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Background: Limited data are available on factors that affect warfarin dose requirement in Saudi patients. Saudis are among the underrepresented ethnic groups in warfarin pharmacogenetics research. The present study investigated the frequency of CYP2C9*2 and*3, CYP4F2 (G1347A) and VKORC1 –1639G>A genotypes and their impact on warfarin dose requirement in a cohort of Saudi patients requiring anticoagulation therapy.Methods: 193 patients on chronic warfarin therapy and with stable anticoagulation took part in the study. Genotyping for VKORC1 1639G>A, CYP4F2 G1347A, CYP2C9*2 430C>T and CYP2C9*3 1075A>C were performed using TaqMan genotyping assays. Analysis of variance was carried out to determine the association between CYP2C9, CYP4F2, and VKORC1 genotype and warfarin dose requirement in two groups based on target INR range. Backward linear regression analysis identified genetic and clinical factors influencing doe requirements.Results: Patients with CYP2C9 and VKORC1 polymorphisms required significantly lower warfarin doses compared to wild-type patients. Carriers of two mutant alleles required lower doses than those with one mutant allele. In contrast, CYP4F2 polymorphisms did not influence warfarin dose. Age and genetic variants in CYP2C9 and VKORC1 were negatively correlated with dose requirements, while body surface area (BSA) was positively correlated.Conclusion: Saudi patients with polymorphisms in CYP2C9 and VKORC1 required lower warfarin doses than those with the wild-type allele. CYP4F2 polymorphism had no effect on warfarin dose requirement. Integrating patient clinical factors, including age and BSA, and genetic polymorphisms in CYP2C9 and VKORC1 provides the best estimation of factors contributing to warfarin dose in the Saudi patient population.Keywords: warfarin, CYP2C9, VKORC1, CYP4F2, polymorphisms
1 INTRODUCTION
For many years, vitamin K antagonists (VKAs), such as warfarin, have proven effective in preventing and treating arterial and venous thrombotic events. Warfarin exerts its anticoagulant effect via the inhibition of the vitamin K epoxide reductase (VKOR) enzyme, thus preventing reduction of vitamin K and reducing the synthesis of functional vitamin K–dependent clotting factors. Polymorphism in the VKORC1 gene is a major contributor to warfarin dose requirement. This gene is located on chromosome 16 and encodes the VKOR enzyme. VKORC1-1639A variant allele is associated with decreased warfarin dose requirement and increased risk of over anticoagulation (Bourgeois et al., 2016; Sconce et al., 2005; Scott et al., 2010).
Warfarin is a 1:1 racemic mixture of the R and S stereoisomers. The S enantiomer is approximately five times more potent than the R warfarin (Moyer et al., 2009). CYP2C9 is the main enzyme involved in the metabolism of (S)-warfarin (Kalman et al., 2016; Westervelt et al., 2014). More than 57 allelic variants of CYP2C9 have been identified (Niinuma et al., 2014). CYP2C9*2 and CYP2C9*3 are the most common SNPs found to affect warfarin metabolism. Individuals carrying the CYP2C9*2 or CYP2C9*3 alleles usually have decreased enzymatic activity and therefore slower warfarin metabolism, decreased warfarin clearance, increase warfarin sensitivity and bleeding risk (Gulseth et al., 2009; Kamali and Wynne, 2010; Lane et al., 2012; Moyer et al., 2009; Sconce et al., 2005).
Monitoring therapeutic response to VKAs is necessary because of the risk of thrombosis and bleeding associated with under- and over-anticoagulation, respectively (Wigle et al., 2013). The International Normalized Ratio (INR) is the most common method for monitoring VKAs therapy. Deviations from target INR range increases the risk of bleeding or stroke particularly during the first weeks of therapy (Homme et al., 2008).
Achieving and maintaining optimal anticoagulation is challenging due to the wide inter- and intra-individual variation in warfarin response and dose requirements. Although over 60 years have passed since warfarin was first used as an anticoagulant, the factors that contribute to the variability in dose requirement (up to 20-fold in daily dose requirement) have not yet been fully identified (Wen and Lee, 2013). Demographic, clinical, and genetic factors are shown to contribute to warfarin dose requirement (Kamali and Wynne, 2010). CYP2C9 and VKORC1 are reported to be the most important genetic determinants of warfarin dose requirements in different patient populations (Borgiani et al., 2009; Cen et al., 2010; Tatarunas et al., 2014). Other genetic variations, including that in the CYP4F2 gene, have been associated with warfarin dose but to a lesser extent. Genetic polymorphisms in VKORC1 -1639G>A, CYP2C9*2, and CYP2C9*3, together with clinical factors such as age and sex, explain up to 57% of the variability in warfarin dose requirement (Cavallari and Perera, 2012; McDonald et al., 2009; Zhang et al., 2017).
Significant differences exist in warfarin dose requirements between different ethnic groups, whereby Asians and African Americans require lower and higher warfarin doses, respectively, compared with Caucasians (Cavallari and Perera, 2012; Kamali and Wynne, 2010). Saudis are among the underrepresented ethnic groups in warfarin pharmacogenetics research. Only a few studies in Saudi patients have thus far reported the prevalence of CYP2C9 and VKORC1 polymorphisms and their impact on warfarin dose requirement and patient response (Al Ammari et al., 2020; Alzahrani et al., 2013; Mirghani et al., 2011; Mizzi et al., 2016; Saour et al., 2011; Al-Saikhan et al., 2018). To date, no studies have explored the effect of CYP4F2 genetic polymorphisms on warfarin dose requirements in Saudi patients. The present study was designed to a) investigate the frequency of CYP2C9*2 and *3, CYP4F2 (G1347A) and VKORC1 –1639G>A genotypes in the Saudi population, b) to evaluate the impact of polymorphisms in CYP2C9, CYP4F2 and VKORC1 genes on warfarin dose requirement, and c) to explore the association between CYP2C9*2,*3, CYP4F2 (G1347A) and VKORC1 –1639G>A genotypes along with other non-genetic factors and warfarin dose.
2 MATERIALS AND METHODS
2.1 Study design
This cross-sectional study was conducted at the King Khaled University Hospital (KKUH) anticoagulation clinic. Ethical approval was obtained from the Institutional Review Board in November 2017. All patients signed informed consent before participation. DNA extraction and genotyping were performed according to established methods at King Faisal Specialist Hospital and Research Centre (KFSHRC).
2.2 Participants
Between March 2018 and October 2019, 193 patients on warfarin therapy were recruited from the anticoagulation clinic at KKUH. The patients included were 18 years old or older, on at least 12 months of warfarin therapy, and had stable anticoagulation. A warfarin dose requirement that has been constant for at least three prior clinic visits spanning a minimum of 3 months and an INR within the target range are considered signs of stable anticoagulation. Patients were excluded if they had abnormal hepatic or renal function or were receiving medications known to interact with warfarin.
2.3 Data collection
Patient data were obtained using a self-report questionnaire and hospital records. The questionnaire comprised demographic information and warfarin-related information (indication, duration of use, recommended INR range). Demographic information comprised gender, age, weight, height, marital status, education, and place of residence. Data were also obtained from participants’ medical records, including comorbidities, concomitant medical therapy, previous stroke, and bleeding events.
2.4 DNA extraction and genotyping
DNA extraction was performed at KFSHRC according to the manufacturer’s protocol using the PureGene DNA extraction kit (Qiagen Sciences, Germantown, Maryland, United States). A Nanodrop ND-1000 spectrophotometer (Wilmington, DE, United States) was used to determine DNA concentration and purity. Genotyping for VKORC1 1639G>A (rs9923231; 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 performed using TaqMan genotyping assays according to the standard protocol provided by Applied Biosystems. The TaqMan real-time polymerase chain reaction (PCR) method results of 96 DNA samples were validated by Sanger sequencing. Primers for PCR were designed at the Oligonucleotide Synthesis Unit of the Genetics department at KFSHRC. Primer details are described in Table 1.
TABLE 1 | Designed primers used for PCR.
[image: Table 1]2.5 Data analysis
Data were analyzed using SPSS version 27 (IBM Corp- Chicago- IL- United States). Continuous variables are described as medians, means, and standard deviations. Categorical variables were summarized with numbers and percentages. Hardy-Weinberg equilibrium was assessed using the following equation: p2+2pq + q2 = 1, where p2 = frequency of homozygous wild genotype; 2pq = frequency of heterozygous genotype; q2 = frequency of homozygous mutant genotype.
The chi-squared test was used to compare observed genotype frequencies with expected frequencies. Analysis of variance (ANOVA) was carried out to determine the association between CYP2C9, CYP4F2, and VKORC1 genotype and warfarin dose requirement in two groups based on target INR range. Logarithmic transformation was performed to normalize warfarin doses. Data for each target INR group (2.0–3.0 and 2.5–3.5) were analyzed separately. Backward linear regression analysis was performed to identify genetic and clinical factors contributing to warfarin dose requirements. Log-transformed warfarin doses were used as a dependent variable to ensure that the values were normally distributed. Patient age, gender, BSA, smoking status, hypertension (HTN), diabetes mellitus (DM), myocardial infarction (MI), heart failure (HF), hypothyroidism, renal impairment, beta-blockers, antiplatelet, CYP2C9, VKORC1 and CYP4F2 were treated as independent variables.
3 RESULTS
3.1 Baseline characteristics
Out of 207 patients on long-term warfarin therapy identified for possible study participation, 193 (93.2%) met the inclusion criteria, signed informed consent, and answered the questionnaire, and each provided a blood (5 mL) sample. Figure 1 shows the flow chart for patient recruitment.
[image: Figure 1]FIGURE 1 | The study flow chart for patients on warfarin enrolled in the study.
Table 2 represents the demographic and clinical characteristics of the patients which were analyzed separately based on the target INR range. Ninety-six patients had mechanical prosthetic heart valves with target INR 2.5–3.5. Their mean (±SD) age was 53 (±13) years (range: 19–92 years; median = 54 years). 52.1% of the participants in this group were female and 40.6% were on warfarin therapy for over 10 years with a mean (±SD, median, range) daily doses of warfarin of 5.86 mg (±3.06, 5, 1–18 mg). The remaining 97 patients in the cohort had a target INR 2.0–3.0. Their mean (±SD) age was 51.6 (±12.75) years (range: 22–88 years; median = 52 years). Approximately 68% of the participants in this group were female. Deep vein thrombosis/pulmonary embolism was the most common cause of warfarin use (45.4%). Other indications for anticoagulation were valvular replacement, atrial fibrillation, stroke and other indications in 24.7%, 17.5%, 7.2 and 5.2 of patients, respectively. About 50% of the participants have received warfarin therapy for more than 10 years. The mean (±SD, median, range) daily doses of warfarin in the group was 6.13 mg (±3.41, 5, 1–18 mg).
TABLE 2 | Demographic and clinical characteristics of patients who received warfarin therapy.
[image: Table 2]3.2 CYP2C9, VKORC1, and CYP4F2 genotype frequencies
Table 3 summarizes the Saudi participants’ genotype distribution for VKORC1, CYP2C9*2 and *3 and CYP4F2. The VKORC1, CYP2C9*2 and *3 and CYP4F2 genotype were in Hardy-Weinberg equilibrium. The results of PCR were in 100% concordance with those obtained by the Sanger sequencing method.
TABLE 3 | Genotype frequency in the Saudi general population and study patients.
[image: Table 3]The results showed that the CYP2C9*1*1 genotype was observed in 51.3% of participants, making it the most prevalent genotype. CYP2C9 *2 (20.5) was more common than CYP2C9*3 (9.3). Approximately 43% of the study patients were heterozygous (GA) for the VKORC1 genotype, 31% homozygous mutant alleles, and 25% homozygous wild-type genotypes. With regard to CYP4F2 V433M, 49.2% of the patients were of the heterozygous (CT) genotype, and ∼34% were homozygous wild-type (CC) alleles, while 16% were homozygous mutant (TT) alleles.
3.3 Impact of CYP2C9, VKORC1 and CYP4F2 on warfarin dose requirement
Warfarin dose requirements were significantly lower in patients with polymorphisms in CYP2C9 (Figure 2) and VKORC1 (Figure 3) than in wild-type patients (one way-ANOVA). Additionally, carriers of two mutant alleles had significantly lower dosage requirements than those of one mutant allele. In contrast, polymorphism in CYP4F2 did not affect warfarin dose requirements (Table 4).
[image: Figure 2]FIGURE 2 | The mean daily warfarin dose requirement between CYP2C9 wild-type and variant genotypes. (A) target INR 2–3, (B) target INR 2.5–3.5.
[image: Figure 3]FIGURE 3 | The mean daily warfarin dose requirement between VKORC1 wild-type and variant genotypes. (A) Target INR 2–3, (B) Target INR 2.5–3.5.
TABLE 4 | The median daily warfarin doses for polymorphisms in each gene.
[image: Table 4]Backward linear regression analysis was used to identify genetic and clinical factors contributing to warfarin dose requirements using log daily dose as a dependent variable and patients’ age, gender, smoking status, hypertension, diabetes, myocardial infarction, heart failure, hypothyroidism, renal impairment, beta-blockers, antiplatelet, CYP2C9, VKORC1, and CYP4F2 as independent variables (Table 5). Age, BSA, CYP2C9, and VKORC1 accounted for 54.6% of the interindividual variability in warfarin dose requirement in patients with a target INR of 2.0–3.0. In patients with a target INR of 2.5–3.5, BSA, CYP2C9, and VKORC1 explained 51.2% of warfarin dose requirements. Age and polymorphisms in CYP2C9 and VKORC1 were negatively correlated with warfarin dose, while BSA was positively correlated with dose requirement.
TABLE 5 | Linear regression analysis for predictors of warfarin dose requirements.
[image: Table 5]4 DISCUSSION
Warfarin use is complicated by the risk of bleeding and thrombosis owing to its narrow therapeutic window and variable dose response. Several demographics, clinical and genetic factors are known to significantly affect response to warfarin therapy. These include mainly patient’s age, gender, body size, comorbidities, concurrent medications, genetics, smoking as well as drug and food interactions (Apostolakis et al., 2013). Clinical factors together with genetic polymorphism in VKORC1 -1639G>A, CYP2C9*2, CYP2C9*3 and CYP4F2 V433M are responsible for 55%–57% of the variability in anticoagulation response to warfarin among Caucasians and 25% in African Americans (Cavallari and Perera, 2012; McDonald et al., 2009; Zhang et al., 2017).
Polymorphisms in the CYP2C9, VKORC1, and CYP4F2 genes have been found to contribute to the variability in warfarin dosage requirements in several ethnic groups. It is regarded that patients with polymorphisms in the VKORC1 gene have reduced expression of the VKOR enzyme. This type of mutation puts patients at higher risk of bleeding associated with VKAs therapy, necessitating lower warfarin doses. CYP2C9 is the major enzyme responsible for warfarin metabolism. Two major CYP2C9 variant alleles (CYP2C9 *2 and *3) affecting warfarin metabolism have been identified thus far in the literature. Carriers of the CYP2C9*2 and CYP2C9*3 variant alleles require lower warfarin doses than carriers of the wild-type CYP2C9 allele (Borgiani et al., 2009; Cen et al., 2010; Tatarunas et al., 2014). The CYP2C9*3 variant allele leads to the expression of CYP2C9 with reduced activity to a greater extent than the CYP2C9*2 variant allele. On the other hand, carriers of the CYP4F2 allele have been reported to require higher warfarin doses (Caldwell et al., 2008). However, CYP4F2 polymorphism has less impact on warfarin dose than those of the CYP2C9 and VKORC1 genes.
People from Saudi Arabia are among the ethnic groups that have not been adequately studied in warfarin pharmacogenetics research. To our knowledge, this is the first study investigating the prevalence of the CYP4F2 V433M polymorphism and its impact on the warfarin response among Saudi patients. Moreover, very few studies to date have investigated the prevalence of CYP2C9 and VKORC1 and their effect on warfarin dose requirements and anticoagulation response (Alzahrani et al., 2013; Al Ammari et al., 2020; Mirghani et al., 2011; Saour et al., 2011; Mizzi et al., 2016). Therefore, we aimed to investigate the frequency of the VKORC1 –1639G>A, CYP2C9*2 and *3 alleles, and CYP4F2 (G1347A) polymorphism and the association between VKORC1, CYP2C9 and CYP4F2 genotypes and warfarin dose requirement in this population.
The frequency of CYP2C9, VKORC1, and CYP4F2 genotypes varies among different ethnic populations. Americans and Europeans have higher CY2C9*2 and CY2C9*3 allele frequencies than African-American and Asian populations. The frequency of CYP2C9*1, *2, and * 3 are present in approximately 80%, 13%, and 7% of Caucasian individuals, respectively. Southeast Asians have a somewhat higher percentage of CYP2C9*3 (2%–10%), while CYP2C9*2 is almost absent. CYP2C9*2 (3%–5%) and *3 (1%–2%) polymorphisms are rare in African Americans (Gulseth et al., 2009; Westervelt et al., 2014). CYP2C9*1*1 was the most common genotype, while *3*3 was the least common in our population of Saudi patients. Additionally, the frequencies of the heterozygous alleles *1*2 and *1*3 were higher than those of the homozygous alleles *2*2 and *3*3. CYP2C9 *1*1 was present in 51.3% of patients on warfarin treatment. This was slightly lower than that reported in other studies of Saudi patients of 68.7% (Alzahrani et al., 2013), 64.1% (Mirghani et al., 2011), and 63.4% (Saour et al., 2011). However, the genotypic frequency of 26.4% for CYP2C9 *1*2 in anticoagulated patients was similar to the 26.7% reported by Alzahrani et al. (2013) did not report any patients on warfarin in their study with homozygous mutant allele genotypes (*2*2 and *3*3). The VKORC1-1639A variant allele is prevalent in approximately 67%, 40%, and 11% of Asians, African Americans and Caucasians, respectively. In the current study, approximately 43% of participants carried the heterozygous VKORC1-GA genotype, 31% carried the homozygous mutant (AA) allele, and 25% carried the homozygous wild-type allele (GG). This finding is similar to the findings of Al Ammari et al. (2020), who reported the following frequencies: GA (45.3%), AA (34%), and GG (20.7%). Regarding the CYP4F2 V433M genotype, 49.2% of the anticoagulated patients carry the heterozygous (CT) allele. Almost 34% of the participants carry the homozygous wild-type (CC) allele, while 16% carry the homozygous mutant (TT) allele. The frequency of the mutant CYP4F2 T allele in this study was 40.9%, while it was approximately 30% in white and Asian people and 7% in black individuals (Caldwell et al., 2008).
The association between CYP2C9*2 and *3, CYP4F2 (G1347A), and VKORC1 –1639G>A genotypes and warfarin dose requirements varies among populations. Compared to Caucasians, warfarin doses are higher among African Americans and lower among Asians. The main reason is the different gene frequencies reported in different racial groups. For instance, VKORC1(-1639A), CYP2C9*2, and *3 alleles have been found to be significantly associated with lower warfarin dose requirements in several populations. The frequency of VKORC1 (-1639A), CYP2C9*2, and *3 is lower in African–Americans than in Asians and Caucasians (Cavallari and Perera, 2012). CYP4F2 has also been found to affect warfarin dosage requirements in white and Asian population but not in Indians, Egyptians, Brazilians, and Black ethnic groups (Danese et al., 2019). This study found that patients carrying the CYP2C9*2, *3, and VKORC1 A allele required lower doses than those carrying the wild-type CYP2C9 and VKORC1 G allele. This study is the first to evaluate the impact of CYP4F2 polymorphism on warfarin dose requirements and warfarin response in a Saudi patient population. In contrast to CYP2C9 and VKORC1, CYP4F2 polymorphism was not found to be related to warfarin dose requirement.
There is a lack of research on the impact of the combined effect of clinical and genetic factors on warfarin dosing in the Saudi population. The association between genetic polymorphisms and stable maintenance doses was not properly assessed in previous studies of Saudi patients. Al Ammari et al. (2021) assessed the relationship between polymorphisms in VKORC1 and warfarin doses during the initiation phase (first 10 days of therapy). Al-Saikhan and colleagues published two separate pieces of research to assess the effects of CYP2C9 and VKORC1 1173C>T SNP on warfarin dose variability in 112 and 164 Saudi patients, respectively. However, the combined effect of genotypes and clinical factors was not addressed (Al-Saikhan and Abd-Elaziz, 2018). Saour et al. (2011) evaluated the effects of CYP2C9 polymorphism on the requirements of warfarin doses in Saudi individuals who received 2 mg or less of warfarin daily. Associations with doses greater than 2 mg were not assessed.
The present study demonstrated that age, BSA, CYP2C9*2 and *3, and VKORC1 (–1639G>A) variants contribute significantly to warfarin dose requirements. Age and variants of CYP2C9 and VKORC1 alleles were negatively correlated with warfarin doses, while BSA positively correlated with dosage requirements. It has been reported that CYP2C9 and VKORC1 variant alleles cause significant differences in warfarin doses in Caucasians, Asians, and African Americans; however, VKORC1 is known to be less common in African–Americans (Cavallari and Perera, 2012). The results of this study are similar to those of other previous studies in Caucasian populations. In a study by Kamali et al. (2004), age and CYP2C9*2 and *3 alleles significantly contributed to warfarin dose requirements. Sconce et al. (2005) reported that warfarin doses are negatively correlated with age, body weight, height, body surface area, VKORC1 (–1639G>A), CYP2C9*2 and *3 alleles. Genetic polymorphisms in CYP2C9 and VKORC1, together with age and height, were responsible for 54% of the variation in warfarin dose. Caldwell et al. (2008) suggested that clinical factors and polymorphisms in CYP2C9 and VKORC1 explained 54% of the interindividual variability in warfarin response. Bourgeois et al. (2016) performed a prospective cohort study to identify clinical and genetic factors contributing to warfarin response in 711 British patients. The multifactorial analysis of genetic (VKORC1 and CYP2C9) and clinical factors explained 57.89% of the variation in the mean weekly warfarin dose and 56.97% in the stable mean weekly dose. Analyzing 117 studies involving patients of various ethnic origins in a meta-analysis by Jorgensen et al. (2012) revealed that CYP2C9 and VKORC1 variant alleles significantly contribute to warfarin dose requirements in most ethnicities. Loebstein et al. (2001) established that older patients on warfarin treatment required significantly lower doses than younger patients. Gage et al. (2008) identified predictors of warfarin dose as VKORC1 −1639/3673 G>A (−28%), BSA (+11% per 0.25 m2), CYP2C9*3 (−33%), CYP2C9*2 (−19%), age (−7% for each decade), target INR (+11% for every 0.5-unit increase), amiodarone (−22%), smoking status (+10%), race (−9%) and current thrombosis (+7%). Similar to some previous studies (Rieder et al., 2005; Wadelius et al., 2005; Bourgeois et al., 2016), we found that the contribution of VKORC1 to warfarin dosage requirements was greater than that of CYP2C9.
The strengths of this study lie in the rigorous criteria that were used for participant selection. Eligibility criteria included stable INR control based upon a minimum period of 3 months. In addition, patients with factors that might affect anticoagulation control were excluded, all of which are important in determining the appropriate warfarin dose for each patient. Furthermore, sequencing was performed on random samples to validate the results of the real-time PCR with 100% concordance. Both real-time PCR genotyping and sequencing provide accurate genotyping analysis
The main limitation in our study is that sample size calculation was not performed, so the study may lack the power to detect the possible significant impact of CYP4F2 on warfarin dose requirements. Further studies are required to examine the effect of CYP4F2 polymorphism on warfarin dose requirements in a larger sample of Saudi patients.
5 CONCLUSION
This work contributes to the existing knowledge of how genetics affects the response to warfarin by providing new data regarding an underrepresented ethnic group, Saudi Arabia. This study showed that Saudi patients with polymorphisms in CYP2C9 and VKORC1 required lower warfarin doses than those with the wild-type allele. Integrating patient clinical factors, including age and BSA, and genetic polymorphisms in CYP2C9 and VKORC1 provides the best estimation of factors contributing to warfarin dose in this population.
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