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Abstract
Background Numerous genotype-guided warfarin dosing algorithms have been developed to individualize warfarin doses, 
but they can only explain 47–52% of the variability.
Aim This study aimed to develop new warfarin algorithms suitable to predict the stable warfarin dose for the Chinese popu-
lation and to compare their prediction performance with those of the most commonly used algorithms.
Method Multiple linear regression analysis with the warfarin optimal dose (WOD), logarithm (log) WOD, 1/WOD, and 
√

WOD , respectively, as the dependent variables were performed to deduce a new warfarin algorithm (NEW-Warfarin). WOD 
was the stable dose that maintained the international normalized ratio (INR) within the target range (2.0–3.0). Three major 
genotype-guided warfarin dosing algorithms were selected and compared against NEW-Warfarin predictive performance 
using the mean absolute error (MAE). Furthermore, patients were divided into five groups according to warfarin indications 
[atrial fibrillation (AF), pulmonary embolism (PE), cardiac-related disease (CRD), deep vein thrombosis (DVT), and other 
diseases (OD)]. Multiple linear regression analyses were also performed for each group.
Results The regression equation with 

√

WOD as the dependent variable had the highest coefficient of determination 
(R2 = 0.489). The NEW-Warfarin had the best predictive accuracy compared to the three algorithms selected. Group analy-
sis, according to indications, showed that the R2 of the five groups were PE (0.902) > DVT (0.608) > CRD (0.569) > OD 
(0.436) > AF (0.424).
Conclusion Dosing algorithms based on warfarin indications are more suitable for predicting warfarin doses. Our research 
provides a novel strategy to develop indication-specific warfarin dosing algorithms to improve the efficacy and safety of 
warfarin prescribing.
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Impact statements

• Individualized precise doses of warfarin are essential.
• Developing genotype-guided indication-based warfarin 

algorithms is a novel strategy to improve the accuracy of 
warfarin dose prediction.

• This study developed five indication-specific warfarin 
dosing algorithms suitable for the Chinese population.

Introduction

As the most common oral anticoagulant, warfarin is widely 
used to prevent and treat various thromboembolic condi-
tions. These conditions include atrial fibrillation (AF), 
pulmonary embolism (PE), cardiac-related disease (CRD) 
(including rheumatic heart disease, myocardial infarction, 
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dilated cardiomyopathy, cardiac failure, and valvular heart 
disease), deep vein thrombosis (DVT), and other condi-
tions (OD) (including cerebral infarction, Budd-Chiari 
syndrome, and thrombophilia) [1]. Despite the emergence 
of new oral anticoagulants, these treatments have yet to 
replace warfarin due to the less available information on 
their safety and effectiveness. Warfarin is the only drug 
for patients with mechanical heart valve replacement [2]. 
However, warfarin has a narrow therapeutic index, a large 
individual variability, and many interactions with medi-
cines and food [3]. Physicians and pharmacists must care-
fully monitor the international normalized ratio (INR) to 
avoid bleeding and loss of therapeutic efficacy [4]. There-
fore, precise individual doses of warfarin are essential.

In recent years, investigators and clinicians have used 
pharmacogenetics to develop dosing algorithms that esti-
mate the warfarin dose requirement based on genetic and 
clinical factors, among which regression analysis is com-
monly used [5–7]. Most of these algorithms typically 
incorporate demographic, genetic, and clinical data from 
patients, such as age, body weight, height, concomitant 
drug administration, and vitamin K epoxide reductase 
complex subunit 1 (VKORC1) and cytochrome P450 fam-
ily 2 subfamily C member 9 (CYP2C9) genotypes [8, 9]. 
The genetic polymorphisms of VKORC1 and CYP2C9 are 
the most critical factors and can explain about 40% of 
the variation in inter-individual warfarin doses. Further-
more, non-genetic factors, such as age and sex, account for 
approximately 15% of the variation [10]. However, only 
around 50% of the variations in warfarin dosing can be 
explained by these algorithms that combine pharmacog-
enomic and demographic factors [11, 12]. More studies 
are needed to identify new factors related to warfarin to 
improve the precision of warfarin dose prediction.

The vast majority of the published literature on genotype-
guided warfarin dosing has been derived from populations 
of European ancestry. Although it may be reasonable to use 
algorithms derived from Europe for some populations, this 
approach is unlikely to be valid in other races. Variants can 
have different effects depending on the patient’s race/ethnic 
group, resulting in incorrect effect sizes and dose estimates. 
As such, a fundamental question arose: Can algorithms 
developed in European populations be suitable for applica-
tion in the Chinese population? Furthermore, although many 
studies have improved the precision of warfarin dose predic-
tion algorithms by including as many influencing factors as 
possible, it remains challenging to get the precision of dose 
prediction to exceed 55% [13, 14].

Aim

This study aimed to develop new warfarin algorithms suit-
able to predict the stable warfarin dose for the Chinese pop-
ulation and to compare their prediction performance with 
those of the most commonly used algorithms.

Ethics approval

This study was approved by the Ethical Review Commit-
tee of Shanxi Bethune Hospital (approval date October 16, 
2019, approval number YXLL-2019-128). Informed consent 
was obtained from patients or guardians of minors.

Method

Study population and genotyping

The same patient data from our previous study were used for 
the present investigation [15]. Patients who received war-
farin treatment and underwent genotyping tests at Shanxi 
Bethune Hospital were enrolled. Genotyping included 
VKORC1 rs9923231 and CYP2C9 rs1057910. Patients with 
a critical condition, deep coma, lack of spontaneous breath-
ing, severe organ dysfunction, or pregnancy were excluded.

For each patient, the following clinical data were col-
lected: age (years), body weight (kg), height (cm), sex (male/
female), smoking history (yes: daily smokers or occasional 
smokers; no: lifelong nonsmoker), drinking history (yes: if 
more than three times per week; no: if less than three times 
per week), hypertension (yes/no), diabetes (yes/no), thyroid 
function (normal, hyperthyroidism, hypothyroidism), con-
comitant drugs (amiodarone, omeprazole, aspirin, statins, or 
cephalosporins; yes/no), indication for treatment (AF, DVT, 
PE, CRD, and OD), and VKORC1 (rs9923231) and CYP2C9 
(rs1057910) genotypes.

Data were collected during hospitalization when the INR 
range of a patient was maintained between 2.0 and 3.0 (tar-
get INR). Patients who did not achieve a target INR during 
hospitalization were followed for two months, and their INR 
was monitored once a week. During the follow-up phase, 
clinical data were recorded when the INR reached the target 
range. The warfarin optimal dose (WOD) was defined as the 
stable dose that kept the INR within the target range during 
hospitalization or the follow-up period.

Study design

The study consisted of two stages. The first stage was 
developing a new warfarin algorithm (NEW-Warfarin) 
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suitable for application in Chinese populations using mul-
tiple linear regression. The predictive performance of the 
algorithm was compared with three published algorithms. 
The algorithm selection criteria were (1) designed to cal-
culate the maintenance dose rather than the initial dose, 
(2) the minimum acceptable number of study subjects 
was ≥ 120, and (3) established for Asian populations. The 
selection resulted in three algorithms, the International 
Warfarin Pharmacogenetics Consortium (IWPC) algo-
rithm [16], the HUANG algorithm [10], and the OHNO 
algorithm [17]. HUANG and OHNO were abbreviated 
according to the first author’s name (Huang and Ohno). 
We developed the indication-based warfarin algorithm 
(IND-Warfarin) in the second stage. Study participants 
were divided into five groups based on warfarin indica-
tion: AF, PE, CRD, DVT, or OD. Multiple linear regres-
sion analysis was performed for each group to develop the 
respective indication-based algorithm.

Statistical analyses

Univariate analysis was performed to evaluate the effects 
of certain clinical factors (i.e., sex, smoking history, and 
genotype) on WOD. Differences between dichotomous 
variables were established using an independent sample 
t-test, while differences between multiple categorical vari-
ables were examined using a one-way analysis of variance. 
Associations between WOD and continuous variables 
[e.g., body surface area (BSA)] were determined using a 
general linear model. Only variables with P < 0.05 were 
included in the multiple linear regression model. A step-
wise regression method filtered the variables (αin = 0.10, 
αout = 0.15).

In the first stage, data conversions [WOD, logarith-
mic WOD (logWOD), 1/WOD, and] 

√

WOD were per-
formed for WOD. A multiple linear regression analysis 
was performed to develop NEW-Warfarin with these 
values acting as dependent variables The primary pur-
poses were to evaluate which data conversion as the 
dependent variable yielded the highest coefficient of 
determination. Furthermore, the predictive accuracy 
among NEW-Warfarin, IWPC, HUANG, and OHNO 
was determined by calculating the mean absolute error 
(MAE;MAE =

1

n

∑n

i=1
�PDi −WODi� ) based on predicted 

dose (PD) and WOD values [18]. In the second stage, 
multiple linear regression analysis was performed for the 
five groups of patients based on different indications of 
warfarin, among which the optimal form of WOD conver-
sion determined in the first stage was set as the dependent 
variable. Comparisons of prediction accuracy and correla-
tions between NEW-Warfarin and IND-Warfarin in each 

group were conducted using MAE and Pearson’s correla-
tion coefficients between the WOD of the two algorithms.

Two-sided or one-sided statistical tests were used when 
appropriate. All analyses were performed with SPSS ver-
sion 25.0 (IBM Corporation, Armonk, NY, USA). Normally 
distributed variables were displayed as mean ± standard 
deviation (SD) values, with P < 0.05 deemed statistically 
significant.

Results

Patient characteristics

A total of 217 Shanxi Han Chinese patients who received 
therapeutic warfarin treatment were analyzed. The indica-
tions for warfarin treatment were AF (n = 47), PE (n = 13), 
CRD (n = 37), DVT (n = 73), and OD (n = 47). The mean age 
was 57.9 ± 15.3 years (range 14–84 years), the mean height 
was 164.1 ± 8.3 cm (range 145.0–190.0 cm), and the mean 
body weight was 67.0 ± 12.2 kg (range 43.0–111.0 kg). The 
frequency of the CYP2C9*1/*3 and CYP2C9*3/*3 geno-
types was 7.4%, while the frequency of the VKORC1 A/A 
and A/G genotypes was 98.6%. The demographic and clini-
cal characteristics of the study participants are summarized 
in Table 1.

Table 1  Characteristics of study participants (n = 217)

CYP2C9: cytochrome P450 family 2 subfamily C member 9; 
VKORC1: vitamin K epoxide reductase complex subunit 1

Variables Range Mean ± SD

Age (years) 14.0–84.0 57.9 ± 15.3
Height (cm) 145.0–190.0 164.1 ± 8.3
Weight (kg) 43.0–111.0 67.0 ± 12.2
Female (%) 120 (55.3%)
Indication for treatment
 Atrial fibrillation (AF) 47 (21.7%)
 Deep vein thrombosis (DVT) 73 (33.6%)
 Cardiac related disease (CRD) 37 (17.1%)
 Pulmonary embolism (PE) 13 (5.9%)
 Other diseases (OD) 47 (21.7%)

Genotype
 CYP2C9*1/*1 201 (92.6%)
 CYP2C9*1/*3 14 (6.5%)
 CYP2C9*3/*3 2 (0.9%)
 VKORC1 A/A 171 (78.8%)
 VKORC1 A/G 43 (19.8%)
 VKORC1 G/G 3 (1.4%)
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A new warfarin dosing algorithm (NEW‑Warfarin)

Multiple regression analysis showed that the regres-
sion equation taken 

√

WOD as the dependent variable 
had the highest coefficient of determination (R2 = 0.489). 
The regression equation is shown as follows: 

√

WOD 
= 1.479 + 0.391 × (VKORC1 A/G) + 0.782 × (VKORC1 
G/G) + 0.006 × body weight (kg) − 0.091 × concurrent 
arrhythmia status −  0.254  ×  ( CYP 2C9 *1/*3) − 0.508 × (C
YP2C9*3/*3) − 0.002 × age (years) + 0.138 × aspirin sta-
tus − 0.102 × AF − 0.125 × CRD + 0.072 × PE − 0.128 × OD. 
This algorithm explained 48.9% of the inter-individual 
variation in WOD: the VKORC1 genotype (28.9%), the 
body weight (5.8%), concurrent arrhythmia status (6.0%), 
CYP2C9 genotype (4.4%), warfarin indication (2.4%), age 
(0.7%), and aspirin status (0.7%). Where 1 = with a cor-
responding genotype, otherwise 0; 1 = with a concurrent 
arrhythmia status, otherwise 0; 1 = patient taking aspirin, 
otherwise 0; 1 = patient indication for warfarin was AF, 
CRD, PE, or OD, otherwise 0. The VKORC1 (rs9923231) 
genotype (A/A → A/G → G/G), body weight, concurrent 
application of aspirin (no → yes), and warfarin PE indica-
tion had a significantly positive correlation with 

√

WOD In 
contrast, concurrent arrhythmia status (no → yes); CYP2C9 
(rs1057910) genotype (*1/*1 → *1/*3 → *3/*3), age; and 
warfarin indication (AF, CRD, or OD) had a significantly 
negative correlation.

The warfarin PD algorithm is as follows: PD (mg/d) 
= [1.479 + 0.391 × (VKORC1 A/G) + 0.782 × (VKORC1 
G/G) + 0.006 × body weight (kg) − 0.091 × concurrent 
arrhythmia status −  0.254  ×  ( CYP 2C9 *1/*3) − 0.508 × 
(CYP2C9*3/*3) − 0.002 × age (years) + 0.138 × aspi-
rin status −  0.102  × AF  − 0.12 5 × C RD + 0. 072  × PE −  
0.128 ×  OD]2. The MAE analysis that rank ed  the  predictive 
accuracy among  th e f our a lgo rit hms in descending order  
is  as  fol lows:  NEW-Wa rfarin > OHNO >  IW PC  > HUANG 
(Table  2) .

Warfarin algorithms based on indications 
(IND‑Warfarin)

According to warfarin indications, multiple linear regres-
sion showed that warfarin PE indication had the highest 
coefficient of determination (R2 = 0.902). The ranking of 
the coefficient of determination for the other four indica-
tion groups was DVT (R2 = 0.608) > CRD (R2 = 0.569) > OD 
(R2 = 0.436) > AF (R2 = 0.424). Each multiple linear regres-
sion equation contained different influencing factors: four 
variables (VKORC1, smoking history, drinking history, and 
sex) for PE, five variables (VKORC1, CYP2C9, body weight, 
concomitant aspirin, and hypertension) for DVT, five varia-
bles (CYP2C9, body height, age, VKORC1, and concomitant 
statins) for CRD, three variables (VKORC1, sex, and age) for 
OD, and two variables (VKORC1 and body weight) for AF. 

 T abl e 2   The predictiv e p erf orm anc e o f w arf arin dose algorithms

OHNO, IWPC, and HUANG represent three algorithms from different references. OHNO and HUANG are abbreviated according to the first 
author’s name, and IWPC is abbreviated according to the organization’s name. The algorithm formulas were modified from weekly dosage to 
daily dosage. Age: years; age*: decades; BSA#: body surface area (DuBois formula); BSA# calculation: 0.007184 × height (cm)0.725 × weight 
(kg)0.425; BSA$: body surface area (Wen-Sheng Xu); BSA$ calculation: 0.0061 × height (cm) + 0.0128 × weight (kg) − 0.1529. For genotype, 1 
was assigned for a corresponding genotype or 0 was assigned otherwise; for concurrent arrhythmia status, 1 was assigned for a patient concur-
rent arrhythmia status or 0 was assigned otherwise; for aspirin status, 1 was assigned for a patient taking aspirin or 0 was assigned otherwise; 1 
was assigned if the patient's indication for warfarin was AF, CRD, PE or OD or 0 was assigned otherwise; race was assigned according to the 
self-report; for enzyme-inducer status, 1 was assigned otherwise for a patient taking carbamazepine, phenytoin, rifampin, or rifampicin or 0 was 
assigned otherwise; for amiodarone status, 1 was assigned otherwise for a patient taking amiodarone or 0 was assigned otherwise. CYP2C9: 
cytochrome P450 family 2 subfamily C member 9; VKORC1: vitamin K epoxide reductase complex subunit 1; IWPC: International Warfarin 
Pharmacogenetics Consortium; MAE: mean absolute error; PD: predicted dosage; WOD: Warfarin optimal dose; MAE =

1

n

∑n

i=1
�PDi −WODi�

Algorithms Equations MAE (mean ± SD) Ranking

NEW-Warfarin
n = 217 (Chinese)

Dose (mg/d) = [1.479 + 0.391 × (VKORC1 A/G) + 0.782 × (VKORC1 
G/G) + 0.006 × body weight (kg) − 0.091 × concurrent arrhythmia sta-
tus − 0.254 × (CYP2C9*1/*3) − 0.508 × (CYP2C9*3/*3) − 0.002 × age (years) + 0.138 × aspi-
rin status − 0.102 × AF − 0.125 × CRD + 0.072 × PE − 0.128 ×  OD]2

0.68 ± 0.67 1

OHNO [17]
n = 125 (Japanese)

Dose (mg/d) = 2.263 + 4.248 × (VKORC1 G/G) + 1.067 × (VKOCR1 A/G) − 2.416 × (CYP2C9*
3/*3) − 0.864 × (CYP2C9*1/*3) + 1.308 × BSA# − 0.025 × age

0.72 ± 0.76 2

IWPC [16]
n = 4043
(Caucasian 2233)
(Asian 1229)
(Black 353)
(Mixed 228)

Dose (mg/d) = [(5.6044 − 0.02614 × age* + 0.0087 × height (cm) + 0.0128 × weight 
(kg) − 0.8677 (VKORC1 A/G) − 1.6974 × (VKORC1 A/A) − 0.4854 × VKORC1 genotype 
unknown − 0.5211 × (CYP2C9*1/*2) − 0.9357 × (CYP2C9*1/*3) − 1.0616 × (CYP2C9*2/
*2) − 1.9206 × (CYP2C9*2/*3) − 2.3312 × (CYP2C9*3/*3) − 0.2188 × CYP2C9 genotype 
unknown) − 0.1092 × Asian race − 0.2760 × Black or African − American − 0.1032 × missing 
or mixed race + 1.1816 × enzyme inducer status − 0.5503 × amiodarone status)2]/7 (d)

0.73 ± 0.80 3

HUANG [10]
n = 266 (Chinese)

Dose (mg/d) = exp [0.727 − 0.007 × age + 0.384 ×  BSA$ + 0.403 × (VKORC1 
G/A) + 0.554 × (VKORC1 G/G) − 0.482 × (CYP2C9*1/*3) − 1.583 × (CYP2C9*3/*3)]

0.76 ± 0.81 4
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Table 3  Summary of indication-based warfarin dose-prediction algorithms

PE: pulmonary embolism; DVT: deep vein thrombosis; CRD: cardiac-related disease (i.e., rheumatic heart disease, myocardial infarction, dilated 
cardiomyopathy, cardiac failure, and valvular heart disease); OD: other diseases (e.g., cerebral infarction, Budd–Chiari syndrome, or thrombo-
philia); AF: atrial fibrillation. For genotype 1 was assigned for a corresponding genotype or 0 was assigned otherwise; for aspirin/statin status, 
1 was assigned otherwise for a patient taking aspirin or statin or 0 was assigned otherwise; for sex, 1 was assigned for men and 0 was assigned 
for women; for hypertension, 1 was assigned for a history of hypertension or 0 was assigned otherwise; for smoking/drinking history, 1 was 
assigned for yes and 0 was assigned no. CYP2C9: cytochrome P450 family 2 subfamily C member 9; VKORC1: vitamin K epoxide reductase 
complex subunit 1

Indication Sample size Equations R2

PE 13 Dose (mg/d) = [1.209 + 0.491 × (VKOCR1 A/G) + 0.982 × (VKOCR1 G/G) + 1.060 × smoking his-
tory − 0.709 × drinking history + 0.492 ×  sex]2

0.902

DVT 73 Dose (mg/d) = [1.296 + 0.405 × (VKOCR1 A/G) + 0.810 × (VKOCR1 G/G) − 0.304 × (CYP2C9*1/*3) − 0.608 ×  
(CYP2C9*3/*3) + 0.007 × weight (kg) + 0.304 × aspirin status + 0.375 ×  hypertension]2

0.608

CRD 37 Dose (mg/d) = [0.032 − 0.369 × (CYP2C9*1/*3) − 0.738 (CYP2C9*3/*3) + 0.013 × Height (cm) − 0.008 × age 
(years) + 0.298 × (VKOCR1 A/G) + 0.596 × (VKOCR1 G/G) − 0.145 × statins  status]2

0.569

OD 47 Dose (mg/d) = [2.189 + 0.432 × (VKOCR1 A/G) + 0.864 × (VKOCR1 G/G) − 0.319 × sex − 0.007 × age (years)]2 0.436
AF 47 Dose (mg/d) = [1.213 + 0.405 × (VKOCR1 A/G) + 0.810 × (VKOCR1 G/G) + 0.006 × weight (kg)]2 0.424

Fig. 1  Statistical correlations and differences between WOD and PD 
derived from NEW-Warfarin and IND-Warfarin in the five indica-
tion groups (**P < 0.01). A Pulmonary embolism indication group; B 
Cardiac-related disease indication group; C Other diseases indication 
group; D Atrial fibrillation indication group; E Deep vein thrombosis 

indication group. WOD: warfarin optimal dose; PD: predicted dose; 
NEW-Warfarin: new warfarin algorithm; IND-Warfarin: indication-
based warfarin algorithm; MAE: mean absolute error; (r): Pearson’s 
correlation coefficient



736 International Journal of Clinical Pharmacy (2023) 45:731–738

1 3

The respective warfarin PD algorithms based on indications 
are summarized in Table 3.

Statistical correlations and differences between WOD 
and PD derived from the NEW-Warfarin and IND-Warfarin 
algorithms are shown in Fig. 1. The IND-Warfarin algorithm 
had better accuracy and correlation between WOD and PD in 
the PE, CRD, OD, and AF groups than the NEW-Warfarin 
algorithm. In contrast, the NEW-Warfarin algorithm had bet-
ter accuracy and correlation between the two values for the 
DVT group.

Discussion

Numerous genotype-guided warfarin dosing algorithms 
have been developed to reduce the adverse effects of war-
farin [18, 19]. Approximately 50% of warfarin dose varia-
tions can be explained by these dosing models incorporat-
ing genetic and non-genetic factors [11]. Several studies 
evaluated the performance of genotype-guided warfarin 
dosing algorithms in populations of Asian ancestry. The 
performance of algorithms (R2) ranges from 34 to 67% 
[20–23]. VKORC1 (rs9923231), CYP2C9 (rs1057910), 
age, BMI, and concomitant amiodarone were associated 
with 37.0% of individual variations in the daily stable 
warfarin dose in older Han Chinese patients (≥ 65 years 
of age) [24]. A Chinese-specific pharmacogenetic-
guided warfarin dosing algorithm that included VKORC1 
(rs9923231), CYP2C19 (rs1057910), age, and BSA, could 
explain 54.1% of the variance in warfarin doses in Han 
Chinese patients [10]. We developed the NEW-Warfa-
rin algorithm using multiple linear regression analysis. 
Seven factors [VKORC1 (rs9923231), weight, concur-
rent arrhythmia status, age, CYP2C9 (rs1057910), aspirin 
status, and indication] were included. The coefficient of 
determination (R2) was 0.489. VKORC1 (rs9923231) and 
the concurrent arrhythmia status were strongly associated 
with interindividual variability in the warfarin mainte-
nance dose, accounting for 28.9% and 6.0%, respectively. 
Meanwhile, body weight and CYP2C9 (rs1057910) could 
explain approximately 5.8% and 4.4% of individual dif-
ferences in daily stable dose, less than in previous studies 
[10, 24]. The type of warfarin indication contributed 2.4% 
to interindividual variability, while age or aspirin status 
could explain 0.7% of individual differences in the stable 
daily dose. Two new influencing factors (aspirin status and 
warfarin indication) were included in the NEW-Warfarin 
algorithm, which could contribute to the higher coefficient 
of determination (R2 = 0.489) compared to the previous 
study (R2 = 0.370) [24].

According to the guidelines, warfarin and aspirin are 
restricted to limited patients [25, 26]. However, 20% of 
patients taking warfarin for any indication receive aspirin 

inappropriately in daily practice [27]. These patients 
often have more comorbidities, shorter time in the warfa-
rin therapeutic range, and higher bleeding rates. The use 
of combination therapy appears to occur due to multiple 
comorbidities. More studies are needed to fully explore 
whether increases in warfarin doses are due to various 
comorbidities. The NEW-Warfarin algorithm showed that 
indication was another factor significantly associated with 
warfarin dose. The result is similar to a previous study, 
which shows that, “warfarin dosing according to the 
genotype-guided algorithm is most beneficial in patients 
with atrial fibrillation” [28]. In addition, some research-
ers have established a warfarin dose prediction model for 
Chinese patients with venous thromboembolism using the 
VKORC1 and CYP2C9 genotypes and clinical variables 
[29]. Developing genotype-guided warfarin algorithms 
for each disease may be a novel strategy to improve dose 
prediction accuracy.

To improve the accuracy of prediction, we developed 
algorithms based on five common indications. The PE 
group (n = 13) had the highest coefficient of determination. 
However, the size of the PE group was relatively small, and 
the model equation was inevitably biased. Four variables 
(VKORC1, smoking history, drinking history, and sex) were 
included in the final regression model. VKORC1 and sex 
have been reported to be standard variables associated with 
warfarin doses in Chinese populations and could be used 
to predict warfarin dosing. However, smoking and drink-
ing history are rarely present in genotype-guided warfarin 
algorithms. Although mechanistic research is understand-
ably limited, these findings are consistent with previous 
studies that alcohol intake or smoking is known to increase 
or inhibit warfarin effects, respectively [30]. A larger group 
of independent patients is required to validate our algorithm 
in the future.

Five variables (VKORC1, CYP2C9, body weight, aspirin 
status, and hypertension status) were included in the final 
regression model of the DVT group. Concurrent application 
of aspirin (explaining 3.9% of individual differences) and 
hypertension status (explaining 4.1% of individual differ-
ences) were new factors significantly associated with warfa-
rin dose in DVT patients. Meanwhile, statin status (explain-
ing 4.5% of individual differences) was a new factor filtered 
into the regression equation in the CRD group. VKORC1, 
sex, and age were included in the regression model of the 
OD group, while VKORC1 and body weight were included 
in the regression model of the AF group. These factors are 
common variables associated with the warfarin dose require-
ments in Chinese populations. Our results support that the 
factors influencing warfarin doses change with warfarin indi-
cations. In addition, algorithms established based on war-
farin indications have different degrees of prediction accu-
racy. Knowing these factors can help improve the quality 
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and safety of warfarin treatment since prior identification 
of warfarin sensitivity is essential to avoid exposure to high 
doses and mitigate an excessive risk of anticoagulation.

The predictive accuracy between NEW-Warfarin, IWPC, 
HUANG, and OHNO was compared by calculating MAE 
based on PD and WOD values. NEW-Warfarin had the low-
est MAE (0.68 mg/day). OHNO (0.72 mg/day) was slightly 
more accurate than IWPC (0.73 mg/day), which is consist-
ent with a previous report that OHNO is close to IWPC 
and can be effectively implemented in Asian populations 
[18]. NEW-Warfarin showed better performance than the 
other algorithms because the frequency and effect of variants 
may differ based on race/ethnicity. The frequency of the A 
allele of VKORC1-1639 in Asian populations is substantial 
(90%) compared to other race/ethnic groups, which partially 
explains the reduced requirements for warfarin doses in 
Asian patients [31]. The distribution of the CYP2C9 geno-
type in the Han Chinese population is significantly differ-
ent from that of Africans, Caucasians, and South and West 
Asians [32]. The NEW-Warfarin algorithm has been tested 
in the same population in which it was developed [15], prob-
ably increasing its validity.

Pearson’s correlation and MAE analyses showed that the 
IND-Warfarin algorithm had better precision and correla-
tion between WOD and PD in the PE, CRD, OD, and AF 
groups. Theoretically, it should also be more predictive than 
TRA-Warfarin for patients with all indications. However, in 
the DVT group, NEW-Warfarin was more accurate in pre-
dicting WOD. DVT was the primary indication of warfarin 
among all thromboembolic events, with the highest preva-
lence among older and obese populations. The finding could 
explain why body weight was filtered into the regression 
model. The risk of DVT is known to increase dramatically 
above the age of 45 [30]. Age is an important variable, and 
older patients show increased sensitivity to warfarin [33]. 
The clinical conditions most closely associated with DVT 
are surgery, trauma, malignancy, prolonged immobility, 
pregnancy, congestive heart failure, varicose veins, obe-
sity, advanced age, and a history of DVT. The complex and 
diverse pathogenic factors of DVT can make it challenging 
to capture all related factors that significantly affect the war-
farin dose in our research.

This study has several limitations. First, some covariates 
associated with variation in warfarin dose (e.g., surgery or 
trauma, malignancy, or prolonged immobility) were not 
evaluated. Second, when performing a group analysis, this 
study was limited by its small size and relatively genetically 
homogeneous patient population. In particular, the size of 
the PE group was relatively small, and the model equation 
was inevitably biased. Therefore, a larger group of independ-
ent patients would be required to validate our algorithm, 
preferably recruited in multicenter studies, to minimize 
study bias. This may allow the model to be accepted more 

widely and used safely. However, the IND-Warfarin algo-
rithm based on warfarin indications could constitute a new 
dose adjustment strategy for clinicians to prescribe warfarin.

Conclusion

Dosing algorithms based on warfarin indications are more 
suitable for predicting warfarin doses. Our research provides 
a novel strategy to develop indication-specific warfarin dos-
ing algorithms to improve the efficacy and safety of warfarin 
prescribing.
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