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ABSTRACT

There is a scarcity of data regarding determinants of warfarin dose requirements among Saudi patients, an ethnic
group largely underrepresented in pharmacogenetic studies of warfarin. This study aimed to evaluate the
prevalence of CYP2C9*2 and *3, CYP4F2 (G1347A), and VKORC1 —1639G>A genotypes and their influence
on warfarin dose requirements in a cohort of Saudi individuals undergoing anticoagulation therapy. A total of 193
patients receiving long-term warfarin therapy with stable anticoagulation were enrolled. Genotyping for VKORC1
1639G>A, CYP4F2 G1347A, CYP2C92 430C>T, and CYP2C93 1075A>C was performed using TagMan assays.
Analysis of variance assessed the relationship between CYP2C9, CYP4F2, and VKORCI genotypes and warfarin
dose across two target INR groups. Backward linear regression was applied to identify both genetic and clinical
factors influencing dose requirements. Individuals carrying CYP2C9 and VKORCI variants required significantly
lower warfarin doses compared to wild-type carriers, with those harboring two variant alleles needing lower doses
than single-allele carriers. CYP4F2 variants did not affect warfarin dosing. Age and the presence of CYP2C9 or
VKORCI variants were inversely associated with dose requirement, whereas body surface area (BSA) showed a
positive correlation. In Saudi patients, polymorphisms in CYP2C9 and VKORCI are linked to reduced warfarin
dose requirements, whereas CYP4F2 variants have no impact. Combining genetic information with clinical
parameters such as age and BSA offers the most accurate prediction of warfarin dose needs in this population.
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Introduction

Warfarin, a widely used vitamin K antagonist (VKA), has long served as a cornerstone for preventing and
managing both arterial and venous thromboembolic disorders. Its anticoagulant effect arises from inhibition of
the vitamin K epoxide reductase (VKOR) enzyme, which blocks the regeneration of active vitamin K and thereby
decreases the production of functional vitamin K—dependent clotting factors. Variations in the VKORCI gene are
key determinants of warfarin dose, with the VKORCI1-1639A allele linked to lower dose requirements and a
heightened risk of excessive anticoagulation [1-3]. The VKORCI1 gene is located on chromosome 16 and encodes
the VKOR enzyme.

Warfarin therapy involves a 1:1 mixture of R- and S-enantiomers, with the S form exhibiting roughly fivefold
greater anticoagulant potency [4]. The cytochrome P450 enzyme CYP2C9 is primarily responsible for
metabolizing S-warfarin [5, 6]. To date, over 57 CYP2C9 variants have been described [7], among which
CYP2C9*2 and *3 are the most clinically significant, reducing enzymatic activity, slowing drug metabolism,
lowering clearance, and increasing sensitivity and bleeding risk [3, 4, 8-10].

Due to the narrow therapeutic window of VKAs, careful monitoring is essential to prevent both thrombotic and
hemorrhagic complications [11]. The International Normalized Ratio (INR) is the standard tool for assessing
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anticoagulation intensity, and deviations from the target range, especially during early treatment, significantly
elevate the risk of adverse outcomes [12].

Individual response to warfarin varies widely, with daily dose requirements differing up to 20-fold, reflecting the
complex interplay of demographic, clinical, and genetic factors [9, 13]. Among genetic contributors, CYP2C9
and VKORCT are consistently the strongest predictors of warfarin dose across populations [14-16], while CYP4F2
variants have a smaller influence. Combined, VKORC1 -1639G>A and CYP2C9*2/*3 genotypes, along with
clinical parameters like age and sex, can account for over half of the variability in warfarin dosing [17-20].
Ethnic background also affects warfarin requirements: Asian populations typically need lower doses, whereas
African Americans often require higher doses compared to Caucasians [9, 17]. Data on Saudi patients are limited,
with only a few studies assessing CYP2C9 and VKORCI prevalence and their impact on dosing and
anticoagulation outcomes [20-24]. No research has yet evaluated the role of CYP4F2 polymorphisms in warfarin
dosing among Saudis.

This study aimed to (a) determine the frequency of CYP2C9*2/*3, CYP4F2 G1347A, and VKORCI1 -1639G>A
genotypes in Saudi patients, (b) assess how these genetic variants affect warfarin dose requirements, and (c)
explore the combined effects of genetic and non-genetic factors, including demographic and clinical
characteristics, on warfarin dosing.

Materials and Methods

Study design

A cross-sectional investigation was carried out at the anticoagulation clinic of King Khaled University Hospital
(KKUH). Ethical clearance was granted by the Institutional Review Board in November 2017, and all participants
provided informed consent. DNA extraction and genotyping followed standard procedures conducted at King
Faisal Specialist Hospital and Research Centre (KFSHRC).

Study population

Between March 2018 and October 2019, 193 patients on long-term warfarin therapy were enrolled from the
KKUH anticoagulation clinic. Inclusion criteria included age >18 years, at least 12 months of continuous warfarin
therapy, and stable anticoagulation, defined as a consistent warfarin dose over three consecutive clinic visits
spanning a minimum of three months with INR values within the target range. Patients with hepatic or renal
dysfunction or those taking medications known to interfere with warfarin metabolism were excluded.

Data collection

Patient information was collected using both a structured self-administered questionnaire and review of hospital
medical records. The questionnaire gathered demographic details (age, sex, height, weight, marital status,
education, and residence) and warfarin-specific information, including indication for therapy, treatment duration,
and the target INR range. Clinical data from medical records included coexisting medical conditions, concurrent
medications, history of stroke, and prior bleeding events.

DNA extraction and genotyping

Genomic DNA was isolated at KFSHRC using the PureGene DNA extraction kit (Qiagen Sciences, Germantown,
MD, USA) following the manufacturer’s instructions. DNA quantity and quality were evaluated using a Nanodrop
ND-1000 spectrophotometer (Wilmington, DE, USA). Genotyping of VKORCI 1639G>A (1s9923231;
C 30403261 20), CYP4F2 G1347A (rs2108622; C 16179493 40), CYP2C9*2 430C>T (rs1799853;
C_ 25625805 _10), and CYP2C9*3 1075A>C (rs1057910; C 27104892 10) was conducted with TagMan real-
time PCR assays in accordance with Applied Biosystems’ protocols. To ensure the accuracy of the genotyping, a
subset of 96 samples was reanalyzed using Sanger sequencing. PCR primers were custom-designed by the
Oligonucleotide Synthesis Unit at the Genetics Department of KFSHRC, with specific sequences and details
provided in Table 1.
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Table 1. Designed primers used for PCR.

Rs number-product size- . .
. Forward primer Reverse primer
annealing temperature
CYP2C9*3
Rs1057910 TGGCAGAAACCGGAGCCCCT GCACCTAAGAGTAGCCAAACCAATCTT
404 bp 56°C
VKORC1
Rs9923231 GGGAGGAGCCAGCAGGAGAGG AGCGGTGCCATCTCGGC

372 bp 55°C

Data analysis

Statistical analyses were performed using SPSS version 27 (IBM Corp., Chicago, IL, USA). Continuous variables
were summarized using means, medians, and standard deviations, whereas categorical variables were presented
as counts and percentages. The Hardy-Weinberg equilibrium (HWE) was evaluated using the equation p? + 2pq
+ @? = 1, where p? represents the frequency of homozygous wild-type genotypes, 2pq denotes heterozygous
genotypes, and g2 corresponds to homozygous mutant genotypes. Observed genotype distributions were compared
with expected frequencies using the chi-square test.

To assess the relationship between CYP2C9, VKORCI, and CYP4F2 genotypes and warfarin dose requirements,
analysis of variance (ANOVA) was conducted separately for two target INR groups. Warfarin doses were log-
transformed to approximate a normal distribution. Backward linear regression modeling was then employed to
identify both genetic and clinical predictors of warfarin dose. In these models, the log-transformed warfarin dose
served as the dependent variable, while age, sex, body surface area (BSA), smoking status, comorbidities
(hypertension, diabetes mellitus, myocardial infarction, heart failure, hypothyroidism, renal impairment),
concurrent medications (beta-blockers, antiplatelets), and genotypes (CYP2C9, VKORCI1, CYP4F2) were
included as independent variables.

Results and Discussion

Baseline characteristics

From an initial pool of 207 patients receiving long-term warfarin therapy, 193 individuals (93.2%) fulfilled all
inclusion criteria, provided informed consent, completed the questionnaire, and donated a 5 mL blood sample for
genetic analysis. A flowchart detailing patient recruitment is presented in Figure 1.

Total Screened
(18-, on warfarin)
N=737

|

Eligible Ineligible
N=207 N=530

Non- Saudi=99
Enrolled Not enrolled Shifted to other
N=193 N=14 anticoagulants=239

Did not complete one year=59

Incomplete documentation in
hospital records = 24

Renal or liver impairement= 22
Drug interaction= 26
Non- stable INR= 61

Refuse to participate=4

Did not provide blood

sample= 10 A

Figure 1. Flow diagram illustrating the recruitment process of patients receiving warfarin therapy for this study.
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Table 2 summarizes the demographic and clinical characteristics of participants, stratified according to their target
INR range. Among the 96 patients with mechanical prosthetic heart valves and a target INR of 2.5-3.5, the mean
age was 53 + 13 years (median 54; range 19-92), with females representing 52.1% of the group. Approximately
40.6% of these patients had been on warfarin therapy for over a decade. The average daily warfarin dose in this
subgroup was 5.86 mg (£3.06, median 5, range 1-18 mg).

The remaining 97 patients were managed with a target INR of 2.0-3.0. Their mean age was 51.6 £ 12.75 years
(median 52; range 22—-88), and 68% were female. The most frequent indication for anticoagulation was deep vein
thrombosis or pulmonary embolism, accounting for 45.4% of cases, followed by valvular replacement (24.7%),
atrial fibrillation (17.5%), stroke (7.2%), and other indications (5.2%). About half of the patients in this group had
been receiving warfarin for more than ten years, with a mean daily dose of 6.13 mg (£3.41, median 5, range 1-18

mg).

Table 2. Demographic and clinical characteristics of patients who received warfarin therapy.

2-3 INR group (97 patients) 2.5-3.5 INR group (96 patients)

Characteristics
n (%) n (%)
A
ge (years) 51.6 (+12.75, 22-88) 53 (13, 19-92)
Mean (£SD, range)
Gender
Female 66 (68) 50 (52.1)
Male 31 (32) 46 (47.9)
BMI, mean (+SD)
BMI = Weight (kg)/height(m)? 31.7 (26.6) 28.8 (£5.47)
Smoking status
Smoker 5(5.2) 9(9.4)
Nonsmoker 92 (94.8) 87 (90.6)
Warfarin Indication
Valve replacement 24 (24.7) 95 (99)
AF 17 (17.5)
DVT or PE 44 (45.4)
Stroke 7(7.2)
Other 5(5.2) 1(1)
Duration on warfarin (years)
14 24 (24.7) 19 (19.8)
5-10 24 (24.7) 38 (39.6)
>10 49 (50.5) 39 (40.6)
Daily doses (years)
6.13 mg (£3.41, 5, 1-18 mg) 5.86 mg (£3.06, 5, 1-18 mg)

Mean (+SD, median, range)
BMI, Body mass index; AF, Atrial fibrillation; DVT, Deep venous thrombosis; PE, Pulmonary embolism

CYP2CY, VKORCI, and CYP4F?2 genotype distribution

The distribution of VKORCI1, CYP2C9*2 and *3, and CYP4F2 genotypes among the Saudi cohort is presented
in Table 3. All genotypes conformed to Hardy-Weinberg equilibrium. Additionally, genotyping results obtained
via TagMan PCR showed complete agreement (100% concordance) with Sanger sequencing validation.

Table 3. Genotype frequency in the Saudi general population and study patients.

Patients on warfarin therapy (n = 193)

Genotype
n-Frequency (%) Genotype n-Frequency (%)
CYP4F2 V433M CYP2C9
Homozygous wild CC 67-0.35 (34.7) *1*1 99-0.51(51.3)
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Heterozygous CT 95-0.49 (49.2) *1*2 51-0.26 (26.4)
Homozygous mutant TT 31-0.16 (16.1) *1*3 22-0.12 (11.4)
Wild (C) 0.59 (59.1) *2%2 11-0.06 (5.7)
Mutant (T) 0.41 (40.9) *3%3 4-0.02 (2.1)
*2%3 6-0.03 (3.1)
VKORC1 Wwild (*1) 0.7 (70.2)
Homozygous wild GG 49-0.25 (25.4) Mutant (*2) 0.20 (20.5)
Heterozygous GA 83-0.43 (43) Mutant (*3) 9.3)
Homozygous mutant AA 61-0.32 (31.6)
Wild (G) 0.47 (46.9)
Mutant (A) 0.53 (53.1)

*1 is the wild- type allele of CYP2C9, *2 and *3 are variant type alleles.

Among the study cohort, the CYP2C91/1 genotype was the most frequent, present in 51.3% of participants. The
CYP2C92 allele (20.5%) was more commonly observed than CYP2C93 (9.3%). For VKORCI, approximately
43% of patients were heterozygous (GA), 31% carried homozygous mutant alleles (AA), and 25% had the
homozygous wild-type genotype (GG). Regarding the CYP4F2 V433M variant, nearly half of the participants
(49.2%) were heterozygous (CT), around 34% were homozygous wild-type (CC), and 16% were homozygous

mutant (TT).

Influence of CYP2C9, VKORCI, and CYP4F?2 on warfarin dose

Patients carrying CYP2C9 or VKORCI1 variants required significantly lower daily warfarin doses compared with
individuals with wild-type genotypes (Figures 2 and 3) (one-way ANOVA). Furthermore, individuals harboring
two mutant alleles needed markedly lower doses than those with only one mutant allele. In contrast, CYP4F2

polymorphisms did not appear to influence warfarin dose requirements, as summarized in Table 4.

Mo nn of bog daily deves

crme

a)

Mean of log dady deves

b)

oo

Figure 2. Comparison of average daily warfarin doses between CYP2C9 wild-type and variant genotypes for
(a) patients with a target INR of 2.0-3.0 and (b) patients with a target INR of 2.5-3.5.
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Figure 3. Average daily warfarin dose requirements for VKORC1 wild-type versus variant genotypes in (a)
patients with a target INR of 2.0-3.0 and (b) patients with a target INR of 2.5-3.5.

VEORCL

Table 4. The median daily warfarin doses for polymorphisms in each gene.

Genotype n INR target 2-3 n INR target 2.5-3.5
Median warfarin daily dose in mg (IQR) Median warfarin dose in mg (IQR)
CYP2C9 p-value 0.034 <0.001
*1*1 53 5.5(4.29) 46 6 (2.5)
*1*2 26 53.57) 25 5(2.90)
*1*3 10 4.5(3.38) 12 3.75(3.75)
*2%2 5 3.64 (2.75) 6 3.61(3.07)
*2%*3 and *3%32 3 3.5(23) 7 32
VKORCI p-value (<0.001) (<0.001)
GG 26 7.25 (6.88) 23 6.53)
GA 37 6 (2.25) 46 5.25@3)
AA 34 3.5() 27 3.5(1.29)
CYP4F2 p-value 0.31 0.986
CC 29 5(2.43) 38 5 (3.09)
CT 51 5.5(4.5) 44 5(3.09)
TT 17 5 (3.65) 14 5.2(2.48)

*Only a single patient in the 2.0-3.0 INR group and three patients in the 2.5-3.5 INR group carried the *3/*3 genotype. Consequently, data
for this genotype were pooled with the *2/*3 genotype group. (INR, International Normalized Ratio)

Backward linear regression was applied to determine which genetic and clinical factors influence warfarin dosing,
with the log of daily dose as the dependent variable and age, gender, smoking status, hypertension, diabetes,
myocardial infarction, heart failure, hypothyroidism, renal impairment, beta-blocker use, antiplatelet therapy, and
the genes CYP2C9, VKORCI1, and CYP4F2 as independent variables (Table 5). In patients targeting an INR of
2.0-3.0, age, BSA, CYP2C9, and VKORCI together explained 54.6% of the variability in warfarin dose, whereas
in those with a target INR of 2.5-3.5, BSA, CYP2C9, and VKORCI accounted for 51.2% of dose variability. Age
and CYP2C9 and VKORCI polymorphisms were inversely associated with warfarin dose, while BSA showed a
positive association with dose requirements.

Table 5. Linear regression analysis for predictors of warfarin dose requirements.
Predictor B Standardized coefficient beta p-value 95% confidence interval
INR 2-3
CYP2C9 —0.045 —0.226 0.002 —-0.073 ——-0.017
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Age —0.004 —0.238 0.001 —0.007 ——0.002
VKORCI1 -0.174 —0.618 <0.001 -0.214 ——0.135

BSA 0.241 0.225 0.002 0.093-0.388

INR 2.5-3.5

CYP2C9 —0.066 —0.433 <0.001 —0.088 ——0.043
VKORC1 —0.127 —0.449 <0.001 —0.169 ——0.085

BSA 0.224 0.247 0.001 0.093-0.355

Warfarin therapy remains challenging due to its narrow therapeutic index and the risk of bleeding or thrombotic
events, compounded by considerable interindividual variability in dose response. Multiple factors, including
demographic characteristics, clinical conditions, concurrent medications, genetic variants, smoking habits, and
diet-drug interactions, are known to influence patient response to warfarin [25]. Among these, clinical factors
combined with genetic polymorphisms in VKORC1 (-1639G>A), CYP2C9 (*2 and *3), and CYP4F2 (V433M)
account for approximately 55%-57% of variability in anticoagulation response in Caucasian populations,
compared to roughly 25% in African Americans [17-19].

Variants in CYP2C9, VKORCI, and CYP4F2 have been widely reported to influence warfarin dose requirements
across ethnic groups. Mutations in VKORCI typically reduce expression of the VKOR enzyme, increasing the
risk of bleeding in patients receiving vitamin K antagonists and necessitating lower warfarin doses. CYP2C9, the
primary enzyme metabolizing warfarin, has two clinically significant variant alleles (2 and 3), which reduce
enzymatic activity, with CYP2C93 having a stronger effect than CYP2C92. Individuals carrying these variants
generally require lower warfarin doses compared to those with the wild-type allele [14-16]. Conversely, carriers
of the CYP4F2 variant often need higher doses, although its overall impact on dose variability is smaller than that
of CYP2C9 or VKORCI [26].

Despite extensive research in other populations, data on warfarin pharmacogenetics in Saudi patients remain
limited. To our knowledge, this study is the first to assess the prevalence of the CYP4F2 V433M variant and its
influence on warfarin response in this population. Additionally, few studies have investigated the frequency of
CYP2C9 and VKORCI variants and their relationship with dose requirements and anticoagulation response in
Saudi patients [20-24]. Accordingly, our study aimed to determine the distribution of VKORC1 —1639G>A,
CYP2C9*2 and *3, and CYP4F2 (G1347A) polymorphisms, and their association with warfarin dosing.

The prevalence of CYP2C9, VKORCI, and CYP4F2 genotypes shows notable variation across ethnic groups.
Caucasians and Americans have higher frequencies of CYP2C92 and 3 alleles compared to African Americans
and Asians. Among Caucasians, CYP2C91, 2, and 3 are found in approximately 80%, 13%, and 7% of individuals,
respectively. Southeast Asians exhibit a slightly higher prevalence of CYP2C93 (2%-10%) with almost no
CYP2(C92, whereas both 2 and 3 alleles are rare in African Americans (3%—5% and 1%—2%, respectively) [6, 8].
In our Saudi cohort, CYP2C911 was the most common genotype, while 33 was least frequent. Heterozygous
genotypes (12 and 13) were more prevalent than homozygous mutant genotypes (22 and 33), with CYP2C911
present in 51.3% of patients on warfarin. This is slightly lower than previous reports in Saudi populations, which
ranged from 63.4% to 68.7% [21, 22, 24], while CYP2C91*2 frequency (26.4%) was consistent with prior
findings (26.7%) by Alzahrani ef al. [21]. Notably, no homozygous mutant alleles (22 or 33) were reported in
their cohort.

Regarding VKORCI, the -1639A variant allele is present in approximately 67% of Asians, 40% of African
Americans, and 11% of Caucasians. In this study, 43% of patients carried the heterozygous GA genotype, 31%
were homozygous AA, and 25% had the wild-type GG genotype, closely matching the distribution reported by
Al Ammari et al. [20] (GA 45.3%, AA 34%, GG 20.7%). For CYP4F2 V433M, 49.2% of participants were
heterozygous (CT), 34% homozygous wild-type (CC), and 16% homozygous mutant (TT), with the mutant T
allele frequency at 40.9%, compared to approximately 30% in white and Asian populations and 7% in Black
individuals [26].

The relationship between CYP2C9 (*2 and 3), CYP4F2 (G1347A), and VKORCI (-1639G>A) genotypes and
warfarin dosing differs across populations. Compared with Caucasians, African Americans generally require
higher warfarin doses, while Asians need lower doses, largely reflecting differences in allele frequencies among
ethnic groups. Specifically, VKORCI (-1639A), CYP2C92, and 3 variants are consistently linked to reduced
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warfarin requirements. These alleles occur less frequently in African Americans than in Asians and Caucasians
[17]. CYP4F2 variants have been shown to influence warfarin dosing in White and Asian populations but appear
less relevant in Indian, Egyptian, Brazilian, and Black populations [27]. In the current study, carriers of CYP2C92,
*3, or VKORCI A alleles required lower warfarin doses compared with individuals carrying wild-type alleles.
Notably, this is the first study assessing the impact of CYP4F2 polymorphism on warfarin dosing and response in
Saudi patients, and unlike CYP2C9 and VKORCI1, CYP4F2 variants did not significantly influence warfarin
requirements in this population.

Research examining the combined effect of clinical and genetic factors on warfarin dosing among Saudi patients
remains limited. Prior studies often focused on individual polymorphisms or specific therapy phases. For example,
Al Ammari et al. [28] investigated VKORCI variants during the first 10 days of treatment, whereas Al-Saikhan
et al. [29] evaluated the effects of CYP2C9 and VKORCI1 1173C>T on warfarin dose variability in separate
cohorts of 112 and 164 patients, without assessing the interaction between genetics and clinical variables [30].
Saour et al. [24] studied CYP2C9 variants in patients receiving <2 mg of warfarin daily, leaving higher dose
ranges unexplored.

In this study, age, BSA, CYP2C92 and 3, and VKORCI1 (-1639G>A) variants were identified as significant
determinants of warfarin dose. Age and CYP2C9/VKORCI1 variant alleles were inversely correlated with warfarin
requirements, whereas BSA showed a positive correlation. These findings align with prior observations across
multiple ethnicities, though VKORCI variants are less frequent in African Americans [17]. Consistent with earlier
research in Caucasians, Kamali et al. [31] reported age and CYP2C92/3 as key contributors to warfarin dose,
while Sconce ef al. [2] found negative correlations between warfarin dose and age, body size, VKORCI, and
CYP2C9 variants, collectively explaining 54% of dose variability. Similarly, Caldwell ef al. [17] noted that
clinical and genetic factors accounted for 54% of interindividual differences. Bourgeois et al. [1] observed that
VKORCI1 and CYP2C9 variants, combined with clinical factors, explained 57.9% of variation in mean weekly
doses among 711 British patients. A meta-analysis by Jorgensen ef al. [32] encompassing 117 studies confirmed
the major contribution of CYP2C9 and VKORCI variants to warfarin dosing across ethnic groups. Furthermore,
older age has been consistently associated with lower dose requirements [33]. Gage et al. [34] quantified
predictors of warfarin dose, highlighting the substantial roles of VKORCI (—28%), CYP2C93 (—33%), CYP2C92
(—19%), age (—7% per decade), BSA (+11% per 0.25 m?), INR target (+11% per 0.5 unit), amiodarone (—22%),
smoking (+10%), race (—9%), and current thrombosis (+7%). Similar to prior studies [1, 35, 36], VKORC1 had a
greater effect on dose variability than CYP2C9.

Strengths of the study include strict participant selection criteria, requiring stable INR for at least three months,
and exclusion of patients with factors potentially affecting anticoagulation. Genotyping was validated through
sequencing in randomly selected samples, showing 100% concordance with real-time PCR results, ensuring
accurate identification of alleles.

The main limitation is that the study did not include a priori sample size calculation, which may limit the power
to detect a significant effect of CYP4F2 on warfarin dosing. Future research with larger cohorts is warranted to
clarify the role of CYP4F2 in Saudi patients.

Conclusion

This study expands knowledge on warfarin pharmacogenetics in the underrepresented Saudi population. It
demonstrates that patients carrying CYP2C9 and VKORCI variants require lower warfarin doses than those with
wild-type alleles. Integrating clinical parameters such as age and BSA with genetic polymorphisms in CYP2C9
and VKORCI provides the most accurate estimation of factors influencing warfarin dose in this population.
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