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Purpose: Warfarin is usually used in a fixed loading dose regimen, which may increase the risk of bleeding or prolong the time to 
reach standard dose. The aim of the study is to compare the efficacy and safety of loading dose versus maintenance dose of warfarin 
therapy in postpartum women with pulmonary embolism (PE) under the guidance of clinical pharmacogenetic information.
Patients and Methods: A total of 64 postpartum women with PE were recruited from September 2022 to August 2023. Participants 
were randomly divided 1:1 into two groups using a random-number table patients in the experimental group received a regimen 
combining the initial 1 to 3 days loading dose with the International Warfarin Pharmacogenetics Consortium (IWPC) model. Patients 
in the control group only received a regimen guided by the IWPC model for the initial 1 to 3 days. Starting from day 4, the warfarin 
dose was adjusted according to the international normalized ratio (INR). The primary outcome was first time to therapeutic INR 
(2.0–3.0).
Results: The study found that the median time to first reach the therapeutic INR was 5.5 days in the experimental group compared to 7 
days in the control group (p=0.002). The median time within therapeutic range (TTR) was 97.24% in the experimental group compared 
to 95.50% in the control group (p=0.001). The difference in adverse events showed no statistical significance between the two groups 
(P > 0.05).
Conclusion: The study could provide ideas for the precise treatment of warfarin in postpartum women with PE. The integration of 
warfarin loading doses guided by pharmacogenetics into clinical practice can enhance decision-making, optimize patient outcomes, 
and reduce adverse events.
Keywords: warfarin, loading dose, maintenance dose, IWPC, postpartum women

Introduction
Postpartum women face a significantly increased risk of pulmonary embolism (PE) during pregnancy and the puerperium 
compared to non-pregnancy, and it is a direct cause of in-hospital mortality in postpartum women.1,2 Warfarin is the only 
oral anticoagulant recommended by the American College of Obstetricians and Gynecologists in women who are 
breastfeeding weeks postpartum.3,4 Warfarin is recommended because it has not been detected in breastmilk and is 
unlikely to be excreted into breastmilk due to being nonlipophilic, polar, and highly protein bound.5 A number of factors 
could influence the therapeutic dose of warfarin, and there is individual variability, making it challenging to determine 
the appropriate initial and maintenance dose.6 In 2007, the Food and Drug Administration added pharmacogenetic 
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information to the warfarin product label.7 In 2010, they recommend using genotype stratification tables for estimating 
the precise dose of warfarin, including two genes—cytochrome P450, family 2, subfamily C, polypeptide 9 (CYP2C9), 
and vitamin K epoxide reductase complex, subunit 1 (VKORC1).7 CYP2C9 and VKORC1 gene polymorphisms 
explained approximately 40% of the individual variation in warfarin dose in terms of pharmacokinetics and pharmaco
dynamics, respectively.8 Furthermore, it has been suggested that interactions between warfarin and breastfeeding may 
also lead to an increased need for warfarin.9

A large number of randomized controlled trials have demonstrated that the stable dose of warfarin predicted by gene- 
directed prediction models is more closely related to the actual stable dose, but the selection of the initial dose remains 
controversial.10,11 The American College of Chest Physicians recommends that starting warfarin therapy at a fixed 
loading dose of 10 mg per day for the first 2 days rather than starting at a dose predicted by pharmacogenetic 
information.12 The American Heart Association/American Stroke Association recommends that the initial dose of 
warfarin should be guided by pharmacogenetic information (CYP2C9 and VKORC1 genotypes).13 In contrast, the 
European Pharmacogenetics in Anticoagulation Therapy consortium study showed that the modified IWPC dosing 
algorithm tended to underestimate the actual dose.14 Warfarin dosing has remained largely empirical in China, whereby 
patients are initiated on fixed doses and titrated based on INR measurements during the first few weeks of therapy.15 

A meta-analysis has revealed that VKORC1-1639 GG, GA, and G carriers required a 101% (53.0–149.0%), 40% 
(36.0–45.0%) and 38% (35.0–42.0%) higher mean daily warfarin dosage, respectively, than VKORC1-1639 AA carriers. 
Approximately 90% of the Chinese population carries VKORC1 variant alleles.16 There are few prospective studies on 
the pharmacogenetic information about warfarin in postpartum women, and even fewer clinical studies on the develop
ment of loading doses. Therefore, how to quickly and accurately determine the starting dose of warfarin, shorten the 
dosage adjustment cycle, and make the patient’s international normalized ratio (INR) quickly reach the standard level 
with security is the primary problem for clinicians. The aim of this study is to evaluate the safety and efficacy of 
initiating warfarin therapy in postpartum women with PE by pharmacogenetic-guided loading dose compared to 
pharmacogenetic-guided maintenance dose. This will provide reference for the precise dosage of warfarin.

Materials and Methods
Study Design
Ethical approval for this prospective, randomized, double-blind study was obtained from the Ethics Committee of 
Shanghai Sixth People’s Hospital (approval number: 2021–220-(1)) and registered in the Chinese Clinical Trial 
Registry (ChiCTR2200063325). This trial was performed in accordance with the Declaration of Helsinki, and written 
informed consent was obtained from all subjects before they participated in the study. The flowchart of the study design 
is shown in Figure 1. The study included 64 postpartum women with PE from the Critical Care Maternity Center. All 
participants were ≥18 years old and had confirmed PE by computed tomography pulmonary angiography. Patients 
meeting the criteria were randomly divided 1:1 into experimental (pharmacogenetic-guided loading dose group) and 
control (pharmacogenetic-guided maintenance dose group) groups to receive physician-guided warfarin dosing to obtain 
a target INR window between 2.0 and 3.0. The trial protocol was blinded to patients, investigators who assessed 
treatment endpoints and analyzed data, and was unblinded to the primary care physician.

Study Participants
Sample size: The participants of the study were post-partum patients with PE who were treated at the Shanghai Sixth 
People’s Hospital from September 2022 to August 2023, which is a critical care center for postpartum women and 
affiliated with six different hospitals. PE happened within 3 days after the delivery and the patient was admitted to the 
hospital within 24 hours. Patients’ demographics, laboratory data, clinical characteristics etc. were collected right away. 
All participants breastfed normally after giving birth. Referring to previous literature and combining the results of the 
pre-trial with small samples, the time to reach therapeutic INR in the experimental group was at least 5 days lower than 
that in the control group. In accordance with the principles of superiority trial design, a superiority cut-off value of 3 days 
was set based on the results of previous studies.11 Using the Superiority by a Margin Tests for the Difference Between 
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Two Means process through PASS 15.0 software, the time to reach the therapeutic INR for the two groups was set at 2.5, 
α= 0.05, and the degree of certainty = 0.9, and 28 cases were calculated for each group. Considering a 10% lost to 
follow-up, a total sample size of 62 cases was required finally.

Inclusion criteria: 1) age ≥18 years, no history of smoking or drinking; 2) puerperium; 3) diagnosis of PE confirmed 
by computed tomography pulmonary angiography within 1–3 days after delivery, and all postpartum women with PE 
were admitted to the hospital within 24h from onset of the disease, and clinical data were complete; 4) oral warfarin 
anticoagulation was initiated during the hospitalization period, and the anticoagulant therapy of warfarin exceeded 3 
months, and maintained a stable dose (Consistent with the same oral dose for at least 2 outpatient follow-up visits and 
with an interval of ≥ 7 days); 5) written informed consent signed by both patients and their family members.

Exclusion criteria: 1) past history of warfarin application; 2) with active bleeding; 3) with comorbid hematologic or 
coagulation abnormalities; 4) with severe infections, malignant tumors, severe hepatic or renal insufficiency, and chronic 
cardiorespiratory diseases; 5) taking medications such as aspirin, amiodarone, or rifampicin, which can affect warfarin’s 
pharmacodynamics or pharmacokinetics, as well as other anticoagulant medications; 6) with a baseline INR ≥ 1.5; 7) 
INR consistently not reached target value during hospitalization and follow-up, with target INR value defined as 
2.0–3.0; 8) poor adherence, and for various reasons patient is unable to continue the clinical trial.

Genotype Detection
Sample preparation: A disposable vacuum blood collection tube was used to collect 2–3 mL of peripheral venous blood 
upon admission from both groups of subjects, and the samples were anticoagulated with EDTA. Genotype testing for 
CYP2C9 and VKORC1 was performed within 24h.

Testing procedure: The sample (200 µL) was transferred to a 1.5-mL centrifuge tube, and 1.2 mL of the 1X NH4Cl 
pre-treatment solution was subsequently added. The tube was then gently inverted 10 times and incubated at room 
temperature for 5 minutes until the liquid turned into a clear red color. The tube was subsequently centrifuged at 
3000 rpm (approximately 500–700 × g) for 5 minutes. The supernatant, consisting of a clear red liquid, was carefully 

Figure 1 Flow chart of study design. 
Abbreviation: IWPC, International Warfarin Pharmacogenetics Consortium.
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removed, and 1 mL of 1 × NH4Cl solution was added to fully resuspend the leukocytes that had settled at the bottom of 
the tube. After centrifugation at 3000 rpm (or 500–700 xg) for 5 minutes, the supernatant was carefully removed, and 
30–50 µL of nucleic acid purification reagent (Yaojinbao, Beijing Huaxia Times Gene Technology Co., Ltd., China) was 
added to the tube. The contents were then mixed thoroughly by repeated pipetting. The tube was maintained at room 
temperature for a duration of 30 minutes, during which it was shaken and mixed twice. Then, 4 µL of the prepared 
sample was added to the Sequencing Reaction Universal Kit for gene testing (Beijing Huaxia Times Gene Technology 
Co., Ltd). The mixture was thoroughly combined and subsequently analyzed using a micro-fluorescence detector (Fluotec 
48E, Tianlong Technology).

Procedures
The warfarin dose was calculated in reference to the International Warfarin Pharmacogenetics Consortium (IWPC) 
warfarin prediction model formula (http://www.warfarindosing.org).17 This formula involved CYP2C9*3 (1075A>C) 
and VKORC1 (1639G>A) genotypes, as well as clinical factors such as age, height, and weight. Patients in the 
experimental group received a regimen combining the initial 1 to 3 day loading dose with IWPC dose prediction 
model. Based on pre-experiments and previous literature, the loading dose was defined as 1.5 times the predicted dose of 
IWPC.18 Patients in the control group only received a regimen guided by the IWPC dose prediction model for the initial 
1 to 3 days. Starting on day 4, INR value was monitored at 8 a.m. daily, and the dose of warfarin was adjusted according 
to INR values at 1 p.m. daily. INR values were rechecked every 1 to 3 days in postpartum women with PE during 
hospitalization. After a therapeutic INR has been achieved on 2 consecutive occasions, the measurement interval was 
extended; if there was a significant abnormality of INR, additional measurements should be taken promptly. Patients in 
both groups were enrolled and injected with LMWH (Sanofi Aventis Pharmaceuticals Ltd., Beijing, China) subcuta
neously twice a day (6000 IU) at the same time. Patients could discontinue low molecular weight heparin after they 
reached therapeutic INR for the first time. Patients were counseled on warfarin medication at discharge. Instruct the 
patient to try to avoid foods rich in vitamin K such as spinach, egg yolks, tomatoes and mangoes. Patients were followed 
up for 3 months and INR values, daily dose of warfarin, and adverse events (INR>4 and bleeding events) were recorded.

Outcome Measures
Primary outcome: 1) Time to reach therapeutic INR for the first time.
Secondary outcomes: 1) Stable dose of warfarin and time to reach stable dose; 2) INR percentage of time within 
therapeutic range (TTR); and 3) INR >4 or adverse events such as bleeding. Severe bleeding was defined as that which 
resulted in a decreased hemoglobin of 2 g/d L, the need for a 2U red blood cell transfusion, or bleeding from vital organs 
or fatal bleeding (eg, intracranial hemorrhage, subdural hemorrhage, retro-peritoneal hemorrhage, joint hemorrhage, and 
intrapericardial hemorrhage). Minor bleeding was defined as bleeding from other sites such as nosebleeds, gum bleeding, 
skin bleeding, hematuria, etc. (Once bleeding occurs, immediately discontinue warfarin, vitamin K1, and coagulation 
factor replacement therapy, and provide blood transfusion support. Monitor INR every 4 to 6 hours until stable. If the 
bleeding is non-life-threatening and anticoagulation is necessary, therapy may be cautiously restarted several days to 
weeks after bleeding has stopped, initially using low molecular weight heparin as a bridge).19

Statistical Analysis
Data were analyzed by SPSS v26.0 (IBM, Armonk, NY, USA), Prism v8.0 (GraphPad, San Diego, CA, USA) and HKU 
AF CAL software. Continuous variables are summarised as mean±SD or median (IQR) according to distribution. 
Comparisons of descriptive statistics between groups for continuous variables were analyzed using the independent 
samples t-test and the Mann–Whitney U-test (when data were not normally distributed). We performed Shapiro–Wilk 
normality tests on data and visualized the results using Q-Q plots and histograms. Based on the test results and visual 
inspection, we selected either parametric test method or nonparametric test method for analysis. The Levene test yielded 
non-significant results (p > 0.05), and the residual plot showed no evident pattern of heteroscedasticity, indicating that the 
assumption of homogeneity of variances was satisfied. A χ2 test or Fisher’s exact test was used to analyze categorical 
data, described as frequencies (percentages). Results of event occurrence over time were shown by Kaplan–Meier curves, 
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and a Log rank test was performed to compare survival curves. The degree of association is expressed as odds ratio (OR) 
and its 95% confidence interval (95% CI), with a test level typically considered to be 0.05. P < 0.05 (two-sided) indicates 
statistically significant differences.

Results
Study Subjects
There were 4 cases excluded from the analysis among the 64 patients who met the inclusion criteria. There were 2 cases 
that consistently failed to achieve the target INR during hospitalization, 1 case that switched to another anticoagulant 
midway, and 1 case that was lost to follow-up. A total of 60 patients were included in the final analysis, 30 cases in the 
experimental group and 30 cases in the control group. A Hardy–Weinberg equilibrium test was performed for the 
genotype distribution of CYP2C9*3 (1075A>C) and VKORC1 (1639G>A). Both CYP2C9*3 (1075A>C) and VKORC1 
(1639G>A) were tested for Hardy-Weinberg equilibrium (χ2 = 0, P = 1; χ2 = 0.12, P = 0.94), and the samples were 
representative. The genotype distributions of two groups in this study were similar to those described in the previous 
literature,20,21 as shown in Figure 2.

The demographic information, clinical baseline characteristics, and genotype distribution of the patients are shown in 
Table 1, and the baselines of postpartum women in both groups were essentially equal.

Primary Outcome
In the treatment analysis, the median time to first reach therapeutic INR was 5.5 days in the experimental group and 7 
days in the control group, and the difference was statistically significant (P=0.002), as shown in Figure 3A. The 
postpartum women in the experimental group reached the stable dose faster than the control group (P=0.005), as 
shown in Figure 3B. The trend of mean INR was similar in both groups, which increased rapidly in the first 10 days 
and then declined slowly to remain within the target range, as in Figure 4A. For the two groups, the difference between 
the mean INR was greatest at D5-D10 after the initiation of anticoagulation therapy, and became gradually non- 
significant during the follow-up period, as shown in Figure 4A.

Secondary Outcome
It was shown that TTR increased as time passed in both experimental and control groups. Starting from D4, the difference in 
TTR of two groups began to become significant (P=0.028). During the 3-month follow-up period, the TTR of the 
experimental group was consistently higher than that of the control group, and the difference was statistically significant 
(P=0.001), as shown in Table 2, Figure 4B. In addition, the postpartum women in the experimental group reached the stable 
dose faster than the control group (P=0.005), and the median of daily stable dose in both groups was 4.375 mg, as shown in 
Table 3, Figure 3B. The hospitalization time and hospitalization cost of the two groups are shown in Table 3, and there is no 

Figure 2 Frequency of CYP2C9*3 (1075A>C) and VKORC1 (1639G>A) genotype distribution.
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statistically significant difference (P>0.05); however, compared with the control group, the experimental group can shorten 
the hospitalization time and hospitalization cost in some degree. A total of 3 bleeding events (2 cases in the experimental 
group and 1 case in the control group) were identified throughout the study. Among them, there were 2 cases of mild bleeding 
events (1 case in the experimental group and 1 case in the control group), and 1 case of severe bleeding events (1 case in the 
experimental group, with an unexplained decrease in hemoglobin of 2 g/d L). The differences in bleeding events and adverse 
events such as INR > 4 between the two groups were not statistically significant (P > 0.05).

Discussion
Different from previous studies, the present study compared a pharmacogenetic-guided loading dose (1.5 times of 
the maintenance dose) combined with maintenance dose regimen versus a pharmacogenetic-guided maintenance 
dose regimen for the first time in postpartum women. The study found that gene-guided loading doses when 
starting warfarin therapy significantly shortened the time to first reach therapeutic INR and the time to reach stable 
dose and did not increase the risk of over-anticoagulation (INR≥4.0) and clinically relevant bleeding at an early 
stage. This suggests that using loading dose combined with maintenance dose regimen based on pharmacogenetic 
guidance is not only safe but also leads to achieve anticoagulant stability more quickly.

Previous studies have shown that the mutant type of CYP2C9*3 accounts for 1% to 4% and the wild type of 
VKORC1 accounts for about 82% of the Asian population, and the genotype distributions of two groups in this study 
were similar to those described in the previous literature.20,21

Table 1 Demographic and Baseline Clinical Characteristics of the Study Patients

Variables Total, n=60 Experimental Group, n=30 Control Group, n=30 P value

Age, y, Mean±SD 32.28±4.117 31.80±4.759 32.77±3.370 0.368
Height, cm, Mean±SD 162.75±4.761 163.23±4.967 162.27±4.578 0.436

Weight, kg, Mean±SD 64.43±8.973 64.73±8.056 64.13±1.471 0.798

BSA, Mean±SD 1.665±0.125 1.672±0.122 1.658±0.130 0.668
BMI, Mean ±SD 24.34±3.358 24.27±2.543 24.42±4.057 0.864

Gestational age, Median (IQR) 38 (37, 38) 38 (37, 38) 37 (37, 38) 0.132

Receipt of IVF, n (%) 1
No 58 (96.7) 29 (96.7) 29 (96.7)

Yes 2 (3.3) 1 (3.3) 1 (3.3)
Adverse pregnancy and delivery history, n (%) 1

No 53 (88.3) 27 (90.0) 26 (86.7)

Yes 7 (11.7) 3 (10.0) 4 (13.3)
Delivery mode, n (%) 0.542

Natural birth 14 (23.3) 6 (20.0) 8 (26.7)

Caesarean birth 46 (76.7) 24 (80.0) 22 (73.3)
Parity, n (%) 0.542

Primipara 46 (76.7) 24 (80.0) 22 (73.3)

Multipara 14 (23.3) 6 (20.0) 8 (26.7)
CYP2C9, n (%) 1

AA 56 (93.3) 28 (93.3) 28 (93.3)

AC 4 (6.7) 2 (6.7) 2 (6.7)
CC 0 (0) 0 (0) 0 (0)

VKORC1, n (%) 1

AA 50 (83.3) 25 (83.3) 25 (83.3)
AG 9 (15.0) 5 (16.7) 4 (13.3)

GG 1 (1.7) 0 (0) 1 (3.3)

Initial INR, Mean±SD 0.976±0.072 0.963±0.069 0.989±0.074 0.168
Mean warfarin dose, mg, Mean±SD 39.81±12.29 39.1083±9.26 40.52±14.85 0.660

Abbreviations: BMI, Body mass index; BSA, Body Surface Area; IVF, In vitro fertilization; INR, International normalized ratio; SD, Standard deviation; IQR, 
Interquartile range.
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The study showed that the median time to reach the therapeutic INR for the first time was 5.5 and 7 days in the 
experimental and control groups, respectively. It is similar to the results of Ruzickova’s study (5.24 days versus 7.3 days), 
which suggests that pharmacogenetic-guided loading dose at the initiation of warfarin therapy significantly shortens the 

Figure 3 (A) Kaplan–Meier Plots of the Time to Reach a Therapeutic INR. (B) Kaplan–Meier Plots of the Time to Reach a Stable Warfarin Dose.
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time to reach therapeutic INR for the first time.22 The greatest difference in mean INR values between two groups was 
observed in the early trial period (Figure 4A). The result is consistent with previous studies showing that the effect of 
pharmacogenetic-guided dosing is greatest in the early stages of warfarin.23

The calculation of TTR based on the INR value and the time of measurement during anticoagulation therapy is the 
most common way to assess the efficacy of anticoagulation therapy. Our study showed that the mean TTR value was 
96.47±0.54 in the experimental group compared to 93.88±0.78 in the control group at 90 days of follow-up using HKU 
AF CAL software, and the difference was statistically significant (P=0.001). The study of EU-PACT showed TTR of the 
modified IWPC algorithm was 67.4 at 90 days follow-up period, which was lower than that of 96.47 in the present study. 
This may be due to the fact that the loading dose in EU-PACT’s study was decreasing day by day, and the loading dose in 
the present study was 1.5 times the maintenance dose, which drove the patients to achieve target INR more quickly. On 
the other hand, the average age of subjects in our study was younger with higher adherence. In addition, confounding 
factors such as the number of dose adjustments and the frequency of INR monitoring may also affect the results.11 As 
shown in the literature, TTR% ≥65% is considered effective for anticoagulation therapy. About 73.33% patients in the 

Figure 4 (A) Mean International Normalized Ratio (INR). (B) Percentage of Time in the Therapeutic INR Range.
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experimental group were treated effectively at D10, when the mean TTR in the experimental group was 69.27 ± 4.60 and 
in the control group was 48.65 ± 4.83, which is a statistically significant difference (p < 0.001). It is consistent with 
Gong’s study (WRAPID algorithm).24

Previous studies have shown that the stable dose of warfarin in China ranges from 2.28 to 3.59 mg/d.16,25,26 However, 
the stable dose of warfarin in the present study was higher than this range, which may be due to the following reasons: 
The average age of patients was young, with a small proportion of elderly patients.27 Most domestic clinical studies on 
warfarin are cardiac disease (eg, atrial fibrillation, postoperative heart valves) which suggests an INR target of 1.5–2.5. It 
is lower than the target INR of 2.0–3.0 in this study. Some scholars have found that warfarin therapy guided by genetic 
testing can shorten the time required to achieve the target INR range and reach a stable dose more quickly, which is 
similar to the results of our study (13 days versus 14 days).28 An algorithm guided by pharmacogenetic and clinical 
factors improved the accuracy and efficiency of warfarin dose initiation.

This study compared the occurrence of anticoagulation complications during hospitalization and follow-up in two 
groups as indicators of the safety of warfarin clinical therapy. Previous studies have shown that initiation of warfarin 
therapy with a fixed 10 mg loading dose at 1 to 3 days lead to reach the therapeutic range more quickly. However, this 
may result in 30% of patients suffering from a higher INR of 3 in the early stages.29,30 In the study, the loading dose was 
given referring to the pharmacogenetic information, and only 10% of the patients showed higher INR than the therapeutic 

Table 2 Changes of TTR in Experimental and Control Groups

Time Experimental Group Control Group P value

D1 0 0 1*
D4 0 (0, 17.95) 0 (0, 0) 0.028*

D6 41.76 (13.18, 63.61) 0 (0, 21.63) <0.001#

D8 62.88 (44.87, 79.79) 38.02 (3.66, 45.83) <0.001#
D10 76.14 (64.56, 87.01) 60.16 (35.95, 65.18) <0.001#

D90 97.24 (95.95, 98.59) 95.50 (93.05, 96.22) 0.001*

Notes: We performed normality tests on the daily TTR values for both groups 
and found that neither group met the criteria for normal distribution with vari
ables represented by median (interquartile range). We conducted normality tests 
on the median TTR values between the two groups. For groups meeting normality 
criteria, we compared P-values using an independent samples t-test; for groups not 
meeting normality criteria, we used the Mann–Whitney U-test for comparison. 
*-t test, #-u test.

Table 3 Primary and Secondary Outcomes

Variables Total, n=60 Experimental Group, n=30 Control Group, n=30 P value

Primary outcome

Time to first therapeutic INR, Median (IQR) 6.0 (5.0, 5.75) 5.5 (4, 7) 7 (6, 9) 0.002

Secondary outcome

TTR, %, Median (IQR) 96.12 (93.82, 98.22) 97.24 (95.95, 98.59) 95.50 (93.05, 96.22) 0.001

Stable dose, mg/d, Median (IQR) 4.375 (3.75, 5) 4.375 (3.75, 5) 4.375 (3.75, 5) 0.529

Time to stable dose, d, Median (IQR) 14 (12, 16) 13 (11, 14.5) 14 (13, 17) 0.005

Hospital time, d, Median (IQR) 10.0 (7, 13.75) 7.5 (6, 13.25) 11.5 (8, 14.25) 0.085

Hospital expenses, RMB, Median (IQR) 15855.00 (9338.00, 25520.50) 13238.50 (8646.25, 25847.25) 17661.50 (11785.00, 26552.50) 0.160

Safety outcome

Incidence of INR > 4, n (%) 6 (10) 3 (10) 3 (10) 1

Adverse events related to warfarin

Severe bleeding, n (%) 1 (1.67) 1 (3.33) 0 (0) 1

Minor bleeding, n (%) 2 (3.33) 1 (3.33) 1 (3.33) 1

Notes: Severe bleeding was defined as that which resulted in a decreased hemoglobin of 2 g/d L, the need for a 2U red blood cell transfusion, or bleeding from vital organs 
or fatal bleeding (eg, intracranial hemorrhage, subdural hemorrhage, retro-peritoneal hemorrhage, joint hemorrhage, and intrapericardial hemorrhage). Minor bleeding was 
defined as bleeding from other sites. Stable dose is the dose with INR between 2.0 and 3.0 for 2 consecutive doses (≥7 d) of the same warfarin dosage. Time to stable dose 
was the time taken to reach a stable dose, calculated as the median time to the second of the two target range INR.
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range in the early stages, suggesting that gene-guided loading dose is superior to fixed loading dose. In Huang’s study, 
the incidence of adverse reactions by pharmacogenetic-guided dose was 11.5%, which was higher than the 6.7% in the 
experimental group and 3.3% in the control group of this study.31 In addition, only 3 patients experienced bleeding 
complications during the follow-up period (2 cases in the experimental group and 1 case in the control group), and the 
difference was not statistically significant (p > 0.05). It suggests that pharmacogenetic-guided loading dose combined 
with maintenance dose is safe compared to direct maintenance dose regimen.

Limitations
Our study also has some limitations. First, the sample size was small. The low prevalence of PE in postpartum women 
requires consideration when expanding the sample size, which may extend the study duration. Second, considering that 
the pharmacogenetic-guided group has been proved to be superior to the clinical fixed-dose group, we did not set up 
a clinical fixed-dose control group.11,32 Finally, there is uncertainty in extrapolating to other races as the study was 
limited to Asian postpartum women.

Conclusion
Based on the above results, compared to pharmacogenetic-guided maintenance dose, pharmacogenetic-guided loading 
dose (1.5 times of estimated maintenance dose) combined with maintenance dose regimen shortens the time to first reach 
target INR of warfarin and improves the efficacy of warfarin without increasing the risk of adverse events among the 
postpartum women with PE. This could serve as a basis for developing evidence-based guidance for optimal warfarin 
dosing in China.
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