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Dabigatran is known to be a direct oral anticoagulant 
whose mechanism of action is limited to direct inhibition 
of the coagulation factor thrombin-IIa [1]. This drug was 
developed primarily as an alternative to the indirect anti-
coagulant warfarin because numerous shortcomings of the 
latter made it difficult to use it in clinical practice. Dabiga-
tran was first approved in Europe, then in 2010 in the Unit-
ed States and subsequently in Russia for the prevention 
of stroke in patients with atrial fibrillation (AF) [2]. Since 
then, it has been used in patients with deep vein thrombo-
sis, pulmonary embolism, and in orthopedics [3, 4]. The 
advantages of dabigatran include good tolerability, ease of 
use, effective anticoagulant activity, predictable pharmaco-
kinetics, and no need for routine coagulation monitoring 
during administration [1, 3, 5]. However, there is now ev-
idence of the pharmacokinetics and pharmacodynamics of 
this drug in various patients who may present with throm-
bosis or hemorrhage in clinical practice [6-8]. 

The aim of this review was to evaluate the impact of 
different genetic polymorphisms on the pharmacodynam-
ics and pharmacokinetics of dabigatran.

DABIGATRAN PHARMACODYNAMICS  
AND PHARMACOKINETICS

Dabigatran is known to be administered as a prod-
rug, dabigatran etexilate, with a bioavailability of about 
7% [9]. Dabigatran etexilate is a substrate for the trans-
port molecule P-glycoprotein and can therefore be com-
bined with inducers (e.g., rifampicin, antiretroviral drugs, 
carbamazepine, etc.) as well as inhibitors (e.g., cyclospo-
rine, clarithromycin, dronedarone, amiodarone, verapam-
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il, ticagrelor, etc.) of this molecule, thereby contributing 
to a decrease or increase in the plasma concentration of 
this drug, respectively [10]. In the latter case, the risk 
of bleeding may increase with dabigatran [11]. For ex-
ample, in a study by M.Bernier et al. (2019), bleeding 
occurred in 30.4% of patients taking dabigatran together 
with P-glycoprotein inhibitors, compared with 8.6% of 
patients not taking the aforementioned drugs [12]. There-
fore, caution should be exercised when combining dabig-
atran with the above-mentioned drugs, and in some cases, 
it is even contraindicated, e.g., in patients receiving cyc-
losporine, dronedarone, intraconazole, ketoconazole for 
systemic use, and tacrolimus [11, 13]. Dabigatran etexi-
late is activated by intestinal (CES2) and hepatic (CES1) 
carboxylesterase to form short-lived metabolites, BIBR 
951 and BIBR 1087 [8, 10]. The aforementioned metab-
olites are hydrolyzed by hepatic carboxylesterase CES1 
in hepatocytes to form dabigatran, the active drug [4, 10, 
14, 15]. The formation of dabigatran from the prodrug is 
more dependent on CES1 [8]. At the same time, it should 
be noted that activation of CES2 can compensate for 
CES1 deficiency in patients. Dabigatran has a low plasma 
protein binding capacity of 35% [10, 16], regardless of 
its concentration, so it can be excreted by hemodialysis. 
Dabigatran is partially conjugated with active glucuron-
ic acid to form four isomers of pharmacologically active 
glucuronides [15, 17]. Therefore, the total plasma con-
centration of this drug includes free and glucuronide-con-
taining dabigatran and peaks after approximately 1.5 
hours [17]. The half-life of dabigatran is relatively long, 
ranging from 12-17 hours [9]. This drug is not metabo-
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lized by cytochrome P450 and therefore has no effect on 
it except at concentrations above the therapeutic range [9, 
16]. In addition, dabigatran does not interact with drugs 
metabolized by the above system [17]. The drug is excret-
ed mainly through the kidneys by 80-90% [10].

DABIGATRAN PHARMACOGENETICS

Genetic polymorphisms of CES1 and P-glycoprotein 
that play an important role in dabigatran activation and 
transport have been studied to date.

Genetic polymorphisms of CES1
The CES1 genes are located on chromosome 16 and 

contain 14 exons [10]. More than 2000 different polymor-
phisms are currently known for CES1 [8], but only three 
of them have been shown to be related to the pharmaco-
kinetics of dabigatran: rs2244613 (C > A), rs8192935 (T 
> C), and rs71647871 (G > A) [6-7, 18]. According to G. 
Pare et al. (2013), the rs2244613 minor allele was asso-
ciated with a 15% reduction in minimal dabigatran con-
centration and a 27% reduction in relative bleeding risk, 
with this polymorphism present in 32.8% of patients with 
AF from the RE-LY study [6]. The authors also found 
that the minor allele of the rs8192935 polymorphism was 
associated with a 12% reduction in peak dabigatran con-
centration [6]. In a study by C. Dimatteo et al. (2016) 
conducted in 92 patients with AF, it was found that the 
T allele rs8192935 was associated with a reduction in 
dabigatran concentration compared with carriers of the 
CC-genotype, with heterozygotes showing a 3% reduc-
tion in the residual equilibrium concentration of this drug 
and homozygotes showing an 11% reduction [7]. Howev-
er, in heterozygotes and homozygotes for the rs2244613 
polymorphism, the residual equilibrium concentration of 
dabigatran was reduced by only 2% and 3%, respectively 
[7]. According to D.A.Sychev et al. (2018), no signifi-
cant effect of the rs2244613 genetic polymorphism on 
the minimal dabigatran concentration was found in 60 
patients undergoing knee replacement, with the minor al-
lele occurring in 27.5% of cases [18]. Another study by 
this author in patients with AF and stage 3 chronic kid-
ney disease found that the CC-genotype of the rs2244613 
polymorphism was associated with a 70% reduction in 
the dabigatran concentration/dose ratio compared with 
patients with the AA-genotype [19]. The authors empha-
sized that in the above patient cohort, investigation of the 
rs2244613 polymorphism could help improve the safety 
of dabigatran [19]. 

In a landmark study by J. Shi et al. (2016), dabig-
atran etexilate activation was found to be dependent on 
the rs71647871 polymorphism, which leads to disruption 
of CES1 function, associated with a reduction in the con-
version of this prodrug and its metabolites to active dab-
igatran [8], but to our knowledge, no studies have been 
conducted to evaluate the impact of this polymorphism 
on dabigatran concentration in clinical practice. In a pro-
spective study by Qiuyi Ji et al. (2021) involving 198 pa-
tients with AF taking dabigatran, the minor C allele of the 
CES1 rs8192935 polymorphism was associated with an 
increase in the minimal plasma concentration of this drug 
[20]. The association described above was also found in 
patients with the minor A allele of the CES1 rs2244613 

polymorphism (increased minimal plasma concentra-
tions of dabigatran). At the same time, these patients had 
an increased risk of minor bleeding [20]. A study by Y. 
Liu et al. (2021) performed in 106 patients showed that 
the CES1 rs2244613 polymorphism had no effect on the 
peak concentration of dabigatran. In contrast, the CES1 
rs8192935 polymorphism was associated with an in-
crease in the peak concentration of this drug [21].

Genetic polymorphisms of P-glycoprotein
The P-glycoprotein is encoded by the gene ABCB1 

(another name for MDR1), which is located on chromo-
some 7 and contains 29 exons [10]. Currently, more than 
1200 polymorphisms of this gene are known, of which 
the most studied are rs1128503 (1236 C > T), rs2032582 
(2677 G > T), rs1045642 (3435 C > T), and rs4148738 (G 
> A). Different haplotypes are formed from different com-
binations of the rs1128503, rs2032582, and rs1045642 
polymorphisms: ABCB1*1, ABCB1*2, ABCB1*13 [22, 
23]. The above polymorphisms affect the pharmacokinet-
ics of many drugs that are substrates for P-glycoprotein 
[10]. At the same time, only the rs1045642 and rs4148738 
polymorphisms have been studied for their association 
with an increase in peak dabigatran concentration [6, 
18]. In a study by G.Pare et al. (2013), the presence of 
the rs4148738 polymorphism was associated with a 12% 
increase in peak dabigatran concentration, but not with 
bleeding or ischemic events [6]. At the same time, this 
position was not confirmed in the work of C.Dimatteo 
(2016), D.A.Sychev et al. (2018), in which the rs4148738 
polymorphism was not associated with significant chang-
es in peak and minimum concentrations of dabigatran [7, 
18]. In a study by Q.Xie et al. (2018), the rs4148738 poly-
morphism also had no significant effect on the pharmaco-
kinetics of dabigatran [24]. 

The results regarding the rs1045642 polymorphism 
were generally more encouraging. For example, in Q.Xie 
et al. (2018) CC carriers of the rs1045642 genotype had 
lower plasma concentrations of direct oral anticoagulants 
compared with patients with the TT-genotype [24]. These 
findings are supported by a study by Sychev et al. which 
showed that patients with the TT-genotype rs1045642 had 
higher peak dabigatran concentrations and thus a higher 
risk of bleeding after knee replacement [18]. A 2021 study 
by J.Lähteenmäki et al. examined the ABCB1 rs1045642, 
rs2032582, rs4148738, and rs1128503 polymorphisms in 
1806 patients taking dabigatran, rivaroxaban, and apix-
aban. In the 340 patients taking dabigatran, in contrast to 
rivaroxaban and apixaban, no significant effect of the above 
polymorphisms on the development of thromboembolism 
and bleeding was detected [25]. These results were also 
confirmed by Qiuyi Ji et al. (2021), who showed no signif-
icant influence of the ABCB1 polymorphisms rs4148738 
and rs1045642 on the pharmacokinetics and pharmacody-
namics of dabigatran in patients with AF [20], and by Y.Liu 
et al (2021), who found no association between the ABCB1 
polymorphisms rs2032582, rs4148738, rs1045642 and the 
pharmacokinetics of dabigatran in healthy volunteers [21]. 
At the same time, when the ABCB1 haplotypes rs2032582 
and rs1045642 were combined, the peak concentration 
of dabigatran was found to increase by 13% and 33% in 
patients with heterozygous and homozygous mutations, 
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respectively [26]. Concomitant administration of clari-
thromycin resulted in a significant increase in dabigatran 
concentration [26].

An interesting clinical case of left atrial append-
age thrombosis was described in the literature, in which 
dabigatran was taken twice daily at a dose of 110 mg. 
The patient was heterozygous for the ABCB1 polymor-
phisms rs4148738, rs2235046, rs1128503, rs10276036, 
rs1202169, rs1202168, rs1202167 and homozygous for 
the CES1 polymorphisms rs2244613, rs4122238 and het-
erozygous for the CES1 polymorphisms rs8192935 and 
rs4580160. The authors suggested that the above polymor-
phisms, together with interactions with atorvastatin, which 
was also taken in this patient, age (70 years), and impaired 
renal function (creatinine clearance 55 ml/min), may have 
caused the inefficacy of dabigatran in this case [27]. At the 
same time, according to the literature, concomitant admin-
istration of dabigatran and atorvastatin does not lead to 
clinically significant interactions and is not associated with 
changes in the pharmacokinetics and pharmacodynamics 
of these drugs [28, 29]. In 2020, another case of left atrial 
ear thrombosis while taking 110 mg of dabigatran for 6 
months was published [30]. The patient was found to have 
three heterozygous ABCB1 polymorphisms rs4148738, 
rs1045642, rs2032582 and 2 heterozygous CES1 polymor-
phisms rs2244613, rs4580160. The authors suggested that 
the presence of the above polymorphisms in combination 
with the administration of amiodarone, which is known to 
increase plasma concentrations of dabigatran by 12-60% 
[31], may have influenced the formation of thrombi in the 
left atrial appendage [30]. In this patient, dabigatran was 
discontinued, and warfarin was administered, causing the 
thrombus in the left atrial appendage to resolve after 50 
days on this drug [30].

Genetic polymorphisms of uridine-5-diphosphate 
(UDP) glucuronyltransferase
As mentioned above, metabolism of dabigatran in-

volves conjugation with glucuronic acid to form glucu-
ronides, a process catalyzed by UDF-glucuronyltrans-
ferases, among others. It is therefore likely that various 
genetic polymorphisms of this enzyme may influence 
the effect of dabigatran. At least three UDF-glucuron-
yltransferases are involved in the conjugation of dabig-
atran: UGT1A9, UGT2B7 и UGT2B15 [10]. According 
to the in vitro literature, UGT2B15 contributes the most 
to the binding of dabigatran to glucuronic acid com-
pared to the other two enzymes [32]. Consequently, it 
can be assumed that drugs metabolized by the above en-
zyme (lorazepam, oxazepam, morphine, loratadine, and 
others) can slow the metabolism of dabigatran when 
administered concomitantly [33, 34]. At the same time, 
studies on the effect of the genetic polymorphisms UG-
T1A9, UGT2B7, and UGT2B15 on the pharmacokinet-
ics of dabigatran have not been performed to our knowl-
edge [33]. However, it can be assumed that in patients 
with the rs1902023 (UGT2B15*2) polymorphism of the 
UGT2B15 gene, glucuronidation of xenobiotics, includ-
ing dabigatran, is delayed, which is associated with an 
increase in the plasma concentration of dabigatran and 
increases the risk of side effects [35]. This assumption 
is based on the results obtained for the above polymor-

phism for other drugs that are substrates of UGT2B15, 
such as oxazepam, acetaminophen, cypoglitazar, etc. 
[35-38]. 

Finally, we present information from the PharmGKB 
pharmacogenomics database [39], according to which the 
determination of rs2244613 and rs8192935 CES1 polymor-
phisms and rs1045642, rs2032582 and rs4148738 ABCB1 
polymorphisms in patients, taking dabigatran has a level 
of evidence of 3 (low), which does not allow us to rec-
ommend the determination of the CES1 and ABCB1 data 
genetic polymorphisms in routine clinical practice because 
of insufficient or conflicting data. For the other CES1 and 
ABCB1 polymorphisms discussed in this article, no infor-
mation is available in the PharmGKB database for patients 
taking dabigatran. 

Recently, data from P. Zubiaur et al. (2020) in a 
study of 107 patients reported that CYP2D6 and CY-
P3A5 polymorphisms affect the pharmacokinetics and 
safety of dabigatran [40], which is also reflected in the 
PharmGKB database with an evidence level 3 [39]. It is 
also interesting to note that for the most studied CES1 
and ABCB1 polymorphisms, the authors were unable to 
demonstrate any association with the pharmacokinetics 
of dabigatran [40]. However, interpretation of the results 
should consider that the patients in this study were tak-
ing pantoprazole, which is known to be metabolized by 
the cytochrome P450 system and is thought to affect the 
pharmacokinetics of dabigatran. Dabigatran, on the other 
hand, is not metabolized through the cytochrome P450 
system, as mentioned above, so the impact of genetic 
polymorphisms of this system on the pharmacokinetics 
of dabigatran is questionable and needs to be clarified in 
further studies.

It should be noted that a literature review by 
A.V.Savinova et al. was published in 2021 in the journal 
Rational Pharmacotherapy in Cardiology, also addressing 
the pharmacogenetics of dabigatran [33]. Although the 
article is similar in some important respects, our review 
contains the following differences: it includes an analysis 
of 2021 literature sources, an analysis of the PharmGKB 
pharmacogenomics database; our review includes a dis-
cussion of a study on the effect of CYP2D6 and CYP3A5 
polymorphisms on the pharmacogenetics and safety of 
dabigatran therapy. If further studies are conducted in this 
direction, this could be a new aspect of the pharmacoge-
netics of this drug. 

Of course, pharmacogenetics is a relatively new and 
under-researched field that plays an important role in the 
development of personalized medicine. The rapid pace of 
development, accompanied by increasing publication ac-
tivity, necessitates regular updating of existing knowledge 
in this field and has been the impetus for the preparation 
and writing of this review.

CONCLUSION

Currently, there is no conclusive evidence supporting 
the need for routine determination of the pharmacogenetics 
of dabigatran in patients with indications for its use in clin-
ical practice. On the other hand, the literature is sparse and 
often contradictory, so future research in this area is likely 
to answer the question more precisely.
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