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Abstract

Drug-drug interactions (DDIs) with oral anticoagulants may lead to under-anticoagulation and 

increased risk of thromboembolism. While warfarin is susceptible to numerous DDIs, few studies 

have examined DDIs resulting in thromboembolism or those involving direct-acting oral 

anticoagulants (DOACs). We aimed to identify medications that increase the rate of hospitalization 

for thromboembolic events when taken concomitantly with oral anticoagulants. We conducted a 

high-throughput pharmacoepidemiologic screening study using Optum Clinformatics Data Mart, 

2000–2016. We performed self-controlled case series studies among adult users of oral 

anticoagulants (warfarin, dabigatran, rivaroxaban, apixaban, and edoxaban) with at least one 

hospitalization for a thromboembolic event. Among eligible patients, we identified all oral 

medications frequently co-prescribed with oral anticoagulants as potential interacting precipitants. 

Conditional Poisson regression was used to estimate rate ratios comparing precipitant exposed vs. 

unexposed time for each anticoagulant-precipitant pair. To minimize within-person confounding 

by indication for the precipitant, we used pravastatin as a negative control object drug. Multiple 

estimation was adjusted using semi-Bayes shrinkage. We screened 1,622 oral anticoagulant-

precipitant drug pairs and identified 226 (14%) drug pairs associated with statistically significantly 

elevated risk of thromboembolism. Using pravastatin as the negative control object drug, this list 
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was reduced to 69 potential DDI signals for thromboembolism, 33 (48%) of which were not 

documented in the DDI knowledge databases Lexicomp and/or Micromedex. There were more 

DDI signals associated with warfarin than DOACs. This study reproduced several previously 

documented oral anticoagulant DDIs and identified potential DDI signals that deserve to be 

examined in future etiologic studies.
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INTRODUCTION

Oral anticoagulants are used for multiple thromboembolic disorders, including the 

prevention of stroke and systemic embolism in patients with atrial fibrillation, the treatment 

and prevention of venous thromboembolism, and thrombo-prophylaxis in patients 

undergoing total hip and/or knee replacement. Polypharmacy—taking multiple medications 

at the same time—is very common among oral anticoagulant users. More than half of oral 

anticoagulant users take more than 5 medications at the same time and are therefore 

susceptible to adverse drug events due to drug-drug interactions (DDIs). 1–3 DDIs between 

oral anticoagulants and other concomitantly administered medications can result in either 

enhanced anticoagulant effects and an increased risk of bleeding, or in reduced anticoagulant 

effects and an increased risk of thromboembolic events.

Warfarin, the mainstay oral anticoagulant for many decades, is susceptible to numerous 

DDIs. Mechanisms through which warfarin DDIs can occur include the inhibition of 

cytochrome P450 (CYP) metabolizing enzymes, changes in vitamin K levels, displacement 

of plasma protein binding or concurrent use of medications that affect hemorrhagic risk.4,5 

Direct-acting oral anticoagulants (DOACs), also known as non-vitamin K oral 

anticoagulants, were recently introduced as alternatives of warfarin to address its limitations.
6–10 Unlike warfarin, DOACs can be administered in fixed doses and do not require routine 

laboratory monitoring. However, DOACs are substrates of P-glycoprotein and some DOACs 

(rivaroxaban and apixaban) are extensively metabolized by CYP enzymes.6–14 DOACs 

therefore may potentially interact with inhibitors or inducers of P-glycoproteins and CYP 

enzymes. In addition to these known DDI mechanisms, other as-yet unidentified 

mechanisms may exist. The clinical effect of the potential DDIs between DOACs and other 

medications on the risk of thromboembolism has not been examined.

To facilitate systematic identification of signals of potential DDIs that lead to 

thromboembolic events among patients receiving oral anticoagulants, we used real-world 

clinical data to conduct high-throughput pharmacoepidemiologic screening studies with the 

self-controlled case series (SCCS) design to identify which potentially interacting drugs may 

affect the rate of hospitalization of thromboembolism when taken together with oral 

anticoagulants.
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METHODS

Data

We conducted retrospective bidirectional SCCS studies (with sensitivity analyses using a 

unidirectional design, described below) using Optum Clinformatics Data Mart, a large 

healthcare claim database in the United States. The database records administrative claims 

from a large national United States commercial insurance plan including approximately 71 

million commercially insured and Medicare Advantage enrollees. Information on patient 

demographics, enrollment, pharmacy claims, medical claims, and laboratory data are 

recorded. Only individuals with both medical and prescription coverage are included in the 

database. The study was exempted from institutional board review by the University of 

Pennsylvania’s Office of Regulatory Affairs.

Study Population and Observation Time

We identified all individuals aged 18 years and above with at least one dispensed 

prescription of an oral anticoagulant (i.e., object drugs: warfarin, dabigatran, rivaroxaban, 

apixaban, and edoxaban) from April 1, 2000, to December 31, 2016. Each patient was 

observed starting from the date of the first prescription of an oral anticoagulant dispensed 

(i.e., the index date) until the earliest of the following: a prescription of an oral anticoagulant 

that was different from the one initially received, disenrollment from the plan, the end of the 

data available (i.e., December 31, 2016), and/or the last day of supply of the oral 

anticoagulant supply plus 7 days, which was the grace period to account for any non-

adherence to the anticoagulant (Figure 1). We counted each day within the observation 

period as a unit of observation. To be eligible for the study, individuals needed to have 

continuous enrollment and no prescription of that oral anticoagulant dispensed during the 

183 days prior to the index date (i.e., the baseline period). This was implemented to ensure 

that we observed the incident concomitant drug use. This would reduce the potential to 

underestimate the frequency of events occurring at the beginning of concomitancy and 

potential confounding introduced by the inclusion of prevalent users in observational studies.
15 To control for within-person confounding by indication for the potential interacting 

precipitant drug and to distinguish an interaction with an oral anticoagulant from an inherent 

effect of the precipitant on thromboembolism risk, we used pravastatin as a negative control 

object drug.16 We selected pravastatin because it is not believed to be metabolized 

extensively by CYPs.17 Eligible pravastatin users were identified using the same criteria for 

oral anticoagulant users, except that observation days during which they were exposed to an 

oral anticoagulant were excluded.

Outcome

The outcome of interest was thromboembolism, defined as a composite outcome of stroke 

(ischemic stroke and transient ischemic attack) and venous thromboembolism (venous 

thrombosis and pulmonary embolism). All outcomes were identified using algorithms based 

on International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) 
codes from 2000 to 2016, and International Classification of Diseases, 10th Revision, 
Clinical Modification (ICD-10-CM) codes from 2015 to 2016. The ICD-9-CM algorithms 

have been validated in prior studies with positive predictive values of 73–90% (Table S1).
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18,19 The ICD-10-CM algorithms were translated from ICD-9-CM using General 

Equivalence Mappings (GEMs) published by the Centers for Medicare and Medicaid 

Services and Centers for Disease Control and Prevention using Forward Backward Mapping 

method.20–22 We identified all eligible anticoagulant and pravastatin users with at least one 

thromboembolic event during the time of an active prescription for that object drug. Any 

days of hospitalization were excluded because medication use during hospitalization is not 

recorded in the data.

Exposure – Potential Interacting Precipitant Drugs

The potential interacting precipitants were identified as all oral medications (by active 

ingredient) that were co-dispensed with each oral anticoagulant and with pravastatin among 

eligible patients. For each observation day of each patient, exposure indicators were 

generated to indicate if the patient was exposed (i.e., on the oral anticoagulant and the 

precipitant drug) or unexposed (i.e., on the oral anticoagulant without the precipitant drug) 

to the potential precipitant drug. To simplify the high-throughput screening of hundreds of 

precipitant drugs and to maximize the strength of resulting signals, no grace period was 

added following the precipitant days’ supply.

Covariates

The SCCS design intrinsically controls for fixed multiplicative covariates such as sex and 

genetic factors. We controlled for two time-varying covariates: the use of nonsteroidal anti-

inflammatory drug (NSAIDs: celecoxib, diclofenac, diflunisal, etodolac, fenoprofen, 

flurbiprofen, ibuprofen, indomethacin, ketoprofen, ketorolac, meclofenamate, mefenamic 

acid, meloxicam, nabumetone, naproxen, oxaprozin, piroxicam, salsalate, sulindac, and 

tolmetin) and the use of antiplatelet agents (abciximab, anagrelide, aspirin, cilostazol, 

clopidogrel, dipyridamole, eptifibatide, prasugrel, ticagrelor, ticlopidine, and tirofiban) in the 

past 30 days, each calculated as a binary indicator for each observation day. In the model 

analyzing a NSAID or an antiplatelet agent as the precipitant drug, we only controlled for 

the use of antiplatelet agent in the past 30 days or the use of NSAIDs in the past 30 days, 

respectively.

Statistical analysis

We used conditional Poisson regression to estimate rate ratios (RRs) and 95% confidence 

intervals (CI) comparing precipitant exposed time vs. precipitant unexposed time for each 

object-precipitant drug pair. An overall RR was estimated for each object-precipitant pair for 

each outcome over the entire observation period. To ensure statistically stable estimates of 

the model, we excluded the drug pair if there were fewer than 5 cases who were ever 

exposed to that precipitant drug or if the variance of the estimated beta for the parameter of 

interest was larger than 10. To examine the duration-response relationships, we divided the 

exposure time into 5 mutually exclusive risk windows: 0–15, 16–30, 31–60, and 61–120 and 

120+ days since the initiation of concomitancy. Separate RRs were estimated for each risk 

window. To ensure stable estimates, if there was no event in a risk window for a given 

object-precipitant pair, we excluded the exposed and unexposed time of that risk window.
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We adjusted for examination of multiple precipitant drugs using semi-Bayes shrinkage.23,24 

We pre-specified the variance around the true RRs as 0.25 for the overall RRs and risk 

window-specific RRs, which corresponds to the assumption that 95% of the true RRs falls 

within an unspecified 7-fold range of each other. In the secondary analysis, we assumed a 

larger variance (0.67, corresponding to a 25-fold range).25 For precipitants identified in both 

cohorts, we calculated the ratio of RRanticoagulant + precipitant vs. anticoagulant to 

RRpravastatin + precipitant vs. pravastatin. The variance of the ratio of RRs was calculated using 

the delta method.26

Four prespecified sensitivity analyses were performed. First, we restricted the analysis to 

patients who only had one event over the observation period to assess the effect of a 

potential violation of the independent events assumption underlying the SCCS design. 

Second, we excluded the observation days after September 30, 2015, when ICD-10 was 

mandatorily implemented in the US to assess the effect of the uncertain validity of ICD-10 

algorithms. Lastly, we performed left-censored (excluding the observation time before the 

first exposed episode) and right-censored (excluding the observation time after the first 

exposed episode) unidirectional analyses to assess the effect for potential reverse-causality 

bias and immortal time bias introduced by the bidirectional design.27 However, these 

unidirectional analyses may be susceptible to exposure-trend bias. 27,28

Cohorts were constructed using SAS 9.4 (SAS Institute, Inc., Cary, North Carolina, United 

States) and SCCS analyses were performed using Stata version 15.0 (StataCorp LP, College 

Station, Texas, United States). RRs and ratios of RRs were depicted graphically in heat maps 

plotted using Python Seaborn package.29

RESULTS

We identified 12 to 45,719 anticoagulant and/or pravastatin users who had experienced at 

least one thromboembolic event during the observation period (i.e., cases). The baseline 

characteristics of eligible patients are presented in Table 1. As expected, there were many 

more warfarin users than DOAC users. There were only 12 edoxaban users because 

edoxaban only became available in the US in January 2015 and has been infrequently used. 

The mean age was above 70 years for dabigatran, apixaban, edoxaban and pravastatin users, 

and 66 years for warfarin and rivaroxaban users. The majority (60–79%) of dabigatran and 

apixaban users had a prior diagnosis of atrial fibrillation, while a lower percentage (30–42%) 

of warfarin, rivaroxaban and edoxaban users had atrial fibrillation. Approximately 45–50% 

of dabigatran and apixaban users had a prior thromboembolic event, while the percentage 

was smaller (~30%) among warfarin, rivaroxaban, edoxaban, and pravastatin users. 

Approximately 4–7% of oral anticoagulant and pravastatin users had a prior prescription of 

NSAIDs within 30 days before oral anticoagulant or pravastatin initiation. A higher 

percentage (15–16%) of edoxaban and pravastatin users had a prior prescription of 

antiplatelet agents compared to 5–7% among the other four oral anticoagulants (warfarin, 

dabigatran, rivaroxaban, and apixaban) users.

Among 2,779 object-precipitant drug pairs identified among all eligible cases (Table 2), we 

estimated the overall RRs and risk window specific RRs for 2,163 drug pairs. Excluding 130 
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unstable estimates, we estimated semi-Bayes adjusted overall RRs for 2,033 object-

precipitant drug pairs, which ranged from 0.1–15.1. There were 129, 24, 54, 19, 0 and 84 

precipitants associated with statistically significantly elevated overall semi-Bayes adjusted 

RRs for warfarin, dabigatran, rivaroxaban, apixaban, edoxaban, and pravastatin, respectively. 

Using pravastatin as the negative control object drug, we calculated overall ratios of RRs for 

1,379 oral anticoagulant-precipitant drug pairs with values ranging from 0.1 to 6.3. There 

were 47, 17, 24, 11, and 0 precipitants associated with statistically significantly elevated 

overall ratios of RRs for warfarin, dabigatran, rivaroxaban, apixaban, and edoxaban, 

respectively. Excluding precipitants that seemed less likely to be DDIs (i.e., precipitants that 

were not associated with a statistically increased risk of thromboembolism in oral 

anticoagulant users, and with a statistically reduced risk in pravastatin users), we identified 

31 potential DDI signals among warfarin users, 9 among dabigatran users, 18 among 

rivaroxaban users, 11 among apixaban users and none for edoxaban. Among these DDI 

signals, 33 (48%) were not documented in either of two major DDI references: Lexicomp30 

and Micromedex.31 Summaries of the results are presented in Table 2. The list of potential 

DDI signals are presented in Table 3 and depicted in Figure 2, in which the ratio of rate 

ratios is plotted on the horizontal axis and the log of the inverse of the p-value is plotted on 

the vertical axis, so that small p-values (which are affected both by strength of association 

and sample size) are higher on the vertical axis. The semi-Bayes adjusted overall RRs and 

risk window specific RRs for each object-precipitant drug pair are presented in Figure S1. 

The semi-Bayes adjusted overall and risk window specific ratios of RRs for each object-

precipitant drug pair are presented in Figure S2. The secondary analysis which assumed a 

larger variation of true RRs had similar findings (Table S2, and Figures S3 and S4).

The results from four sensitivity analyses are summarized in Table S3–S6. The semi-Bayes 

adjusted RRs and ratios of RRs estimated over the entire observation period from the four 

sensitivity analyses are depicted in Figure S5 and S6, respectively. In the analysis excluding 

observation days after September 30, 2015, few RRs changed direction or statistical 

significance (Table S4). There were variations in the RRs depending on the specific object-

precipitant drug pairs in the sensitivity analyses that restricted to patients with one event and 

the unidirectional analyses that excluded observation time before or after the first exposed 

period (Tables S3, S5 and S6).

DISCUSSION

To our knowledge, this is the first pharmacoepidemiologic study to systematically evaluate 

the association between DDIs and the risk of thromboembolism among patients receiving 

oral anticoagulants. Using the SCCS design, we identified 226 oral anticoagulant-precipitant 

drug pairs associated with an elevated overall rate of thromboembolic events following the 

precipitant initiation. Using pravastatin as the quantitative negative control object drug, we 

found 99 oral anticoagulant-precipitant drug pairs associated with an increased overall rate 

of thromboembolic events. Among these pairs, 69 (70%) seem likely to be potential DDI 

signals. More DDI signals were identified involving warfarin than DOACs.

We replicated several previously documented warfarin DDIs, which supports the validity of 

our approach. Concomitant use of raloxifene with warfarin was associated with an increased 
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rate of thromboembolism (RR=1.50, 95% CI: 1.20–1.88, ratio of RRs=1.88, 95% CI: 1.18–

3.00). Although the clinical significance of this interaction was not previously examined, 

single doses of concurrent administration of raloxifene and warfarin were shown to reduce 

the prothrombin time by 10% within two weeks.32 We also found a positive association 

between rifampin and the rate of thromboembolism (RR=2.35, 95% CI:1.82–3.01, ratio of 

RRs=2.25, 95% CI:1.10–4.61). This interaction between warfarin and rifampin, a strong 

CYP inducer,33 to reduce the anticoagulant effect of warfarin has been documented in many 

case reports.34–37

On the other hand, some previously documented DDIs were not associated with statistically 

significantly elevated RR or ratio of RRs in our study, for example, carbamazepine 

(RR=1.07, 95% CI: 0.88–1.30, ratio of RRs=0.82, 95% CI: 0.56–1.21), phenytoin 

(RR=0.90, 95% CI: 0.80–1.00, ratio of RRs=1.19, 95% CI: 0.90–1.58), and phenobarbital 

(RR=0.82, 95% CI: 0.63–1.08, ratio of RRs=1.37, 95% CI: 0.69–2.75).38,39 This may be due 

to lack of dose adjustment as patients may be told to skip doses when they initiated these 

precipitant drugs, potential misclassification for days on warfarin, and/or insufficient power. 

Our approach was designed to screen a large number of potentially interacting precipitant 

drugs in a high-throughput fashion and generate new DDI hypotheses. Future large-scale 

etiological studies are needed to examine the clinical relevance and the magnitude of the 

observed DDI signals in independent populations.

We identified eight NSAIDs that were associated with an increased rate of 

thromboembolism when administered concurrently with warfarin, including celecoxib 

(RR=1.07, 95% CI: 0.98–1.17, ratio of RRs=1.24, 95% CI: 1.02–1.53), diclofenac 

(RR=1.49, 95% CI: 1.26–1.78, ratio of RRs=1.43, 95% CI: 1.07–1.92), diflunisal (RR=4.59, 

95% CI: 2.47–8.53, ratio of RRs=3.85, 95% CI: 1.34–11.03), etodolac (RR=2.31, 95% 

CI:1.73–3.08, ratio of RRs=2.61, 95% CI: 1.60–4.25), ibuprofen (RR=2.05, 95% CI:1.81–

2.32, ratio of RRs=1.94, 95% CI: 1.50–2.50), indomethacin (RR=1.62, 95% CI: 1.32–1.99, 

ratio of RRs=1.62, 95% CI: 1.03, 2.55), meloxicam (RR=1.29, 95% CI: 1.14–1.44, ratio of 

RRs=1.23, 95% CI: 1.02–1.47), and naproxen (RR=1.65, 95% CI: 1.44–1.89, ratio of 

RRs=1.72, 95% CI: 1.35–2.19). Although NSAIDs have an intrinsic effect on bleeding 

risk40 and the concomitant use of oral anticoagulants and NSAIDs is associated with an 

increased risk of bleeding among atrial fibrillation patients,41 NSAIDs use has also been 

found to be associated with thromboembolism in healthy people and high-risk patients.42,43 

A large cohort study of Danish atrial fibrillation patients on vitamin K antagonists (warfarin 

or phenprocoumon) found that short-term NSAID use was associated with a hazard ratio 

(HR) of 1.67 (95% CI: 1.41–1.98) for thromboembolism.41 A post-hoc analysis of patients 

enrolled in the RE-LY (Randomized Evaluation of Long Term Anticoagulant Therapy) trial 

also found that concomitant use of NSAIDs with warfarin or dabigatran was associated with 

an increased risk of stroke and systemic embolism (HR=1.50, 95% CI: 1.12–2.01).44 Our 

findings of elevated RRs and ratios of RRs support this association between NSAIDs and 

thromboembolism in warfarin users. However, we could not exclude the possibility that 

patients were told to hold doses of their anticoagulant while initiating NSAIDs to avoid 

potential bleeding, which could lead to under-anticoagulation. Furthermore, we did not have 

information on over-the-counter (OTC) NSAIDs and used prescribed NSAIDs as a proxy for 

NSAIDs exposure. In a cohort of asymptomatic patients age 45–84 years, OTC NSAIDs 
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(aspirin and ibuprofen) were more frequently used than prescribed NSAIDs.45 Comparing 

OTC NSAIDs and prescribed NSAIDs users, differences in patient characteristics, including 

ethnicity, intentional exercises and social-economic status were observed. This may 

contribute to differential misclassification of NSAIDs exposure and thus biased estimates 

towards either direction.

One DDI signal involving DOACs and P-glycoprotein and/or CYP3A4 inducers was found 

(rivaroxaban-phenytoin: RR=1.80, 95% CI: 1.03–3.16, ratio of RRs=2.39, 95% CI: 1.29–

4.44) in the primary analysis. Two additional signals were identified in the secondary 

analysis which assumed a larger variation of true RRs including dabigatran-carbamazepine 

(RR=2.75, 95% CI: 1.27–5.95, ratio of RRs=2.10, 95% CI: 0.91–4.88; secondary analysis: 

RR=4.77, 95% CI: 1.84–12.39, ratio of RRs=3.61, 95% CI: 1.31–9.96) and rivaroxaban-

phenobarbital (RR=1.57, 95% CI: 0.63–3.89, ratio of RRs=2.61, 95% CI: 0.86–7.95; 

secondary analysis: RR=2.40, 95% CI: 0.63–9.06, ratio of RRs=5.02, 95% CI: 1.09–23.04). 

DOACs are substrates of P-glycoprotein.6–9 Rivaroxaban and apixaban are also metabolized 

by CYP enzymes.7,8,12,13 The US labeling of dabigatran recommends avoiding the 

concomitant use of P-glycoprotein inducers with dabigatran.6 The US labeling of 

rivaroxaban and apixaban warns to avoid concomitant use of rivaroxaban and apixaban with 

strong dual P-glycoprotein and CYP3A4 inducers such as carbamazepine and phenytoin.7,8 

Our findings suggest the existence of possible clinically significant DDIs among these drugs. 

We did not observe elevated RRs and/or ratio of RRs associated with many P-glycoprotein 

inducers or CYP3A4 inducers, for instance, bosentan, oxarbazepine, or primidone. This may 

suggest either that these DDIs are not clinical relevant, or that we had insufficient sample 

size to detect such a signal.

Our study has several notable strengths. First, the SCCS design controls for fixed 

multiplicative covariates by design. Second, to minimize confounding by indication by the 

precipitant drug, we examined pravastatin as a quantitative negative control object drug. 

Third, four sensitivity analyses were performed to assess the effect of the potential violation 

of assumptions underlying SCCS design and the uncertain validity of ICD-10 algorithms. 

Finally, we systematically evaluated 1,622 oral anticoagulant-precipitant drug pairs that had 

been frequently co-dispensed in clinical practice.

Our study has several limitations. First, like all studies using administrative data, we did not 

have data on over-the-counter medications. This may contribute to insufficient adjustment of 

self-administered NSAIDs and/or potential misclassification of exposure to precipitants that 

are available over-the-counter. If the misclassification is nondifferential with regard to 

outcome, the results would be biased toward the null. If the misclassification is differential, 

the results could be biased in both directions and should be interpreted with caution. Second, 

we lacked adherence data and assumed full adherence to precipitant drugs. Third, we did not 

evaluate dose-response relationships and did not adjust for anticoagulant dose, in part 

because the dispensed warfarin dose may not be a good measure of the warfarin dose 

actually taken. Fourth, there may be misclassification of days on anticoagulant. It was 

particularly challenging to assess days on warfarin, which is dose-titrated. We used days’ 

supply as a proxy for ingestion. If the patients were told to hold doses, this would not be 

reflected in pharmacy claims data. Fifth, we did not have data on the rationale for ending 
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therapy. In the traditional bi-directional design of SCCS, because observation time before 

and after the first exposed period are both included in the analysis, one underlying 

assumption is that the occurrence of an event should not substantially affect subsequent 

exposure and censoring. If the event leads to subsequent termination of the precipitant drug, 

there may be reverse causality bias. This limitation was mitigated by the conduct of the 

unidirectional analyses that are not subject to this bias. Our findings of sensitivity analyses 

suggested that any effect of violation of the event-independent censoring assumption is 

likely to depend on the individual drug pair of interest.

Using the SCCS design, we identified 69 potential oral anticoagulant DDIs associated with 

elevated rates of thromboembolism. Thirty-three of these signals have not been currently 

documented in existing DDI references. Future studies are needed to confirm or refute these 

observed associations and to examine potential DDI mechanisms. Precipitant drugs that are 

more frequently used among anticoagulant users may be prioritized in future etiologic 

studies.
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STUDY HIGHLIGHTS

What is the current knowledge on the topic?

Drug-drug interactions (DDIs) with oral anticoagulants may lead to under-

anticoagulation and increased risk of thromboembolism. While warfarin is susceptible to 

numerous DDIs, few studies have examined DDIs resulting in thromboembolism or those 

involving direct-acting oral anticoagulants.

What question did this study address?

Which medications taken concomitantly with oral anticoagulants would increase the rate 

of hospitalization for thromboembolic events?

What does this study add to our knowledge?

We screened 1,622 anticoagulant-precipitant drug pairs and identified 69 DDI signals. 

Thirty-three of these were not documented in two major DDI knowledge databases. 

Careful management of patients on warfarin and direct-acting oral anticoagulants may be 

warranted as we identified novel DDIs that are not documented in major DDI databases.

How might this change clinical pharmacology or translational science?

Large scale pharmacoepidemiologic studies in independent population are needed to 

confirm or refute the clinical importance of these potentially, but previously unidentified 

DDIs for thromboembolic events in patients receiving oral anticoagulants. Future 

research evaluating the potential mechanisms for these potential DDI signals may 

contribute to pharmacologic knowledge of these drugs.
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Figure 1. 
Study design.

The patient may enter the cohort in three different scenarios. In all three scenarios, 

observation started on the date of initiation of an oral anticoagulant (i.e., the index date). In 

scenario A, an oral anticoagulant and the precipitant drug were initiated on the same date 

(i.e., the concomitancy was combination-triggered). In scenario B, the patient initiated an 

oral anticoagulant when he/she was already on the precipitant drug (i.e., object-triggered). In 

scenario C, the patient initiated the precipitant drug after he/she initiated an oral 

anticoagulant (i.e., precipitant-triggered). All three scenarios were included in the analyses.
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Figure 2. 
Potential oral anticoagulant drug-drug interaction (DDI) signals for thromboembolism.

The x-axis represents ratio of semi-Bayes adjusted rate ratios (RR) 

anticoagulant + precipitant vs. anticoagulant to RRpravastatin + precipitant vs. pravastatin. The y-axis 

represents log (1/semi-Bayes adjusted p-value). The data points in the upper right corner are 

the precipitant drugs with statistically elevated ratio of RRs for thromboembolism. The 

potential DDI signals labeled in the figure are precipitant drugs with statistically elevated 

ratio of RRs for thromboembolism, excluding the ones not associated with statistically 

elevated RR among oral anticoagulant users, and associated with statistically reduced RR 

among pravastatin users.
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Table 3.

Potential drug-drug interaction (DDI) signals.

Precipitant drug used concomitantly 
with an oral anticoagulant

Ratio of RRs (95% Confidence interval) Possible mechanism of DDIs on the risk of 
thromboembolism46–49

Warfarin

levonorgestrel 5.04 (1.98, 12.83) Unknown

norgestimate 4.27 (1.64, 11.16) Induction of CYP3A4

diflunisal 3.85 (1.34, 11.03) Effect on hemostasis

sulindac 3.70 (1.79, 7.62) Effect on hemostasis

ethinyl_estradiol 3.41 (1.71, 6.79) Estrogen affects hemostasis

estropipate 2.94 (1.24, 6.97) Estrogen affects hemostasis

estradiol 2.79 (1.83, 4.26) Estrogen affects hemostasis

multivitamin_with_iron 2.68 (1.35, 5.33) Vitamin K, or possibly folic acid

etodolac 2.61 (1.60, 4.25) Effect on hemostasis

potassium_bicarbonate* 2.44 (1.05, 5.65) Bicarbonate may interfere with blood coagulation

rifampin 2.25 (1.10, 4.61) Induction of CYP1A2, 2A6, 2B6, 2C19, 2C8, 2E1, 
3A4, 3A5, 3A7

aspirin 2.13 (1.72, 2.64) Induction of CYP2C19

dipyridamole 2.07 (1.65, 2.60) Unknown

carisoprodol* 2.06 (1.43, 2.97) Unknown

ibuprofen 1.94 (1.50, 2.50) Effect on hemostasis

raloxifene 1.88 (1.18, 3.00) Protein binding interaction

naproxen 1.72 (1.35, 2.19) Effect on hemostasis

eszopiclone* 1.72 (1.12, 2.65) Unknown

clopidogrel 1.69 (1.56, 1.84) Unknown

rabeprazole 1.69 (1.24, 2.31) Induction of CYP1A2

hydromorphone* 1.63 (1.08, 2.47) Unknown

indomethacin 1.62 (1.03, 2.55) Effect on hemostasis

quinapril* 1.53 (1.09, 2.13) Unknown

enalapril* 1.43 (1.16, 1.76) Unknown

diclofenac 1.43 (1.07, 1.92) Effect on hemostasis

propoxyphene 1.38 (1.08, 1.77) Unknown

hydrocodone* 1.33 (1.22, 1.46) Unknown

acetaminophen 1.28 (1.18, 1.38) Unknown

celecoxib 1.24 (1.02, 1.53) Effect on hemostasis

meloxicam 1.23 (1.02, 1.47) Effect on hemostasis

hydrochlorothiazide* 1.11 (1.03, 1.20) Hemoconcentration of clotting factors

Dabigatran

pioglitazone* 2.69 (1.44, 5.05) Unknown
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Precipitant drug used concomitantly 
with an oral anticoagulant

Ratio of RRs (95% Confidence interval) Possible mechanism of DDIs on the risk of 
thromboembolism46–49

olmesartan* 2.41 (1.43, 4.04) Unknown

fenofibrate 2.15 (1.22, 3.78) Unknown

topiramate* 2.04 (1.02, 4.05) Induction of CYP3A4, substrate of P-glycoprotein

baclofen* 1.81 (1.00, 3.26) Unknown

citalopram 1.69 (1.11, 2.57) Unknown

spironolactone* 1.59 (1.12, 2.27) Induction of P-glycoprotein, hemoconcentration of 
clotting factors

digoxin* 1.38 (1.04, 1.82) Substrate of P-glycoprotein

hydrochlorothiazide* 1.29 (1.02, 1.62) Hemoconcentration of clotting factors

Rivaroxaban

ethinyl_estradiol 4.15 (1.75, 9.81) Estrogen affects hemostasis

dipyridamole 3.49 (1.08, 6.64) Effect on hemostasis

hyoscyamine* 2.68 (1.31, 5.46) Unknown

irbesartan* 2.68 (1.39, 4.88) Unknown

atropine* 2.60 (1.03, 5.92) Unknown

etodolac 2.47 (1.18, 4.22) Effect on hemostasis

phenytoin 2.39 (1.33, 3.29) Induction of CYP1A2, 2B6, 2C8, 2C19, 2C9, 3A4, 
3A5, 3A7

diphenoxylate* 2.23 (1.44, 2.89) Unknown

ranitidine* 2.22 (1.27, 2.92) Unknown

aspirin 2.19 (1.21, 2.95) Induction of CYP2C19 and P-glycoprotein

buspirone* 2.09 (1.13, 2.66) Unknown

fenofibrate 2.04 (1.11, 2.55) Unknown

sitagliptin* 1.92 (1.32, 1.76) Substrate of CYP3A4 and P-glycoprotein

naproxen 1.89 (1.12, 1.43) Effect on hemostasis

amitriptyline* 1.73 (1.73, 7.03) Unknown

ibuprofen 1.68 (1.29, 4.44) Effect on hemostasis

hydrocodone* 1.52 (1.51, 3.28) Unknown

acetaminophen* 1.26 (1.46, 3.30) Unknown

Apixaban

colesevelam* 6.35 (2.61, 15.40) Unknown

ibuprofen 5.16 (3.00, 8.85) Effect on hemostasis

amphetamine* 3.76 (1.31, 10.80) Unknown

dextroamphetamine* 3.65 (1.34, 9.96) Unknown

ramipril* 2.84 (1.40, 5.76) Unknown

chlorthalidone* 2.60 (1.39, 4.84) Unknown
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Precipitant drug used concomitantly 
with an oral anticoagulant

Ratio of RRs (95% Confidence interval) Possible mechanism of DDIs on the risk of 
thromboembolism46–49

penicillin_v_potassium* 2.53 (1.02, 6.30) Unknown

clopidogrel 1.96 (1.53, 2.51) Unknown

celecoxib 1.80 (1.06, 3.06) Effect on hemostasis

digoxin* 1.39 (1.02, 1.88) Substrate of P-glycoprotein

hydrocodone* 1.36 (1.08, 1.71) Unknown

DDI – Drug-drug interaction, CYP – Cytochrome P450

*
Drug-drug interactions not documented in Lexicomp and/or Micromedex.
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