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Abstract
Purpose Pharmacodynamic drug-drug interactions (PD DDIs) may influence the safety of non-vitamin K antagonist oral 
anticoagulants (NOACs), but the extent to which PD DDIs increase bleeding risks, remains unclear. Therefore, the impact 
of PD DDIs on bleeding outcomes in NOAC-treated patients with atrial fibrillation (AF) was investigated.
Methods Using Belgian nationwide data, NOAC-treated AF patients were included between 2013–2019. Concomitant use 
of PD interacting drugs when initiating NOAC treatment was identified.
Results Among 193,072 patients, PD DDIs were identified in 114,122 (59.1%) subjects. After multivariable adjustment, 
concomitant use of PD interacting drugs was associated with significantly higher risks of major or clinically-relevant non-
major bleeding (adjusted hazard ratio (aHR) 1.19, 95% confidence interval (CI) (1.13–1.24)), gastrointestinal (aHR 1.12, 
95%CI (1.03–1.22)), urogenital (aHR 1.21, 95%CI (1.09–1.35)) and other bleeding (aHR 1.28, 95%CI (1.20–1.36)), com-
pared to NOAC-treated AF patients without PD interacting drug use. Increased bleeding risks were most pronounced with 
 P2Y12 inhibitors (aHR 1.62, 95%CI (1.48–1.77)) and corticosteroids (aHR 1.53, 95%CI (1.42–1.66)), followed by selective 
serotonin or serotonin and norepinephrine reuptake inhibitors (SSRI/SNRI, aHR 1.26, 95%CI (1.17–1.35)), low-dose aspirin 
(aHR 1.14, 95%CI (1.08–1.20)) and non-steroidal anti-inflammatory drugs (NSAID, aHR 1.10, 95%CI (1.01–1.21)). Signifi-
cantly higher intracranial bleeding risks in NOAC users were observed with SSRI/SNRIs (aHR 1.50, 95%CI (1.25–1.81)) 
and corticosteroids (aHR 1.49, 95%CI (1.21–1.84)).
Conclusion Concomitant use of PD interacting drugs, especially  P2Y12 inhibitors and corticosteroids, was associated with 
higher major, gastrointestinal, urogenital, and other bleeding risks in NOAC-treated AF patients. Remarkably, higher intrac-
ranial bleeding risks were observed with SSRI/SNRIs and corticosteroids.
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Introduction

Non-vitamin K antagonist oral anticoagulants (NOACs) are 
the preferred option for stroke prevention in patients with 
atrial fibrillation (AF), given their fixed dosing regimen 
without the need for INR monitoring, fast onset of action, 
and lower intracranial bleeding risk than vitamin K antago-
nists (VKAs) [1, 2]. Several randomized and observational 
studies have indeed demonstrated that NOACs are effective 
and safe alternatives to VKAs [3–8], albeit not consist-
ently in real-world observational studies [9–11]. Compared 

to VKAs, fewer pharmacokinetic drug-drug interactions 
(DDIs) have been observed with NOACs [1, 2]. However, 
as highlighted in the European Heart Rhythm Association 
(EHRA) Practical Guide on NOAC use in AF patients, phar-
macodynamic (PD) DDIs with NOACs may also be relevant, 
which occur when the pharmacological effect of one drug 
is altered by that of another drug in a combination regimen 
[1]. Consequently, careful consideration is required when 
combining antiplatelets, non-steroidal anti-inflammatory 
drugs (NSAIDs), systemic corticosteroids, or selective 
serotonin or serotonin and norepinephrine reuptake inhibi-
tors (SSRI/SNRIs) with NOACs. The benefit of concomi-
tant use should be thoroughly balanced against the risk in 
each clinical situation, as significantly higher bleeding risks Extended author information available on the last page of the article
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have been reported, especially when combining NOACs and 
antiplatelets in patients with AF and coronary artery disease 
(CAD) [12–20]. When concomitant use is necessary and 
other risk factors for bleeding are present (e.g., frailty), a 
reduced NOAC dose may be considered, as suggested by the 
EHRA Practical Guide [1], although sufficient randomized 
data to support this approach are lacking.

However, the extent to which bleeding risks may increase 
with PD interacting drugs such as NSAIDs, corticosteroids 
and SSRI/SNRIs in NOAC users is less established. Moreo-
ver, previous studies were often limited by small sample sizes, 
short follow-up durations, limited exposure assessment (e.g., 
not accounting for the initiation or discontinuation of interact-
ing drugs during follow-up) or investigation of subjects with 
specific comorbidities (e.g., CAD) or undergoing specific 
interventions (e.g., percutaneous coronary intervention (PCI)).

Therefore, we aimed to investigate the impact of drugs 
involved in PD DDIs on bleeding outcomes in NOAC-
treated AF patients. Differences between specific PD inter-
acting drug classes and in location-specific bleeding risks 
were explored.

Methods

Source population

Details on the study methodology have been reported 
before [7, 21]. In brief, two nationwide databases provided 
the source population, namely the InterMutualistic Agency 
(IMA) database and Minimal Hospital Dataset (MHD). The 
IMA centralizes all claims data from Belgian health insur-
ance funds on reimbursed ambulatory and hospital care, 
including demographic characteristics (e.g., age, sex), medi-
cal procedures and drug prescription claims (e.g., dispensing 
date, Anatomical Therapeutic Chemical (ATC) classification 
code, package size…), and represents all legal residents in 
Belgium [22]. The MHD aggregates hospital discharge diag-
noses of every hospital admission (hospitalizations, day-care 
stays and emergency room contacts), coded in International 
Classification of Diseases (ICD) codes (ICD-9 up to 2014, 
ICD-10 from 2015 onwards) [23]. Every case of the study 
population was identified in both databases. This study was 
approved by the Belgian Commission for the Protection of Pri-
vacy (approval code IVC/KSZG/20/344) [24]. The Strengthen-
ing the Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guideline was followed (eTable 1) [25].

Study population

Subjects ≥ 45 years old with ≥ 1 year coverage by Belgian 
health insurance funds were included on the first date of 
filling a NOAC prescription (= index date) from 1 January 

2013 to 1 January 2019 (eFig. 1). Dabigatran (approved in 
Belgium since August 2012), rivaroxaban (approved since 
September 2012), apixaban (approved since September 
2013) and edoxaban (approved since October 2016) users 
were included. Only NOAC-naïve subjects were considered, 
excluding patients with an oral anticoagulant prescription 
filled ≤ 1 year before the index date. Subjects were not 
required to have an ICD-coded hospital discharge diagnosis 
of AF to be included, as this would create selection bias due 
to limiting the study population to hospitalized AF subjects 
and excluding AF subjects treated exclusively in primary or 
ambulatory care [7, 26].

Persons were also excluded in case of (1) total hip or 
knee replacement, or diagnosis of deep vein thrombosis or 
pulmonary embolism ≤ 6 months before the index date, (2) 
mechanical prosthetic heart valve or moderate/severe mitral 
stenosis, (3) end-stage renal disease (chronic kidney disease 
stage V and/or dialysis), (4) ≥ 2 prescription claims of dif-
ferent NOAC types or doses on the index date, or (5) use of 
NOAC doses not approved for stroke prevention in AF (e.g., 
rivaroxaban 10 mg) (eTable 2).

Drugs involved in pharmacodynamic drug‑drug 
interactions

As described in the EHRA Practical Guide [1], antiplatelets 
(including low-dose aspirin ≤ 160 mg daily and  P2Y12 inhibi-
tors), systemic NSAIDs (including high-dose aspirin > 160 mg 
daily), systemic corticosteroids and SSRI/SNRIs were con-
sidered as drugs involved in PD interactions with NOACs, 
and were identified with ATC-coded prescription claims in 
ambulatory and hospital care up to 6 months before the index 
date (eTable 3) [1, 12]. Patients were categorized by whether 
or not a PD interacting drug was concomitantly used at the 
time of NOAC initiation. Criteria for concomitant use were 
determined as 1) the interacting drug was concurrently started 
on the index date, or 2) the treatment period of an interacting 
drug included the index date (overlapping drug supply), in 
line with previous research [12, 27–34].

Outcomes

The primary outcome of interest was major or clinically 
relevant non-major bleeding (MB/CRNMB). Secondary 
outcomes included major bleeding, CRNMB, intracranial 
bleeding, gastrointestinal bleeding, urogenital bleeding, and 
bleeding at other sites (e.g., retroperitoneal). Major bleeding 
was defined as a bleeding event requiring hospitalization 
in a critical area or organ (e.g., intracranial), fatal bleeding 
or bleeding event with a medical procedure code for blood 
transfusion ≤ 10 days after admission, which is adapted from 
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the International Society on Thrombosis and Haemostasis 
definition due to a lack of data on haemoglobin levels or 
number of blood transfusion units [7, 35]. CRNMB was 
defined as a bleeding event requiring hospitalization that did 
not classify for major bleeding. Outcomes were identified 
using ICD-coded hospital discharge diagnoses and medical 
procedure codes (eTable 4) [21].

Follow‑up

Subjects were followed from NOAC initiation until the first 
occurrence of the investigated outcome, discontinuation 
(> 60-day gap of drug supply, which accounts for delays in 
refilling, minor non-adherence and residual drug effects) or 
switch of NOAC treatment, death, emigration or end of the 
study period (1 January 2019), whichever came first (on-treat-
ment analysis) [21]. To account for changes in interacting drug 
use after NOAC initiation, patients who used PD interacting 
drugs at baseline were censored on the date they discontinued 
treatment, or patients who were not treated with PD interacting 
drugs at baseline were censored on the day during follow-up 
that they initiated one, as done before [12, 30–32].

Covariates

Baseline characteristics were assessed on the index date 
and included age, sex, NOAC type and dose, comorbidi-
ties, medication history and clinical risk scores. Comor-
bidities were identified ≤ 1 year before the index date with 
specific ICD-coded diagnoses, medical procedure codes 
and/or medication prescription claims (eTable 2). Medi-
cation history was identified with recent medication pre-
scription claims ≤ 6  months before the index date. The 
 CHA2DS2-VASc score, modified HAS-BLED score (with-
out the ‘labile INR’ criterion) and age-adjusted Charlson 
Comorbidity Index (CCI) were calculated [1, 36].

Statistical analyses

Mean and standard deviation, and counts and percentages were 
presented for continuous and categorical variables, respec-
tively. Crude event rates were calculated as the total number 
of events per 100 person-years at risk. Bleeding outcomes 
were investigated between AF patients initiating NOAC treat-
ment with versus without concomitant use of PD interacting 
drugs. Moreover, outcomes were examined between patients 
concurrently treated with low-dose aspirin,  P2Y12 inhibitors, 
NSAIDs, corticosteroids or SSRI/SNRIs, and patients with-
out use of any PD interacting drug (reference group) in pair-
wise comparisons (not mutually exclusive, as some patients 
used multiple interacting drugs). To minimize confounding 
by indication and improve comparability, 1:1 propensity 
score matching (PSM) was performed using nearest neighbor 

matching without replacement and a caliper of 0.05 [33]. 
Propensity scores were calculated with logistic regression 
models including the 37 confounding covariates described 
in Table 1, namely age, sex, NOAC type (dabigatran, rivar-
oxaban, apixaban or edoxaban) and dose (standard or reduced 
dose), comorbidities, medication history including the most 
frequently used pharmacokinetically-interacting drugs, and 
clinical risk scores, stratified by calendar year. Covariate bal-
ance before and after matching was checked using standard-
ized mean differences with a ≥ 0.1 threshold to indicate imbal-
ance. Cox proportional hazard regression models were used to 
calculate adjusted hazard ratios (aHRs) with 95% confidence 
intervals (CIs). Unbalanced variables were incorporated in the 
Cox regression model. The proportional hazard assumption 
was assessed using scaled Schoenfeld residuals. A two-sided 
p-value of < 0.05 was considered statistically significant. All 
analyses were performed in R (R version 3.6.0).

Subgroup analyses

As exploratory subgroup analyses, outcomes were examined 
stratified by the number of PD interacting drugs used per 
patient (1, 2 or ≥ 3 drugs), by individual NOAC types and by 
NOAC doses, using 1:1 PSM for each pairwise comparison.

Sensitivity analysis

Several sensitivity analyses were performed to check the 
robustness of results. First, a more stringent definition of con-
comitant treatment was used which excluded subjects who may 
have discontinued the PD interacting drug just before or at 
the time of NOAC initiation (e.g., low-dose aspirin, NSAIDs). 
Therefore, at least one additional prescription claim for the 
PD interacting drug after NOAC initiation was required to be 
considered as concomitant use, as done before [12, 14]. Sec-
ond, a > 30-day and > 90-day supply gap was used to consider 
discontinuation of NOAC or PD interacting drug treatment. 
Third, analyses were repeated using stabilized inverse prob-
ability of treatment weighting (IPTW). Lastly, to verify the 
AF population and reduce misclassification bias, only subjects 
with an ICD-coded hospital discharge diagnosis of AF before 
or up to 90 days after the index date were investigated [26].

Results

Baseline characteristics

Among 193,072 included NOAC-treated AF patients, 
114,122 (59.1%) concomitantly used a PD interacting 
drug at the time of NOAC initiation (Table 1, eFig. 2). 
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Table 1  Baseline characteristics of NOAC-treated AF patients with and without concomitant use of PD interacting drugs before and after 1:1 PSM

Data shown as mean ± standard deviation or counts and percentages. * Upper and lower gastrointestinal tract disorders were defined as gastroe-
sophageal reflux disease or peptic ulcer disease; and diverticulosis, angiodysplasia, colorectal polyposis or hemorrhoids, respectively
AAD antiarrhythmic drug, AF Atrial fibrillation, CRNMB clinically relevant non-major bleeding, DDI drug-drug interaction, GI gastrointestinal, 
MB major bleeding, NA not applicable, NOAC non-vitamin K antagonist oral anticoagulant, OAC oral anticoagulant, PD pharmacodynamic, 
PSM propensity score matching, SE systemic embolism, SMD standardized mean difference

Patient characteristics Before propensity score matching After propensity score matching

No PD DDI
(n = 78,950)

PD DDI
(n = 114,122)

SMD No PD DDI
(n = 39,880)

PD DDI
(n = 39,880)

SMD

Age (years) 75.2 ± 10.5 77.1 ± 9.8 0.194 75.6 ± 10.1 75.9 ± 10.9 0.030
Female 37798 (47.9%) 54210 (47.5%) 0.007 19592 (49.1%) 19540 (49.0%) 0.003
Dabigatran 11667 (14.8%) 16477 (14.4%) 0.010 5792 (14.5%) 5910 (14.8%) 0.008
Rivaroxaban 31586 (40.0%) 42835 (37.5%) 0.051 15677 (39.3%) 15474 (38.8%) 0.011
Apixaban 25455 (32.2%) 41470 (36.3%) 0.085 13845 (34.7%) 13755 (34.5%) 0.005
Edoxaban 10242 (13.0%) 13340 (11.7%) 0.040 4566 (11.4%) 4741 (11.9%) 0.014
Reduced dose NOAC 26537 (33.6%) 45305 (39.7%) 0.124 14250 (35.7%) 14582 (36.6%) 0.017
Comorbidities
Hypertension 45173 (57.2%) 81969 (71.8%) 0.325 25737 (64.5%) 25882 (64.9%) 0.008
Coronary artery disease 5688 (7.2%) 26565 (23.3%) 0.380 4836 (12.1%) 5631 (14.1%) 0.047
Congestive heart failure 8747 (11.1%) 20080 (17.6%) 0.171 5824 (14.6%) 5867 (14.7%) 0.003
Valvular heart disease 7074 (9.0%) 15593 (13.7%) 0.137 4413 (11.1%) 4601 (11.5%) 0.014
Peripheral artery disease 2486 (3.1%) 10352 (9.1%) 0.206 1962 (4.9%) 2390 (6.0%) 0.037
Dyslipidemia 35384 (44.8%) 74243 (65.1%) 0.424 21193 (53.1%) 21640 (54.3%) 0.024
Chronic kidney disease 5168 (6.5%) 14400 (12.6%) 0.183 3532 (8.9%) 3945 (9.9%) 0.031
Chronic liver disease 1905 (2.4%) 3315 (2.9%) 0.029 1406 (3.5%) 1247 (3.1%) 0.024
Chronic lung disease 5920 (7.5%) 16519 (14.5%) 0.198 4178 (10.5%) 4694 (11.8%) 0.037
Obstructive sleep apnea 1996 (2.5%) 4069 (3.6%) 0.056 1190 (3.0%) 1242 (3.1%) 0.007
Cancer 6858 (8.7%) 11624 (10.2%) 0.050 4188 (10.5%) 4118 (10.3%) 0.006
Upper GI tract  disorder* 4092 (5.2%) 8762 (7.7%) 0.094 2586 (6.5%) 2731 (6.8%) 0.014
Lower GI tract  disorder* 4596 (5.8%) 7905 (6.9%) 0.044 2447 (6.1%) 2614 (6.6%) 0.016
Diabetes mellitus 18538 (23.5%) 40586 (35.6%) 0.252 11727 (29.4%) 12045 (30.2%) 0.017
Anemia 3809 (4.8%) 9567 (8.4%) 0.128 2677 (6.7%) 2840 (7.1%) 0.015
Thyroid disease 9766 (12.4%) 17487 (15.3%) 0.082 5331 (13.4%) 5678 (14.2%) 0.024
Depression 9364 (11.9%) 32811 (28.8%) 0.373 8490 (21.3%) 8887 (22.3%) 0.022
Dementia 3154 (4.0%) 7010 (6.1%) 0.089 2062 (5.2%) 2170 (5.4%) 0.011
Parkinson’s disease 1779 (2.3%) 4161 (3.6%) 0.074 1133 (2.8%) 1184 (3.0%) 0.007
History of falling 4594 (5.8%) 10260 (9.0%) 0.111 3043 (7.6%) 3245 (8.1%) 0.018
Frailty 17943 (22.7%) 39856 (34.9%) 0.256 11491 (28.8%) 11811 (29.6%) 0.017
Prior stroke/SE 5795 (7.3%) 19421 (17.0%) 0.258 5103 (12.8%) 5024 (12.6%) 0.005
Prior MB/CRNMB 2761 (3.5%) 6373 (5.6%) 0.091 1963 (4.9%) 1974 (4.9%) 0.001
Medication history
Number of concomitant drugs 4.8 ± 3.3 7.9 ± 4.2 0.746 6.1 ± 3.5 6.4 ± 3.7 0.068
Beta blockers 45072 (57.1%) 74925 (65.7%) 0.180 24524 (61.5%) 24534 (61.5%) 0.001
Verapamil, diltiazem 2497 (3.2%) 5244 (4.6%) 0.068 1475 (3.7%) 1612 (4.0%) 0.016
Digoxin 6776 (8.6%) 12061 (10.6%) 0.065 4022 (10.1%) 4011 (10.1%) 0.001
Class I AAD 8301 (10.5%) 11510 (10.1%) 0.014 4064 (10.2%) 4242 (10.6%) 0.015
Class III AAD 17390 (22.0%) 32483 (28.5%) 0.143 9593 (24.1%) 10152 (25.5%) 0.031
Proton pump inhibitor 24743 (31.3%) 51798 (45.4%) 0.282 15692 (39.3%) 15976 (40.1%) 0.014
Clinical risk score
CHA2DS2-VASc score 3.0 ± 1.6 3.8 ± 1.7 0.474 3.4 ± 1.7 3.4 ± 1.7 0.028
HAS-BLED score 1.9 ± 1.1 2.9 ± 1.1 0.886 2.4 ± 1.1 2.4 ± 1.1 0.026
Charlson Comorbidity Index 3.9 ± 1.9 4.7 ± 2.1 0.359 4.3 ± 2.1 4.3 ± 2.1 0.026
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Antiplatelets were the most frequently used drug class 
involved in PD DDIs with NOACs (48.1%), followed 
by SSRI/SNRIs (10.0%), corticosteroids (8.4%) and 
NSAIDs (6.5%), whereas low-dose aspirin (45.1%), 
methylprednisolone (7.8%), clopidogrel (5.8%), escitalo-
pram (4.0%) and diclofenac (1.8%) were the most com-
monly used individual drugs (eTable 5). Before match-
ing, subjects concomitantly using PD interacting drugs 
were older (77.1 ± 9.8 versus 75.2 ± 10.5  years), had 
higher  CHA2DS2-VASc (3.9 ± 1.8 versus 3.0 ± 1.6) and 
HAS-BLED scores (2.9 ± 1.1 versus 1.9 ± 1.1), had more 
cardiovascular comorbidities and used more drugs con-
comitantly (7.9 ± 4.2 versus 4.8 ± 3.3) than patients with-
out concomitant use of PD interacting drugs (Table 1). 
After matching, covariate balance was achieved in each 
pairwise comparison, except for the number of concomi-
tantly used drugs, CCI and some comorbidities (e.g., 
CAD) when investigating the impact of NSAIDs, which 
were incorporated in the Cox regression models (Table 1, 
eTable 6, eFig. 3).

Pharmacodynamic drug‑drug interactions

AF patients with and without PD DDIs had a mean follow-up 
of 1.1 ± 1.3 years (125,705 person-years) and 1.3 ± 1.4 years 
(103,056 person-years), respectively. Before adjustment, 
event rates of MB/CRNMB ranged from 6.3/100 person-
years among patients without use of PD interacting drugs, 
to 9.7, 9.8, 11.6, 17.8 and 21.1/100 person-years among 

patients concomitantly using low-dose aspirin, NSAIDs, 
SSRI/SNRIs,  P2Y12 inhibitors and corticosteroids, respec-
tively (Table 2).

After multivariable adjustment, concomitant use of PD 
interacting drugs was associated with significantly higher 
risks of MB/CRNMB (aHR 1.19, 95%CI (1.13–1.24)), major 
bleeding (aHR 1.15, 95%CI (1.08–1.23)), CRNMB (aHR 
1.25, 95%CI (1.17–1.33)), gastrointestinal bleeding (aHR 
1.12, 95%CI (1.03–1.22)), urogenital bleeding (aHR 1.21, 
95%CI (1.09–1.35)) and bleeding at other sites (aHR 1.28, 
95%CI (1.20–1.36)) in NOAC-treated AF patients, while the 
risk of intracranial bleeding (aHR 1.08, 95%CI (0.96–1.22)) 
was not significantly increased (Fig. 1, eTable 7).

Compared to subjects without use of PD interacting 
drugs, the significantly higher risk of MB/CRNMB was 
most pronounced among subjects concomitantly using 
 P2Y12 inhibitors (aHR 1.62, 95%CI (1.48–1.77)) and cor-
ticosteroids (aHR 1.53, 95%CI (1.42–1.66)), followed by 
SSRI/SNRIs (aHR 1.26, 95%CI (1.17–1.35)), low-dose aspi-
rin (aHR 1.14, 95%CI (1.08–1.20)) and NSAIDs (aHR 1.10, 
95%CI (1.01–1.21)).

Trends in location-specific bleeding of specific drugs 
classes involved in PD DDIs with NOACs are illustrated in 
Fig. 1. Remarkably, significantly higher risks of intracra-
nial bleeding were observed with SSRI/SNRIs (aHR 1.50, 
95%CI (1.25–1.81)) and corticosteroids (aHR 1.49, 95%CI 
(1.21–1.84)), while the risk of gastrointestinal bleeding was 
not significantly increased with NSAIDs (aHR 1.13, 95%CI 
(0.95–1.33)).

Table 2  The number of events and crude event rates per 100 person-years of outcomes, stratified by specific PD interacting drugs or drug classes 
(some patients used multiple drugs concomitantly)

CRNMB clinically relevant non-major bleeding, DDI drug-drug interaction, MB major bleeding, NOAC non-vitamin K antagonist oral antico-
agulant, NSAID non-steroidal anti-inflammatory drug, PD pharmacodynamic, SNRI serotonin and norepinephrine reuptake inhibitor, SSRI selec-
tive serotonin reuptake inhibitor

Outcome No PD DDI
(n = 78,950)

PD DDI

Overall
(n = 114,122)

Low-dose 
aspirin
(n = 87,143)

P2Y12 inhibitor
(n = 13,219)

NSAID
(n = 12,611)

Corticosteroid
(n = 16,212)

SSRI/SNRI
(n = 19,319)

Events (per 100 
PY)

Events (per 100 
PY)

Events (per 100 
PY)

Events (per 100 
PY)

Events (per 100 
PY)

Events (per 100 
PY)

Events (per 100 
PY)

MB/CRNMB 6206 (6.34) 11,839 (10.06) 9314 (9.69) 1867 (17.81) 943 (9.83) 2055 (21.13) 2062 (11.55)
Major bleeding 3615 (3.61) 6481 (5.33) 5072 (5.11) 903 (8.10) 538 (5.46) 1064 (10.32) 1232 (6.69)
CRNMB 3105 (3.09) 6628 (5.47) 5236 (5.29) 1204 (11.06) 501 (5.08) 1243 (12.35) 1060 (5.72)
Intracranial 

bleeding
936 (0.92) 1622 (1.30) 1245 (1.23) 194 (1.68) 142 (1.41) 261 (2.46) 337 (1.78)

Gastrointestinal 
bleeding

1987 (1.96) 3450 (2.79) 2720 (2.69) 474 (4.15) 269 (2.68) 538 (5.10) 650 (3.45)

Urogenital 
bleeding

1261 (1.24) 2120 (1.71) 1717 (1.69) 291 (2.53) 170 (1.68) 282 (2.66) 337 (1.77)

Bleeding at 
other sites

2918 (2.89) 6623 (5.45) 5199 (5.24) 1241 (11.39) 508 (5.15) 1313 (13.05) 1090 (5.89)
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Subgroup analyses

Compared to subjects without use of PD interacting drugs, 
the increased risk of MB/CRNMB was more pronounced 
among subjects concomitantly using 2 (n = 25,835; unad-
justed event rate 14.8/100 person-years; aHR 1.44, 95%CI 
(1.34–1.55)) or ≥ 3 pharmacodynamically-interacting drugs 
(n = 5770; unadjusted event rate 19.8/100 person-years; aHR 
1.57, 95%CI (1.39–1.78)) than 1 drug (n = 82,517; unad-
justed event rate 8.6/100 person-years; aHR 1.12, 95%CI 
(1.07–1.18)) (Fig. 2, eTable 8). Moreover, analyses stratified 
by NOAC type and dose are illustrated in Fig. 2, and trends 
were consistent (eTable 9–10).

Sensitivity analysis

When applying a more stringent definition of concomi-
tant treatment, requiring at least one additional prescrip-
tion claim for the PD interacting drug after NOAC initia-
tion (n = 67,767; corresponding with 35.1% of the overall 
cohort or 59.4% of subjects with PD DDIs at the time of 

NOAC initiation), the increased risk of MB/CRNMB with 
versus without use of PD interacting drugs was more pro-
nounced (aHR 1.47, 95%CI (1.40–1.55)), especially with 
low-dose aspirin (n = 49,531; aHR 1.65, 95%CI (1.55–1.74)) 
(eTable 11, eFig. 4). Likewise, significantly increased risks 
of gastrointestinal bleeding were observed with every PD 
interacting drug class, including NSAIDs (aHR 1.37, 95%CI 
(1.09–1.36)). Moreover, results were generally consistent 
when using a > 30- and > 90-day supply gap to identify treat-
ment discontinuation (eTable 12, eFig. 5), when using IPTW 
(eTable 13, eFig. 6), or when restricting the study population 
to subjects with an ICD-coded hospital discharge diagnosis 
of AF (n = 103,723) (eTable 14, eFig. 7).

Discussion

In this nationwide cohort study, we have demonstrated 
that concomitant use of PD interacting drugs, identified in 
59% of patients initiating NOAC treatment, was associated 
with increased risks of major, gastrointestinal, urogenital, 

Fig. 1  Adjusted hazard ratios with 95% confidence intervals of out-
comes compared between NOAC-treated AF patients with versus 
without concomitant use of PD interacting drugs. The number of 
subjects at risk and event rates per 100 person-years after 1:1 PSM 
are illustrated. aHR: adjusted hazard ratio; CI: confidence interval; 
CRNMB: clinically relevant non-major bleeding; DDI: drug-drug 

interaction; GI: gastrointestinal; MB: major bleeding; NOAC: non-
vitamin K antagonist oral anticoagulant; NSAID: non-steroidal anti-
inflammatory drug; PD: pharmacodynamic; PSM: propensity score 
matching; SNRI: serotonin and norepinephrine reuptake inhibitor; 
SSRI: selective serotonin reuptake inhibitor; vs: versus
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and other bleeding. The increase in bleeding risk was most 
pronounced with concomitant use of  P2Y12 inhibitors and 
corticosteroids, followed by SSRI/SNRIs, low-dose aspirin 
and NSAIDs. Remarkably, significantly higher intracranial 
bleeding risks were observed among NOAC users concur-
rently treated with SSRI/SNRIs and corticosteroids, which 
highlights the need for future research to replicate these 
exploratory findings.

Pharmacodynamic interactions frequently occur among 
AF patients initiating NOAC treatment [12–15, 37]. In line 
with prior research [28, 31], we observed a 19% higher 
bleeding risk when NOACs were combined with PD inter-
acting drugs and this bleeding risk further increased in 
patients concurrently using 2 or ≥ 3 interacting drugs (44% 
and 57% higher risk, respectively). Therefore, potential ben-
efits of combining these drugs should be carefully balanced 
against their potential impact on the bleeding risk, whereas 
discontinuation or switch of PD interacting drugs may be 
preferred, if possible [1]. Exemplary, 41% of patients con-
comitantly using PD interacting drugs at the time of NOAC 
initiation did not fill a new prescription of the interacting 
drug after NOAC initiation, which may indicate adequate 
discontinuation or switch of treatment. Nevertheless, as 59% 
of patients did renew their prescription after NOAC initia-
tion and bleeding risks were even more pronounced in this 
subgroup (47% higher risk compared to 19% overall), there 
is still room for improvement. Therefore, continued efforts 
targeting both healthcare professionals (physicians and phar-
macists) and patients to increase the awareness of increased 
bleeding risks when combining NOACs with PD interact-
ing drugs may be needed. Physicians should check whether 
the PD interacting drug can be discontinued or switched, 
in line with guideline recommendations [1, 38], and phar-
macists should screen for such interactions and contact the 
prescribing physician when they occur [39]. If discontinua-
tion is not possible, NOACs should be appropriately dosed, 
modifiable bleeding risk factors should be addressed (e.g., 

uncontrolled hypertension), and patients should be informed 
of the increased risk of bleeding [1, 39]. Close monitoring 
by earlier and more frequent follow-up of patients during 
concomitant use of NOACs and PD interacting drugs is 
advisable [1, 37, 39].

AF and (atherosclerotic) vascular disease frequently 
coincide, posing a therapeutic dilemma for physicians to 
balance benefits and risks of anticoagulants and antiplate-
lets [12, 13, 38]. Since low-dose aspirin and  P2Y12 inhibi-
tors inhibit platelet aggregation and primary haemostasis, 
whereas NOACs inhibit the coagulation pathway and sec-
ondary haemostasis, the combination of NOACs with anti-
platelets has consistently been associated with increased 
risks of bleeding [12–16, 27, 28], especially triple therapy 
(NOAC,  P2Y12 inhibitor and aspirin) [13, 17–20, 27], which 
was also observed among VKA users [40, 41]. Likewise, the 
combination of NOACs with aspirin in AF patients with sta-
ble CAD has been associated with increased bleeding risks, 
without significantly reducing atherothrombotic risks [12, 
16, 42]. In the present study, a 14% and 62% significantly 
higher risk of bleeding was observed among NOAC users 
concurrently treated with low-dose aspirin and  P2Y12 inhibi-
tors, respectively. Although the increased risk of bleeding 
may appear less pronounced with concomitant use of low-
dose aspirin than  P2Y12 inhibitors, bleeding risks may have 
been attenuated by subjects discontinuing aspirin at the time 
of NOAC initiation. Exemplary, 21–47% of patients on aspi-
rin at baseline included in the ARISTOTLE and ROCKET-
AF trial discontinued aspirin after enrolment [12, 14]. In 
our study, still 57% of baseline aspirin users filled at least 
one additional prescription of low-dose aspirin after NOAC 
initiation and the increased bleeding risks were substantially 
more pronounced in this subgroup (65% higher risk). There-
fore, non-indicated antiplatelet use should be avoided [1, 12, 
27, 38]. According to current guideline recommendations, 
aspirin should not be combined with NOACs in most AF 
patients with vascular disease, except for short-term triple 

Fig. 2  The risk of MB/CRNMB compared between NOAC-treated 
AF patients with versus without concomitant use of PD interacting 
drugs after 1:1 PSM, stratified by the number of interacting drugs, 
NOAC types and NOAC doses. The number of subjects at risk and 
event rates per 100 person-years after 1:1 PSM are illustrated. aHR: 

adjusted hazard ratio; CI: confidence interval; CRNMB: clinically 
relevant non-major bleeding; DDI: drug-drug interaction; MB: major 
bleeding; No.: number; NOAC: non-vitamin K antagonist oral anti-
coagulant; PD: pharmacodynamic; PSM: propensity score matching
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therapy up to 1 week after PCI (or ≤ 1 month after an acute 
coronary syndrome (ACS) with PCI if high atherothrom-
botic and low bleeding risk) [1, 12, 38]. Likewise, prolonged 
association of NOACs with  P2Y12 inhibitors after PCI 
(> 6 months after elective PCI, > 12 months after ACS with 
PCI) should also be avoided in the majority of AF patients 
with vascular disease [1, 12, 38].

NSAIDs are used for pain relief and inflammatory dis-
eases (e.g., rheumatoid arthritis), and inhibit cyclooxygenase 
(COX) enzymes, reducing the synthesis of thromboxane A2, 
prostacyclin and prostaglandins [30, 43]. Consequently, 
higher bleeding risks have been observed when combining 
NSAIDS with NOACs [30, 34, 44] or VKAs [30, 45, 46], 
in line with the 10% higher risk illustrated in the present 
study. However, we could not demonstrate a significantly 
higher risk of gastrointestinal bleeding, which adds to the 
conflicting evidence seen in prior studies [30, 34, 44]. This 
may be due to the high proportion of concomitant PPI use 
(47% after matching), selective prescribing of NSAIDs to 
NOAC users without an increased risk of gastrointestinal 
bleeding, and attenuated bleeding risks driven by subjects 
using NSAIDs intermittently during a short period of time 
for acute pain relief or subjects discontinuing NSAIDs at the 
time of NOAC initiation [30]. Exemplary, when specifically 
investigating subjects who renewed an NSAID prescription 
after NOAC initiation, a 37% significantly higher risk of 
gastrointestinal bleeding was observed. Therefore, NSAIDs 
should be avoided for pain relief, or used for as short a time 
as possible in NOAC users [1, 38].

Systemic corticosteroids are used for several medical con-
ditions (e.g., chronic lung disease, cancer, inflammatory dis-
eases, organ transplant…). However, due to the inhibition of 
prostaglandin synthesis, they are also known to increase the 
risk of gastrointestinal bleeding [47]. Indeed, concomitant 
use of corticosteroids with NOACs was associated with a 
53% and 49% significantly increased risk of MB/CRNMB 
and gastrointestinal bleeding, respectively. To the best of 
our knowledge, only one observational study has explored 
the impact of corticosteroids in association with NOACs on 
safety outcomes, demonstrating a doubled risk of gastroin-
testinal bleeding [29]. Remarkably, intracranial, urogenital 
and other bleeding risks were also significantly increased 
among NOAC users concurrently treated with corticoster-
oids, although these findings may reflect a higher vulnerabil-
ity of AF patients using systemic corticosteroids and should 
therefore be interpreted with caution.

SSRI/SNRIs, used for depression and anxiety, also inter-
fere with platelet aggregation due to the inhibition of seroto-
nin reuptake in platelets [32, 33, 48]. Indeed, increased risks 
of bleeding have been observed when combining SSRIs with 
VKAs [32, 45, 49] or NOACs [28, 34, 50], albeit not consist-
ently with NOACs [32, 33]. Remarkably, concomitant use 
of SSRI/SNRIs with NOACs was associated with a 50% 

significantly increased risk of intracranial bleeding in this 
study. Higher intracranial bleeding risks with SSRIs have also 
been observed in AF patients treated with VKAs [49, 51] or 
NOACs [34, 50], as well as in non-anticoagulated patients 
without AF [48, 51]. Therefore, caution should be warranted 
and a reduced NOAC dose may be considered in case of other 
risk factors for bleeding based on recommendations of the 
EHRA Practical Guide [1]. Future studies are urgently needed 
to replicate these findings, to assess whether other antidepres-
sants may be preferred in NOAC-treated AF patients with 
depression or anxiety, and to assess the effectiveness and 
safety of using an off-label reduced NOAC dose in case of 
PD interacting drug use and other bleeding risk factors.

Several studies have also demonstrated an increased risk of 
bleeding among VKA-treated AF patients with versus without 
concomitant use of PD interacting drugs [30, 32, 40, 41, 45, 
46, 49]. To the best of our knowledge, dedicated trials inves-
tigating the benefit-risk profile of NOACs compared to VKAs 
in patients concurrently treated with PD interacting drugs, to 
assess whether PD DDIs of NOACs are more, less or equally 
severe as PD DDIs of VKAs, are currently lacking. However, 
no significant interaction between PD interacting drug use and 
randomized treatment (the investigated NOAC or warfarin) 
on bleeding outcomes was observed in post-hoc analyses of 
phase 3 randomized controlled trials [13–15, 30, 33, 44].

Strengths and limitations

Strengths of this nationwide cohort study include the large 
sample size, long-term follow-up, use of an on-treatment 
analysis that accounted for changes in interacting drug use 
during follow-up to reduce exposure misclassification, and 
adjustment for multiple confounders using PSM.

Several limitations should be acknowledged. First, assess-
ment of PD DDIs was based on dispensing data, not on the 
patients’ actual intake or physicians’ prescriptions, and may 
have been overestimated (due to the assumption that every 
dispensed pill is taken). Exemplary, discontinuation of the 
interacting drug at the time of NOAC initiation or before the 
calculated last day of supply, or short-term intermittent use, 
could not be identified. Nevertheless, results were consistent 
(e.g., with SSRI/SNRI) or even more pronounced (e.g., with 
low-dose aspirin) when only investigating patients with ≥ 1 
additional prescription for the same PD interacting drug after 
NOAC initiation. Likewise, trends were consistent using dif-
ferent supply gaps to define discontinuation. Second, cer-
tain NSAIDs (aspirin 325–1000 mg, ibuprofen 200–400 mg 
and naproxen 220 mg) were available over-the-counter, and 
therefore dispensing data of these drugs were not system-
atically recorded in the nationwide database. Third, due to 
the observational design using healthcare databases, coding 
errors and misclassification bias may be present. However, by 
identifying comorbidities based on ICD, medical procedure 
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codes and/or medication prescription claims assessed in 
ambulatory and hospital care, missing data and misclassifi-
cation of characteristics were reduced. Fourth, although PSM 
improved comparability and reduced confounding by (contra)
indication, unmatched individuals were discarded from the 
analysis, reducing the effective sample size and increasing 
the risk of selection bias [52]. Nevertheless, results were 
consistent using IPTW, which included every individual. 
Fifth, despite thorough adjustment for 37 confounders, there 
is a risk of unmeasured confounding due to missing lifestyle 
characteristics (e.g., body weight, smoking) and laboratory 
values (e.g., renal function), and selective prescribing of PD 
interacting drugs to sicker AF patients at increased risk of 
bleeding. Outcomes may have been influenced by the severity 
of underlying comorbidities (e.g., ACS versus stable CAD), 
peri-procedural complications (e.g., after PCI), recent hospi-
talisations (e.g., intravenous corticosteroid use for acute exac-
erbation of chronic lung disease), polypharmacy, reduced 
drug adherence, and inappropriate drug dosing (including 
off-label NOAC dosing, which could not be assessed due to 
the lack of data on body weight and renal function) [21, 37]. 
Our results should therefore be interpreted with caution and 
considered as hypothesis-generating. Lastly, although per-
sons with competing treatment indications were excluded, 
subjects were not required to have an ICD-coded hospital 
discharge diagnosis of AF to be included, as this would have 
limited the study population to hospitalized AF subjects and 
excluded AF subjects treated exclusively in primary or ambu-
latory care [7, 26]. Nevertheless, trends were consistent when 
specifically investigating subjects with an ICD-coded diag-
nosis of AF ≤ 1 year before or ≤ 90 days after the index date.

Conclusion

In conclusion, concomitant use of PD interacting drugs with 
NOACs was associated with higher major, gastrointestinal, 
urogenital, and other bleeding risks compared to NOAC-
treated AF patients without PD interacting drug use, 
which was most pronounced with  P2Y12 inhibitors and 
corticosteroids, followed by SSRI/SNRIs, low-dose aspirin 
and NSAIDs. Remarkably, significantly higher intracranial 
bleeding risks were observed when SSRI/SNRIs or 
corticosteroids were combined with NOACs, compared to 
patients without PD interacting drug use, highlighting the 
need for future research.
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