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Abstract
Background The response to warfarin, as an oral anticoagulant agent, varies widely among patients from different ethnic 
groups. In this study, we tried to ascertain and determine the relationship between non-genetic factors and genetic poly-
morphisms with warfarin therapy; we then proposed a new warfarin dosing prediction algorithm for the estimation of drug 
sensitivity and resistance in the Iranian population.
Methods Overall, 200 warfarin-treated patients with stable doses were recruited, the demographic and clinical characteristics 
were documented, and genotyping was done using a sequencing assay.
Results The outcomes of our investigation showed that the genetic polymorphisms of VKORC1(-1639 G > A), CYP2C9*3, 
CYP2C9*2, amiodarone use, and increasing age were found to be related to a significantly lower mean daily warfarin dose. 
In contrast, the CYP4F2*3 variant and increased body surface area were linked with an increased dose of warfarin in the 
Iranians. Our descriptive model could describe 56.5% of the variability in response to warfarin. This population-specific 
dosing model performed slightly better than other previously published warfarin algorithms for our patient’s series. Further-
more, our findings provided the suggestion that incorporating the CYP4F2*3 variant into the dosing algorithm could result 
in a more precise calculation of warfarin dose requirements in the Iranian population.
Conclusions We proposed and validated a population-specific dosing algorithm based on genetic and non-genetic determi-
nants for Iranian patients and evaluated its performance. Accordingly, by using this newly developed algorithm, prescribers 
could make more informed decisions regarding the treatment of Iranian patients with warfarin.
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Introduction

Notwithstanding the more recent endorsement of oral anti-
coagulants not requiring routine laboratory monitoring, 
the most widely prescribed anticoagulant is warfarin [1]. 
Due to the narrow therapeutic index, the erratic monitor-
ing of laboratory results, and weak patient conformity in 
warfarin therapy, inadequate or excessive anticoagulation 
may lead to acute complications such as thromboembolism 
or bleeding [2].

It is generally accepted that the diversity observed in 
responding to warfarin therapy is recognized in various 
patients; it can be mainly described by clinical, demo-
graphic, environmental, and genetic determinants. Genetic 
variations are associated with both pharmacodynamics 
as well as pharmacokinetics of warfarin, thus serving an 
essential function in inter-patient variability in the warfa-
rin response [3].

Key genetic single nucleotide polymorphisms (SNPs) 
that determine warfarin therapeutic response have 
occurred in cytochrome P450-2C9 (CYP2C9) and vitamin 
K epoxide reductase complex subunit 1 (VKORC1) genes, 
which can contribute to from 35 to 50% in the warfarin 
doses variability in diverse populations [4].

The CYP2C9 enzyme is known to be involved in the 
clearance of S-warfarin from the body, the more active 
enantiomer of warfarin. The polymorphic alleles of 
the CYP2C9, CYP2C9*2 (rs1799853), and CYP2C9*3 
(rs1057910) have an association with impaired enzyme 
activity and S-warfarin metabolism, thus reducing war-
farin dose requirements and leading to the variability 
observed in the warfarin response [5].

The most common noncoding VKORC1 gene polymor-
phism, known as VKORC1 (-1639G > A, rs9923231), is 
one single nucleotide transition in the VKORC1 promoter 
region; it is significantly related to the reduced synthesis 
of functional VKORC1 protein. The VKORC1 enzyme is 
essential for the transformation of vitamin K into a form 
of activating coagulation proteins [5].

Moreover, the CYP4F2*3 (rs2108622) polymorphism, 
as a functional missense variant in cytochrome P450 4F2 
(CYP4F2), a metabolizing enzyme vitamin K, has also 
been discovered to have moderate involvement in warfarin 
dose variability. Prior studies in many ethnic groups rang-
ing from Caucasian to Asian populations have described 
that the carriers of the CYP4F2*3 variant needed a higher 
warfarin dose to achieve the same impact of anticoagulant 
response compared to the wild-type genotype [6, 7] How-
ever, a limited number of studies have explored the influ-
ence of the CYP4F2*3 genetic variant on the variance in 
the warfarin maintenance dose among Iranians, although 

Iran is a country in the Middle East region with the largest 
ethnic groups [8, 9].

To calculate the suitable maintenance warfarin dose by 
the consideration of demographic, genetic as well as clini-
cal data, warfarin dosing prediction algorithms have been 
proposed in various populations around the world [10–14]. 
Further studies have revealed that the involvement of fac-
tors affecting the sensitivity as well warfarin resistance may 
vary significantly between subjects from diverse ethnic 
groups and the requirements for the dosing algorithm are 
more populated and customized [15–17]. However, the dos-
ing algorithm models that were employed to estimate the 
required warfarin dose in Iranian patients were restricted; 
furthermore, the vast majority of the studies performed in 
Iran for warfarin genotyping are limited to showing the SNP 
alleles frequency.

In the current research study, we assessed the impact 
of key genetic polymorphisms of CYP4F2, VKORC1, and 
CYP2C9 genes, and non-genetic predictor variables on the 
warfarin therapy in our population. Moreover, we attempted 
to develop and then validate a population-specific warfarin 
dosing model for Iranian patients.

Methods

Study populations

200 warfarin-treated patients maintaining a target interna-
tional normalized ratio (INR) level of 2.0–3.0 for at least 
three consecutive intervals attended our anticoagulation 
clinic; they had been enrolled in Booali Sina Hospital, Qaz-
vin, from, April 2019, to September 2021. All studied sub-
jects needed to be aged ≥ 18 years. Participants with active 
cancer, severe renal or hepatic insufficiency, severe infec-
tion or respiratory failure, thyroid disease, pregnancy, and 
patients taking other anticoagulants or nonsteroidal anti-
inflammatory medications were excluded. All obtained 
data were collected blindly from medical records as well as 
standardized interviews.

SNP genotyping

The genomic DNA related to all patients was drawn from 
peripheral blood by applying a GenEx™ DNA blood kit 
(GeneAll Biotechnology, Korea), in accordance with the 
manufacturer's instructions; then storing at – 20 °C was 
done for analysis. Designed regions of the SNPs CYP2C9*2 
(rs1799853), CYP2C9*3 (rs1057910), VKORC1 (rs9923231, 
1639G > A), and CYP4F2*3 (rs2108622) were amplified by 
PCR in a Veriti ABI system (Applied Biosystems, USA); 
and was visualized by electrophoresis on agarose gels with 
ethidium bromide staining, then nucleotide sequencing was 
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done by the ABI Big Dye Terminator protocol by applying 
ABI 3500 Genetic Analyzer.

Statistical analysis

Statistical analysis was done by using SPSS, version 16 
(SPSS Inc., Chicago, IL, USA). Numerical data were rep-
resented as mean ± standard deviation (SD), and the cat-
egorical data were expressed as frequency and percentages. 
Kolmogorov–Smirnov test was also applied to evaluate the 
numerical data normality. T-test or one-way ANOVA test 
followed by a Tukey corrected post hoc test were used f to 
compare two or more groups. Analysis of categorical vari-
ables was done by applying the Chi-square or Fisher’s exact 
test. The multiple regression analysis was used to predict 
warfarin dose from a combination of genetic as well as 
non-genetic predictor variables. The categorical character-
istics were coded as dummy variables. The Stepwise selec-
tion method was used to include (p <  = 0.05) and exclude 
(p > 0.10) variables into the model.

The dataset was randomly split into train and test datasets. 
The training dataset (75% of the data) was used to develop 
the regression model, and the testing dataset (25% of the 
data) was used for evaluation of the model's performance. 
Mean absolute error (MAE), mean absolute percentage error 
(MAPE), mean relative error (MRE), and Pearson’s correla-
tion coefficient (r) were applied to evaluate and compare the 
developed model's performance with the previously warfarin 
pharmacogenetic algorithms. A p-value less than 0.05 was 
assumed to be significant.

Results

Patients' general characteristics

The demographic and clinical factors, mean daily warfa-
rin maintenance dose, and diverse genotype groups of all 
patients on stable warfarin treatment (n = 200) are rep-
resented in Table 1. Of a total of 200 patients (mean age 
59.77 ± 12.82  years), 117 (58.5%) were female, 19.5% 
(n = 39) used the warfarin concurrent medication amiodar-
one and 11.5% (n = 23) were smokers. The body surface area 
(BSA) average was 1.92 ± 0.19  m2. The main disease identi-
fied was valvular heart disease (n = 65, 32.5%) and the main 
comorbidity observed was hypertension (n = 50, 25.0%). 
The mean daily warfarin maintenance dose (mg/day) was 
4.61 ± 1.51 and ranged from 1.3 to 9.2.

The frequencies of our studied genetic variants in all 
patients on stable warfarin treatment (n = 200) are shown in 
Table 1. Most patients (56.5%, 113/200) carried the CYP2C9 
*1/*1 wild-type genotype. Other patients were found to have 
mutant variants, with 1*/2* accounting for the greatest 

number of cases (27.0%, 54/200), followed by 1*/3* (10.5%, 
21/200), 2*/2* (3.5%, 7/200), and 2*/3* (2.5%, 5/200). We 
did not observe the CYP2C9 *3/*3 genotype in this research 
study. The prevalence of VKORC1 wild-types (GG), het-
erozygous (GA), and homozygous (AA) mutation carriers 
were found to be 31.5% (63/200), 49% (98/200) and 19.5% 
(39/200), respectively, for all patients. The CC (wild-type), 
CT (heterozygous), and TT (homozygous) genotypes of 
the CYP4F2*3 variant were identified in 43.5% (87/200), 
44.5% (89/200), and 12.0% (24/200) of all patients, respec-
tively. All these genotyping results were revealed to be in 
Hardy–Weinberg equilibrium.

Dosage of warfarin based on non‑genetic as well 
as genetic factors

In the training samples (n = 150), gender, current smoking 
status, as well as the use of amiodarone, were discovered 
to have a significant link to the mean daily warfarin dose 
(Table 2). The indicated treatment, hypertension, diabetes 
mellitus, and heart failure were found to have no significant 
impact on the mean daily warfarin dose (Table 2). Addition-
ally, a Pearson correlation analysis of the data indicated that 
the warfarin maintenance dose had a significantly negative 
correlation with the patients' age (r = – 0.304; p < 0.001). In 
contrast, height (r = 0.282; p < 0.001) and weight (r = 0.279; 
p < 0.001), as well as BSA (r = 0.328; p < 0.001), were found 
to have a significant positive correlation with the warfarin's 
maintenance dose.

In the training samples (n = 150), observed differences 
in the daily maintenance warfarin dose in the considered 
genotype groups of CYP2C9, VKORC1, and CYP4F2 were 
calculated using one-way ANOVA (Table 3). Based on this 
analysis, there were significant correlations between all 
genotypes with warfarin's mean daily dose. As presented in 
Table 3, a comparison of the mean (± SD) warfarin's main-
tenance across CYP2C9 genotypes uncovered that patient 
with CYP2C9*1/*2, CYP2C9*1/*3, CYP2C9*2/*2, and 
CYP2C9*2/*3 variant genotypes presented significantly 
lower averages doses of warfarin (4.31 ± 1.11, 3.21 ± 0.83, 
2.94 ± 1.21 and 2.67 ± 0.99 mg/day, respectively) than those 
with the wild-type CYP2C9*1/*1 genotype (5.08 ± 1.49 mg/
day). Regarding the VKORC1 (-1639 G > A) polymorphism, 
it was revealed that the patients with the AA variant geno-
type needed significantly lower warfarin's average doses 
(3.27 ± 0.09 mg/day), as compared with AG or GG carriers 
(4.43 ± 1.2, or 5.57 ± 1.55 mg/day, respectively). The rela-
tive impact of CYP4F2*3 polymorphism on the warfarin 
maintenance dose indicated that patients with CT or TT 
genotype (4.75 ± 1.27, or 5.53 ± 1.77 mg/day, respectively) 
needed a remarkably higher daily warfarin dose when com-
pared to those with the wild-type CC genotype (4.05 ± 1.5), 
(Table 3).
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Warfarin dosing algorithm

We used multiple regression analysis to illustrate the effect 
of genetic as well as non-genetic parameters on the variabil-
ity in warfarin doses. The results showed that this descrip-
tive model, including the variant genotypes of VKORC1 
(– 1639 G > A), CYP2C9*3, CYP2C9*2, and CYP4F2*3, 
and non-genetic factors such as age, BSA and amiodarone 
use, described 56.5% of individual differences in warfarin's 
maintenance dose in our Iranian patients (Table 4). Mul-
tiple regression analysis demonstrated that the presence 

of VKORC1 (− 1639G > A), CYP2C9*3, and CYP2C9*2 
genetic polymorphisms, use of amiodarone, and increasing 
age, were negatively associated with the warfarin main-
tenance dose; meanwhile, increased BSA and CYP4F2*3 
variant revealed a positive association (Table 4). Multicol-
linearity among factors was not observed.

Model evaluation

To validate the regression equation acquired from our train-
ing dataset, we estimated the predicted warfarin doses by 

Table 1  Demographic, clinical, and genetic characteristics of the training (n = 150), testing (n = 50), and all studied patients (n = 200)

Note: Data are expressed as mean and standard deviation or number and frequency (%). BSA was calculated based on the Mosteller equation 
(BSA  (m2) = square root of (height (cm) × weight (kg)/3600))
BSA body surface area; CTEPH chronic thromboembolic pulmonary hypertension; CYP2C9, cytochrome P450, family 2, subfamily C, poly-
peptide 9; CYP4F2, cytochrome P450, family 4, subfamily F, polypeptide 2; DVT deep vein thrombosis; PE Pulmonary embolism; SD standard 
deviation; VKORC1 vitamin K epoxide reductase-oxidase complex subunit 1

Category Subcategory Training samples 
(n = 150)

Testing samples (n = 50) Total (n = 200)

Age (years) mean ± SD 59.97 ± 13.16 59.60 ± 11.95 59.77 ± 12.82
Demographics Gender [n (%)]

 Male 63 (42.0%) 20 (40.0%) 83 (41.5%)
 Female 87 (58.0%) 30 (60.0%) 117 (58.5%)

Height (cm) mean ± SD 167.38 ± 9.77 169. 34 ± 8.23 168.17 ± 8.23
Weight (kg) mean ± SD 79.01 ± 13.81 81.08 ± 14.19 80.05 ± 14.16
BSA(m2) mean ± SD 1.91 ± 0.18 1.94 ± 0.2 1.92 ± 0.19
Smoking [n (%)] 17 (11.3%) 6 (12.0%) 23 (11.5%)

Concomitant Disease Hypertension [n (%)] 40 (26.7%) 10 (20.0%) 50 (25.0%)
Diabetes mellitus [n (%)] 22 (14.7%) 7 (14.0%) 29 (14.5%)
Heart failure [n (%)] 2 (1.3%) 1 (2.0%) 3 (1.5%)

Medication Amiodarone [n (%)] 29 (19.3%) 10 (20.0%) 39 (19.5%)
Indication of Treatment Atrial fibrillation [n (%)] 41 (27.3%) 13 (26.0%) 54 (27.0%)

Valvular heart disease [n (%)] 48 (32.0%) 17 (34.0%) 65 (32.5%)
DVT or PE or CTEPH [n (%)] 18 (12.0%) 6 (12.0%) 24 (12.0%)
Coronary artery or ischemic [n (%)] 43 (28.7%) 14 (28.0%) 57 (28.5%)

Daily warfarin maintenance 
dose (mg)

4.58 ± 1.5 4.72 ± 1.6 4.61 ± 1.51

Gene CYP2C9 genotype
*1/*1 90 (60.0%) 23 (46%) 113 (56.5%)
 *1/*2 37 (24.7%) 17 (34%) 54 (27.0%)
 *1/*3 14 (9.3%) 7 (14%) 21 (10.5%)
 *2/*2 5 (3.3%) 2 (4.0%) 7 (3.5%)
 *2/*3 4 (2.7%) 1 (2.0%) 5 (2.5%)

VKORC1genotype
 GG 48 (32.0%) 15 (30.0%) 63 (31.5%)
 GA 74 (49.3.0%) 24 (48.0%) 98 (49.0%)
 AA 28 (18.7%) 11 (22.0%) 39 (19.5%)

CYP4F2 genotype
 CC 59 (39.3%) 28 (56%) 87 (43.5%)
 CT 71 (47.3%) 18 (36.0%) 89 (44.5%)
 TT 20 (13.3%) 4 (8.0%) 24 (12%)
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employing the dosing algorithm and then the comparison 
of it to the actual doses in the considered test samples was 
done. We found a moderate correlation between the actual 
and predicted warfarin doses (Pearson’s correlation coef-
ficient = 0.607, p < 0.001).

Further insight into the comparison purpose, we chose 
four published dosing algorithms developed and validated 
with international multi-ethnic (Gage algorithm) [18], 
Caucasian (Zambon algorithm) [19], and Middle-East 
(Karaca-model [20] and Bader algorithm [10]) populations. 
Moreover, two Iranian algorithms (Namazi-algorithm [21] 
and Khaleqsefat-model [22]) were considered (Table 5). 
Comparisons of our algorithm to the previously published 
algorithms in the considered test samples are presented in 
Table 6. Based on the results, our algorithm's efficiency in 
Iranian patients was found to be slightly better than that 

attained when utilizing the six other algorithms in the case 
of our patient series.

Discussion

Numerous studies have previously revealed that the involv-
ing factors affecting the sensitivity as well as warfarin resist-
ance may vary in a significant manner between subjects from 
different ethnic groups; also, the requirements for the dosing 
algorithm are more populated and customized. Nevertheless, 
the dosing algorithm models used to estimate the warfa-
rin dose in Iranian patients were restricted, and most of the 
previous studies performed in Iran for warfarin genotyping 
were limited to showing the SNP alleles frequency [8, 9, 
23–25]. Therefore, we conducted our research to develop 
and also, validate a novel dosing algorithm that was spe-
cifically designed for Iranian patients according to genetic 
polymorphisms and a series of non-genetic factors which 
were possibly involved in the prediction of the variance in 
warfarin response.

Results obtained from our research study indicated that 
the CYP2C9*2 allele prevalence was found at 18%, which 
was similar to other studies in the Iranian population, 

Table 2  Differences in mean maintenance warfarin dose based on dif-
ferent non-genetic factors in the training samples (n = 150)

Note: Data are presented as (mean ± standard deviation); Statistical 
test: ±Independent t-test, ¥One-way-ANOVA
CTEPH chronic thromboembolic pulmonary hypertension; DVT deep 
vein thrombosis; PE pulmonary embolism

Characteristics Number of 
patients

Daily warfarin 
maintenance
dose (mg), 
(mean ± S.D.)

p-value

Gender
 Male 63 5.03 ± 1.46 0.002±

 Female 87 4.25 ± 1.47
Current smoker
 No 133 4.43 ± 1.42 0.001±

 Yes 17 5.73 ± 1.94
Indication
 Atrial fibrillation 41 4.35 ± 1.53 0.207¥

 Valve heart disease 48 4.55 ± 1.50
 DVT or PE or CTEPH 18 5.26 ± 1.51
 Coronary artery or ischemic 43 4.54 ± 1.47

Comorbidity
 Hypertension
 Absent 110 4.51 ± 1.51 0.33±

 Present 40 4.78 ± 1.51
Diabetes mellitus
 Absent 128 4.61 ± 1.46 0.501±

 Present 22 4.38 ±1.86
Heart failure
 Absent 148 4.59 ± 1.51 0.408±

 Present 2 3.70 ± 0.84
Concomitant medication
 Amiodarone
  No 121 4.75 ± 1.45 0.006±

  Yes 29 3.89 ± 1.60

Table 3  Relationship between genotype and mean maintenance war-
farin dose in the training samples (n = 150)

Note: Data are presented as (mean ± standard deviation). ¥ One-way-
ANOVA. Post Hoc performed for CYP2C9 genotype: *1/*1 vs *1/*2 
(p = 0.03), *1/*1 vs*1/*3 (p < 0.001), *1/*1 vs *2/*2 (p = 0.006) 
and *1/*1 vs *2/*3 (p = 0.005), for VKORC1 genotype: GG vs GA 
(p < 0.001) and GG vs AA (p < 0.001) and for CYP4F2 genotype: CC 
vs CT (p = 0.017) and CC vs TT (p < 0.001)
CYP2C9, cytochrome P450, family 2, subfamily C, polypeptide 9; 
VKORC1, vitamin K epoxide reductase-oxidase complex subunit 1; 
CYP4F2, cytochrome P450, family 4, subfamily F, polypeptide 2

Num-
ber of 
patients

Daily warfarin main-
tenance dose (mg), 
(mean ± S.D.)

p-value

CYP2C9 genotype  < 0.001¥

 *1/*1 90 5.08 ± 1.49
 *1/*2 37 4.31 ± 1.11
 *1/*3 14 3.21 ± 0.83
 *2/*2 5 2.94 ± 1.21
 *2/*3 4 2.67 ± 0.99

VKORC1 genotype  < 0.001¥

 GG 48 5.57 ± 1.55
 GA 74 4.43 ± 1.2
 AA 28 3.27 ± 0.9

CYP4F2 genotype  < 0.001¥

 CC 59 4.05 ± 1.5
 CT 71 4.75 ± 1.27
 TT 20 5.53 ± 1.77
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Table 4  Multiple linear 
regression showing genetic and 
non-genetic factors associated 
with mean daily warfarin dose 
requirements in the training 
samples (n = 150)

Note: r = 0.771 (Pearson’s correlation of coefficient), unadjusted r2 = 0.594, adjusted r2 = 0.565 (56.5%), 
p = 0.037
Warfarin dose (mg/day) = 4.276–1.733 (VKORC1 AA)—0.942 (VKORC1 AG)–0.023 (Age) + 1.372 (BSA)–
1.450 (CYP2C9*1/*3)–1.404 (CYP2C9*2/*2, *2/*3)–0.679 (CYP2C9 *1/*2) + 0.957 (CYP4F2 TT)–0.505 
(Amiodarone) + 0.388 (CYP4F2 CT)
Variables are defined as: VKORC1 AA: Input 1 for AA genotype, otherwise zero; VKORC1 AG: Input 
1 for AG genotype, otherwise zero; Age: Input age in years; BSA: Input BSA in  m2; CYP2C9*1/*3: 
Input 1 for CYP2C9*1/*3 genotype, otherwise zero; CYP2C9*2/*2, *2/*3: Input 1 for CYP2C9*2/*2 or 
CYP2C9*2/*3 genotype, otherwise zero; CYP2C9 *1/*2: Input 1 for CYP2C9*1/*2 genotype, otherwise 
zero; CYP4F2 TT: Input 1 for CYP4F2 TT genotype, otherwise zero; Amiodarone use: Input 1 for patient 
taking amiodarone, otherwise zero; CYP4F2 CT: Input 1 for CYP4F2 CT genotype, otherwise zero
CYP2C9, cytochrome P450, family 2, subfamily C, polypeptide 9; VKORC1, vitamin K epoxide reductase-
oxidase complex subunit 1; CYP4F2, cytochrome P450, family 4, subfamily F, polypeptide 2; VIF, vari-
ance inflation factor

Predictors Unstandardized Coef-
ficients

Standardized 
coefficients

t p -value Collinearity sta-
tistics

B Std. Error Beta Tolerance VIF

(Constant) 4.276 0.985 4.340 0.000
VKORC1 AA – 1.733 0.246 – 0.447 – 7.037 0.000 0.723 1.383
VKORC1 AG – 0.942 0.190 – 0.312 – 4.964 0.000 0.738 1.354
Age (year) – 0.023 0.006 – 0.196 – 3.560 0.001 0.964 1.038
BSA  (m2) 1.372 0.461 0.169 2.975 0.003 0.902 1.108
CYP2C9*1/*3 – 1.450 0.291 – 0.279 – 4.979 0.000 0.927 1.078
CYP2C9*2/*2, *2/*3 – 1.404 0.364 – 0.221 – 3.860 0.000 0.892 1.121
CYP2C9 *1/*2 – 0.679 0.199 – 0.194 – 3.410 0.001 0.902 1.108
CYP4F2 TT 0.957 0.262 0.216 3.645 0.000 0.836 1.196
Amiodarone – 0.505 0.215 – 0.132 – 2.348 0.020 0.923 1.084
CYP4F2 CT 0.388 0.184 0.128 2.108 0.037 0.789 1.268

Table 5  Baseline characteristics of the previously warfarin pharmacogenetic algorithms selected for validation analysis

Note:  R2, coefficient of determination
BSA, Body surface area; CYP2C9, cytochrome P450, family 2, subfamily C, polypeptide 9; CYP4F2, cytochrome P450, family 4, subfamily F, 
polypeptide 2; DVT, deep vein thrombosis, HF heart failure; VR, aortic valve replacement; HTN, hypertension; INR, international normalized 
ratio; PE, Pulmonary embolism; Ref, reference; SQRT: a square root of a number; VKORC1, Vitamin K epoxide reductase-oxidase complex 
subunit 1

N Algorithm, year Population/country Equation R2 (%) Ref

1 Gage et al. 2008 Multi-ethnic/USA EXP dose (mg/d) = 0.9751–0.3238 (VKORC1) + 0.4317 (BSA)–0.4008 
(CYP2C9*3) – 0.00745 (age) – 0.2066 (CYP2C9*2) + 0.2029 (target INR) 
– 0.2538 (amiodarone) + 0.0922 (smokes) – 0.0901 (African-American 
race) + 0.0664 (DVT/PE)

53% [18]

2 Zambon et al. 2011 Caucasian/Italy SQRT dose (mg/week) = 7.39764 – 0.02734 (age) + 1.06287 (BSA) – 1.04468 
(VKORC1 AG) – 2.12117 (VKORC1 AA) – 0.78983 (CYP2C9*1*2) – 
1.17138 (CYP2C9*1*3) – 1.81292 (CYP2C9*2*2, *2*3, *3*3) – 0.46723 
(CYP4F2*1*3) – 0.71528 (CYP4F2*1*1)

65% [19]

3 Karaca et al. 2015 Middle East/Turkey EXP dose (mg/day) = 2.292 + 0.1504 (sex) − 0.09932 (age) + 0.3679 
(VR) − 0.3227 (VKORC1) + 0.1397 (concomitant drugs)

46.36% [20]

4 Bader et al. 2019 Middle East/ Qatar Dose (mg/week) = 10^ [1.674 − 0.178 (HTN) − 0.176 (HF) + 0.251 (smok-
ing) − 0.382 (VKORC1 per variant allele) − 0.33 (CYP2C9*2/*3)]

39.2% [10]

5 Namazi et al. 2010 Middle East/Iran Dose (mg/week) = – 11.4 + 0.576 (height) – 7.21 (sex) – 0.244 (age) – 9.506 
(CYP2C9) – 14.047 (VKROC1)

41.3% [21]

6 Khaleqsefat et al. 2019 Middle East/Iran SQRT dose (mg/day) = 3.42–0.02 (age) + 0.27 (HTN) – 0.62 (VKORC1 AA) 
– 0.43 (VKORC1 AG) – 0.34 (CYP2C9 *1*2 or *1*3) – 0.28 (CYP2C9 
*2*2 or *3*3 or *2*3)

39% [22]
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thus demonstrating the frequency of the CYP2C9*2 allele 
between 9 and 27% [23–25]. Likewise, the CYP2C9*3 
prevalence had been previously demonstrated in 7–10% of 
the Iranians [23, 24], and the allele frequency was found 
at 7% in our study. The VKORC1 A allele's frequency was 
found to be 44% in our study. This distribution was con-
sistent with those studied in the previous reports focusing 
on the Iranian population, which had been shown between 
36 and 56% [25, 26]. The frequency of CYP2C9*2 and 
CYP2C9*3, and VKORC1 (−1639 G > A) genotypes, as 
described in this study, were consistent with other studies 
performed in the Middle Eastern region, like Qatari [10], 
Egyptian [27], Kuwaiti [28] and Turkish [29] populations; 
it was closer to that of Caucasians, as compared to Asians 
as well as African Americans [5, 14, 30]. The prevalence 
of the CYP4F2 T allele in our study was estimated to be 
34%, which was almost similar to the previous studies on the 
Iranian population, which was between 24 and 41% [8, 9]. 
Furthermore, CYP4F2 T allele frequency was close to that 
found for Omani [31], Qatari [32], Egyptian [27], and Turk-
ish [29] populations in the Middle Eastern region; it was also 
closer to that of Caucasians (30%), as compared to African 
Americans (7%) and Asians (22%) population. [7, 33–35].

The CYP2C9 enzyme metabolizes warfarin, and a reduc-
tion in the activity of the enzyme will increase the period 
of warfarin elimination and thereby raise the blood level of 
warfarin. CYP2C9*2 and CYP2C9*3 genetic polymorphisms 
cause an extremely damaging effect on the CYP2C9 enzyme 
activity that is related to sensitivity to warfarin’s effects as 
well as the heightened risk of bleeding [36]. As expected, 
individuals who had any decreased function CYP2C9 allele 
(*1/*2, *1/*3, *2/*2, and *2/*3) were related to a signifi-
cantly lower warfarin dose, as compared to those with wild-
type genotype. These results were greatly similar to those of 
other reports on the Iranian population and those observed in 
other countries in the Middle Eastern region and worldwide.

The VKORC1 enzyme is known to be involved in vitamin 
K regeneration and warfarin targets the VKORC1 enzyme, 

as an antagonist of vitamin K. The − 1639G > A genetic vari-
ant is a single nucleotide transition in the VKORC1 promoter 
region that creates a suppressor E-box binding site that can 
change the binding site related to the transcription factor of 
the VKORC1 gene. This contributes to the reduced protein 
expression and synthesis of functional VKORC1 enzyme, 
which is significantly related to warfarin sensitivity. Simi-
lar to other studies on the Iranian population, we revealed 
that carriers of the − 1639G > A variant (AG or AA carriers) 
required considerably lower doses for warfarin, as compared 
to subjects with the wild-type genotype.

The CYP4F2 enzyme is known to be involved in the 
vitamin K main metabolization in the liver. The functional 
mechanism of warfarin involves diminishing the concen-
tration of the vitamin K that is reduced form by blocking 
the vitamin K redox cycle. Therefore, variations in the bio-
availability of vitamin K are assumed to interfere with the 
final response to the treatment done by applying warfarin. 
Regarding the CYP4F2*3 genotype, our results demon-
strated that samples with the TT genotype needed about 
1.48 mg/day more warfarin dose, as compared to patients 
with the CC allele (wild-type genotype); there was a sig-
nificant relation between this polymorphism and the dose of 
warfarin requirements in Iranian patients. However, the sig-
nificant impact of the CYP4F2*3 genetic variant on warfarin 
dose response in the Iranian-Azari population had not been 
addressed in Azarara et al. [8]. In contrast, another study 
done by Khosropanah et al. supported our data, showing that 
CYP4F2*3 polymorphism significantly impacted warfarin 
maintenance dose in Iranian patients [9].

Our warfarin dosing algorithm identified that genetic 
factors, including VKORC1(- 1639G > A), CYP2C9*3, 
CYP2C9*2, and CYP4F2*3 variants, and non-genetic 
characteristics such as age, BSA, and amiodarone use, as 
the significant determinants of warfarin dose, which could 
account for 56.5% of the variability in the warfarin dose. Our 
warfarin dosing model presented genetic factors as the most 
essential sources of the variability in warfarin's dose than 

Table 6  Performance 
comparisons of our model and 
previously published algorithms 
in the test samples (n = 50)

Note: Comparison of the performance of the presented model with several selected models based on MAE, 
MAPE, Abbreviations: MRE, and Pearson’s correlation coefficient (r) indicators using the testing data-
set. Data are presented as (mean ± standard deviation). ¥ Pearson’s coefficient. MAE mean absolute error; 
MAPE mean absolute percentage error; MRE mean relative error

Algorithm Daily warfarin dose MAE MAPE (%) MRE (%) r¥ p -value

Actual dose 4.72 ± 1.6 – – –
Present study 4.34 ± 1.27 1.04 ± 0.86 22.74 25% ± 0.09 0.607  < 0.001
Gage et al. (2008) 4.42 ± 1.93 1.40 ± 1.05 30.51 33% ± 0.13 0.528  < 0.001
Zambon et al. (2011) 4.97 ± 2.1 2.00 ± 1.72 45.83 48% ± 0.17 0.561  < 0.001
Karaca et al. (2015) 5.32 ± 1.9 1.66 ± 1.35 39.82 39% ± 0.14 0.313 0.014
Bader et al. (2019) 2.77 ± 2.52 2.55 ± 1.4 55 61% ± 0.22 0.498  < 0.001
Namazi et al. (2010) 6.64 ± 1.62 2.46 ± 1.63 64.72 59% ± 0.2 0.487  < 0.001
Khaleqsefat et al. (2019) 3.3 ± 1.64 1.79 ± 1.22 38.19 43% ± 0.15 0.475  < 0.001
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clinical factors (44.7% versus 14.7%); this was in agreement 
with the prior studies done in other countries located in the 
Middle East region as well as worldwide [10–13].

In terms of non-genetic predictor variables studied, age 
was responsible for the greatest proportion, with almost 7% 
of the variance in warfarin dose. Furthermore, BSA and the 
use of amiodarone explained 5.5% and 2.3% of the observed 
variability in the dose of warfarin, respectively.

In regard to the contribution of genetic factors to deter-
mining the warfarin dose variance, the CYP2C9*2 and 
CYP2C9*3 genotypes were found to be effective predic-
tors of warfarin dose, accounting for almost 12% of the 
variance. The predictive contribution of CYP2C9 alleles 
described 11.8% to 12.9% of the variability observed in 
warfarin's dose in Caucasians and between 1.7% and 5.4% 
in Asian populations [34–36]. In addition, we ascertained 
that VKORC1(– 1639G > A) variant was the most signifi-
cant factor influencing the warfarin dose requirements and 
could describe almost 28% of the warfarin dose variance. 
Numerous studies focusing on different ethnic groups have 
reported the VKORC1 (– 1639 G > A) variant as a major 
genetic predictor of warfarin dose in different countries, 
from Middle Eastern region, Caucasians, and Asian pop-
ulations, accounting for 11% to 34% of the variability in 
dose [5, 14]. It was also revealed that the CYP4F2*3 vari-
ant could account for almost 4% of the variability in the 
warfarin dose in our dosing algorithms, which is consistent 
with the findings reported in other countries from the Mid-
dle Eastern region, Asian and Caucasian populations, where 
the CYP4F2*3 variant contributed between 2 and 5% in the 
warfarin dose prediction [6, 7, 37].

To evaluate the performance of our population-specific 
algorithm, we compared the six warfarin dosing models with 
our warfarin dosing model in a sample of Iranian subjects. 
Finally, we found that our algorithm performed better than 
other models for our Iranian population. Iran is located in 
the Middle East region and the Iranian population's genetic 
background is an admixture of Middle Eastern, Caucasian, 
and Central Asian ancestries [38]. The Gage algorithm, as a 
diversified ethnic model, was developed on Caucasian, Afri-
can American, and Asian (Chinese and Japanese) samples, 
as well as different Middle East subjects included in the 
European class in this cohort [18]. The Zambon- algorithm 
has been developed and then validated by applying data 
from Caucasian populations (Italian) [19]. Moreover, the 
Karaca model [20] and Bader algorithm [10] were conducted 
on the Middle East samples, Turkish and Qatari patients, 
respectively. However, in this study, we observed that our 
population-specific algorithm was more fruitful when 
compared to the multi-ethnic and Caucasian algorithms or 
even the algorithms that were designed for populations that 
were genetically and geographically close to our subjects. 
This discrepancy may occur owing to such evolutionary 

processes as gene drift, fluctuations in racial definitions, 
lifestyle or social contexts, clinical determinants, migration, 
and population boundaries expansion [39]. These findings, 
in agreement with the previous reports, propose the idea 
that warfarin dosing models could be micro-geographically 
described as population-specific [10, 13, 40]. Furthermore, 
in comparison with two Iranian algorithms (Namazi algo-
rithm [21] and Khaleqsefat-model [22]), the warfarin dosing 
algorithm developed and validated in our study is different, 
mainly regarding the CYP4F2*3 polymorphism, which was 
included in our algorithm, in contrast to those which have 
been described by other Iranians authors. These results are 
in line with the previous studies, demonstrating the contri-
bution of predictive variables considered and the proportion 
explained by these factors to the fluctuation of warfarin dos-
ing even in the same ethnic population [6, 7, 12, 13].

Conclusions

The findings of the current research, thus, verified and 
heightened the function of genetic variants VKORC1(– 1639 
G > A), CYP2C9*2, CYP2C9*3, and CYP4F2*3, in addition 
to age, BSA, and amiodarone use, on the variability in war-
farin dose. By considering the significant ethnic variability 
in the response to warfarin therapy, the population-specific 
warfarin dosing algorithm can be useful to predict warfarin 
sensitivity and resistance in Iranian patients.
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