188] (15.0%, and 8.9%, respectively). Therefore, this study population [186] will be excluded 
from further analysis for not being representative of the population from Madrid. 

The 58 volunteers from São Miguel [117] did not register any carrier of the *3/*3 genotype, and 
presented a *1/*2, *2/*2, *2/*3, *1/*3 carriers’ frequency, respectively of 15.5%, 3.4%, 8.6%, and 
12.1%. Similarly, the grouped Italian-Spanish population sample [183] showed a frequency for the 
*1/*2, *2/*2, *2/*3, *1/*3, and *3/*3 carriers, respectively of 23.7%, 2.5%, 2.2%, 11.4%, and 0.6%. 
This resulted in similar *2 and *3 allele frequencies for the studied Portuguese (15.5%, and 10.3%, 
respectively), and the Italian-Spanish group sample (15.4%, and 7.4%, respectively). These assessed 
individuals also showed similar *2 and *3 allele frequencies with the studied populations from Madrid 
[188] (15.0%, and 8.9%, respectively), Zaragoza [198] (13.3%, and 7.7%, respectively), and Rome [185] 
(13.3%, and 8.0%, respectively). 

Amongst the Southern European populations, one individual from Badajoz is more likely to 
require a lower warfarin dose. This is due to the higher *2 and *3 allele frequencies presented by the 
individuals from Badajoz studied by Pedro Dorado et al. in 2003 [192] (15.6%, and 9.8%, respectively), 
and 2011 [193] (16.0%, and 8.0%, respectively), as well as the controls studied by Martínez et al. in 
2005 [195] (18.6%, 10.3%, respectively). On the other hand, one individual from the Sardinia island is 
more expectable to present a higher warfarin dose requirement. This occurs since the studied population 
from Sardinia showed a lower *2 and *3 allele frequencies, respectively of 15.0%, and 5.6% [79]. 
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3.5. CYP4F2 V433M gene polymorphism frequency in European countries 
In this work, five studies published between 2014, and 2020 involved a total of 1777 volunteers 

assessing the presence of the V433M polymorphism in seven European populations. These volunteers 
were spread across Hungary [201], Lithuania [202], Russia [127], Slovakia [98] and Spain [203]. The 
age and gender of the participants were not referred in the included studies. The genotypic distribution 
for the V433M polymorphism and its allelic frequency is available in Table 3.5. 

Table 3.5 – Genotypic and allelic frequencies for the CYP4F2 V433M gene polymorphism 
among the European countries.  

Population N 
Genotype distribution Allelic frequency 

Reference 
GG GA AA G A 

Eastern Europe 

Russian Balkar 
(Kabardino-
Balkarian 
Republic, 

Southwestern 
European Russia) 

200 48 104 48 0.500 0.500 [127] 

Russian Tatar 
(Republic of 

Tatarstan, Eastern 
European Russia) 

141 91 41 9 0.791 0.209 [127] 

Central Europe 

Romani (Pecs, 
Southwestern 

Hungary) 
484 225 206 53 0.678 0.322 [201] 

Lithuanian 
(Kaunas, Central 

Lithuania) 
210 112 82 16 0.729 0.271 [202] 

Hungarian (Pecs, 
Southwestern 

Hungary) 
493 247 208 38 0.712 0.288 [201] 

Slovak 
(Brastislava, 
Southwestern 

Slovakia) 

112 53 55 4 0.719 0.281 [98] 

Southern Europe 

Spanish (Badajoz, 
Southwestern 

Spain) 
137 53 71 13 0.646 0.354 [203] 
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The 484 genotyped Romani individuals [201] displayed a frequency for the for the G/A, and 
A/A carriers, respectively of 42.6%, and 11.0%. Simultaneously, the 493 studied volunteers from 
Hungary [201] presented a G/A, and A/A carriers’ frequency, respectively of 42.2% and 7.7%. 
Simultaneously, the 112 studied individuals from Slovakia [98] presented a G/A, and a A/A carriers’ 
frequency, respectively of 49.1%, and 3.6%. Simultaneously, the 210 genotyped Lithuanians [202] 
accounted for a frequency of the G/A, and A/A carriers respectively of 39.0%, and 7.6%. This resulted 
in a similar A allele frequency amongst the Central European studied populations of 32.2%, 28.8%, 
28.1%, and 27.1%, respectively for the genotyped Romani, Hungarians, Slovaks, and Lithuanians.  

The 137 studied Spanish [203] presented a G/A, and A/A carriers’ frequency, respectively of 
51.8%, and 9.5%. Such genotypic distribution will then result in an A allele frequency of 35.4%. This 
resulting A allele frequency compares to that obtained by the studied Hungarians [201] (32.2%). 

On the opposite side, the 200 studied Russian Balkars from the Republic of Kabardino-
Balkarian presented a frequency for the G/A, and A/A carriers of 52.0%, and 24.0%, respectively. The 
141 studied Russian Tatars showed a G/A, an A/A carriers’ frequency, respectively of 29.1%, and 6.4%. 
This resulted in a disparate A allele frequency of 50.0%, and 20.9%, respectively for the genotyped 
Balkars, and Tatars. Such a disparate A allele frequencies occur because these are two studied 
populations belonging to different ethnic groups. [127]. 

As the data for the V443M presence is scarce, the only conclusions that can be drawn are based 
on the frequencies shown in Table 3.5. Among these studied populations, the studied Balkars showed 
the highest frequency for the A allele with 50.0%, while the Tatars studied showed the lowest with 
20.9%. Hereupon, this means that one Tatar individual is more likely to require a higher warfarin dose 
and to be less susceptible to suffer from CVDs. On the other hand, one Balkar individual is expected to 
require a lower warfarin dose and to be more prone to suffer from CVDs [81], [82], [127]. 
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CONCLUSIONS 
In this dissertation, it was proposed to study compile data regarding frequency of VKORC1, 

CYP2C9 and CYP4F2 gene polymorphisms in European populations and relate it to their required 
warfarin dose. 

The studied populations from Central Europe, and adjacent countries showed a frequency for 
the -1639 G>A polymorphism (VKORC1) lower than 43.1%. Conversely, the populations from Eastern 
and Southeastern European countries where the Turkish presence is preponderant registered a frequency 
for the -1639 G>A polymorphism in a range of values from 44.4% to 53.4%. Therefore, one individual 
from Russia, Turkey and Cyprus is more likely to require a lower warfarin dose because their 
populations presented a higher frequency of the -1639 G>A polymorphism.  

In the assessed populations from Central, Western, and Southern European countries the 
presence of the 1173 C>T (VKORC1) polymorphism was lower than 44.8%. On the other hand, the 
genotyped individuals from Southeastern European countries accounted for a higher frequency of the 
1173 C>T polymorphism with a range of values from 46.7% to 50.0%. It is possible to verify that one 
individual from a Southeastern country is more prone to require a lower warfarin dose since their 
populations presented a higher presence of this polymorphism. 

In the studied populations from continental Southern Europe, and neighboring countries the 
presence of the CYP2C9*2 polymorphism accounted for a range of values from 12.5% to 18.6%. Also, 
the presence of the CYP2C9*3 polymorphism varied from 7.3% to 10.9%. Conversely, the CYP2C9*2 
polymorphism presented a range of values from 8.8% to 14. 3% in studied populations from Northern, 
Eastern Europe, and adjacent countries. Regarding the presence of the CYP2C9*3 polymorphism, it 
varies from 4.6% to 7.4%. Considering the higher presence these polymorphisms in the populations, 
one individual from Spain, Italy, and Kosovo is more prone to require a lower warfarin dose 

Regarding the presence of the V433M (CYP4F2), and 3730 G>A (VKORC1) polymorphisms 
no conclusions can be drawn. This is due to the scarce information regarding their frequency across 
European countries. 

Based on these data, it is also possible to verify that the presence of these polymorphisms in 
populations does not depend on borders, languages, or creeds. On the contrary, it is explained by 
migratory phenomena that may have been the result of wars, natural disasters, financial crises, among 
others. For this reason, the studied individuals from isolated communities or lands will tend to present 
more extreme values for the MAF. 

 The studied populations may show a higher frequency for a polymorphism of a particular gene, 
while showing a lower for another. This happens because the considered genes (VKORC1, CYP2C9, 
and CYP4F2) are located in different chromosomal regions. For this reason, it would not be expected 
that polymorphisms of different genes presented concordant frequencies in a particular population. 
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