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Abstract
Although concomitant medications have been raised as a factor affecting hemorrhage during direct oral
anticoagulants (DOACs) therapy, details remain unelucidated. This study was conducted to clarify the
relationship between concomitant medications with possible pharmacokinetic interactions and number
of concomitant medications, and bleeding and embolism in patients with nonvalvular atrial �brillation on
DOACs. The subjects were 1,010 patients prescribed DOACs between April 2011 and June 2018. The
study investigated their course between the �rst prescription and December 2018, including the presence
or absence of clinically relevant bleeding, gastrointestinal bleeding (GIB), and major cardiovascular and
cerebrovascular events (MACCE). Impacts of medications were evaluated by the general linear model
with inverse probability-weighted propensity score. The observation period was 2,272 patient-years. The
rate of bleeding was 4.7%/year, GIB was 2.8%/year, and MACCE was 2.0%/year. Taking 10 or more oral
medications concurrently was a signi�cant risk for GIB (hazard ratio, 2.046 [1.188–3.526]; p = 0.010).
Nonsteroidal anti-in�ammatory drugs (NSAIDs) was the only signi�cant risk for GIB. Clinicians should be
aware of gastrointestinal bleeding when using DOACs with patients taking more than 10 medications
and/or NSAIDs.

Introduction
Atrial �brillation (AF) is an arrhythmia frequently encountered clinically. Since its prevalence increases
with age, developed countries with advanced population aging have seen an increasing trend in the
number of patients with AF [1]. As AF becomes more prevalent, several direct oral anticoagulants
(DOACs) have been developed in recent years for the prophylaxis of systemic embolism. DOACs, along
with warfarin, are frequently used in clinical practice [2]. One of the known characteristics of DOACs is
their association with a lower incidence of intracranial bleeding and other serious bleeding compared
with warfarin, but studies have shown that gastrointestinal bleeding may occur at an equivalent or
greater rate [3–9]. Gastrointestinal bleeding during treatment with oral antithrombotic agents is known to
affect the underlying disease and life expectancy, and collecting relevant information to allow appropriate
measures to be taken is an important clinical issue [10].

Concomitant medications have been raised as one of the major factors that affect bleeding events during
treatment with DOACs. Given that nonsteroidal anti-in�ammatory drugs (NSAIDs), low-dose aspirin (LDA),
antiplatelet agents, and other drugs with a bleeding-promoting property interact pharmacodynamically
with the bleeding susceptibility associated with DOACs, their concomitant use has been reported to
increase bleeding, particularly gastrointestinal bleeding [11–13]. However, with regard to drugs that may
interact pharmacokinetically during absorption and/or metabolism, such as drugs that may competitively
bind to P-glycoprotein, which functions as a transporter in active transport, or those of concern for
competing for the liver metabolizing enzyme cytochrome P450, there have been sporadic reports
indicating concern that the use of such drugs in combination with DOACs may promote bleeding, but the
relationship between such concomitant medications and adverse events remains unknown, since there
have been only a few studies that investigated the relationship in clinical practice [14–18]. Moreover, it
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has been noted in recent years that the number of patients with multiple comorbidities is on the rise as
the population ages in the developed countries, and that increases in the number of concurrent
medications, such as in so-called polypharmacy, have a negative effect on life expectancy. Since most
patients with AF or other heart disease are elderly and frequently have multiple comorbidities, studies
have shown that polypharmacy leads to high rates of death or bleeding complications [19–23].
Nevertheless, with inadequate information from clinical practice, no conclusions have been drawn on the
relationship between adverse events to DOACs and polypharmacy [24, 25].

Given this background, the present study was conducted to examine how major concomitant
medications, including those with a potential for pharmacokinetic interactions, are associated with the
onset of bleeding or embolism in patients with nonvalvular AF on treatment with DOACs in clinical
practice. In addition, the effect of the number of oral medications used on adverse event onset was
examined.

Results

Background characteristics
Table 1 shows the baseline characteristics of when the study subjects began oral treatment. The study
subjects, who were followed for a median period of 2 years, had a median age of 73 years, with men
accounting for 64%. The CHADS2 score and CHA2DS2-VASc score, which indicate embolism risk, were 2
and 4, respectively, whereas the HAS-BLED score, which indicates bleeding risk, was 3. The DOAC
prescribed was dabigatran in 21.4% of the patients, rivaroxaban in 43.6%, apixaban in 29.2%, and
edoxaban in 5.8%.
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Table 1
Background characteristics of the study subjects

Characteristic Total

Number of patients 1010

Observation period (y), median (IQR) 2.0 (0.8-3.3)

Age (y), median (IQR) 73 (65–80)

Sex (male), n (%) 646 (64.0)

Height (m), median (IQR) 1.62 (1.54–1.68)

Weight (kg), median (IQR) 61 (53–71)

CHADS2 score, median (IQR) 2 (2–3)

CHADS2-VASc score, median (IQR) 4 (3-5)

HAS-BLED score, median (IQR) 3 (3-4)

eGFR (mL/min/1.73 m2), median (IQR) 58 (48-69)

DOAC before bleeding, n (%)  

Dabigatran 216 (21.4)

Rivaroxaban 440 (43.6)

Apixaban 295 (29.2)

Edoxaban 59 (5.8)

Comorbidities, n (%)  

Hypertension 835 (82.7)

Diabetes mellitus 261 (25.8)

Dyslipidemia 492 (48.7)

Chronic heart failure 578 (57.2)

Ischemic heart disease 254 (25.1)

Cerebrovascular disease 52 (5.1)

Peripheral arterial disease 60 (5.9)

Chronic obstructive pulmonary disease 68 (6.7)

Liver cirrhosis 1 (0.1)

Abbreviations: IQR, interquartile range; n, number; eGFR, estimated glomerular �ltration rate; DOAC,
direct oral anticoagulant; P2Y12, adenosine 2 phosphate receptor P2Y12 antagonist.
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Characteristic Total

Advanced malignancy 93 (9.2)

Chronic kidney disease 542 (53.7)

Concomitant medications, n (%)  

Number of concomitant medicines, median (IQR) 7 (4-10)

Low-dose aspirin 205 (20.3)

P2Y12 134 (13.3)

Cilostazol 22 (2.1)

Nonsteroidal anti-in�ammatory drugs 32 (3.2)

Steroids 45 (4.5)

Spironolactone 146 (14.5)

Bisphosphonate 28 (2.7)

Selective serotonin uptake inhibitor 6 (0.6)

Proton pump inhibitor 549 (54.4)

Amiodarone 47 (4.7)

Verapamil 99 (9.8)

Diltiazem 46 (4.6)

Digoxin 66 (6.5)

Fluconazole 2 (0.2)

Cyclosporin 1 (0.1)

Abbreviations: IQR, interquartile range; n, number; eGFR, estimated glomerular �ltration rate; DOAC,
direct oral anticoagulant; P2Y12, adenosine 2 phosphate receptor P2Y12 antagonist.

The most common comorbidity was hypertension (in a high percentage of patients, 82.7%), followed by
cardiac failure (in more than half of the patients, 57.2%), dyslipidemia (in about half of the patients),
cardiovascular disease (25.1%), and cerebrovascular disease (5.1%). As many as 53.7% of the patients
had chronic kidney disease (CKD) with an estimated glomerular �ltration rate (eGFR) of <60 mL/min/1.73
m2.

Of the concomitant medications of concern for bleeding risk due to pharmacodynamic interactions, LDA
was used by 20.3% of the patients, NSAIDs by 3.2%, steroids by 4.5%, P2Y12 receptor antagonists by
13.3%, cilostazol by 2.2%, spironolactone by 14.5%, bisphosphonates by 2.7%, and SSRIs by 0.6%.
Proton-pump inhibitors (PPIs), which are expected to have an effect to suppress bleeding, were used
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concomitantly by 54.4% of the patients. Of the medications of concern for bleeding risk due to
pharmacokinetic interactions, amiodarone was used by 4.7% of the patients, verapamil by 9.8%, and
diltiazem by 4.6%; however, the imidazole antifungal agents �uconazole and ciclosporin were used by
only 2 and 1 patient, respectively, and no macrolide antibiotics were used concomitantly by any of the
patients.

Numbers of concomitant medications at the �rst prescription of DOACs are shown in Figure 2. The
number of concomitant medications, including DOACs, ranged from 1 to 21, with a median of 7. Overall,
three quarters or more of the patients were taking 5 or more medications concurrently, or in a state of so-
called polypharmacy (Figure 2).

Effects on adverse events
The entire observation period was 2,272 patient-years. Whole bleeding occurred in 107 patients
(4.7%/year), with gastrointestinal bleeding in 64 patients (2.8%/year) and MACCEs in 45 patients
(2.0%/year).

Incidences of adverse events are shown by number of medications used in Table 2 and Figure 3. Whole
bleeding and gastrointestinal bleeding occurred at high rates in patients who used 10 or more
medications, and such a trend was signi�cant with respect to gastrointestinal bleeding. Meanwhile, no
relationship was noted between the number of medications used and the incidence of MACCEs (Table 2,
Figure 3).

Table 2
Impact of polypharmacy on development of bleeding and thrombotic events in patients

taking direct anticoagulants for nonvalvular atrial �brillation
Number of medicines 1-4 5-9 10 or more

Number of patients 234 479 297

Observation period (patient-years) 536 1106 630

Whole bleeding 21

(3.9%/y)

44

(4.0%/y)

42

(6.7%/y)

Gastrointestinal bleeding 11

(2.1%/y)

23

(2.1%/y)

30

(4.8%/y)

Major adverse cardiac and cerebrovascular event 8

(1.5%/y)

21

(1.9%/y)

16

(2.5%/y)

Impacts of respective concomitant medications on the onset of whole bleeding, gastrointestinal bleeding,
and MACCEs are compared between users and non-users. PPIs and cilostazol were identi�ed as factors
that inhibit whole bleeding (Figure 4). Of the medications of concern for gastrointestinal bleeding, NSAIDs
were a signi�cant promoting factor, while cilostazol and diltiazem seemed to have suppressive effect
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(Figure 5). Amiodarone was identi�ed as a factor that increased the frequency of MACCEs signi�cantly,
whereas P2Y12 receptor antagonists and steroids were factors that reduced the frequency (Figure 6).

Discussion
The major points of the present study are as follows: 1) using 10 or more medications concurrently was a
signi�cant risk factor for gastrointestinal bleeding in DOAC users; 2) NSAIDs were the only concomitant
medications that were a signi�cant risk factor for gastrointestinal bleeding; and 3) pharmacokinetic drug-
drug interactions had no signi�cant impact on the onset of bleeding events during treatment with DOACs.

Polypharmacy was shown in the present study to be a signi�cant risk factor for inducing gastrointestinal
bleeding, which is consistent with the results reported previously [16, 20–22]. With the adjustments for
underlying disease and other background characteristics performed in the present study, the results
obtained are believed to show the risk of multi-drug use itself. Previous reports have pointed to factors
such as drug-drug interactions and low drug adherence, among other unknown factors, as the
mechanism of polypharmacy in promoting bleeding [27–29]; however, with no clear mechanism identi�ed
in the present study, further studies are needed.

The effect of NSAIDs on gastrointestinal bleeding is one of the effects of individual concomitant
medications that have been reported to date [12]. As in previous reports, the present study also showed
that NSAID use was a signi�cant risk. Meanwhile, other medications of concern for interactions showed
no signi�cant risk. The impacts in actual clinical practice from antiplatelet agents such as P2Y12
receptor antagonists and cilostazol, which are of concern for pharmacodynamic interactions, and
medications with a potential P-glycoprotein or CYP3A4 antagonizing effect, which may in�uence DOAC
pharmacokinetics during processes such as absorption, metabolism, and excretion, are estimated to be
no greater than those from NSAIDs.

The results obtained in the present study identi�ed PPIs, cilostazol, and diltiazem as factors that inhibit
bleeding. Since PPIs are powerful suppressors of gastric acid secretion and inhibit upper gastrointestinal
bleeding, they were presumed to be a signi�cant inhibiting factor. Previous reports have also shown that
PPIs signi�cantly inhibit upper gastrointestinal bleeding in DOAC users [30–34], consistent with the
conclusions drawn from the results of the present study. Cilostazol has an inhibitory effect on
phosphodiesterase and is used as an antiplatelet agent for the prophylaxis of arterial thrombosis, but its
effect on the gastrointestinal tract has been reported to be unique in that it suppresses in�ammation of
the gastrointestinal mucosa [35]. Moreover, compared with small-dose aspirin or clopidogrel alone,
concomitant use with cilostazol has been reported to cause no increases in gastrointestinal bleeding of
the antiplatelet therapies [36]. The present study showed that it was a signi�cant inhibitory factor for
gastrointestinal bleeding or that, at the minimum, it exhibited no effect that promotes gastrointestinal
bleeding. Diltiazem, like amiodarone, has an inhibitory effect on CYP3A4 and has been said to be of
concern for inhibiting the metabolism of DOACs, thereby promoting bleeding [37, 38], but, instead, it was
found to act in an inhibitory manner and not be a risk factor for bleeding in the present study.
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The data indicated that the onset of major cardiovascular events was inhibited with the concomitant use
of P2Y12 and steroids and promoted by amiodarone. P2Y12, an ADP receptor antagonist with an
antiplatelet effect, has been demonstrated to be effective in the prophylaxis of arterial embolism [39].
With the subject population in the present study including many with comorbid ischemic heart disease
(25%) or peripheral arterial disease (6%), the inhibitory effect on arterial embolism from the antiplatelet
activity of P2Y12 may have affected the results. The bene�ts of the concomitant use of steroids with
DOACs are unknown, since there have been no reports of such bene�ts. Approximately 4% of the subjects
in the present study used steroids concomitantly for reasons that varied among individuals, and it cannot
be ruled out that the status of how well the respective underlying disease was under control may have
had some kind of effect. Amiodarone has a CYP3A4 inhibitory effect and has been identi�ed to be of
concern for inhibiting the metabolism and increasing the blood concentrations of DOAC, thereby
promoting bleeding. Though it was expected to act in the same manner in suppressing embolism, the
results obtained in the present study were contrary to what was expected. However, as a background
characteristic, amiodarone is known to be used frequently in patients with severe heart disease. The
present study included only the presence or absence of cardiac failure as an adjustment factor, without
taking its severity into consideration. Given that MACCEs are common in patients with severe cardiac
failure, such a bias may have affected the results, and further studies are needed.

The limitations of the present study include the fact that it was retrospective, that it was a single-center
study, and its sample size. Since the present study was exploratory in nature, a multicenter prospective
study is needed in the future.

In the present study, the effects of concomitant medications on bleeding events were investigated in
patients with nonvalvular AF undergoing treatment with DOACs. The results showed that the concomitant
use of 10 or more medications is a risk factor for gastrointestinal bleeding; that as an individual
medication, NSAIDs were the only signi�cant risk factor for gastrointestinal bleeding; and that the effects
of other medications are of a lesser degree.

Methods

Study subjects
This was a single-center study of subjects selected from a list of patients at Teikyo University Hospital.
First, of the 2,005 patients prescribed dabigatran, rivaroxaban, apixaban, or edoxaban between April 2011
and June 2018, 1,010 patients prescribed one of the oral anticoagulants for nonvalvular AF were selected
as study subjects (Figure 1). One of the composite main outcomes investigated was the presence or
absence of bleeding complications (Bleeding Academic Research Consortium [BARC] type 2 or above)
[26] or major adverse cardiovascular and cerebrovascular events (MACCEs) between the �rst prescription
and the last day of December 2018. BARC proposes 5 bleeding types. Type 0 is no bleeding. Type 1 is
bleeding that is not actionable and does not cause the patient to seek medical attention. Type 2 bleeding
includes any clinically overt sign of hemorrhage that is actionable and requires diagnostic studies,
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hospitalization, or treatment by a healthcare professional. Type 3 bleeding is divided into 3 categories.
Type 3a bleeding includes any transfusion with overt bleeding plus a hemoglobin drop of 3 to < 5 g/dL
(provided the hemoglobin drop is related to bleeding). Type 3b bleeding includes overt bleeding plus a
hemoglobin drop of ≥ 5 g/dL (provided the hemoglobin drop is related to bleeding), cardiac tamponade,
bleeding requiring surgical intervention for control (excluding dental/nasal/skin/hemorrhoid), and
bleeding requiring intravenous vasoactive agents. Type 3c bleeding includes intracranial hemorrhage and
intraocular bleeding compromising vision. Type 4 bleeding is associated with procedures of coronary
artery bypass grafting, such as perioperative intracranial bleeding within 48 h and reoperation after
closure of sternotomy for the purpose of controlling bleeding. Type 5 bleeding is fatal. Severe bleeding
was considered to correspond to types 3 or more. Additionally, a MACCE was de�ned as death,
myocardial infarction, recanalization/reperfusion of an occluded artery, stent thrombosis, or stroke.

Data collection
All data were reviewed from the medical charts of the subjects. Medical records in monthly increments
were reviewed to perform the investigations. Patients who attended no hospital visits over a 6-month
period or longer without reason were considered dropouts. Background characteristics examined included
age, sex, weight, comorbidity (hypertension, diabetes mellitus, dyslipidemia, chronic kidney disease,
chronic cardiac failure, malignancy, hepatic cirrhosis, or chronic obstructive pulmonary disease), CHADS2

score, CHA2DS2-VASc score, and HAS-BLED score. In addition, the study investigated the concomitant
drugs, including anticoagulants, used at the time of the �rst prescription, the number of medications
used, and the status of concomitant use of medications with known pharmacodynamic interactions (e.g.,
NSAIDs, LDA, antiplatelet agents, or selective serotonin reuptake inhibitors [SSRIs]) and the following
drugs with an inhibitory effect on P-glycoprotein or CYP3A4: amiodarone, verapamil, diltiazem, digoxin,
�uconazole, ciclosporin, and tacrolimus. The involvement of drugs used by 10 or more patients in the
onset of bleeding, gastrointestinal bleeding, and systemic embolism was assessed statistically. The
number of medications used at the start of DOAC use was also investigated, with patients divided into 3
groups (<5, 6–9, and ≥10) to compare incidences of adverse events among the groups.

Statistics
Statistical analyses were performed using statistical software SPSS (vol. 24, IBM Japan, Tokyo, Japan).
For comparisons between two groups, data were statistically analyzed by the general linear model with
the inverse probability-weighted propensity score calculated from each patient’s background
characteristics to adjust for background factors, with the results expressed in odd ratios (95% con�dence
intervals). Values of 𝑝 < 0.05 were regarded as signi�cant.

Ethics
The protocol for the present study was approved by the Institutional Review Board of Teikyo University
before the study commenced (TU 21-046). All methods were carried out in accordance with relevant
guidelines and regulations. The need to obtain informed consent was waived by the ethics committee
that approved the study, given the retrospective design of the study.
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Figures

Figure 1

Flowchart for selection of study subjects
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Figure 2

Distribution of number of medicines concomitantly prescribed at baseline

Figure 3

Relationship of adverse events and number of concomitant medicines with direct oral anticoagulants for
nonvalvular atrial �brillation
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a: clinically relevant bleeding, b: gastrointestinal bleeding, c: major adverse cardiovascular and
cerebrovascular event

Gastrointestinal bleeding develops with a higher rate in patients taking direct oral anticoagulants for
nonvalvular atrial �brillation taking 10 and more medicines than in those taking less than 10 medicines
(b). Figures are adjusted odds ratios (95% con�dence interval) and p-values evaluated by a generalized
linear estimating equation model using the propensity score (age, sex, weight, hypertension, diabetes
mellitus, dyslipidemia, chronic heart failure, ischemic heart disease, cerebrovascular disease, peripheral
arterial disease, chronic obstructive pulmonary disease, liver cirrhosis, advanced malignancy, chronic
kidney disease) weighting by the inverse probability weighting method.

Figure 4

Risk of concomitant medicines for clinically relevant bleeding

The adjusted odds ratio of each drug was evaluated by a generalized linear estimating equation model
using a propensity score (age, sex, weight, hypertension, diabetes mellitus, dyslipidemia, chronic heart
failure, ischemic heart disease, cerebrovascular disease, peripheral arterial disease, chronic obstructive
pulmonary disease, liver cirrhosis, advanced malignancy, chronic kidney disease, concomitant medicines)
weighting by the inverse probability weighting method.
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Figure 5

Risk of concomitant medicines for clinically relevant gastrointestinal bleeding

The adjusted odds ratio of each drug was evaluated by a generalized linear estimating equation model
using a propensity score (age, sex, weight, hypertension, diabetes mellitus, dyslipidemia, chronic heart
failure, ischemic heart disease, cerebrovascular disease, peripheral arterial disease, chronic obstructive
pulmonary disease, liver cirrhosis, advanced malignancy, chronic kidney disease, concomitant medicines)
weighting by the inverse probability weighting method.
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Figure 6

Risk of concomitant medicines for major adverse cardiovascular and cerebrovascular events

The adjusted odds ratio of each drug was evaluated by a generalized linear estimating equation model
using a propensity score (age, sex, weight, hypertension, diabetes mellitus, dyslipidemia, chronic heart
failure, ischemic heart disease, cerebrovascular disease, peripheral arterial disease, chronic obstructive
pulmonary disease, liver cirrhosis, advanced malignancy, chronic kidney disease, concomitant medicines)
weighting by the inverse probability weighting method.


