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Abstract:  

Genotype-guided warfarin dosing algorithms offer a rational method to optimize warfarin dosing and 

possibly lower adverse medication effects. Compared to people of European ancestry, diverse 

communities, such as African Americans and Asian population, have higher rates of warfarin-related 

adverse events and larger dose variability, which suggests that these groups could stand to gain more 

from improved warfarin dose estimate. However, data from prospective randomised studies, which 

make up a large portion of the literature on genotype-guided warfarin dose, are from individuals with 

European ancestry. The majority of the research in different groups assesses variations that are most 

prevalent in populations of European ancestry, despite differences in the frequencies and 

consequences of variants by race/ethnicity. Algorithms are unlikely to help a wide range of 

populations if they do not take into account variations that are significant across racial/ethnic groups. 

The development of race-specific or admixture-based algorithms may enable genotype-guided 

warfarin dosing algorithms that are superior to those seen in people with European ancestry in 

particular racial/ethnic groups. The evaluation of current research assessing the therapeutic usefulness 

of genotype-guided warfarin dose should take these observations into account. For the practical use of 

warfarin pharmacogenomics to be successful, careful consideration of race and ethnicity as well as 

more research aimed at refining warfarin dosing algorithms across race and ethnic groups will be 

required. The results of the warfarin pharmacogenomics have important implications for 

Pharmacogenomic testing, underscoring the significance of considering race and ethnicity when 

identifying gene-drug interactions and developing therapeutic recommendations for pharmacogenetic 

testing. 
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1. Introduction: 

 

Approximately 34 million warfarin 

prescriptions are filled annually in the 

United States to reduce the morbidity and 

mortality associated with various 

hypercoagulable states [1]. Even after 

more direct oral anticoagulants (DOACs) 

were approved, warfarin remained a key 

component of the treatment and prevention 

of thromboembolic events.Warfarin, 

however, has a limited therapeutic index 

and continues to be a major contributor to 

drug-related adverse events resulting in 

hospitalization[2].Incorrect dosage greatly 

raises the risk of thromboembolism, 

bleeding, hospitalization, and death [3,4]. 

This risk is greatest in the early stages of 

warfarin therapy, and adequate therapeutic 

anticoagulation may lead to safer and more 

efficient dose of warfarin [5]. Due to the 

restricted therapeutic index and dose 

variability of warfarin, dose prediction 

algorithms have been created to assist 

patients in achieving optimal 

anticoagulation.Age, weight, 

race/ethnicity, drug interactions, and the 

desired International Normalised Ratio 

(INR) are all taken into account by these 

dose prediction algorithms.Genetic 

variations affecting warfarin dose have 

been incorporated into these algorithms to 

improve them. This has resulted in the 

FDA-approved warfarin labeling for the 

drug being updated as well [6,7].For 

warfarin and other coumarin 

anticoagulants, more than 30 genotype-

guided warfarin dosing algorithms have 

been made available [8].However, there 

are few clinical guidelines that support the 

use of pharmacogenetic testing, and its 

incorporation into clinical practise has 

been gradual[9]. The daily dose of 

warfarin needed to achieve a stable 

therapeutic INR is estimated to be 5.1 mg 

in people of European ancestry, 5.7 mg in 

people of African ancestry, 4.4 mg in 

people of Latino ancestry, 3.4 mg in 

people of Asian ancestry, and 4.5 mg in 

people who are American Indian or Alaska 

Native (AI/AN) [10,11,12].Warfarin dose 

variability appears to be greatest in 

populations without European ancestry 

[13]. Additionally, Latinos and AAs are 

more likely than Europeans to experience 

poor outcomes as a result of inadequate 

warfarin therapy, including an increased 

risk for cerebral haemorrhage [14,15]. 

In this article, we review the available data

 for polymorphisms   that impact the dosag

e required for warfarin and the effectivene

ss of genotypeguided dosing algorithms.To 

summarize the inclusion of racial/ethnic 

groups, the prevalence of genetic variants, 

and the effectiveness of genotype-guided 

dosage algorithms by racial/ethnicity, we 

give comprehensive data from research in 

diverse populations, concentrating on 

significant minority communities. 

 

Warfarin Pharmacogenetic Variants 

Warfarin dose requirements have been 

linked to single nucleotide polymorphisms 

(SNPs) in genes encoding proteins 

implicated in the drug's pharmacokinetic 

and pharmacodynamic 

processes.Cytochrome P450 family 2 

subfamily C member 9 (CYP2C9) is the 

enzyme primarily responsible for 

metabolizing the more potent S-

enantiomer of warfarin to an inactive 

metabolite (Figure1).The amino acid 

sequence is altered by several SNPs in the 

CYP2C9 gene, which results in lower 

enzyme activity and warfarin 

metabolism.Vitamin K epoxide reductase 

(VKORC1), an enzyme that triggers the 

activation of downstream clotting 

components, is inhibited by warfarin to 

produce its anticoagulant effect [16]. 

Single nucleotide polymorphism (SNPs) in 

CYP4F2, which is involved in catalyzing 

the conversion of free vitamin K to 

hydroxyl vitamin K, was shown to raise 

the amount of warfarin that was needed 

[17].Another gene with variation that 

affects the dose of warfarin is glutamyl 

carboxylase (GGCX), which acts as a 

chaperone for glutamyl carboxylation and 

contributes to activating clotting factors. 
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NAD(P)H quinone dehydrogenase 1 

(NQO1) helps reduce vitamin K to vitamin 

K hydroquinone, the activating co-factor 

for -glutamyl carboxylase [18,19].

 

Fig no:1 warfarin genomics in different population 

 

Warfarin Pharmacogenomics in 

Individuals of European Ancestry 

Variants in CYP2C9, VKORC1, and 

CYP4F2 are thought to account for 9%, 

25%, and 2%, respectively, of the variation 

in warfarin dose requirements in people 

with European ancestry. [11,20]. The Food 

& Drug Administration (FDA) of the 

United States amended the warfarin dosing 

label in 2010 in response to growing 

evidence of the influence of CYP2C9 and 

VKORC1 SNPs on warfarin dose 

requirements[10]. Based on the genotypes 

of CYP2C9 and VKORC1, this label 

contains a table with beginning dose 

recommendations.Even though the chart is 

straightforward to use in clinical settings, 

many other clinical aspects that can have 

an impact on how much warfarin needs to 

be administered are not taken into 

account.The Gauge method and the 

International Warfarin Pharmacogenetic 

Consortium (IWPC) algorithm are two of 

the most often used algorithms to forecast 

steady warfarin dose [7,13].These 

algorithms take race and ethnicity into 

account as a variable and were created in 

populations with a predominance of 

European ancestry.The majority of 

warfarin pharmacogenetic research, 

particularly those that look at the 

therapeutic value of genotype-guided 

warfarin dose, have been carried out in 

people with European ancestry [21]. 

 

Genotype-guided warfarin dose has not 

been widely adopted in the clinic despite 

the FDA label update and the availability 

of these algorithms.The Clinical 

Pharmacogenetics Implementation 
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Consortium (CPIC) strongly suggests 

using a patient's genotype to direct therapy 

due to the increased predictability to attain 

a stable dose when compared to standard 

care [9].It is crucial to note that the CPIC 

guidelines make the assumptions that 

genetic information is available at the time 

warfarin is started and do not include 

recommendations for the timing of 

pharmacogenetic testing.The absence of 

supporting data from randomised 

prospective trials and the expense of 

genotyping are two reasons given by 

opponents of warfarin pharmacogenetic 

testing.The American College of Chest 

Physicians (ACCP) advises against using 

pharmacogenetic testing to direct warfarin 

prescription due to a lack of data showing 

an increase in patient outcomes, such as 

bleeding and thrombotic events [22].While 

accessible at the time of warfarin 

commencement, pharmacogenetic 

information was not addressed in ACCP's 

guideline.The European Pharmacogenetics 

of Anti-coagulant Therapy (EU-PACT) 

group enrolled 454 patients and discovered 

that initial dosing predictions based on 

genotype-guided dosing instead of fixed-

dosing resulted in a significant 

improvement in the percent of time 

patients were able to maintain a stable 

warfarin dose (67.4% vs. 60.3% time in 

therapeutic range (TTR), p>0.001)[ 

23].Although a fixed dose would be more 

accurate for clinical practise, it is unclear 

whether the pharmacogenetic data or the 

clinical data used to predict dose were 

driving the observed benefit. On the other 

hand, the Clarification of Optimal 

Anticoagulation through Genetics (COAG) 

study in 955 patients found no difference 

in TTR between dosing based solely on 

clinical factors and predicted warfarin 

dosing (45.2 versus 45.4% TTR, p=0.91) 

[24].The warfarin derivatives 

acenocoumarol and phenprocoumon were 

examined in a second EU-PACT research 

using TTR for genotype-guided and 

clinical algorithms [25].The genotype-

guided group's percent TTR was not 

significantly higher than that of the 

individuals receiving clinically-guided 

dose (61.6% vs. 60.2%, p=0.52) in this 

study.(See Supplementary Materials) [48]. 

 

The EU-PACT and COAG investigations 

used the IWPC and Gauge algorithms, 

which were developed by persons with 

primarily European ancestry and contain 

the variants CYP2C9*2, CYP2C9*3, and 

VCORC1-1639G>A. The COAG trial 

included a more diversified population of 

patients, including 27% AA people, 

compared to EU-PACT, which included a 

patient group with 98.5% self-reported 

European ancestry [24,25]. Individuals 

with European ancestry accounted for 52% 

of the variation in warfarin dose explained 

by the genotype-guided algorithm in 

COAG, while AAs accounted for as little 

as 17% [26].The results indicate that 

European-based genetic algorithms do not 

reliably estimate warfarin dose in AAs, 

and the same issue applies to other 

underrepresented non-European 

populations. 

 

Warfarin pharmacogenetic variants in 

different populations 

When using warfarin, patients from 

diverse populations face more serious 

health concerns than those from 

Europe.Compared to those of European 

ancestry, Asians, Latinos, and African 

Americans (AAs) had increased chances of 

warfarin-related cerebral haemorrhage 

outcomes [15]. Additionally, compared to 

those of European ancestry, TTR (time in 

therapeutic range) is significantly lower in 

African Americans, Asians, and Native 

Americans.African Americans had a lower 

median TTR than people with European 

ancestry, according to a warfarin 

management assessment (59% vs. 62% vs. 

68%, p>0.0001) [14]. 

 

Similar research revealed that individuals 

of African, Asian, and Native American 

descent had lower mean TTRs than 

patients of European descent [17]. These 
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findings indicate that genotype-guided 

warfarin administration may be more 

advantageous for a variety of populations 

due to its improved ability to estimate 

doses accurately. 

 

Early clinical observations of varied 

warfarin dose requirements by 

race/ethnicity are partially explained by 

differences in the frequency of warfarin 

pharmacogenetic variations. For example, 

the VKORC1 1639G>A allele is less 

prevalent in people of African descent, 

which contributes to the increased warfarin 

dose required in AAs.People with 

European, Asain ancestry are more likely 

to have the CYP2C9*2 and *3 alleles, 

whereas people with AA ancestry are more 

likely to have the CYP2C9*8 and *11 

alleles.These differences in minor allele 

frequency (MAF) are compounded by the 

existence of race-specific variants that 

contribute to warfarin dose variability. The 

clinical applicability of genotype-guided 

algorithms is constrained if significant 

functional variations for a particular race 

or ethnic group are not recognised or 

found. The following is a summary of the 

literature describing these variations and 

their frequencies. 

 

Individuals of African Ancestry 

Most research on the pharmacogenetics of 

warfarin in people with African ancestry 

has been done in AA populations from the 

US.CYP2C9*2 and CYP2C9*3 are less 

useful in predicting the warfarin dose 

requirements in people of African ancestry 

(AAs) due to their lower prevalence 

compared to those of European 

ancestry[28] .CYP2C9*5,*6,*8,*11 and 

18786T, rs12777823 in the CYP2C gene 

cluster, VKORC1 1639G>A, GGCX 

(CAA) 16/17, and CALU rs339097 are 

significant warfarin pharmacogenetic 

variations in AAs.Except for VKORC1 

1639G>A, the majority of these mutations 

show higher MAFs in AAs than in people 

of European ancestry.For instance, the 

MAF of the CALU rs339097 is 9% in AAs 

and less than 1% in Europeans, which 

translates to an 11–15% higher warfarin 

dose in AAs[29].In comparison to groups 

of European ancestry, AAs have ten times 

more of the GGCX (CAA) 16/17 repeat 

polymorphism than do communities of 

European ancestry, which accounts for 2% 

of the variability in warfarin dose [30] 

New variations in VKORC1 and CYP2C9 

that alter the dosage of warfarin were 

discovered in a focused resequencing 

analysis of AAs[31].VKORC1 and 

CYP2C9 were substantially linked to 

higher warfarin dosages and an enhanced 

R2 for the warfarin dosing algorithm.A 

more recent genome-wide association 

study (GWAS) of warfarin dose variability 

in AAs found a substantial correlation with 

rs12777823 G>A, a variant in a gene 

whose effects on warfarin dose 

requirements were unknown at the 

time[32].In comparison to people with the 

GG genotype, people heterozygous for the 

A allele needed 6.92 mg less of warfarin 

per week, and people homozygous for the 

allele needed 9.34 mg less.The 

CYP2C9*5, *6, *8, and *11 alleles are 

present in almost all populations of 

African ancestry [18]. 

 

Individuals of Asian Ancestry 

Asian communities, especially those from 

China, have been better investigated in 

terms of warfarin pharmacogenomics than 

people with European ancestry.With a few 

exceptions, these studies are more likely to 

concentrate on creating new algorithms 

based on clinical data and well-known 

European variations than on discovering 

novel variants or demonstrating the 

therapeutic value of genotype-guided 

algorithms [10,33,34].Additionally, only a 

small number of these research have been 

conducted in Asian populations in the 

US.The variants identified that are known 

to significantly influence warfarin dose 

requirements include CYP2C9*3, 

VKORC1-1639A, and CYP4F2*3. Similar 

to populations of European ancestry, the 

total variability in warfarin dose explained 
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by CYP2C9*3, VKORC1-1639A, and 

CYP4F2*3 is estimated at 40–63% in 

Asian populations34]. Asian populations 

have a significantly higher (90%) 

prevalence of the VKORC1-1639 A allele 

than do people of other races or ethnicities, 

which helps to explain why Asian patients 

require lower doses of 

warfarin[10].Similar to a study in people 

of European ancestry, variations in the 

cytochrome p450 oxidoreductase gene 

have recently been discovered to impact 

the warfarin dose requirements in Chinese 

patients [35]. 

 

Genotype-guided warfarin dosing 

algorithms in different populations 

In terms of warfarin pharmacogenomic 

testing, those with a predominance of 

European ancestry are by far the most well 

investigated racial or ethnic 

group.Algorithms that were developed in 

populations of European ancestry may 

miss important variants in other 

race/ethnic groups. Additionally, 

variations may change in their effects 

based on the racial or ethnic group, 

resulting in use of incorrect effect sizes 

and incorrect dose estimates[36]. The 

literature analysing the effectiveness of 

warfarin pharmacogenetic algorithms 

developed in Europe and  also the 

development of race-specific algorithms in 

other populations is summarized in the 

section that follows. 

 

Individuals of African Ancestry 

The effectiveness of genotype-guided 

warfarin dosing algorithms in AAs has 

been examined in a number of studies (See 

Supplementary Materials S3) [15]. 

Comparing AA patients to those of 

European ancestry, studies that genotype 

polymorphisms from populations of 

European ancestry find a comparatively 

low amount of variance explained [37]. 

This finding is in line with the findings of 

the COAG study, which used a European-

derived algorithm and found that AAs' 

unfavorable outcomes increased while 

their time in the therapeutic range 

reduced[15] (See Supplementary Materials 

S2). Following research, AA-specific 

algorithms were created that take into 

account CYP2C9*5, *6, *8, *11, and 

rs12777823 variations with warfarin dose 

effects in AAs.According to these 

research, the IWPC (R2=0.26) and other 

conventional genotype-guided algorithms 

do better (R2=0.38) [38].Recently, revised 

warfarin CPIC recommendations advised a 

race-stratified method for genotype-guided 

dosage in AAs[13]. This suggests that 

genotype-guided dosing will not have as 

much clinical utility in AAs as in 

individuals of European ancestry in the 

absence of identifying and incorporating 

additional variants influencing dose in 

AAs. In any case, the data highlight the 

limited amount of prospective randomized 

trials evaluating variants from AAs in 

genotype-guided warfarin dosing 

algorithms. 

 

Individuals of Asian ancestry 

Studies that assess the effectiveness of 

genotype-guided warfarin dosing 

algorithms in populations of Asian 

ancestry have been reported in a number of 

size(See Supplemental Materials, Table 

S5). There are very few research on Asian 

populations in the US, with most of them 

being conducted on people from China, 

Korea, and Japan. Variants like CYP2C*3 

and VKORC1 1639A, which are related 

with warfarin response in European 

populations but are much less common in 

Asian populations, are heavily studied in 

these studies.The effectiveness of 

algorithms created in people with Asian 

ancestry compared to conventional 

pharmacogenetic algorithms has been 

assessed in numerous research.Algorithms 

developed in populations of Asian ancestry 

perform comparably or slightly better than 

Gage and/or IWPC algorithms as indicated 

by R2. This outcome is in line with 

population similarities to people of 

European origin in terms of allele 

frequencies. Similar to the work on 
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Latinos, these algorithms frequently use 

distinct clinical characteristics than 

conventional dosage algorithms and are 

tested on the same population in which 

they were developed, which is likely to 

improve algorithm performance. 

 

Comparatively to other diverse 

populations, Asian Americans have been 

examined more thoroughly, yet the body 

of research highlights the neglect of 

variants outside of conventional genotype-

guided dosage algorithms.The genetic 

diversity among Asian groups with more 

African and European ancestry, which is 

likely to exist in the US, is not likely to be 

captured by people from China, Korea, 

and Japan. Therefore, when deciding if 

and which genotype-algorithms should be 

employed clinically, it will be crucial to 

take into account the diversity of other 

Asian groups. 

 

Overview of Observations and 

Limitations in the Evidence 

While variations tend to affect warfarin 

dose requirements similarly regardless of 

race or ethnicity, variations may contribute 

to warfarin dose variability differently 

depending on the frequency of these 

variations. Variants found in populations 

of European ancestry may account for the 

majority of variation in warfarin dose for 

some ethnicities, such as communities of 

Asian ancestry. However, new variations 

altering the dose of warfarin have been 

found in AAs. The discovery of novel 

polymorphisms impacting warfarin dose in 

AAs, Latinos, and AI/AN groups, 

however, raises the possibility that variants 

found in populations of European ancestry 

may not adequately capture contributions 

to the heterogeneity of warfarin dose 

among other populations. This implies that 

it may be crucial to incorporate these novel 

variants in genotype-guided algorithms to 

increase the predictability of warfarin 

dosing in a variety of racial/ethnic groups. 

The majority of studies in diverse 

race/ethnic groups have sought to replicate 

associations of known variants rather than 

identify new variants 

 

In the future, research aiming at finding 

novel polymorphisms impacting warfarin 

dose variability will probably be required 

if genotype-guided therapy is to be used in 

these groups. Instead of single SNP 

genotyping, these investigations would 

have to use sequencing and/or GWAS, 

which would be more expensive and lead 

to the discovery of new relationships. 

Additionally, a sustained effort will 

probably be needed to find new 

polymorphisms due to the considerable 

genomic variety in the US and around the 

world [39].The accuracy of genotype-

guided warfarin dosing algorithms in 

minority populations has been improved 

through a number of studies. However, 

rather than identifying novel variants 

among other racial/ethnic groups, these 

studies frequently assess clinical and 

genetic characteristics obtained from 

populations of European ancestry. 

 

Future Directions 
Warfarin is probably going to continue to 

be a significant oral anticoagulant despite 

rising DOAC use. A number of clinical 

considerations, such as FDA-approved 

indications, worries about bleeding risk, 

contraindications in valvular heart disease, 

and availability/cost of an antidote in the 

event of overdose, may limit the use of 

DOACs in certain socioeconomic 

populations. 

 

Given the significant role that warfarin 

plays in adverse events, increasing dose 

accuracy should remain a top objective if 

the medicine is still widely used in clinical 

practice[4]. Whether genotype-guided 

dosing algorithms, clinical algorithms, or 

other techniques are used to boost dosing 

accuracy, race and ethnicity must be taken 

into account because minorities have 

higher incidence of adverse events and 

increased dose variability. 
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Warfarin Dosing Algorithms Selected 

Using Genotype Information in Various 

Populations 

Any genetic study, including 

pharmacogenomics, must take race and 

ethnicity into account.In the past, 

numerous studies have purposefully 

excluded people of different racial and 

ethnic backgrounds in order to rule out 

population stratification[30].This brings to 

light one possible explanation for the scant 

data in non-European racial/ethnic 

groupings. 

 

Genotype-guided warfarin dosing provides 

a case study that has broader significance 

across pharmacogenomics. Moving 

forward, any implementation of 

racial/ethnic consideration will likely be 

necessary for genotype-guided warfarin 

dose algorithms. More research is required 

to determine the effects of current variants 

or new variants in other racial/ethnic 

groups because the evidence for many 

drug-gene pairings is mostly found in 

people of European ancestry. For some 

populations, it would make sense to 

employ European-derived algorithms, but 

this strategy is unlikely to hold true for 

other populations. It is anticipated that 

different algorithms will need to be 

developed for several racial/ethnic groups 

in order to maximise the utility of 

pharmacogenomics. This idea is supported 

by recent results from population 

pharmacokinetic models[40]. 

 

The updated CPIC guidelines for 

genotype-guided warfarin dosing 

incorporates substantial changes based on 

African ancestry [9]. In patients with 

African ancestry, CPIC now recommends 

a 15–30% warfarin dose decrease if a 

patient possesses the CYP2C9*5, *6, *8, 

or *11 allele and advises against 

employing genotype–guided dosing if 

these alleles are not captured.The updated 

recommendations advise a 10–25% dose 

reduction in rs12777823 A carriers if 

patients are African Americans, which 

refers to people who originate primarily 

from West Africa. All non-African 

ancestry patients are managed using the 

European-derived algorithms from earlier 

CPIC recommendations, with possible 

dose reductions for those who carry the 

CYP2C9*5, *6, or *11 allele as well as the 

CYP4F2 rs2108622 T allele. It is unclear 

if a new algorithm needs to be created for 

portions of ancestral populations. It is 

important to take into account patient 

mixing, particularly in US demographics. 

For the selection of the best algorithms or 

the inclusion of an admixture variable, 

admixture mapping may be necessary. 

It is unlikely that an accurate algorithm 

could be developed for each nationality or 

individual race/ethnic group. There has 

been some progress in creating these 

models, and the consideration of mixing 

will be especially crucial for US 

populations. Additionally, methods like 

artificial neural networks and machine 

learning have been researched 

 

Clinical Implementation of Genotype-

Guided Warfarin Dosing Algorithms 

Whether clinical implementation is 

supported by the available evidence is a 

key factor in determining the future course 

of warfarin dosing algorithms. The FDA 

has revised the labelling of warfarin to 

include genetic data, and recommendations 

for the clinical translation of genotypes are 

now accessible[6,9]. The limited clinical 

utility of pharmacogenetic testing 

observed in randomized controlled trials 

performed in individuals of European 

ancestry may not be generalizable to other 

race/ethnic groups. Based on the poor 

performance of genotype-guided 

algorithms in AAs, additional randomized 

trials may be needed in AAs and 

potentially other race/ethnic groups. 

 

Thus a key issue in implementation is the 

threshold of evidence at which 

pharmacogenomics testing should be 

incorporated in the clinic.Some 

organizations contend that since a current 
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drug is being improved rather than a new 

medicinal entity, randomised controlled 

trials are not necessary. These 

organizations point to the inclusion of 

renal dosage adjustments in clinical 

treatment as well as a number of other 

clinical modifications that lack sufficient 

evidence to be supported by randomised 

controlled trials. Given that personalized 

care is provided using a randomised 

treatment scheme, a randomised controlled 

trial for personalized medicine may seem 

like a contradiction in terms[43] 

 

Considerations for Pharmacoeconomics 

A pharmacoeconomic threshold of 

evidence is suggested by one argument. 

That is, the incorporation of genetic testing 

into practise should occur once the testing 

has been financially justified because no 

new drugs are being licensed at this time. 

The CPIC guidelines, which suggest using 

Pharmacogenomic data when it is 

available rather than ordering genetic 

testing every time a new warfarin 

prescription is authorized, indirectly 

promote this strategy by effectively 

avoiding issues about cost effectiveness 

[43]. This is a reasonable approach 

considering that no additional cost is 

incurred for testing, yet data are still used 

to improve dosing recommendations. 

Warfarin pharmacogenetic testing may 

have enhanced quality-adjusted life years 

(QALY) gained, but not to a level where it 

was cost-effective, according to earlier 

cost-effective analysis studies conducted 

in 2009 and 2010 [44-47].The calculated 

cost-effectiveness ratios of the studies 

ranged from $50,000 to over $170,000 per 

QALY, with costs being most significantly 

influenced by the cost of genetic testing, 

the clinical outcome, the time it took to 

receive the results of the genetic testing, 

and the propensity of high risk patients to 

bleed or clot while receiving warfarin 

therapy. 

.  

Genomic information should be available 

for the majority of patients as standard of 

care as genotyping becomes more 

accessible and precise as a result of 

technological improvements. This would 

eliminate the need for genotyping ancestral 

markers and pharmacogenomics variants, 

as well as making incorporation into 

clinical care more likely. Implementing 

pharmacogenomics can be viewed as 

premature until genome sequencing is 

routinely performed in clinics. Whatever 

the case, as more and more patients get 

access to their genomic information, study 

into the impact of variations on treatment 

response will help guide clinical practise. 

 

2. Conclusion: 

 

The majority of genotype-guided warfarin 

dose research that has been published 

comes from populations of European 

ancestry. Additionally, the majority of 

research in groups with a wider range of 

genetic backgrounds assesses genetic 

variance in different populations with 

European ancentry.Pharmacogenetic 

testing must be done in these populations, 

although the frequency and impact of 

variations may vary depending on race and 

ethnicity, necessitating additional research 

in varied communities. The development 

of race-specific or admixture-based 

algorithms may enable enhanced safety 

and efficacy of warfarin beyond that seen 

in people with European ancestry in some 

racial/ethnic groupings.Finally, the data 

from warfarin pharmacogenomics may 

have broader implications for 

Pharmacogenomic testing, highlighting the 

importance of taking race and ethnicity 

into account when identifying gene-drug 

combinations and creating guidelines. It is 

necessary to take into account genotypes 

that are significant across populations in 

order to provide a broad benefit from 

genotype-guided warfarin dose. 

 

Supplementary Material 

Refer to Clinical Pharmacogenetics 

Implementation Consortium (CPIC) 



SectionA-Researchpaper Pharmacogenomics of Warfarin: Recent Advances 

 

Eur. Chem. Bull. 2023, 12 (3), 2539 – 2551                                                                                               2548 

Guideline for Pharmacogenetics-Guided 

Warfarin dosing[48]. 

 

3. References: 

 

1. IMS Institute for Healthcare 

Informatics. Declining Medicine Use 

and Costs: For Better or Worse? A 

Review of the Use of Medicines in 

the United States in 2012. Danbury, 

CT: IMS Institute for Healthcare 

Informatics; 2013. Appendix 3:43. 

2. Budnitz DS, Lovegrove MC, Shehab N, 

Richards CL. Emergency 

hospitalizations for adverse drug 

events in older Americans. The New 

England journal of medicine 

2011;365:2002–12. [PubMed: 

22111719] 

3. Connolly SJ, Pogue J, Eikelboom J, 

Flaker G, Commerford P, Franzosi 

MG, et al. Benefit of oral 

anticoagulant over antiplatelet 

therapy in atrial fibrillation depends 

on the quality of international 

normalized ratio control achieved by 

centers and countries as measured by 

time in therapeutic range. Circulation 

2008;118:2029–37. [PubMed: 

18955670]  

4. White HD, Gruber M, Feyzi J, Kaatz S, 

Tse HF, Husted S, et al. Comparison 

of outcomes among patients 

randomized to warfarin therapy 

according to anticoagulant control: 

results from SPORTIF III and V. 

Arch Intern Med 2007;167:239–45. 

[PubMed: 17296878]  

5. Hylek EM, Evans-Molina C, Shea C, 

Henault LE, Regan S. Major 

hemorrhage and tolerability of 

warfarin in the first year of therapy 

among elderly patients with atrial 

fibrillation. Circulation 

2007;115:2689–96. [PubMed: 

17515465] 

6. PGKB PKI. U.S. Food and Drug 

Administration (FDA) label 

information for warfarin and 

CYP2C9, PROC, PROS1, VKORC1. 

09-01-2016 label update 2016. 

7. Gage BF, Eby C, Johnson JA, Deych E, 

Rieder MJ, Ridker PM, et al. Use of 

pharmacogenetic and clinical factors 

to predict the therapeutic dose of 

warfarin. Clin Pharmacol Ther 

2008;84:326–31. [PubMed: 

18305455]  

8. Verhoef TI, Redekop WK, Daly AK, 

van Schie RMF, de Boer A, 

Maitland-van der Zee A-H. 

Pharmacogenetic-guided dosing of 

coumarin anticoagulants: algorithms 

for warfarin, acenocoumarol and 

phenprocoumon. British journal of 

clinical pharmacology 2014;77:626–

41. [PubMed: 23919835]  

9. Johnson JA, Caudle KE, Gong L, Whirl-

Carrillo M, Stein CM, Scott SA, et 

al. Clinical pharmacogenetics 

implementation consortium (cpic) 

guideline for pharmacogenetics-

guided warfarin dosing: 2017 update. 

Clin Pharmacol Ther 2017. 

10. Dang MT, Hambleton J, Kayser SR. 

The influence of ethnicity on 

warfarin dosage requirement. Ann 

Pharmacother 2005;39:1008–12. 

[PubMed: 15855242]  

11. Fohner AE, Robinson R, Yracheta J, 

Dillard DA, Schilling B, Khan B, et 

al. Variation in genes controlling 

warfarin disposition and response in 

American Indian and Alaska Native 

people: CYP2C9, VKORC1, 

CYP4F2, CYP4F11, GGCX. 

Pharmacogenetics and genomics 

2015;25:343–53. [PubMed: 

25946405] 

12. Limdi NA, Wadelius M, Cavallari L, 

Eriksson N, Crawford DC, Lee M-

TM, et al. Warfarin 

pharmacogenetics: a single 

VKORC1 polymorphism is 

predictive of dose across 3 racial 

groups. Blood 2010;115:3827–34. 

[PubMed: 20203262]  

13. Klein TE, Altman RB, Eriksson N, 

Gage BF, Kimmel SE, Lee MT, et al. 



SectionA-Researchpaper Pharmacogenomics of Warfarin: Recent Advances 

 

Eur. Chem. Bull. 2023, 12 (3), 2539 – 2551                                                                                               2549 

Estimation of the warfarin dose with 

clinical and pharmacogenetic data. N 

Engl J Med 2009;360:753–64. 

[PubMed: 19228618]  

14. Golwala H, Jackson LR, Simon DN, 

Piccini JP, Gersh B, Go AS, et al. 

Racial/ethnic differences in atrial 

fibrillation symptoms, treatment 

patterns, and outcomes: Insights 

from Outcomes Registry for Better 

Informed Treatment for Atrial 

Fibrillation Registry. American heart 

journal 2016;174:29–36. [PubMed: 

26995367]  

15. Shen AY, Yao JF, Brar SS, Jorgensen 

MB, Chen W. Racial/ethnic 

differences in the risk of intracranial 

hemorrhage among patients with 

atrial fibrillation. J Am Coll Cardiol 

2007;50:309–15. [PubMed: 

17659197]  

16. Wadelius M, Chen LY, Eriksson N, 

Bumpstead S, Ghori J, Wadelius C, 

et al. Association of warfarin dose 

with genes involved in its action and 

metabolism. Hum Genet 

2007;121:23–34. [PubMed: 

17048007]  

17. Perez-Andreu V, Roldan V, Anton AI, 

Garcia-Barbera N, Corral J, Vicente 

V, et al. Pharmacogenetic relevance 

of CYP4F2 V433M polymorphism 

on acenocoumarol therapy. Blood 

2009;113:4977–9. [PubMed: 

19270263]  

18. King CR, Deych E, Milligan P, Eby C, 

Lenzini P, Grice G, et al. Gamma-

glutamyl carboxylase and its 

influence on warfarin dose. Thromb 

Haemost 2010;104:750–4. [PubMed: 

20694283]  

19. Bress A, Patel SR, Perera MA, 

Campbell RT, Kittles RA, Cavallari 

LH. Effect of NQO1 and CYP4F2 

genotypes on warfarin dose 

requirements in Hispanic-Americans 

and African-Americans. 

Pharmacogenomics 2012;13:1925–

35. [PubMed: 23215885]  

20. Takeuchi F, McGinnis R, Bourgeois S, 

Barnes C, Eriksson N, Soranzo N, et 

al. A genome-wide association study 

confirms VKORC1, CYP2C9, and 

CYP4F2 as principal genetic 

determinants of warfarin dose. PLoS 

genetics 2009;5:e1000433. [PubMed: 

19300499]  

21. Perera MA, Cavallari LH, Johnson JA. 

Warfarin pharmacogenetics: an 

illustration of the importance of 

studies in minority populations. Clin 

Pharmacol Ther 2014;95:242–4. 

[PubMed: 24548987]  

22. Holbrook A, Schulman S, Witt DM, 

Vandvik PO, Fish J, Kovacs MJ, et 

al. Evidence-based management of 

anticoagulant therapy: 

Antithrombotic Therapy and 

Prevention of Thrombosis, 9thed: 

American College of Chest 

Physicians Evidence-Based Clinical 

Practice Guidelines Chest 

2012;141:e152S–84S. 

23. Pirmohamed M, Burnside G, Eriksson 

N, Jorgensen AL, Toh CH, 

Nicholson T, et al. A randomized 

trial of genotype-guided dosing of 

warfarin. The New England journal 

of medicine 2013;369:2294–303. 

[PubMed: 24251363] 

24. Kimmel SE, French B, Kasner SE, 

Johnson Ja, Anderson JL, Gage BF, 

et al. A pharmacogenetic versus a 

clinical algorithm for warfarin 

dosing. The New England journal of 

medicine 2013;369:2283–93. 

[PubMed: 24251361] 

25. Verhoef TI, Ragia G, de Boer A, 

Barallon R, Kolovou G, Kolovou V, 

et al. A randomized trial of 

genotype-guided dosing of 

acenocoumarol and phenprocoumon. 

The New England journal of 

medicine 2013;369:2304–12. 

[PubMed: 24251360] 

26. French B, Wang L, Gage BF, 

Horenstein RB, Limdi NA, Kimmel 

SE. A systematic analysis and 

comparison of warfarin initiation 



SectionA-Researchpaper Pharmacogenomics of Warfarin: Recent Advances 

 

Eur. Chem. Bull. 2023, 12 (3), 2539 – 2551                                                                                               2550 

strategies. Pharmacogenet Genomics 

2016;26:445–52. [PubMed: 

27383664]  

27. Yong C, Azarbal F, Abnousi F, 

Heidenreich PA, Schmitt S, Fan J, et 

al. Racial Differences in Quality of 

Anticoagulation Therapy for Atrial 

Fibrillation (from the TREAT-AF 

Study). The American journal of 

cardiology 2016;117:61–8. 

[PubMed: 26552504]  

28. Suarez-Kurtz G, Botton MR. 

Pharmacogenomics of warfarin in 

populations of African descent. 

British journal of clinical 

pharmacology 2013;75:334–46. 

[PubMed: 22676711] 

29.Cavallari LH, Perera MA.The future of 

warfarin pharmacogenetics in 

underrepresented minority groups. 

Future cardiology 2012;8:563–76. 

[PubMed: 22871196]  

30. Cavallari LH, Perera M, Wadelius M, 

Deloukas P, Taube G, Patel SR, et al. 

Association of the GGCX 

(CAA)16/17 repeat polymorphism 

with higher warfarin dose 

requirements in African Americans. 

Pharmacogenetics and Genomics 

2012;22:152–8. [PubMed: 

22158446]  

31. Perera MA, Gamazon E, Cavallari LH, 

Patel SR, Poindexter S, Kittles RA, 

et al. The missing association: 

sequencing-based discovery of novel 

SNPs in VKORC1 and CYP2C9 that 

affect warfarin dose in African 

Americans. Clin Pharmacol Ther 

2011;89:408–15. [PubMed: 

21270790]  

32. Perera MA, Cavallari LH, Limdi NA, 

Gamazon ER, Konkashbaev A, 

Daneshjou R, et al. Genetic variants 

associated with warfarin dose in 

African-American individuals: A 

genome-wide association study. The 

Lancet 2013;382:790–96. 

33. Cha PC, Mushiroda T, Takahashi A, 

Kubo M, Minami S, Kamatani N, et 

al. Genome-wide association study 

identifies genetic determinants of 

warfarin responsiveness for 

Japanese. Hum Mol Genet 

2010;19:4735–44. [PubMed: 

20833655]  

34. Liang R, Li L, Li C, Gao Y, Liu W, Hu 

D, et al. Impact of CYP2C9*3, 

VKORC1–1639, CYP4F2rs2108622 

genetic polymorphism and clinical 

factors on warfarin maintenance dose 

in Han-Chinese patients. Journal of 

thrombosis and thrombolysis 

2012;34:120–5. [PubMed: 

22528326]  

35. Zeng WT, Xu Q, Li CH, Chen WY, 

Sun XT, Wang X, et al. Influence of 

genetic polymorphisms in 

cytochrome P450 oxidoreductase on 

the variability in stable warfarin 

maintenance dose in Han Chinese. 

Eur J Clin Pharmacol 2016;72:1327–

34. [PubMed: 27488389]  

36. Limdi NA, Brown TM, Yan Q, 

Thigpen JL, Shendre A, Liu N, et al. 

Race influences warfarin dose 

changes associated with genetic 

factors. Blood 2015;126:539–45. 

[PubMed: 26024874]  

37. Momary KM, Shapiro NL, Viana MA, 

Nutescu EA, Helgason CM, 

Cavallari LH. Factors influencing 

warfarin dose requirements in 

African-Americans. 

Pharmacogenomics 2007;8:1535–44. 

[PubMed: 18034618]  

38. Alzubiedi S, Saleh MI. 

Pharmacogenetic-guided Warfarin 

Dosing Algorithm in African-

Americans. Journal of cardiovascular 

pharmacology 2016;67:86–92. 

[PubMed: 26355760] 

39. Johnson JA, Cavallari LH. Warfarin 

pharmacogenetics. Trends in 

cardiovascular medicine 2015;25:33–

41. [PubMed: 25282448]  

40. Kubo K, Ohara M, Tachikawa M, 

Cavallari LH, Lee MT, Wen MS, et 

al. Population differences in S-

warfarin pharmacokinetics among 

African Americans, Asians and 



SectionA-Researchpaper Pharmacogenomics of Warfarin: Recent Advances 

 

Eur. Chem. Bull. 2023, 12 (3), 2539 – 2551                                                                                               2551 

whites: their influence on 

pharmacogenetic dosing algorithms. 

Pharmacogenomics J 2016. 

41. Saleh MI, Alzubiedi S. Dosage 

individualization of warfarin using 

artificial neural networks. Molecular 

Diagnosis & Therapy 2014;18:371–

9. [PubMed: 24574079]  

42. Liu R, Li X, Zhang W, Zhou HH. 

Comparison of Nine Statistical 

Model Based Warfarin 

Pharmacogenetic Dosing Algorithms 

Using the Racially Diverse 

International Warfarin 

Pharmacogenetic Consortium Cohort 

Database. PLoS One 

2015;10:e0135784. [PubMed: 

26305568] 

43. Karnes JH, Van Driest S, Bowton EA, 

Weeke PE, Mosley JD, Peterson JF, 

et al. Using systems approaches to 

address challenges for clinical 

implementation of 

pharmacogenomics. Wiley 

Interdiscip Rev Syst Biol Med 

2014;6:125–35. [PubMed: 

24319008] 

44. You JH. Pharmacoeconomic 

evaluation of warfarin 

pharmacogenomics. Expert opinion 

on pharmacotherapy 2011;12:435–

41. [PubMed: 21231897]  

45. Eckman MH, Rosand J, Greenberg 

SM, Gage BF. Cost-effectiveness of 

using pharmacogenetic information 

in warfarin dosing for patients with 

nonvalvular atrial fibrillation. Annals 

of internal medicine 2009;150:73–

83. [PubMed: 19153410]  

46. Patrick AR, Avorn J, Choudhry NK. 

Cost-effectiveness of genotype-

guided warfarin dosing for patients 

with atrial fibrillation. Circ 

Cardiovasc Qual Outcomes 

2009;2:429–36. [PubMed: 

20031873]  

47. Meckley LM, Gudgeon JM, Anderson 

JL, Williams MS, Veenstra DL. A 

policy model to evaluate the benefits, 

risks and costs of warfarin 

pharmacogenomic testing. 

Pharmacoeconomics 2010;28:61–74. 

[PubMed: 20014877] 

48. Johnson JA, Caudle KE, Gong L, 

Whirl-Carrillo M, Stein CM, Scott 

SA, Lee MT, Gage BF, Kimmel SE, 

Perera MA, Anderson JL, 

Pirmohamed M, Klein TE, Limdi 

NA, Cavallari LH, Wadelius M. 

Clinical Pharmacogenetics 

Implementation Consortium (CPIC) 

Guideline for Pharmacogenetics-

Guided Warfarin Dosing: 2017 

Update. Clin Pharmacol Ther. 2017 

Sep;102(3):397-404. doi: 

10.1002/cpt.668. Epub 2017 Apr 4. 

PMID: 28198005; PMCID: 

PMC5546947 

 

 

 

 

 

 

 

 


