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Abstract
Background: Numerous studies have demonstrated that patients with non-O blood groups have higher
risk for venous thromboembolism than those with O blood group. However, it has remained unknown
about the effect of ABO blood groups on warfarin dose requirements in patients receiving anticoagulation
in Chinese Han population. The study aimed to investigate the in�uence of ABO blood groups on warfarin
dose requirements in Chinese Han population. Methods: A retrospective study was conducted in the First
A�liated Hospital of Shantou University Medical College in Southern China. Three hundreds and 58
patients with con�rmed diagnosis of deep venous thromboembolism and atrial �brillation were included.
Frequency of blood groups and warfarin dose requirements were determined. Results: Of 358 patients
with deep venous thromboembolism and atrial �brillation, 111 patients had blood group A (31.01%), 104
patinets had blood group B (29.05%), 20 patients had blood group AB (5.59%), and 123 patients had
blood group O (34.36%). The patients with O blood group had a lower warfarin dose requirements
compared with those with A, B and AB blood group. Conclusion: Our study showed that patients with non-
O blood groups require higher doses of warfarin.

Background
Warfarin is the most commonly prescribed oral anticoagulant drug since 1950s [1], which has been
widely used to prevent embolic stroke in patients with atrial �brillation (AF) [2] and treatment of
thromboembolic disorders. Despite extensive experience with its use, warfarin still caused a variety of
adverse effects because of its narrow therapeutic index [3]. The anticoagulant activity of warfarin is
assessed by using the International Normalised Ratio (INR) [4]. Maintaining a patient in the therapeutic
range is associated with improved outcomes, with target INR being between 2.0 and 3.0 for most
indications. Subtherapeutic anticoagulation will lead to inadequate protection while supratherapeutic
anticoagulation to life-threatening bleeding. Therefore it is important to identify the clinical and genetic
predictors of warfarin dose-response in individual patients [5-7].

According to previous studies, various factors such as age, gender, body weight and genetic
polymorphisms [8-11] have been reported to be major determinants of warfarin dose requirements.
Recently some studies have addressed the potential role of ABO blood groups in deep vein thrombosis
(DVT). Compared with O blood group, non-O blood groups have higher risk for DVT [12-14]. However, the
in�uence of ABO blood groups on warfarin dose requirements was not well known. In present study we
aimed to investigate the in�uence of ABO blood groups on warfarin dose requirements in patients with
DVT and AF in Chaoshan District of Guangdong Province in South China.

Methods
A retrospective descriptive study was carried out in the First A�liated Hospital of Shantou University
Medical College in Southern China. Patients with diagnosed DVT and AF between January 2015 and May
2019 were reviewed to detect data of patients. The patients with ABO blood group treated by warfarin
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were enrolled in the present research, with target INR between 2.0 and 3.0. The diagnosis of DVT was
done based on typical clinical symtoms and the ultrasonograph �ndings. The diagnosis of AF was
documented via either ECG or Holter examination within admission. The patients with serious hepatic or
renal insu�ciency and abnormal coagulation function were excluded. The study pro�le was showed in
the Fig 1. The study was approved by the ethics committee of Shantou University Medical College.

Data are presented as the number of patients or mean ± SD. Differences between groups were assessed
by Chi-square tests or by ANOVA for multiple comparisons using SPSS 16.0. P value < 0.05 was
considered signi�cant.

Results
As shown in the Table 1, there are 358 patients in this study, which include 270 patients with AF and 88
patients with DVT. 156 patients (43.58%) were male and 202 patients (56.42%) were female and. The
frequency of ABO blood group in patients was as follows: 111 patients had blood group A (31.01%), 104
patinets had blood group B (29.05%), 20 patients had blood group AB (5.59%), and 123 patients had
blood group O (34.36%). Age, gender, weight, hemoglobin (HGB), red blood cell (RBC), platelet (PLT),
alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), serum
creatinine (Scr) and INR between different ABO blood groups were not signi�cant. There was signi�cant
difference about weight between four groups. Primary clinical characteristics of patients with ABO blood
groups are summarized in Table 2. The patients with O blood group had a lower warfarin dose
requirements compared with those with A, B and AB blood groups (2.74±0.83 mg versus 3.19±0.97 mg,
3.32±0·97 mg and 3.14±0.93 mg, P < 0.05). There are no differences of warfarin dose requirements
among A, B and AB blood group. The result suggested that the dose of warfarin for anticoagulation was
affected by ABO blood groups.

Discussion
Warfarin, an anticoagulant with vitamin K antagonist, is widely used for treatment of venous
thromboembolism and prevention of stroke in patients with atrial �brillation. Though effectiveness in
preventing embolic strokes [15], maintain anticoagulation within the target INR range and preventing
devastating risk of intracranial hemorrhage (ICH) remain challenging. To be effectiveness and safety, an
INR target of 2.0-3.0 is widely adopted. Owing to the multitude of factors interacting with warfarin, it is
not easy to maintain INR values within the target range of 2.0 to 3.0. To predict warfarin doses, Gage et al
proposed a warfarin-dosing algorithm by combining cytochrome P450 2C9 (CYP2C9) and vitamin K
epoxide reductase complex subunit 1 gene (VKORC1) genotype status with relevant clinical factors,
which can explain 53-54% of the variability in the warfarin dose [7]. In study by Ather et al [16], the
algorithm explained only 30% of the variance, which suggested though many factors affecting warfarin
dose requirements have been well described, determining more factors is important.
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Recently the relationships between ABO blood groups and DVT have been demonstrated. Compared with
O blood group, there is higher risk of venous thromboembolism in non-O blood groups [12-14].
Furthermore, the blood group remarkably affected the anesthetic effects of propofol [17]. However, the
association of ABO-blood groups with warfarin dose requirements has not been addressed.

In present study, we investigated the possible connection between ABO phenotype and warfarin dose
requirements. The study showed that there are lower warfarin dose requirements in patients with O blood
type than non-O blood groups. There are no signi�cant differences about warfarin dose requirements
among A, B and AB blood group. To our knowledge, this is the �rst report to assess the in�uence of ABO
blood group on warfarin dose requirements, the result suggested that ABO blood groups may be as a
clinical factor to be included in predicting warfarin dose requirements.

The mechanisms that patients with O blood group had lower warfarin dose requirements have not been
fully elucidated. It was reported that body weight contributed to the anticoagulant response to warfarin
[10]. In present study the weight in O blood group is lighter than B blood group. However body weight only
accounts for about 6.3% of the variability in warfarin dose requirements [10]. Other factors maybe play a
role. The association between ABO blood groups and risk of thrombosis has been recognized for many
years. A number of studies have demonstrated that there were higher levels of Factor VIIIc (FVIII) and von
Willebrand factor (vWF) in non-O blood groups than O blood group [18-22]. The elevated levels of the
vWF-FVIII complex are associated with increased risk of venous thromboembolism [23]. Additionally,
there is a longer prothrombin time (PT) in patients of obst ructive jaundice with O blood group than non-O
blood group [24]. But in present study, there was not signi�cant difference about PT in different ABO
blood groups (table 3, shown in the supplemental data). Based on these studies, we speculated that lower
warfarin dose requirements in patients with O blood group might be associated with high levels of FVIII
and vWF.

A few limitations were apparent in present study. First, though warfarin dose requirements are higher in
non-O blood groups than O blood group, the population of the study is small, especially in AB blood
group, large sample would be needed to verify the relations between ABO blood groups and warfarin dose
requirements. Secondly, it is a retrospective study, which made it that the effects of some genetic factors
such as CYP2C9 and VKORC1 on warfarin dose requirements were not excluded [8-10]. Lastly, owing to
the geographic distribution difference of ABO blood groups, the association between ABO blood groups
and warfarin dose requirement in Chinese Han population from Chaoshan region may be different from
other regions in China.

Conclusions
In summary, the present study demonstrated that patients with non-O blood groups required higher doses
of warfarin to maintain an INR target of 2.0-3.0.

Abbreviations



Page 5/10

Atrial �brillation (AF); International Normalised Ratio (INR); Deep vein thrombosis (DVT)

Declarations
Acknowledgements

Not applicable.

Funding

None.

Availability of data and materials

Raw data supporting the obtained results are available at the corresponding author.

Authors' Contributions

SZ and LSW drafted the manuscript. ZLC, XHL and XRT were involved in data collection. HJC performed
the statistical analysis. MY conceived of the study. All authors read and approved the �nal manuscript.

Ethics approval and consent to participate

The study was approved by the ethics committee of Shantou University Medical College. The need for
consent was waived because of the retrospective data.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

References
1. Wardrop D, Keeling D. The story of the discovery of heparin and warfarin. Br J Haematol. 2008

;141(6):757-63. doi: 10.1111/j.1365-2141.2008.07119.x.

2. Pirmohamed M. Warfarin: almost 60 years old and still causing problems. Br J Clin Pharmacol.
2006;62(5):509-11. doi: 10.1111/j.1365-2125.2006.02806.x.

3. Budnitz DS, Lovegrove MC, Shehab N, Richards CL. Emergency hospitalizations for adverse drug
events in older Americans. N Engl J Med. 2011;365(21):2002-12. doi: 10.1056/NEJMsa1103053.

4. Hirsh J, Poller L. The international normalized ratio. A guide to understanding and correcting its
problems. Arch Intern Med. 1994;154(3):282-8.



Page 6/10

5. Pirmohamed M, Burnside G, Eriksson N, Jorgensen AL, Toh CH, Nicholson T, Kesteven P, Christersson
C, Wahlström B, Stafberg C, Zhang JE, Leathart JB, Kohnke H, Maitland-van der Zee AH, Williamson
PR, Daly AK, Avery P, Kamali F, Wadelius M; EU-PACT Group. A randomized trial of genotype-guided
dosing of warfarin. N Engl J Med. 2013;369(24):2294-303. doi: 10.1056/NEJMoa1311386.

�. Apostolakis S, Sullivan RM, Olshansky B, Lip GYH. Factors affecting quality of anticoagulation
control among patients with atrial �brillation on warfarin: the SAMe-TT2R2 Chest. 2013;144(5):1555-
63. doi: 10.1378/chest.13-0054.

7. Gage BF, Eby C, Johnson JA, Deych E, Rieder MJ, Ridker PM, Milligan PE, Grice G, Lenzini P, Rettie AE,
Aquilante CL, Grosso L, Marsh S, Langaee T, Farnett LE, Voora D, Veenstra DL, Glynn RJ, Barrett A,
McLeod HL. Use of pharmacogenetic and clinical factors to predict the therapeutic dose of warfarin.
Clin Pharmacol Ther. 2008;84(3):326-31. doi: 10.1038/clpt.2008.10.

�. Kamali F, Khan TI, King BP, Frearson R, Kesteven P, Wood P, Daly AK, Wynne H. Contribution of age,
body size, and CYP2C9 genotype to anticoagulant response to warfarin. Clin Pharmacol Ther.
2004;75(3):204-12. doi: 10.1016/j.clpt.2003.10.001.

9. Sconce EA, Khan TI, Wynne HA, Avery P, Monkhouse L, King BP, Wood P, Kesteven P, Daly AK, Kamali
F. The impact of CYP2C9 and VKORC1 genetic polymorphism and patient characteristics upon
warfarin dose requirements: proposal for a new dosing regimen. Blood. 2005;106(7):2329-33. doi:
10.1182/blood-2005-03-1108.

10. Miao L, Yang J, Huang C, Shen Z. Contribution of age, body weight, and CYP2C9 and VKORC1
genotype to the anticoagulant response to warfarin: proposal for a new dosing regimen in Chinese
patients. Eur J Clin Pharmacol. 2007;63(12):1135-41. doi: 10.1007/s00228-007-0381-6.

11. Abdel-Aziz MI, Ali MA, Hassan AK, Elfaham TH. Factors in�uencing warfarin response in hospitalized
patients. Saudi Pharm J. 2015;23(6):642-9. doi: 10.1016/j.jsps.2015.02.004.

12. Clark P, Wu O. ABO blood groups and thrombosis: A causal association, but is there value in
screening? Future Cardiol. 2011; 7(2):191-201. doi: 10.2217/fca.10.191.

13. Wu O, Bayoumi N, Vickers MA, Clark P. ABO(H) blood groups and vascular disease: a systematic
review and meta-analysis. J Thromb Haemost. 2008; 6(1):62-9. doi: 10.1111/j.1538-
7836.2007.02818.x.

14. Yu M, Wang C, Chen T, Hu S, Yi K, Tan X. ABO blood groups and risk of deep venous
thromboembolism in Chinese Han population from Chaoshan region in South China. Saudi Med J.
2017;38(4):396-9. doi: 10.15537/smj.2017.4.16349.

15. Aguilar MI, Hart R. Oral anticoagulants for preventing stroke in patients with non-valvular atrial
�brillation and no previous history of stroke or transient ischemic attacks. Cochrane Database Syst
Rev. 2005;(3):CD001927. doi: 10.1002/14651858.CD001927.pub2.

1�. Ather S, Shendre A, Beasley TM, Brown T, Hill CE, Prabhu SD, Limdi NA. Effect of Left Ventricular
Systolic Dysfunction on Response to Warfarin. Am J Cardiol. 2016;118(2):232-6. doi:
10.1016/j.amjcard.2016.04.047.



Page 7/10

17. Du Y, Shi H, Yu J. Comparison in anesthetic effects of propofol among patients with different ABO
blood groups. Medicine (Baltimore). 2017;96(20):e5616. doi: 10.1097/MD.0000000000005616.

1�. Orstavik KH, Magnus P, Reisner H, Berg K, Graham JB, Nance W. Factor VIII and factor IX in a twin
population. Evidence for a major effect of ABO locus on factor VIII level. Am J Hum Genet. 1985;
37(1):89-101.

19. Gill JC, Endres-Brooks J, Bauer PJ, Marks WJ Jr, Montgomery RR. The effect of ABO blood group on
the diagnosis of von Willebrand disease. 1987; 69(6): 1691-5.

20. Souto JC, Almasy L, Muniz-Diaz E, Soria JM, Borrell M, Bayén L, Mateo J, Madoz P, Stone W, Blangero
J, Fontcuberta J. Functional effects of the ABO locus polymorphism on plasma levels of von
Willebrand factor, factor VIII, and activated partial thromboplastin time. Arterioscler Thromb Vasc
Biol. 2000; 20(8): 2024-8. doi: 10.1161/01.ATV.20.8.2024.

21. Ohira T, Cushman M, Tsai MY, Zhang Y, Heckbert SR, Zakai NA, Rosamond WD, Folsom AR. ABO
blood group, other risk factors and incidence of venous thromboembolism: the Longitudinal
Investigation of Thromboembolism Etiology (LITE). J Thromb Haemost. 2007; 5(7): 1455-61. doi:
10.1111/j.1538-7836.2007.02579.x.

22. Jenkins PV, O'Donnell JS. ABO blood group determines plasma von Willebrand factor levels: a
biologic function after all? Transfusion. 2006;46(10):1836-44. doi: 10.1111/j.1537-
2995.2006.00975.x

23. Koster T, Blann AD, Briët E, Vandenbroucke JP, Rosendaal FR. Role of clotting factor VIII in effect of
von Willebrand factor on occurrence of deep-vein thrombosis. Lancet. 1995;345(8943):152-5.

24. Yu J, Xie Y, Lv L. The Effects of Obstructive Jaundice on Perioperative Function in the Patients of
Different ABO Blood Group. Inner Mongolia Med J. 2013,45(03):257-60. doi :10.16096/j.cnki
.nmgyxzz.2013.03.027.

 

Tables

Table 1 Primary characteristics of patients with atrial fibrillation and deep venous thromboembolism
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Variable Patients (n=358)
Age (years, mean±SD)  
Male                           62.63±13.47
Female 62.14±11.93

Gender [n (%)]  
Male 156 (43.58)
Female 202 (56.42)

Weight (Kg, n=252) 58.49±10.45
Primary reason for anticoagution [n (%)]  
AF 270 (75.42)
DVT 88 (24.58)

AF, Atrial fibrillation; DVT, deep vein thrombosis;

 

Table 2 Characteristics of patients with ABO blood groups

Blood group A B AB O P Value
Total Number 111 104 20 123  
Age (years, mean ± SD) 62.25±11.21 60.50±14.42 61.95±15.43 64.09±11.54 0.203
Gender         0.572
Female 67 55 13 67  
Male 44 49 7 56  

Weight (Kg, n=252) 59.46±11.14 60.30±10.33 60.17±8.47 55.68±9.73 # 0.025
HGB (g/L) 125.96±21.22 126.93±22.40 124.00±20.52 127.75±20.30 0.857
RBC (×109/L) 4.26±0.71 4.29±0.80 4.21±0.57 4.38±0.70 0.569
PLT (×109/L) 203.86±73.99 212.67±78.43 217.00±61.70 214.23±88.77 0.744
ALT (U/L, n=355) 30.85±32.84 27.88±24.47 53.47±83.58 35.46±44.06 0.054
AST (U/L, n=355) 30.34±19.86 35.41±41.64 41.37±34.15 41.35±65.06 0.319
BUN (mmol/L) 6.39±2.95 5.85±2.21 5.74±2.20 6.72±3.25 0.104
Scr (μmol/L) 103.42±36.54 105.23±42.65 90.60±19.35 104.28±32.51 0.425
INR 2.37±0.28 2.37±0.25 2.34±0.25 2.34±0.27 0.765
Warfarin dose (mg) 3.19±0.97 3.32±0.97 3.14±0.93 2.74±0.83 Δ* 0.000

# O blood group vs B blood group P < 0.05

 Δ O blood group vs B blood group P < 0.01

* O blood group vs A, B blood group P < 0.05

 

Table 3 Coagulation function of patients with different blood groups
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d group A B AB O P Value
l Number 57 48 10 71  
s) 13.37±2.83 12.98±2.57 12.88±2.20 13.19±2.19 0.857
(%) 75.13±25.03 79.85±26.50 81.44±28.22 73.50±19.74 0.451

1.16±0.25 1.13±0.22 1.12±0.19 1.15±0.19 0.827
T (s) 31.13±5.99 29.27±5.62 30.06±4.99 31.26±5.43 0.242
s) 18.03±1.96 17.72±1.97 17.99±1.58 18.11±1.83 0.734
g/L) 3.35±1.35 3.16±1.39 3.07±1.34 2.95±0.97 0.347

Of 358 patients, 186 patients had tests for coagulation function before treatment with warfarin. There were no

significant differences in PT, PT%, INR, APTT, TT and Fib among four groups.

PT=prothrombin time. INR=International Normalised Ratio.APTT=activated partial thromboplastin time. TT=

thrombin time. Fib= fibrinogen.

Figures

Figure 1
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Study pro�le. AF=atrial �brillation. DVT=deep vein thrombosis. INR=International Normalised Ratio.


