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Abstract 

Introduction 

There are now anticoagulant choices with proposed advantages of non-vitamin K oral 

anticoagulants (NOACs) over warfarin being less routine monitoring and less drug 

interactions.  Interacting medication can impact the efficacy and safety of anticoagulant 

therapy with management remaining clinically challenging.  There have been limited studies 

comparing the potential for pharmacokinetic (PK) drug interactions between different 

anticoagulants.  Therefore, the aim of this study was to compare potential PK interactions in 

patients with atrial fibrillation (AF) changing from warfarin to NOAC therapy. 

Method 

A retrospective analysis was conducted of patients with AF enrolled in a dedicated warfarin 

program but exiting this program to commence a NOAC.  Patient data was collected, and 

concurrent medications were utilised to identify potential PK drug interactions with both 

warfarin and the chosen NOAC therapy.  Patients were grouped according to the number of 

medications with potential PK interactions and comparisons made between groups. 

Results 

Of the 712 eligible patients who ceased warfarin to commence a NOAC, most commenced 

either apixaban (45.9%) or rivaroxaban (41.9%).  When comparing warfarin to NOACs, there 

were significant differences in the proportion of patients taking no medication with potential 

PK drug interactions (46.9% vs 62.8%, p<0.0001), and taking one (35.2% vs 28.5%, 

p=0.0067) and two (14.5% vs 7.3%, p<0.0001) potentially PK interacting medications. 

Conclusion 



This study found when patients with AF were switched from warfarin to a NOAC, the 

potential for PK drug interactions significantly reduced but remained around 40%.  

Identifying and managing potential PK drug interactions with NOACs remains a priority to 

optimise clinical benefit of these anticoagulants. 

 

Highlights 

• Proposed benefits of NOACs over warfarin include less drug interactions but 

increasing evidence suggest pharmacokinetic interactions can impact efficacy and 

safety of NOACs  

• Switching patients from warfarin to a NOAC in those with an indication of atrial 

fibrillation reduced the potential for pharmacokinetic drug interactions but there 

remained around 40% of patients concurrently taking at least one interacting drug 

whilst on NOACs 

• Pharmacokinetic drug interactions with NOACs may be under-recognised and further 

studies are warranted to determine the correlation with interactions and clinical events 

so clinical management can be optimised  
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Introduction 

Warfarin has been widely used as an oral anticoagulant for the prevention and treatment of 

thromboembolic disease including stroke associated with atrial fibrillation (AF), among other 

indications [1].  Warfarin requires ongoing monitoring of International Normalised Ratio 

(INR) due to a narrow therapeutic index and numerous factors influencing response including 

drug interactions [2].  Interactions with warfarin may occur with medication that interfere 

with the metabolic clearance pathways, namely cytochrome p450 (CYP) 2C9 for the more 

active S-warfarin and CYP 1A2, 3A4 and 2C19 for R-warfarin [3].  In addition to 

pharmacokinetic (PK) interactions involving warfarin metabolism, interactions may also be 

pharmacodynamic resulting in a synergistic effect [4].  Consequently there is a high potential 

for interactions with warfarin with Wittkowsky et al [5] reporting that over 80% of patients 

taking warfarin were co-prescribed at least one potentially interacting drug.  Patients 

receiving concurrent interacting therapy with warfarin often have lower time in therapeutic 

range (TTR) [6], a commonly used measure of warfarin control and predictor for clinically 

relevant events[7]. 

The limitations and variability in response to warfarin has led to the development of non-

vitamin K oral anticoagulants (NOACs) which act as direct thrombin inhibitors. e.g. 

dabigatran, or Factor Xa inhibitors, e.g. rivaroxaban and apixaban[8].  Proposed advantages 

of NOACs over warfarin include fixed dosage and fewer clinically significant drug 

interactions [9].  Dabigatran is a substrate for P-glycoprotein (P-gp) [10] and rivaroxaban and 

apixaban are substrates of P-gp and CYP3A4, so potent inhibitors or inducers may result in 

clinically significant drug interactions [11].  According to Australian product information for 

the individual NOACs, concurrent use of some specific strong inhibitors of CYP3A4 and P-

gp (e.g. ketoconazole) are contraindicated whilst other inhibitors and inducers of these 

enzymes warrant caution and clinical surveillance [12-14].  Piccini et al [15] found no 



increased bleeding in patients treated with one or more combined CYP3A4 and P-gp 

inhibitors from the rivaroxaban versus warfarin comparative trial.  Similarly, Focks et al [16] 

conducted a post-hoc analysis of the apixaban versus warfarin trial and found no significant 

difference in major bleed rates of patients with or without combined CYP3A4 and P-gp 

inhibitors.  However, a further analyses by Harskamp et al [17] found the presence of both 

polypharmacy and ≥ 1 combined CYP3A4/P-gp inhibitor was significantly associated with 

higher bleed risk for rivaroxaban versus warfarin but not apixaban versus warfarin. 

Growing evidence suggests that concurrently prescribed drugs that interact with NOACs 

might affect the efficacy and safety of NOAC therapy including stroke and bleed risk [18].  

Awareness of drug interactions involving NOACs is critical and there is often the chance of 

clinically important drug interactions with NOACs which are similar to those with warfarin 

[19].  Despite this, there have been limited studies evaluating the number of concurrent 

medications with potential PK interactions in patients taking NOACs or comparing potential 

PK interactions when changing between different anticoagulant therapies.  Therefore, the aim 

of this study was to investigate the number of concurrent medications with potential PK 

interactions in patients with AF changing from warfarin to NOAC therapy, namely 

dabigatran, rivaroxaban or apixaban. 

 

Methods 

Ethics approval was obtained from Griffith University-PHM/09/14/HREC.  A retrospective 

analysis was conducted of patients with AF enrolled in a dedicated warfarin care program at a 

private pathology clinic in Queensland.  Patients who exited the program to commence a 

NOAC between June 2014 and July 2017 were identified.  The prescribed NOAC of 

dabigatran, rivaroxaban or apixaban was recorded together with any documented reason for 



the change of anticoagulant.  Data collected for each patient including gender, age, medical 

conditions, concurrent medication and INR results.  INR results were used to calculate TTR 

using the Rosendaal linear interpolation algorithm [20] with software from INRPro©.   

Concurrent medications on exiting the program were utilised to identify potential drug 

interactions with warfarin.  PK interactions with warfarin included drugs which interfered 

with metabolism resulting in a direct effect on INR. Pharmacodynamic interactions were 

drugs that increased the risk of bleeding or affected platelet function including aspirin, 

clopidogrel and non-steroidal anti-inflammatories.  The Australian Medicines Handbook [21] 

was used as the reference source of known drug interactions with oral anticoagulants plus 

inducers and inhibitors of CYP3A4  and P-gp.  Known inducers and inhibitors of the 

enzymes metabolizing the individual NOAC, e.g. P-gp for dabigatran and both CYP3A4 and 

P-gp for apixaban and rivaroxaban, were classified as potential PK interactions with each 

individual NOAC.  Patients were grouped according to the prescribed oral anticoagulant and 

the concurrent medication with potential PK interactions.  The number of potential PK 

interactions was categorised as zero, one, two, three or four potentially PK interacting 

medications with each individual anticoagulant, i.e. warfarin, dabigatran, rivaroxaban, 

apixaban, and with all NOACs. Categorical data was represented as number and percentage 

while age and TTR was represented as mean and standard deviation.  TTR was compared 

across patients with zero, one, two, three or four potentially PK interacting medications.  

Comparisons were made between warfarin and all NOACs for the number of concurrent 

potential PK interacting drugs, namely zero, one, two, three or four.  Comparisons were made 

via non-parametric Mann-Whitney test or t-test using Graph Pad InStat Version 3 with a p-

value < 0.05 considered statistically significant. 

 



Results 

Between June 2014 and July 2017, there were 712 patients with AF who exited the warfarin 

program to commence a NOAC.  The mean age of patients was 77.4 ± 9.9 years and there 

were 363 (51.0%) males and 349 (49.0%) females (Table 1).  The most common co-

morbidity was hypertension (37.5%) followed by diabetes mellitus (15.9%).  The most 

common prescribed concurrent medication with potential pharmacodynamic interactions 

were aspirin (7.3%) and selective serotonin reuptake inhibitors (7.2%).  The most common 

prescribed concurrent medication with potential PK interactions with warfarin were statins 

(25.1%), thyroxine (11.0%) and amiodarone (8.4%). 

<Insert Table 1> 

The mean TTR prior to ceasing warfarin was 81.1 ± 9.3 % (Table 1).  There was no 

significant difference in warfarin TTR between patients on different numbers of potential PK 

interacting medication (Figure 1).  The majority of patients were changed to a NOAC for the 

documented reason of general practitioner (55.6%) or specialist (28.7%) recommendation.  

Other documented reasons for changing to NOAC was hospitalisation (10.7%), stroke 

(0.7%), bleed (0.4%), or other/unknown reason (3.9%).  Of the 712 patients, there was a 

significantly lower proportion of patients with zero potential PK drug interactions when on 

warfarin compared to NOAC therapy (46.9% vs 62.8%, p<0.0001), and a significantly higher 

proportion with one or more potential PK drug interactions (53.1% vs 37.2%, p<0.0001).  

There was a significantly higher proportion with one (35.2% vs 28.5%, p=0.0067) and two 

(14.5% vs 7.3%, p<0.0001) potential PK interactions (Figure 2).  There was no significant 

difference between warfarin and NOACs in proportion of patients with three (2.7% vs 1.3%, 

p=0.0593) or four (0.7% vs 0.1%, p=0.0730) concurrent medication with potential PK 

interactions. 



<Insert Figure 1 & 2> 

On switching therapy from warfarin to NOACs, most patients commenced either apixaban 

(45.9%) or rivaroxaban (41.9%) (Table 2).  There were one or more potential PK drug 

interactions for 132 (40.4%) patients prescribed rivaroxaban, 177 (40.6%) prescribed 

apixaban and 12 (13.8%) prescribed dabigatran.  The most common concurrent medication 

with potential PK interactions with NOACs were amiodarone (8.4%), corticosteroids (6.6%), 

diltiazem (5.1%) and verapamil (5.1%). 

<Insert Table 2> 

 

Discussion 

There is now a choice between anticoagulants and potential for changes between warfarin 

and NOACs for reasons including patient preference, renal impairment and drug 

interactions[22].  Although similarities exist between NOACs and warfarin for clinically 

important drug interactions [19], there are limited studies investigating the potential for PK 

interactions between different oral anticoagulants.  Therefore, the aim of this study was to 

compare the potential PK interactions in patients with AF changing from warfarin to NOAC 

therapy.  This study found that 53% of patients with AF were taking at least one drug with a 

potential PK interaction whilst on warfarin and this significantly reduced when switched to 

NOAC therapy but remained around 40%. 

NOACs have potential for both pharmacodynamic and PK interactions with possible 

alteration to plasma levels by drugs affecting P-gp and CYP [23].  We found around 40% of 

patients on rivaroxaban and apixaban were taking at least one drug with potential for PK 

interactions.  Comparable to our study, Apsite et al [24] found at least one potential drug 



interaction for 43.8% on rivaroxaban and 47.8% on dabigatran.  In our study, there was a 

much lower 13.8% on dabigatran concurrently taking at least one drug with potential for a PK 

interaction.  Dabigatran differs from the other NOACs in only having potential for 

interactions with P-gp inhibitors or inducers but not the CYP system [25] which could 

explain the lower number of potential PK interactions seen with this agent.  The P-gp 

inhibitor amiodarone was the most common potentially interacting drug with NOACs in this 

study.  This may be because our study was conducted in patients with AF and thus more 

likely to be prescribed amiodarone than some other populations using anticoagulants, for 

example patients with venous thromboembolism.  A systematic review by Li et al [26] found 

amiodarone and ritonavir to be the most commonly reported drugs interacting with NOACs 

via PK mechanisms.  According to Australian product information, ritonavir is 

contraindicated with both rivaroxaban [13] and apixaban [12].  Candel et al [27] reported 

patients taking contraindicated drugs with NOACs, but in contrast we found no concurrent 

use with contraindicated medication, only drugs requiring caution with use.  In the same way, 

Forbes and Polasek [28] found no cases of patients taking contraindicated drugs but of 19 

patients with potential PK drug interactions with NOACs, 68% were taking drugs which 

could increase concentrations and 32% which could decrease concentrations.  Our study also 

found a higher prevalence of concurrent medication with potential to increase compared to 

decrease NOAC levels, including amiodarone and the calcium channel blockers verapamil 

and diltiazem.  Interestingly, Li et al [26] reviewed real-world studies reporting adverse 

events due to drug interactions with NOACs and found reports of bleed outcomes due to 

amiodarone, verapamil and diltiazem plus thrombotic outcomes with carbamazepine and 

phenytoin.  Some of these real-world outcomes were correlated to laboratory tests including 

NOAC drug levels [26].  Furthermore, Raccah et al [29] demonstrated drug interactions with 

CYP3A4 and P-gp inhibitors were independent predictors for NOAC drug levels exceeding 



the expected range.  Despite this, routine monitoring of NOAC levels is not currently 

recommended for dose-adjustment due to drug interactions but levels may be considered for 

rare cases of substantial interactions or in clinical emergencies including bleeding and acute 

stroke [30].  In contrast, monitoring of INR during warfarin therapy is routine and often 

increases in circumstances such as change of medications with possible PK drug interactions, 

and this can assist in optimising management.  In terms of warfarin control, patients receiving 

interacting medications have demonstrated lower TTR [6].  In this study no statistical 

difference was found in TTR according to the number of PK interacting medications and, in 

most cases, the TTR was above 80%.  This is a relatively high TTR but consistent with 

previous research at this warfarin care management program regarding TTR of around 80% 

[31] with no influence on TTR from concurrent medication [32].  Poor warfarin control has 

been reported as a reason for changing from warfarin to NOAC therapy but, independent of 

TTR, the lower risk of intracranial bleeding and haemorrhagic stroke with NOACs may 

support a decision to switch from warfarin to NOACs[33].  This is a possible reason for the 

switch to NOACs in our study population given the high TTR and the common documented 

reason for switching reported as general practitioner or specialist recommendation. 

Studies by Snaith et al [34] and Rikala et al [35] reported 68% and 75% of patients 

respectively were taking warfarin with potentially interacting medication.  The lower reported 

prevalence of drug interactions with warfarin in our study of 50% is likely due to our focus 

on only PK interactions.  Pharmacodynamic interactions with oral anticoagulants are well 

documented and particularly antiplatelets and non-steroidal anti-inflammatory drugs 

(NSAIDs) can increase bleed risk[23].  Jobski et al [36] found the highest risk of bleeding 

was associated with taking NSAIDs with vitamin K antagonists and anti-platelet agents with 

NOACs.  Caldeira et al [37] found aspirin and NSAIDs associated with major bleeds 

regardless of the anticoagulant chosen, i.e. NOAC or warfarin.  Our study in patients with AF 



found 7.3% of patients were concurrently taking aspirin and 2.4% clopidogrel, however 

combined use of these agents with oral anticoagulants may be warranted in specific patients.  

The risk of combinations with pharmacodynamic interactions remains similar regardless of 

anticoagulant agent, but individual potential PK interactions need to be considered in addition 

to this.  For example, the selective serotonin reuptake inhibitors can pharmacodynamically 

increase bleed risk plus fluvoxamine and fluoxetine are CYP3A4 inhibitors so could interact 

with anticoagulants metabolised via this pathway[38].  In clinical practice this would suggest 

a need for greater caution co-prescribing fluvoxamine or fluoxetine with NOACs as 

compared to other selective serotonin reuptake inhibitors.  Similar to this, calcium channel 

blockers differ in their interaction potential with diltiazem an inhibitor of CYP3A4 but 

verapamil an inhibitor of both CYP3A4 and P-gp.  Combined PK interactions have been 

proposed to increase bleeding with Li et al [26] correlating more bleed events with combined 

P-gp and CYP3A4 inhibition.  Mo et al [39] reported clinically significant adverse outcomes 

in patients taking NOACs with one or more interacting drugs and found variability in how 

drug interactions were managed by clinicians.  It is possible that clinicians are aware of 

potential PK interactions with NOACs and appropriately consider and monitor these drug 

interactions.  However, with the trend of increasing NOAC prescribing there may also be an 

associated increase in concurrent prescribing of potentially interacting medication with 

resultant impact on efficacy and safety.  This study identified amiodarone and calcium 

channel blockers as the potentially interacting drugs most commonly prescribed with 

NOACs, but this study was conducted in patients with AF.  Patients taking anticoagulants for 

other indications, such as venous thromboembolism, may differ in age, comorbidities and 

concurrent medication and thus results may not be generalisable to other populations.  This 

study also did not investigate any changes to concurrent medication on commencement of 

NOAC therapy or events related to drug interactions.  Further studies should determine if 



appropriate review of concurrent medication with possible drug interactions occurs when 

selecting the individual NOAC plus any correlation to levels associated with potentially 

interacting medications, particularly at times of clinical events. 

In conclusion, NOACs have emerged as the preferred anticoagulant option but some specific 

clinical situations remain challenging including drug-drug interactions [30].  Despite fewer 

reported interactions with NOACs compared to warfarin, the possible effects of concurrent 

medication requires consideration when selecting appropriate anticoagulant therapy[40].  

This study shows that while the potential for PK drug interactions may be reduced by 

changing patients with AF from warfarin to NOACs, up to 40% of patients on NOACs are 

still taking medication with potential for PK interactions.  Further studies are warranted to 

investigate the correlation between PK drug interactions and clinical events such that 

management of PK drug interactions can be optimised for patients taking NOACs. 
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Table 1 – Patient demographics for the 712 patients included in the study.  Data represented 
as number (percentage) for all variables except age and time in therapeutic range represented 
as mean (standard deviation).  

 N = 712 patients  

Gender  

Male 363 (51.0) 

Female 349 (49.0) 

Age (years) 77.4 (9.9) 

Time in therapeutic range (%) 81.1 (9.3) 

Comorbidities  

Hypertension 267 (37.5) 

Diabetes 113 (15.9) 

Ischaemic Heart Disease 70 (9.8) 

Heart Failure 34 (4.8) 

Chronic Kidney Disease 17 (2.4) 

Concurrent Medication with Pharmacodynamic Interactions 

Aspirin 52 (7.3) 

Selective serotonin reuptake inhibitors 51 (7.2) 

Cyclo-oxygenase-2 selective inhibitors 25 (3.5) 

Serotonin and noradrenaline reuptake 
inhibitors 

23 (3.2) 

Non-steroidal anti-inflammatories 19 (2.7) 

Clopidogrel 17 (2.4) 

Concurrent Medication with Pharmacokinetic Interaction with warfarin 

Statins  179 (25.1) 

Thyroxine 78 (11.0) 

Amiodarone 60 (8.4) 

Corticosteroids 47 (6.6) 

Tramadol 23 (3.2) 



Fibrates 10 (1.4) 

Carbimazole 7 (1.0) 

Phenytoin 4 (0.6) 

Carbamazepine 3 (0.4) 

Fluorouracil 3 (0.4) 

Fluvoxamine 3 (0.4) 

Metronidazole 3 (0.4) 

Tamoxifen 3 (0.4) 

Azathioprine 2 (0.3) 

Fluconazole 1 (0.1) 

Flucloxacillin 1 (0.1) 

Griseofulvin 1 (0.1) 

Propylthiouracil 1 (0.1) 

 

  



Table 2 – Concurrent medications known to interact with non-vitamin K oral anticoagulants 
(NOACs) for the 712 patients included in the study according to number of interactions and 
name of medication for individual agents. Data represented is number (percentage). 

 Patients 
changed to 
NOACs 

n=712 

Patients 
changed to 
apixaban 

n=327 

Patients 
changed to 
dabigatran 

n=87 

Patients 
changed to 
rivaroxaban 

n=298 

Number of Interacting Medication - Pharmacokinetic 

Zero 447 (62.8) 195 (59.6) 75 (86.2) 177 (59.4) 

One 203 (28.5) 98 (30.0) 12 (13.8) 93 (31.2) 

Two 52 (7.3) 26 (8.0) 0 26 (8.7) 

Three 9 (1.3) 7 (2.1) 0 2 (0.7) 

Four 1 (0.1) 1 (0.3) 0 0 

Interacting Medication - Pharmacokinetic 

CYP3A4 & Pgp inducers     

Carbamazepine 3 (0.4) 0 0 3 (1.0) 

Phenytoin 4 (0.5) 2 (0.6) 0 2 (0.7) 

CYP3A4 & Pgp inhibitor     

Verapamil 36 (5.1) 20 (6.1) 3 (3.4) 13 (4.4) 

Pgp inhibitors     

Amiodarone 60 (8.4) 29 (8.9) 7 (8.0) 24 (8.1) 

Carvedilol 30 (4.2) 11 (3.4) 2 (2.3) 17 (5.7) 

CYP3A4 inhibitors     

Diltiazem 36 (5.1) 21 (6.4) N/A 15 (5.0) 

Fluconazole 1 (0.1) 0 N/A 1 (0.3) 

Fluvoxamine 3 (0.4) 2 (0.6) N/A 1 (0.3) 

CYP3A4 inducers     

Corticosteroid 45 (6.6) 23 (7.0) N/A 22 (7.4) 



 

 

Figure 1 – Time in therapeutic range (%) of warfarin for the 712 patients according to 
number of concurrent medications with potential pharmacokinetic interactions.  Data shown 
is mean in column and standard deviation on whiskers.  

 

 

 

Figure 2 – Number of concurrent medications known to have pharmacokinetic interactions 
with warfarin and non-vitamin K oral anticoagulants (NOACs) for the 712 patients included 
in the study.  Data represented as percentage of patients and * shows statistical significance 
of p-value < 0.05. 
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