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The therapeutic dose of warfarin depends more on the patient’s genotype than on the type of disease. However, to
date, no uniform algorithms have been developed for warfarin dosing in different nationalities. Hence, the study aims
to evaluate and structure existing recommendations for warfarin prescription in different nations. A systematic search

for the necessary information for 2011-2023 on the dosage of warfarin in different ethnic groups was conducted. The
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databases used for this search are PubMed, Embase, Scopus, Google Scholar, and Web of Science. The correlation
between various genetic polymorphisms and the pharmacodynamics and pharmacokinetics of warfarin was revealed.
This primarily refers to the presence of genes of the cytochrome P450 family and vitamin K epoxide reductase
complex 1. At the same time, the necessity of studying the genes CYP2C19, and gamma-glutamyl carboxylase
(GGCX) is discussed. These genes can significantly improve the accuracy of existing pharmacogenetic algorithms,
although they may slightly increase the individual variability of warfarin dosing.

INTRODUCTION

Warfarin (trade name Coumarin) is an oral
anticoagulant prescribed to prevent thrombosis in patients
with hereditary and acquired homeostasis disorders. Warfarin
is characterized by a narrow therapeutic index: even a small
change in its plasma concentration can lead to unpredictable
drug reactions or ineffective treatment. Therapy with this drug
has one of the highest rates of severe adverse reactions.

There is wide individual variability in the dose of
warfarin required to achieve the target level of anticoagulation
and maintain the coagulation level of the international

*Corresponding Author

Galina Berezina, Department of Science and Strategic Development,
Scientific Centre of Obstetrics, Gynaecology and Perinatology, Almaty,
Republic of Kazakhstan.

E-mail: berezinagl?2 @ gmail.com

normalized ratio (INR) within therapeutic limits, which ensures
the effectiveness and safety of treatment [1]. The INR is a
standardized measurement of prothrombin time that indicates
the level of blood clotting. The initial and maintenance dose
of warfarin should be selected individually for each patient
with regular monitoring of the INR. Approximately 50% of
the individual response to warfarin treatment is caused by
clinical factors, lifestyle, comorbidities and their treatment,
race, and genetic characteristics (for example, polymorphisms
in the vitamin K epoxide reductase complex 1 (VKORC1), the
cytochrome P450 2C9 (CYP2C9), the cytochrome P450 4F2
(CYP4F2), and the cytochrome P450 2C19 (CYP2C19) genes)
[2]. In the study of warfarin pharmacogenetics, the relationship
between carriers of various genetic polymorphisms and the
pharmacodynamics and pharmacokinetics of warfarin was
confirmed. Patients with unfavorable variants of the studied
genes need to titrate warfarin doses to achieve an adequate
anticoagulant effect [1].
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Among the genes associated with warfarin dose
response CYP2C9 and VKORCI gene are the two most
important, with genetic polymorphisms accounting for 30%—
40% of'the variation in the required warfarin dose. The inclusion
of genetic testing for identification of the main polymorphisms
associated with warfarin pharmacogenetics in the clinical
algorithm for predicting the safe and effective dose of this
drug has improved the safety and efficacy of anticoagulant
therapy [3]. Despite the reliable pharmacological basis, various
clinical trials of warfarin dosing depending on genotype have
presented ambiguous and contradictory results, which limits the
widespread use of genetic testing in warfarin therapy [4—6]. The
therapeutic dose of warfarin may need to be adjusted depending
on the identified genotypes and the predicted phenotype. Thus,
patients with high genetically determined sensitivity to warfarin
are recommended to significantly reduce the dose of warfarin or
switch to another similar drug.

This comprehensive review offers several novel
contributions to understanding ethnic differences in warfarin
pharmacogenetics. While earlier research concentrated on
particular populations, this work synthesizes data from a
wide variety of ethnic groups worldwide. It builds upon prior
findings by analyzing not only the well-known polymorphisms
in CYP2C9 and VKORCI, but also the growing significance of
CYP4F2, CYP2C19, and GGCX genes in different populations.
This more comprehensive genetic profile enables a more
nuanced comprehension of inter-ethnic variability in warfarin
response. Furthermore, the review incorporates clinical,
demographic, and lifestyle factors that affect warfarin dose
across cultural contexts in addition to genetic considerations.
Clinicians worldwide can benefit from this study’s practical
resource, which compiles prescribed genetic panels and dose
algorithms customized for various ethnic groups, helping
them to optimize warfarin therapy. This work fills a vital void
in the era of precision medicine by bridging the gap between
theoretical pharmacogenetics and practical clinical application.

Sridharan and Sivaramakrishnan [7] conducted
a meta-analysis in Bahrain involving 7898 patients and
evaluated the results of considering VKORCI1 and CYP2C9
genotypes in warfarin prescription. However, their study did
not consider CYP2C19 and gamma-glutamyl carboxylase
(GGCX) genotypes. Same with Xie er al. [8] and Guo et al.
[9]. Both studies compared the effectiveness of predicting
different warfarin dosing algorithms based on Chinese patients
with CYP2C9, VKORCI, and CYP4F2 genotypes but did not
consider other nations and patients with CYP2C19 and GGCX
genotypes. Chumnumwat et al. [10] compared the predictive
accuracy of existing pharmacogenetic warfarin dosing
algorithms derived from Caucasian and Asian populations to
determine the appropriate algorithm for the Thai population.
The researchers considered patients only with genotypes
CYP2C9 and VKORCI. Chang and Tan [11] demonstrated
Singapore’s experience in using pharmacogenetic testing to
improve warfarin therapy. Their studies were concentrated on
CYP2C9, VKORCI, and CYP4F2 genotypes.

It is worth noting that the presented works describe
only certain ethnic groups. Therefore, the study aims to

identify, cover, and structure all relevant data on warfarin
pharmacogenetics in different ethnic populations.

MATERIALS AND METHODS

Before performing the presented literature review, a
thorough structured systematic search for relevant information
on the dosing of warfarin (trade name Coumarin) in different
ethnic groups was conducted in PubMed, Embase, Scopus,
Google Scholar, and Web of Science databases.

All relevant articles with the necessary information
(clinical trials, randomized controlled trials, reviews, systematic
reviews, and meta-analyses) published from 2011 to 2023 in peer-
reviewedjournals in English, French, Polish, Chinese, and German
were found and reviewed. The necessary data were searched
using a combined set of keywords: “warfarin”, “coumarin”,
“genotype”, “pharmacokinetics”, “pharmacogenetics”,
“ethnic groups”, “indirect oral anticoagulants”, “international
normalized ratio”, “thrombosis”, “homeostasis”, “CYP2C9”,
“VKORC1”, “CYP2C19”, “GGCX”, “CYP4F2”, “warfarin
side effect”, “warfarin adverse reaction”, “dosing algorithms”,
and “therapeutic dose”. The sources of information obtained
were carefully studied, processed, and analyzed, selected by
titles and abstracts, and based on relevance, time of publication,
and appropriate level of evidence for the case studies. To obtain
additional information sources, the reference lists for the relevant
articles were examined and the relevance of their content was
assessed. Further, duplicates and those that did not correspond
to the selected period since publication were removed. From
the identified list of papers, the following information was
processed: basic data on the study, the period of publication and
the region where the study was conducted; characteristics of the
study population (race, ethnicity, gender, age, lifestyle, body
mass index, comorbidities, vitamin K intake, access to quality
diagnosis and treatment, and level of economic development).
The available articles were then evaluated against the inclusion
and exclusion criteria. Papers that did not meet the inclusion
criteria in part or in full were immediately removed. Articles that
contained outdated, unconfirmed, and irrelevant information;
unreliable, poorly conducted work and its results; descriptions
of the study conducted only on animal models were not included
in this study. The literature review included studies from the last
13 years (2011 to 2023) with up-to-date relevant information
on the pharmacokinetics and pharmacogenetics of warfarin; the
relationship between warfarin dosing and ethnicity; development
of side effects and adverse reactions in case of incorrectly
selected warfarin dosage; the necessity to adjust the warfarin dose
depending on the ethnic group represented; available genotypes
associated with the response to warfarin administration.

A careful systematic selection process resulted in 45
relevant articles that fully met the inclusion criteria. To avoid
errors, the selected sources of information were re-evaluated,
processed, and verified. The results of the selected studies were
cited in the literature review in compliance with all necessary
technical requirements and copyrights.

RESULTS AND DISCUSSION

Polymorphisms of genes associated with warfarin
pharmacodynamics and pharmacokinetics



Svyatova et al. / Journal of Applied Pharmaceutical Science 2025;15(04):035-042 037

CYP2C9 (representative of cytochrome P450 family
2, subfamily C) is highly polymorphic, with about 60 alleles
described. Warfarin prescribed to patients with alleles 2 and 3 is
metabolized more slowly and remains in circulation longer [7].
The CYP2C9*1 allele has a high population frequency and is
associated with a normal phenotype in the carrier (i.e., patient).
The two allelic variants CYP2C9*2 and CYP2C9*3 occur with
a frequency of about 13% and 7%. Compared to the normal
phenotype, patients who inherit one or two copies of CYP2C9*2
or CYP2C9*3 are more sensitive to warfarin and require lower
doses due to an increased risk of bleeding [12]. Population
frequencies of CYP2C9 gene alleles vary in different ethnic
groups. Both CYP2C9*2 and CYP2C9*3 variants in the same
genotype are very rare (<2%) and mainly in people of African
or Asian descent. The CYP2C9*5, CYP2C9*6, CYP2C9*8, and
CYP2C9*1 alleles are significantly more common in people of
African descent [13].

CYP4F?2 is involved in the metabolism of vitamin K
in the liver and metabolizes reduced vitamin K to hydroxylated
vitamin K1, thereby removing vitamin K from the process of
activation of blood coagulation factors affected by warfarin. The
influence of the CYP4F2 gene on warfarin dose is controversial,
as indicated by studies [14,15]. When studying the effect of the
1s210862 CYP4F2 polymorphism on warfarin dosing, it was
found that the homozygous T/T genotype of the European
race requires a warfarin dose of approximately 1 mg/day
higher than that of individuals with the normal C/C genotype.
Carriers of the minor T allele require an increase in warfarin
dose by approximately 8%—11% compared with the normal C/C
genotype. The influence of the rs210862 CYP4F2 polymorphism
carrier on the required therapeutic dose of warfarin in African
Americans has not been proven. No significant association
between the rs2108622 CYP4F2 polymorphism carrier and
the need for warfarin dose adjustment has been described in
cohorts of patients from Korea and India [14]. At the same time,
Choi et al. [16] found that Koreans carrying the T/T genotype
of the CYP4F2 gene required the highest mean warfarin dose
compared with carriers of other genotypes. Therefore, CYP4F2

was recommended to be included in the pharmacogenetic
prediction algorithm for warfarin dose for patients in Korea.

CYP2C19 is a gene with 9 exons. Polymorphisms of
this gene are associated with different abilities to metabolize
xenobiotics [17,18]. The frequency of the minor allele of the T
rs3814637 polymorphism is almost twice as high in the African
population as in the European population (11.6% vs. 6.7%).
The meta-analysis presented by Wang et al. [19] demonstrated
that the carriage of the minor allele of the T rs3814637
polymorphism of CYP 2C19 is associated with a reduced need
for warfarin. At the same time, regression analysis showed
that VKORCI1, CYP2C9, weight, age, and gender were factors
that significantly affected warfarin dosing, whereas CYP2C19
polymorphism was not associated with the need for dose
adjustment [20]. Characteristics of the genotypes mentioned
above are presented in Table 1.

VKORCI encodes subunit-1 of the vitamin K epoxide
reductase complex, a small transmembrane protein of the
endoplasmic reticulum that is part of the vitamin K cycle and a
target for warfarin therapy. The rs9923231 polymorphism in the
VKORCI promoter leads to reduced gene expression, which
can cause an accumulation of warfarin in the blood serum and
an increase in INR values above the therapeutic range. Patients
who carry the minor T rs9923231 polymorphism are more
sensitive to warfarin, and lower dosages are recommended.
The VKORCI1-1639G>A polymorphism has a minor allele
frequency ranging from 41% to 47% in European and Middle
Eastern populations, while in East Asian populations it
reaches 88%, but decreases to 13% in populations of African
descent, and to 15% in South/Central Asian populations. Other
tested polymorphisms and haplotypes of VKORCI1 did not
demonstrate genetically determined sensitivity to warfarin. The
allelic frequencies of this polymorphism vary in different races:
37% of Caucasians, 90% of Asians, and 14% of Africans carry
the minor T allele. In the Chinese population, more than 83%
of the population carries the T/T genotype, which should be
accounted for when dosing warfarin to patients in this group
[21,22]. Genetic variability in the CYP2C9 and VKORCI1
genes are the most important genetic factors affecting warfarin

Table 1. Characteristics of CYP2C9, CYP4F2, and CYP2C19 genotypes.

Characteristic CYP2C9 CYP4F2 CYP2C19
Location Chromosome 10q24.2 Chromosome 19p13.12 Chromosome 10q24.1-q24.3
Function Metabolises S-warfarin to inactive products Metabolises reduced vitamin K to Catalyses drug metabolism and
hydroxylated vitamin K1 synthesis of cholesterol, steroids, and
lipids
Key alleles CYP2C91 (normal metabolism), CYP2C92 rs210862 CYP2C192 and CYP2C193 (slow

(30% reduced metabolism), CYP2C9*3
(90% reduced metabolism)
CYP2C92: 10%—-20% in Europeans, 0%—6%
in Africans. CYP2C93: up to 10% in most
populations

Ethnic variation

Clinical impact Carriers of *2 and *3 alleles require lower

warfarin doses

T allele: 30%—43% in European, Middle
Eastern, South/Central Asian; ~22% in East
Asian and African populations

T/T genotype may require higher warfarin

metabolism)

Slow metabolism alleles: 15%—-25%
in Chinese, Japanese, Korean, Indian
populations; 3%—5% in Caucasians

May affect warfarin metabolism, but
association with dose adjustment
needs is debated

doses in some populations

Source: compiled by the authors based on [7, 13-20].
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dosing [23]. Carriers of the above two alleles should reduce
warfarin dosing by 19% and 33%, respectively. Carriers of the
minor T allele of the r$9923231 polymorphism of the VKORC
1 gene should reduce the average dose of warfarin by 28%.
Standard warfarin dosing algorithms in carriers of CYP2C9*2
and CYP2C9*3 alleles cause a twofold increase in the risk of
severe hemorrhagic complications.

The GGCX gene is located on chromosome 2p12 and
occupies a genomic region of =13 bp, consisting of 15 exons. The
enzyme of the same name, GGCX, oxidizes reduced vitamin K
to vitamin K-2 and 3-epoxide by adding a carboxyl residue to the
gamma carbon of glutamic acids, resulting in the formation of
functional coagulation factors II, VII, IX, and X. Minor G allele
of the GGCX rs11676382 polymorphism is associated with a
significant reduction in warfarin dose by 6.1% [24].

Factors affecting warfarin dose titration

Effect of ethnicity

Ethnicity affects the average daily dose of warfarin
due to differences in the population frequencies of minor alleles
of genes associated with warfarin pharmacogenetics. African
Americans require a higher dose of warfarin compared to other
ethnic groups. The therapeutic dose of warfarin in patients of
Asian descent is approximately 30—40% lower than in patients
of European race. These differences are explained by genetic
polymorphisms in the CYP2C9 and VKORCI genes [25,26].

Asians of different ethnic/racial backgrounds also
possess a VKORCI1 polymorphism other than the commonly
studied VKORC1 (1639 G>A) [27]. Several studies have
reported inter- and intra-population differences in VKORCI
susceptibility and pharmacokinetics in different ethnic groups
[28-30]. Variants in VKORCI1, CYP2C9 genotyping, and
other clinical variables explain approximately 30%—50%
of the difference in required warfarin doses. The genetic
polymorphisms of CYP2C9 and VKORCI together can account
for up to 30% of the total variation in warfarin dose, while the
genetic polymorphisms of VKORCI1 and CYP2C9 alone can
account for 25% and 9%, respectively. Although warfarin
dosing remains a challenge, significant progress has been made
using a modeling approach [31,32]. For instance, Wright and
Duffull [33] proposed the individualization of warfarin dose
according to a Bayesian scheme, which allowed for maintaining
a steady state of INR from 65% to 80%. A study of the CYP2C9
(rs1057910) and VKORCI (1s9923231) genotypes in 120
Chinese patients with atrial fibrillation with a target INR of 2 to
3 demonstrated that the required effective amount of warfarin
was lower in patients with CYP2C9*1/*3 genotype compared
to CYP2C9*1/*1 carriers (p < 0.05) and higher in patients with
the AG and GG VKORCI1 genotypes (p < 0.05) [34-36]. The
study determined that age, height, and CYP2C9 and VKORCl1
genotypes were the main variables in the assessment of the
dose of the above drug. Based on the CYP2C9 and VKORC1
genotypes, a new warfarin dosing algorithm was developed,
which reduced the time to titrate the dose to the required
therapeutic dose in patients with atrial fibrillation and heart
valve replacement.

Effect of comorbidities

The role of genetic and nongenetic factors in warfarin
dose selection in cardiac patients in North India was studied
in the study by Kaur et al. [37]. It was shown that the carriage
of CYP2C9 and VKORCI gene alleles was associated with a
lower warfarin dose, with an additive effect in the presence
of haplotypes in two alleles in the CYP2C9*3 and VKORCI
genes. One patient with the CYP2C93/*3 haplotype with the C/T
genotype for VKORC 1 was eligible for the lowest dose among
the study group (5 mg/week). At the same time, a patient with
the *3/*3 haplotype and a normal C/C genotype for VKORC 1
required a higher dosage of 11 mg/week. In patients with variant
alleles, the probability of INR exceeding the permissible range is
significantly higher, which is accompanied by a high incidence
of hemorrhagic complications. Genotyping of CYP2C9*2 (c.
430 C>T), CYP2C9*3 (c. 1075 A>C), CYP4F2 (c. 1297 G>A),
and VKORC 1 (—1639 G>A) in 152 Colombians on warfarin
therapy showed that the average weekly dose of warfarin was
lower in patients with VKORC 1-1639 AA and CYP2C9*2/*2,
CYP2C9*2/*3 genotypes [38,39].

In a study of 108 Korean patients, patients with
VKORC 1 (C/C) genotypes were found to require lower
warfarin doses than those with VKORC 1 genotypes (2.95 vs.
4.63 mg/day). An algorithm based on CYP2C9, VKORCI,
and CYP4F2 genotyping with weight, amiodarone use, and
diuretics explained 45% of the variation in individual warfarin
requirements in Korean patients, but 55% of the variation
remained unexplained [27]. In the current study, it was
confirmed that the inclusion of the CYP4F2 genotype in the
proposed algorithm improved the accuracy of warfarin dose
prediction in Korean patients with various diseases. A study by
Mak et al. [40] showed that VKORCI1, CYP2C9*2, CYP2C9*3,
and CYP4F2 carriers requiring the highest warfarin doses were
Europeans; slightly lower for Latin Americans and the lowest
for Asians. Homozygous carriage of the minor allele rs9923231
of the VKORC 1 gene polymorphism was found in 15% of
Europeans, 15% of Latin Americans, and 79% of Asians. The
frequency of CYP2C9*2 and CYP2C9*3 alleles was higher
in Europeans than in Latin Americans and almost absent in
Asians. The frequency of CYP4F2 gene polymorphisms was
similar for all ethnic groups, but their effect on warfarin dose
requirements was insignificant. Clinical factors, such as age,
body surface area, history of coronary heart disease, deep vein
thrombosis, or atrial fibrillation, had a different impact on the
required warfarin dose in the ethnic groups studied. The study
demonstrated significant differences between the three ethnic
groups in warfarin dosing and the influence of clinical factors.

The study by Pirmohamed et al. [41] compared 227
patients who received genotype-specific warfarin doses on days
1-5 with 228 patients who received the standard clinical loading
dose of warfarin. 353 patients were from the United Kingdom
and 102 from Sweden, most of them were of European ethnic
background. Genetic factors included CYP2C9 and VKORCI1
genotyping, and nongenetic factors included age, height, weight,
and amiodarone use. The time to reach the therapeutic window
was higher in the group with known genotypes compared with
the standard treatment group (67.4% vs. 60.3%, respectively).
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There were no significant differences in the incidence of
hemorrhagic and thromboembolic complications between the
groups.

Genetic warfarin dosing panels for different ethnic
populations

There are two types of warfarin dosing recommen-
dations in the warfarin leaflet: with known or unknown
CYP2C9 and VKORCI genotypes. The Dutch Working Group
on Pharmacogenetics in its published guidelines noted the
need to reduce the dose of warfarin for carriers of CYP2C9
genotypes and two minor alleles in the homozygous VKORCI
T/T genotype [42].

In the African American population, the influence of
CYP2C9*5, CYP2C9*6, CYP2C9*8, and CYP2C9*11 alleles
on warfarin dosing is as important as the influence of CYP2C9*2
and CYP2C9*3 alleles on warfarin dosing in Europeans, but the
inclusion of these additional CYP2C9 alleles in the expanded
genotyping algorithm is only being discussed. The CYP2C9*2
and CYP2C9*3 variants have been undetectable in Asian
populations. Therefore, genotyping of this polymorphism in
this population is irrelevant. Polymorphisms of the CYP4F2
gene did not have a significant effect on warfarin dose and were
not a clinically useful test [43]. The guidelines on warfarin
dosing stated that in the absence of genetic information about
the patient, a clinical dosing algorithm or a standard dosing
approach based on the INR should be used [44]. Genotyping-
based warfarin dose adjustment is most convincing for
populations of European and East Asian descent but may not
always be correctly defined for other nations. From the self-
identified African ancestry, 45%—50% of people carry the slow
alleles CYP2C9*5, CYP2C9*6, CYP2C9*8, and CYP2C9*11,
which require clinical warfarin doses. An alternative drug
should be considered in patients with slower metabolizing
genotypes: CYP2C9*3/*¥3, CYP2C9*2/*3, with C/T and T/T
genotypes of the VKORCI gene 1s9923231 polymorphism.

Recommendations for a minimal (level 1) and an
expanded panel of polymorphic alleles (level 2) are presented to
assistclinical laboratoriesinthe developmentof pharmacogenetic
tests for warfarin therapy. These recommendations are based
on the functional impact of polymorphisms, allele frequency in
multinational populations, and technical aspects of genotyping.
The allelic variants of the selected genes were classified based
on three criteria: allele/polymorphism studied and known to
be functionally significant; common in at least one population;
public availability of a confirmatory test. Polymorphisms that
met all three of these criteria were included in level 1, and those
that met one or more of the three criteria were classified in level

2 [17-19,28].
All existing recommendations of professional
organizations include genetic testing of CYP2C9*2,

CYP2C9*3, and VKORC1 c. -1639G>A alleles when
prescribing warfarin as allele 1. In the 2017 guidelines, genetic
analysis of CYP2C9*5, CYP2C9*6, CYP2C9*8, CYP2C9*11,
and CYP4F2*3 alleles is included as an additional level
2 recommendation for non-African American patients for
warfarin dose adjustment. The CYP4F2*3 allele is associated
with moderate sensitivity to warfarin and was found to be

useful for warfarin dose adjustment in some ethnic groups,
such as Europeans and Asians, but not in Africans, due to the
low frequency of this allele in this population. In the absence
of reliable information, this allele was included in the level 2
list as an insufficiently studied functional allele. According to
the Genetic Testing Registry, a panel of CYP2C9 and VKORC
genes was proposed for determining warfarin sensitivity. Not
only does the number of genes recommended for genetic
testing vary, but also the methods of genotyping—from targeted
genotyping of several genes to exon sequencing. In total, there
are more than 26 complete variants of the VKORCI gene
associated with warfarin resistance that have been identified in
patients with a warfarin requirement of >10 mg/day or warfarin
resistance. These enzymes have been shown to pre-bind the
warfarin inhibitor to the VKORCI1 enzyme, two of which are
included in the list of level 2 alleles—VKORC 1 c. 196 G>A
(p. Val 66 Met) and ¢.106 G>A (p. Asp 36 Tyr). The updated
2017 guidelines include additional polymorphisms that are
predictors of warfarin dose requirements in patients of African
descent [44].

The GGCX and CALU genes are considered candidates
for inclusion in warfarin dose adjustment recommendations.
The GGCX enzyme is associated with glutamate proteins,
catalyzes the biosynthesis of vitamin K-dependent coagulation
factors, and the CALU enzyme acts as a chaperone of
y-carboxylation systems. The more common GGCX variants,
including rs699664, rs12714145, and rs11676382, necessitate
warfarin dose adjustment in different populations. The internal
CALU variant rs339097 (NM_001199671.1: c. 606+133A>Q)
is common in populations of African descent (MAF—11%—
14%) but rarely found in European populations (MAF<1%).
Carriage of the minor allele rs339097G is associated with
the need for higher doses of warfarin in African Americans
and Egyptians, but not in people of European descent [45]. A
system based on three different daily doses (5-7 mg, 3—4 mg, or
0.5-2 mg) based on the combination of VKORCI1 and CYP2C9
alleles is recommended [45-48]. All patients who have not
previously taken warfarin should also be tested for the presence
of CYP2C9*2 and CYP2C9*3 alleles, as well as VKORC1
(—1639G>A). It has been shown that genotyping results and
clinical changes should be interpreted using a pharmacogenetic
warfarin dosing algorithm; however, this does not substitute
INR monitoring [46,49]. In patients of African descent, it is
recommended to administer the clinical dose if the status of
CYP*5, CYP*6, CYP*8, and CYP*11 is unknown without
regard to genotype. If all the necessary data are available, it
is recommended to use proven pharmacogenetic algorithms
that include CYP2C9*2 and CYP2C9*3 alleles and VKORC1
status and reduce the dose by 15%—30%. If patients are carriers
of two alleles that affect warfarin metabolism, a reduction in
the standard dosage of up to 40% is required. A 10%—-25%
dose reduction is recommended for African Americans with the
rs12777823 A/G or A/A genotype [44,50,51].

The genetic basis of warfarin dose requirements varies
significantly throughout ethnic groups, requiring customized
algorithms for dosing. Generally speaking, individuals of
Asian origin require 30%—40% lower warfarin doses than those
of European ancestry, whereas African Americans typically
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require greater doses than patients of other ethnicities. The
main cause of these changes is the frequency of polymorphisms
in genes like CYP2C9, VKORCI, and CYP4F2. For example,
88% of East Asian populations have the VKORCI1-1639G>A
polymorphism, which is linked to higher warfarin sensitivity,
whereas in African and South/Central Asian groups only 13%-—
15% of the population have it. Europeans are more likely than
Asians to carry the CYP2C9*2 and 3 polymorphisms, which are
associated with decreased warfarin metabolism. Furthermore,
several alleles (such as CYP2C95, *6, *8, and *11) are
especially important for dosing in African people. Thus, when
prescribing warfarin, it is imperative to consider the presented
dosing algorithms to improve the therapeutic effect and reduce
the risk of side effects in patients.

CONCLUSION

Characteristics of warfarin (Coumarin)
pharmacogenetics were studied in detail. The study determined
that this drug is widely used in anticoagulant therapy, has a
narrow therapeutic range, and high variability, and often causes
the development of adverse reactions. However, warfarin’s
significant benefits include low cost and availability of the drug,
and the possibility of prescribing it in case of contraindications
to the use of direct anticoagulants (for example, in patients with
replaced artificial mechanical valves and mitral stenosis).

The study determined that genotype-specific
warfarin dosing significantly affects the efficacy and safety of
anticoagulant therapy. Genotype-specific warfarin prescribing
resulted in a reduction in the incidence of side effects,
improved control of the anticoagulant system, stabilization of
the therapeutic dose, and increased accuracy and efficacy of the
drug during the treatment period. At the same time, a literature
review demonstrated that the use of genotype-based warfarin
dosing algorithms does not always improve anticoagulant
control in the first few weeks of therapy. The ambiguity of the
results is not only due to genetic factors. It is also important
to consider the individual variability of the therapeutic dose
of warfarin, including clinical factors (concomitant diseases
of the gastrointestinal tract, excretory system, the need for
daily vitamin K intake), demographic factors (age and gender,
access to quality medical examination and necessary care),
and personal factors (diet, race, body mass index, and bad
habits).

The study noted that the features and consequences
of warfarin use have been studied much more in the European
race. At the same time, few studies have been conducted on
the relationship between therapeutic dose and pharmacological
effects in Asians. Given the significant diversity of ethnic and
genetic characteristics of the population, further randomized
trials involving all ethnic populations are needed to develop
high-quality warfarin treatment protocols.
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