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Abstract

Purpose Pharmacokinetic interactions exist between apixaban or rivaroxaban, and CYP3A4 and P-glycoprotein inhibitors
such as amiodarone, verapamil and diltiazem. We aimed to estimate the prevalence of exposure to this drug-drug association
(DDA) and to assess the bleeding risk associated in patients with atrial fibrillation (AF).

Methods We conducted a cohort study using a representative 1/97™ sample of the French healthcare insurance database
between 2014 and 2019. Patients with AF receiving apixaban or rivaroxaban were included and followed-up until hospi-
talization for bleeding, death, discontinuation of apixaban or rivaroxaban, exposure to strong CYP3A4 inhibitor, or until
December 31% 2019, whichever came first. Primary outcome was hospitalization for bleeding registered as primary diagno-
sis. The association between the exposure to the DDA and hospitalization for bleeding was evaluated as a time-dependent
variable in Cox model.

Results Between 2014 and 2019, the AF population under apixaban or rivaroxaban represented 10,392 patients. During the
study period, the annual average prevalence of DDA exposure in this population was 38.9%. Among the 10,392 patients, 223
(2.1%) were hospitalized for bleeding, of which 75 (33.6%) received the association and 148 (66.4%) received apixaban or
rivaroxaban alone. There was no association between DDA exposure and risk of hospitalization for bleeding (aHR=1.19,
[95% CI: 0.90, 1.58]). Age (HR 1.03 [1.02, 1.05]) and male gender (HR 1.72 [1.28, 2.30]) were associated with an increased
risk of hospitalization for bleeding.

Conclusion Exposure to antiarrhythmic drugs was not associated with an increased risk of hospitalization for bleeding in
patients with AF under rivaroxaban or apixaban.
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Introduction

Atrial fibrillation (AF) is the most common cardiac arrhyth-
mia in adults [1]. It concerns about 1% of the French popula-
tion [2]. The European Society of Cardiology recommends,
in its 2020 guidelines for management of AF, the use of
direct oral anticoagulant (DOAC) as first-line therapy for
stroke prevention [1]. Many AF patients also take antiar-
rhythmic drugs (AAD) to control heart rhythm or heart rate.

Pharmacokinetic interactions exist between two DOAC,
apixaban and rivaroxaban, and other medications that inhibit
their metabolic or absorption pathways, such as CYP3A4 and
P-glycoprotein (P-gp) inhibitors [3]. Pharmacokinetic studies
have shown that the concomitant use of these two classes of
drugs resulted in an increased plasmatic level of apixaban or
rivaroxaban, which could lead to a potential risk of bleeding
[4, 5]. Therefore, it is recommended to avoid the concomitant
use of DOAC and strong CYP3A4 inhibitors but there are
no clear recommendations for moderate CYP3A4 inhibitors
(defined as a drug causing an increase between 2 and five-
fold in the plasma area under curve value [6]). Among AAD,
amiodarone, verapamil and diltiazem are P-gp and moder-
ate CYP3A4 inhibitors. Some studies have shown that up to
20% of AF patients received simultaneously DOAC and one
of these AAD [7-9]. The real-life clinical relevance of this
drug-drug association (DDA) remains unclear.

The aim of this study was i/ to estimate the prevalence of
simultaneous exposure to apixaban or rivaroxaban and P-gp
and moderate CYP3A4 inhibitors given as anti-arrhythmic
in AF patients and ii/ to assess the bleeding risk associated
with this DDA, using pharmacy drug dispensing and hos-
pital data from a representative subsample of the French
healthcare insurance database.

Methods

This study was conducted on a cohort of AF patients exposed
to apixaban or rivaroxaban and focused on the association
between their concomitant exposure to the amiodarone,
verapamil or diltiazem between 2014 and 2019.

Study design and data sources

This study was performed using the EGB (échantillon géné-
raliste des bénéficiaires), a 1/97™ random sample of the
French healthcare insurance database that contains data
for about 700,000 individuals [10]. The EGB is a pseudo-
anonymized database representative of the French population
containing demographic and medical information.
Socio-demographic information available for each patient
were sex and year of birth. The medical data included status
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regarding long-term disease (LTD) eligible for 100% reim-
bursement and exhaustive information on care received and
submitted to reimbursement. It contained drugs prescribed
by a healthcare professional and dispensed in retail phar-
macies identified according to the Anatomical, Therapeu-
tic and Chemical (ATC) drug code system. Data included
quantity dispensed, date of prescription, date of dispensing,
and specialty of the prescriber. It also contained information
on hospital stays collected by the French Hospital discharge
database [11], which included dates of stay and discharge
diagnoses, coded according to the International Classifica-
tion of diseases, Tenth Revision (ICD-10).

Study population

Individuals eligible for inclusion in the study were those
included in the EGB database, identified with AF, aged
18 years and over, and with at least one prescription of
apixaban or rivaroxaban between 2014 and 2019.

A patient was considered to have AF, if he had at least one
diagnosis of AF (code 148 of the ICD-10) as LTD in the cal-
endar year or as a hospital discharge diagnosis in the five pre-
vious years. This definition was applied for all calendar years
between 2014 and 2019. A patient was eligible for inclusion
in the cohort from the year of the first detection of FA.

We excluded patients less than 18 years old since those
drugs were not recommended or required special dose
adjustments in this population, and patients receiving
strong P-gp and CYP3A4 inhibitors on the date of inclusion
because their co-administration with DOAC is not recom-
mended due to an increased risk of bleeding [12].

We considered the drugs below as strong inhibitors:
clarithromycin, erythromycin, telithromycin, itraconazole, keto-
conazole, posaconazole, voriconazole, ritonavir, and cobicistat.

Each patient’s inception date was the date of the first
dispensation of apixaban or rivaroxaban identified in the
database during their eligible study period. All patients were
followed-up from the inception date until outcome or censor-
ing due to death, prescription of strong P-gp and CYP3A4
inhibitors, first discontinuation of apixaban or rivaroxaban
or the end of the study period (December 31 2019).

Exposure definition

This study focused on the exposure to a DDA between apixa-
ban or rivaroxaban and amiodarone, verapamil or diltiazem.
Considering the pharmacokinetics properties and the rapid
onset of the P-gp and CYP3A4 inhibition [13, 14], patients
were considered as exposed to the DDA if they simultane-
ously received both drug classes for at least one day.

The duration of exposure to each drug class was estimated
as the dispensed drug quantity divided by its daily dose.
The average recommended dosage of the drugs studied was
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apixaban 10 mg/day, rivaroxaban 20 mg/day, amiodarone
200 mg/day, verapamil 240 mg/day and diltiazem 240 mg/
day. The daily dose of each drug was estimated by dividing
the average recommended dosage by two in order to consider
reduced dosage for specific patients (i.e. older patients with
low-body weight or mild renal failure and apixaban).

For each dispensation, we assumed that drug intake
started on the dispensing day and all dispensed quantity was
consumed between two refills (no leftovers allowed).

Outcomes

The primary endpoint was hospitalization for bleeding, iden-
tified using ICD-10 codes registered as primary diagnosis.
The codes were selected based on published studies [5, 7,
15] and reviewed by an expert group (eTable 1). For each
patient, only the first episode of hospitalization during the
follow-up was considered. In our secondary analysis, we
focused on the type and severity of bleeding (hospital death).

Statistical analysis
Prevalence of the exposure to the DDA

The yearly prevalence of the DDA was estimated as the
yearly number of individuals exposed to the DDA divided by
the yearly number of individuals with AF exposed to apixa-
ban or rivaroxaban. The index date of exposure to a drug
was considered to be the day of drug dispensing. The trend
in the evolution of the prevalence during the study period
was assessed using a Chi-squared test for trend. To get com-
plementary perspectives on the exposure to this DDA, its
prevalence was studied on two levels: in our study popula-
tion and as a person-time exposed prevalence in our cohort.

Evaluation of the bleeding risk associated
with the exposure to the DDA

Baseline characteristics (age, sex, comorbidities,
CHA,DS,-VASc score [1] and the specialty of the first pre-
scriber of apixaban or rivaroxaban) were collected at incep-
tion. Patients with comorbidities were identified using algo-
rithms predefined by the French Healthcare system for the
database [16].

Differences between patients exposed or not to the DDA
were assessed using #-test for continuous variables and chi-
square-test for categorical variables.

The primary endpoint was measured as a time-to-event
analysis of hospitalization for bleeding.

Because drug prescription may evolve during follow-up,
we used a Cox model with time-dependent exposure to the

DDA, to estimate hazard ratios (HR) for hospitalization and
their confidence intervals. HR were adjusted for age, sex
and comorbidities as fixed potential cofounders evaluated at
baseline. CHA,DS,-VASc score was not included because
all of its clinical characteristics were already included as
individual factors in the model, while prescribers’ speciality
was not considered as a potential confounder.

To limit potential confounding, the exposure to the fol-
lowing drug classes known to increase the risk of bleeding
was also taken into account: nonsteroidal anti-inflammatory
drugs, corticosteroids and antiplatelet agents [4, 5, 15, 17].
More specifically, the distribution of the exposure to each of
the three classes according to the DDA exposure status was
assessed using chi-square-test, or if sample size were insuf-
ficient with Fisher exact test. Drug classes with a difference
of more than 3% between groups were included in the final
model as time-dependent variable.

A sensitivity analysis was performed to assess the robust-
ness of our findings: we added a 7-day overlap to dispensa-
tion at the initiation of the AAD to consider a bleeding as
possibly related to the DDA.

All analyses were performed using the statistical software
R version 3.6 and the statistical significance level was set
at p=0.05.

Results
Characteristics of the cohort

Between 2014 and 2019, 10,392 patients were identified in
the EGB with AF and at least one prescription of apixaban
or rivaroxaban (Fig. 1).

Patient characteristics at inclusion are presented in
Table 1. The mean age of the cohort was 76.2 years with
54.3% of males. The median duration of follow-up was
173 days (interquartile range [61-467]).

At inclusion, 4,999 (48.1%) of patients received rivaroxa-
ban and 5,392 (51.9%) apixaban.

The mean CHA,DS,-VASc score was 2.68 +1.50. This
score was significantly higher in the group receiving only
apixaban or rivaroxaban.

Patients exposed to the DDA were younger than those
not exposed (mean age 74.8 +11.1 vs 77.3+11.8, p<0.001)
and more frequently males (56.3% vs 52.9%, p <0.001).
Concerning comorbidities, they had more often a history
of coronary heart disease (23.6% vs 21.0%, p=0.003) and
of heart failure (24.3% vs 22.4%, p=0.002), and less often
a history of stroke or transient ischemic attack (8.3% vs
13.7%, p<0.001), dementia (4.0% vs 8.0%, p<0.001), can-
cer (19.9% vs 17.6%, p=0.004) and exposure to antihyper-
tensive drugs (6.3% vs 3.2%, p<0.001).
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Fig. 1 Flow-chart of the
cohort participants. AF atrial
fibrillation; DOAC direct oral

Patients in the EGB between

anticoagulant; EGB “échantillon

généraliste des bénéficiaires”;
DDA drug-drug association
between DOAC and

2014 and 2019
N=761,333
- Patients with no AF
| i N =725,723 (95.3%)

antiarrhythmic drugs

Patients with AF
N =35,610 (4.7%)

Patients not under DOAC

N = 25,168 (70.7%)
¥ Patient’s age < 18 years

A\ 4

Patients under DOAC
N =10,442 (29.3%)

N=0

Patients receiving a strong
inhibitor at inclusion
v N =50 (0.5%)

A\ 4

Patients included in the

N =10,392 (99.5%)

cohort

N

Patients exposed to DDA
N =4,308 (41.5%)

Patients never exposed to DDA
N = 6,084 (58.5%)

At inclusion, apixaban and rivaroxaban were mainly pre-
scribed by general practitioners (61.0%). In the subgroup
of patient exposed to the DDA, cardiologists were more
frequently involved in the first prescription of apixaban or
rivaroxaban (31.1% vs 21.7%, p<0.001).

Prevalence

In the AF population, a significant decrease in the annual prev-
alence of the DDA was observed over the study period, from
43.6% [95%CI: 40.9, 46.4] in 2014 to 32.4% [95%CI: 31.3,
33.4]in 2019 (p<0.001) (Table 2).

Bleeding in AF population and DDA exposition

Out of the 10,392 patients, 4,308 (41.5%) of patients were
exposed to the DDA during the follow-up. Considering the
length of the DDA exposure, we estimated the ratio of days
during which patients were exposed to the DDA compared
to the total days of follow-up in the entire cohort at 27.4%
[95%CI: 27.34, 27.43]. The median duration of DDA expo-
sure periods was 98 days (interquartile range [60—197]).
Between 2014 and 2019, 223 (2.2%) patients were hospital-
ized for bleeding. Out of them, 75 patients were exposed to the
DDA (33.6%) (Table 3). In these patients, the median delay
between the beginning of exposure to DDA and hospitalisation
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for bleeding was 74 days (interquartile range [30—-192]). The
mean duration of hospitalization did not differ significantly,
6.08 +10.2 days for patients exposed to the DDA versus
5.45+6.37 days for those not exposed (p=0.6). The mortal-
ity rate during hospitalization was 4.48% (n=10), 1 patient
died while exposed to DDA and 9 while exposed to apixaban
or rivaroxaban only (no statistical difference p=0.17).

We found that exposure to antiplatelet agents differed from
more than 3% between patients who bled exposed to DDA or
not (respectively 21.3% vs 17.6%, p=0.62). The distribution
did not differ for nonsteroidal anti-inflammatory drugs (1.3%
vs 2.7%, p=0.67) or corticosteroids (5.3% vs 3.4%, p=0.49).

Therefore, exposure to antiplatelet agents was included in
the final model as a time-dependent variable.

There was no significant difference in the risk of hospi-
talization for bleeding between patients exposed to the DDA
compared to those not exposed (HR=1.19, [95%CI 0.90,
1.58]) (Table 4). The risk of hospitalization for bleeding
increased significantly with age (HR =1.03 per year, [95%CI
1.02, 1.05]), and it was higher for males (HR =1.72, [95%CI
1.28, 2.30] (Table 4). The results of the sensitivity analysis
confirmed those obtained in the primary analysis: exposure
to DDA was not significantly associated with a change in
the risk of bleeding when adding a 7-day period to consider
a patient exposed to the DDA (eTable 2).
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Table 1 Characteristics of

. . Characteristics Total DDA group (n=4,308)  No DDA group p-value
patients w1.th .AF and e}t least (n=10,392) (n=6,084)
one prescription of apixaban
or rivaroxaban in the EGB Age, mean +sd, years 762+11.6  748+11.1 773+11.8 <0.001
%1: 41351992)’ in France between 18-49 235 (2.3) 95 (2.2) 140 (2.3)
50-75 3,975 (38.3) 1,900 (44.1) 2,075 (34.1)
>75 6,182 (59.5) 2,313 (53.7) 3,869 (63.6)
Female, No. (%) 4,747 (45.7)  1,882(43.7) 2,865 (47.1) <0.001
Prescriber’s speciality, No. (%) <0.001
General practitioner 6,336 (61.0) 2,414 (56.0) 3,922 (64.5)
Cardiologist 2,656 (25.6) 1,339 (31.1) 1,317 21.7)
Other specialty 671 (6.5) 250 (5.8) 421 (6.9)
Missing values® 729 (7.0) 305 (7.1) 424 (7.0)
CHA,DS,-VASc, mean +sd 2.68+1.50 2.50+1.44 2.80+1.52 <0.001
Comorbidities, No. (%)
Heart failure 2,408(23.2) 1,048 (24.3) 1,360 (22.4) 0.02
Coronary heart disease 2,294 (22.1) 1,014 (23.6) 1,280 (21.0) 0.003
Diabetes mellitus 1,852 (17.9) 768 (17.3) 1,084 (17.8) 1
Prior ischemic stroke or TIA 1,188 (11.4) 356 (8.3) 832 (13.7) <0.001
Peripheral vascular disease 904 (8.7) 354 (8.2) 550 (9.0) 0.15
Dementia 658 (6.3) 173 (4.0) 485 (8.0) <0.001
Chronic kidney disease 563 (5.4) 217 (5.0) 346 (5.7) 0.16
Cancer 1,970 (19.0) 760 (17.6) 1,210 (19.9) 0.004
Antihypertensive drugs 522 (5.0) 137 (3.2) 385 (6.3) <0.001
AF atrial fibrillation, EGB “échantillon généraliste des bénéficiaires”, DDA drug-drug association, here
DOAC + AAD, TIA transient ischemic attack
*Missing values were not included in the chi-square-test; Data presented are those at inclusion
Discussion P-gp and moderate CYP3A4 inhibitors [18, 19]. Even though

Between 2014 and 2019, the annual average prevalence of
AAD exposure was 38.9% in the AF population under apixa-
ban or rivaroxaban. Concomitant exposure to apixaban or
rivaroxaban and AAD was not associated with an increased
risk of hospitalization for bleeding in AF patients.
Pharmacokinetic studies have shown an increase in the
blood concentration of DOAC when concomitantly used with

Table 2 Prevalence and number of exposed to DDA in patients with
AF receiving apixaban or rivaroxaban between 2014 and 2019 in the
EGB in France

Patients exposed Total population DDA prevalence

to DDA (%) [95%CT]

2014 545 1,250 43.6 [40.9, 46.4]
2015 1,008 2,269 44.4 [42.4, 46.5]
2016 1,417 3471 40.8 [39.2, 42.5]
2017 1,820 4,806 37.9[36.5, 39.2]
2018 2,190 6,344 34.5 [33.6, 35.7]
2019 2,564 7,925 32.4[31.3,33.4]

AF atrial fibrillation; EGB “échantillon généraliste des bénéficiaires”;
DDA drug-drug association, here DOAC + AAD

this pharmacokinetic interaction seems modest, considering
the number of AF patients exposed to this DDA, verifying its
safety regarding bleeding risk seemed necessary.

Studies have shown an increased risk of bleeding when
DOAC were associated with potential interacting drugs.
However they didn’t focus on P-gp and moderate CYP3A4
inhibitors and studied simultaneously the effect of multiple
inhibitors or were conducted on small samples [4, 7, 20].

Some of the published evidence suggests that this phar-
macokinetic interaction does not translate into increased
bleeding risk. A systematic review of pivotal trials in AF
patients under DOAC showed a relative risk of bleeding of
0.91 [95% CI1 0.77, 1.07] when concomitantly exposed to
amiodarone compared to DOAC alone [21]. A case—control
study nested in a cohort of new users of DOAC in Eng-
land [5] found no significant increase in bleeding risk when
simultaneously exposed to amiodarone (HR 0.67, [95% CI
0.28, 1.59]), verapamil (HR 1.76, [95% CI 0.58, 5.35]) or
diltiazem (HR 0.26, [95% CI 0.11, 0.61]). However, in those
two studies, dabigatran has also been included even though
it has known interactions, through P-glycoprotein, with ami-
odarone and verapamil requiring dosage adaptations [12]. A
US population-based cohort study was conducted to evaluate

@ Springer
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Table 3 Bleeding outcome
by type of bleed and exposure

Patient with DDA Patient without DDA Total

to the DDA and death during

All bleeding, No. (%)
hospitalization

Intracranial bleeding
Gastro-intestinal bleeding
Uro-gynecological bleeding
Other bleeding

Death during hospitalization, No. (%)
Total of follow-up days for all patients, No. (%)

75 (33.6) 148 (66.4) 223

10 (40.0) 15 (60.0) 25
31(28.2) 79 (71.8) 110

12 (33.3) 24 (66.7) 36

22 (42.3) 30 (57.7) 52
1(10.0) 9 (90.0) 10
1,029,576 (27.4) 2,729,492 (72.6) 3,759,068

DDA drug-drug association

the overall bleeding risk in AF patients receiving DOAC
with diltiazem or verapamil compared to amlodipine and to
metoprolol. They showed no difference for rivaroxaban with
diltiazem or verapamil vs amlodipine (HR 0.99, [95% CI
0.71, 1.38]) or vs metoprolol (HR 0.76, [95% CI 0.55, 1.06])
and for apixaban with diltiazem or verapamil vs amlodipine
(HR 0.89, [95% CT1 0.49, 1.63]) or vs metoprolol (HR 0.78,
[95% C1 0.45, 1.36]) [22].

A case—control study found that the concomitant use of
diltiazem in AF patients receiving rivaroxaban was not asso-
ciated (p =0.34) with an increased risk of major and clini-
cally relevant non-major bleeding [23].

Our study confirms that this DDA concerns a large portion
of AF patients and shows no association between bleeding
risk and exposure to this DDA using real-life data in France.

Regarding the increased risk of bleeding for male patient
with AF, it has already been observed in two other studies

with DOAC [24, 25] and with other oral anticoagulants such
as vitamin-K antagonist [26], but a clear association is yet to
be proven. Moreover, many studies conducted on the risk of
bleeding were built with a propensity-score matching [4, 7,
27] preventing any conclusion on the relationship between
gender and bleeding risk.

The nature of the data from the EGB has led to some
approximation in our study. First, regarding the definition of
exposure to drugs, some assumptions had to be made. We
had no direct measure of the drug consumption or treatment
adherence, every pill dispensed was considered as consumed
by patients between two refills. Also, having no information
on the actual dosage prescribed by physicians at each dispen-
sation, we had to use an estimated daily dosage of drugs in
order to quantify the exposure periods. These two assumptions
may have led to an overestimation of the number and duration
of drug and DDA exposure periods. Measuring drug exposure

Table 4 Cox regression
analysis on the occurrence of
hospitalization for bleeding, in

Model without drugs
interfering with bleeding risk

Final model including
exposure to antiplatelet agents

France, between 2014-2019 Hazard ratios [95%CI] p-value Hazard ratios [95%CI] p-value

from the EGB (N=10,392)
Male sex 1.75 [1.30, 2.34] <0.001 1.72[1.28,2.30] <0.001
Age (per year) 1.03 [1.02, 1.05] <0.001 1.03[1.02,1.05] <0.001
Heart failure 1.12[0.82, 1.54] 0.47 1.13[0.82, 1.55] 0.46
Coronary heart disease 1.41 [1.04, 1.90] 0.03 1.22[0.89, 1.67] 0.22
Diabetes mellitus 1.12[0.81, 1.56] 0.50 1.10 [0.79, 1.52] 0.59
Ischemic stroke or TTA 0.98 [0.66, 1.47] 0.93 0.97 [0.65, 1.45] 0.88
Peripheral vascular disease 1.23 [0.80, 1.89] 0.35 1.12 [0.73, 1.73] 0.60
Dementia 2.36 [0.96, 5.79] 0.06 2.39[0.97, 5.88] 0.06
Chronic kidney disease 0.84 [0.42, 1.65] 0.61 0.83 [0.42, 1.64] 0.60
Cancer 1.26 [0.92, 1.73] 0.14 1.28 [0.93, 1.75] 0.13
Antihypertensive drugs 0.58 [0.21, 1.64] 0.31 0.57 [0.20, 1.62] 0.30
DDA 1.21 [0.91, 1.60] 0.19 1.19 [0.90, 1.58] 0.23
Antiplatelet agent 1.79 [1.25, 2.58] 0.001
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Hazards ratio were adjusted for the other covariates presented in the table; DDA and antiplatelet agent
exposures were included as a time-dependant variables, other characteristics were included as fixed covari-
ates at the inclusion in the cohort; age is considered as a continuous variable, female is reference for the

sex, non-exposure is reference for other covariates

DDA drug-drug association, here DOAC +AAD, TIA transient ischemic attack, EGB “échantillon général-

iste des bénéficiaires”
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is a common limitation of pharmaco-epidemiological studies
conducted on a medico-administrative database, we used the
RECORD-PE checklist to be as thorough as possible in report-
ing its determination. Second, the database only contains data
on drugs dispensed in retail pharmacy, information on drug
administered in hospitals and in some nursing homes were not
available which could lead to an underestimation of the expo-
sure to drugs and DDA. However, the non-observable drug
dispensations seem to be limited. Hospitalisations for other
diagnostics than our outcome during follow-up accounted a
total of 64,901 days (1.7% of total of follow-up days for all
patients) and their median duration was 3 days (interquartile
range [1-6]). Regarding drugs dispensed in nursing homes,
only those with an internal pharmacy were not included in our
study. In France in 2017, only 17.6% of nursing homes had
internal pharmacies [28]. Some other medical data was not
available such as patient’s weight or glomerular filtration rate.
The increased bleeding risk in patients with impaired renal
function has been clearly documented [29] and DOAC’s dose
adjustment are recommended [1]. We adjusted our model to
the presence of chronic kidney disease at inclusion but were
unable to take into account changes in renal functions during
follow-up. Third, to identify patients with comorbidities, we
used algorithms provided with the database; unfortunately,
some diseases do not have an associated algorithm, including
hypertension. When an alternative definition of the comorbid-
ity was available, such as exposure to antihypertensive drugs,
we included it as a covariate in the model, even if its definition
was less stringent compared to other comorbidities.

Another limit of this study was the lack of adjustment
of the model on exposure to all drugs known to increase
bleeding risk. As the study was designed with a Cox model
and time-dependent exposure to the DDA, exposure to each
drug that could interfere with the bleeding risk should have
been considered in the model as individual time-dependent
variables. Models including many time-dependent variables
may not converge. Therefore, we focused on the three main
drugs known to interfere with haemostasis.

The EGB is a large database, that enables monitoring and
analysis of healthcare reimbursement in France. Its value for
research has already been proven [10, 17, 30]. Patients’ base-
line characteristics found in this study were similar to those
found in three studies conducted on medico-administrative
databases in Australia [9], Taiwan [7] and France [17],
regarding age (between 74 and 76.7 years) and sex (between
54.2 and 55.8% of male) in their AF population. Studies
conducted in a single hospital center in Michigan [4], on a
case—control study in UK [5] and a post-hoc analysis of a
sample of the ROCKET trial population [27] had a mean
age of, respectively, 68, 78 and 73 years old and between
58 and 62% of participants were males. These results seem
to indicate that study conducted on similar population on

medico-administrative database were comparable regarding
sex and age, whereas they differed on studies conducted on
cohorts created for research purposes.

The French healthcare system provides algorithms that
help identifying patients with chronic diseases in their data-
bases [16] allowing a reproducible identification of patients
with AF and of their comorbidities. It also enables to limit
a potential indication bias for apixaban or rivaroxaban in
the study; we only included patients treated with apixaban
or rivaroxaban after an AF diagnosis, excluding patients
receiving those drugs for any other indication. Moreover,
the ICD-10 codes used to identify hospitalization for bleed-
ing were used in published studies [5, 7, 15] and have a good
predictive value [31]. Only primary diagnoses were selected
to maximize the specificity of the outcome. Observational
studies on drugs effects are known to be prone to immortal-
time bias: when patients have alternating periods of expo-
sure to apixaban or rivaroxaban only and to DDA during
follow-up, if the time of exposure to apixaban or rivaroxaban
only is misclassified as time exposed to DDA or not con-
sidered in the analysis, it can lead to mistaken results and
conclusions [32, 33]. To limit this bias and to account for
possible variations in patient’s treatment with AAD during
the follow-up period in this study, we considered the expo-
sure to the DDA as a time-dependant variable.

Conclusion

Among patients with AF given apixaban or rivaroxaban,
each year, 38,9% were exposed concomitantly to a P-gp
and moderate CYP3A4 inhibitor (amiodarone, verapamil,
or diltiazem) and it was not associated with a significantly
increased risk of hospitalization for bleeding. No dosage
adjustment seems necessary when concomitantly prescribing
these drugs in AF patients.
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