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A B S T R A C T

Aims: Type 2 diabetes (T2D) is connected with several abnormalities in haemostasis; and

with higher risk of stroke and systemic embolism in patients with non-valvular atrial

fibrillation (NV-AF). However, it is recently unknown whether T2D affects the activity of

direct oral anticoagulants (DOACs). The aim of this study was to determine the impact of

T2D on DOACs activity in patients with NV-AF.

Methods: This pilot prospective study enrolled totally 65 patients with NV-AF

(20 dabigatran-treated, 110 mg/twice daily; 28 rivaroxaban-treated, 15 mg/daily; 17

apixaban-treated, 5 mg/twice daily). 25 patients had T2D (8 dabigatran-treated, 11

rivaroxaban-treated, and 6 apixaban-treated). DOAC activity was tested with Hemoclot�
Thrombin Inhibitor assay in dabigatran-treated patients, and with factor Xa-calibrated

anti-Xa chromogenic analysis in rivaroxaban- and apixaban-treated patients prior and

two hours after drug administration.

Results: There were no significant differences in dabigatran baseline (62.1 ± 8.0 vs. 51.8 ± 38.

9 ng/ml, p = .76) and 2-h-post-drug-administration (91.7 ± 57.2 vs. 72.2 ± 33.2 ng/ml, p = .48)

activity comparing T2D and non-diabetic patients. Similarly, no significant differences

were found in rivaroxaban baseline (35.9 ± 22.5 vs. 55.3 ± 45.1 ng/ml, p = .19) and 2-h-

post-drug-administration (145.7 ± 74.1 vs. 202.6 ± 135.0 ng/ml, p = .22) anti-Xa activity. In

addition, no significant differences were present in apixaban baseline (96.0 ± 54.5 vs. 63.9

± 36.8 ng/ml, p = .24) and 2-h-post-drug-administration (151.0 ± 78.3 vs. 151.7 ± 59.1 ng/ml,

p = .98) anti-Xa activity between T2D and non-diabetic patients.

Conclusions: This pilot study did not detect differences in DOACs activity according to T2D

status in patients with NV-AF.
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1. Introduction

Type 2 diabetes (T2D) is connected with higher risk of stroke

and systemic embolism in patients with atrial fibrillation

(AF). Therefore, T2D patients with AF more often require

long-term anticoagulation. Recently, direct oral anticoagu-

lants (DOACs) – direct thrombin inhibitor dabigatran [1], direct

factor Xa inhibitors rivaroxaban [2] and apixaban [3] – had

been introduced for prevention of stroke and systemic embo-

lism in patients with non-valvular AF (NV-AF). These agents

generally offer some advantages, such as consistent and pre-

dictable anticoagulation, oral administration with good

patient compliance and a good safety profile. The pharma-

cokinetic and pharmacodynamic properties of these directly

acting oral anticoagulants are displayed in Table 1.

T2D is connected with several abnormalities in hemosta-

sis, including altered platelet function [4], endothelial dys-

function [5,6], abnormalities in coagulation and fibrinolysis

[7]. Now, there is a discussion about a possible interaction

between T2D and antithrombotic therapy [8–11]. T2D is

already known to modulate cytochrome P450 activity in

humans and in animal models [12–14], and the drug-

cytochrome P450 interaction might affect oral factor Xa inhi-

bitors plasma activity [15]. Moreover, T2D is associated with

changes in expression of P-glycoprotein [16], and therefore

might affect also dabigatran activity [17]. Up to date, there is

no study examining the interaction between T2D and DOACs

plasma activity. This study aimed to clarify the impact of T2D

on DOACs plasma activity in patients with NV-AF.

2. Patients and methods

2.1. Study design and patients

A pilot prospective study with an observational design in

patients with NV-AF on DOACs therapy was performed. This

study enrolled totally 65 consecutive presentations of patients

with NV-AF (20 dabigatran-treated, 110 mg/twice daily; 28

rivaroxaban-treated, 15 mg/daily; 17 apixaban-treated, 5 mg/

twice daily) admitted to Department of Internal Medicine.

All patients had been taking DOACs prior to their hospitaliza-

tion, and continued with the DOAC therapy during hospital-

ization. The average length of taking DOACs prior to blood

sampling was 160.6 days. No antiplatelet agents, other antico-

agulants, or other medication which might possibly affect

coagulation was administrated in studied patients.

CHA2DS2-VASc score was calculated in all patients (presence

of congestive heart failure or left ventricular ejection fraction

�40% – 1 point; hypertension – 1 point; age �75 years – 2

points; diabetes – 1 point; stroke or transient ischemic attack

or systemic embolism – 2 points; vascular disease – 1 point;

age from 65 to 74 years – 1 point; female gender – 1 point).

The medication compliance was verified by a healthcare pro-

fessional, who supervised each DOAC administration during

hospitalization. Patients with known and correctly diagnosed

history of T2D had been assigned to T2D group. This group

included 25 patients (8 dabigatran-treated, 11 rivaroxaban-

treated, and 6 apixaban-treated). In all patients without previ-

ous history of T2D a standard oral glucose tolerance test (75 g

of glucose was administrated in 100 ml of water and a venous

blood sample was taken two hours after the glucose adminis-

tration) was performed. Patients with blood glucose value

>7.8 mmol/l two hours after the glucose administration had

been excluded from the study. Therefore, only patients with-

out previous history of T2D, and with blood glucose value

<7.8 mmol/l shown in oral glucose tolerance test had been

assigned to non-diabetic (ND) group. After the obtaining

patient’s inform content, blood samples were taken on the

fifth day of in-patient stay using 3.8% citrate vacutainer blood

collection tubes prior and two hours after the administration

of DOACs doses (2-h-post-drug-administration sample). All

dabigatran-treated patients were fasting before swallowing

the drug; and all factor Xa inhibitors-treated patients had

eaten breakfast prior swallowing the drug. The research was

done according to ethical standards and was approved by

the local ethical committee. All patients agreed with study

participation and signed a written informed consent prior to

blood sampling.

Table 1 – Pharmacokinetic and pharmacodynamic properties of studied direct oral anticoagulants.

Dabigatran Rivaroxaban Apixaban

Target factor Factor IIa Factor Xa Factor Xa
Clinical indication NV-AF

PE or DVT prophylaxis
PE or DVT treatment

NV-AF
PE or DVT prophylaxis
PE or DVT treatment

NV-AF
PE or DVT prophylaxis
PE or DVT treatment

Prodrug Yes
(dabigatran etexilate)

No No

Hepatic metabolism Yes(glucuronidation) Yes
(CYP3A4, CYP2J2)

Yes
(CYP3A4/5, CYP21A2, CYPSC8,
CYP2C9/19, CYP2J2)

Renal clearance 75–80% 60 – 65% 25 – 30%
Protein bound 35% 95% 87%
Half-life 12–17 h 9–13 h 8–15 h
On-set of action 0.5–2 h 2–4 h 1–3 h
Laboratory test for monitoring Diluted thrombin clotting time,

ecarin clotting time
Anti-Xa activity Anti-Xa activity

Abbreviations: DVT – deep venous thrombosis; PE – pulmonary embolism; NV-AF – non-valvular atrial fibrillation, CYP – cytochrome P450.
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