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Fluoroquinolones and macrolides may, due to a potential drug-drug interaction,
increase the concentration of any concomitantly administered direct oral
anticoagulant (DOAC) and thereby increase the risk of severe bleeding. However,
clinical evidence for such an effect is scarce. The present study aimed to evaluate the
association between the use of fluoroquinolones or macrolides and bleeding events
in patients with concomitant DOAC use. This was a nationwide cohort study
including 19 288 users of DOACs in 2008-2018 using information from Swedish
national health registers. We compared the incidence of bleeding events associated
with use of fluoroquinolones or macrolides using doxycycline as a negative control.
Cox regression was used to calculate crude and adjusted hazard ratios (aHRs) in time
windows of various length of follow-up after the start of antibiotic use. The incidence
rates for fluoroquinolones and macrolides ranged from 12 to 24 and from 12 to
53 bleeding events per 100 000 patients in the investigated time windows. The aHRs
(95% confidence interval) for use of fluoroquinolones and macrolides were 1.29
(0.69-2.44) and 2.60 (0.74-9.08) at the concomitant window, 1.31 (0.84-2.03) and
1.79 (0.75-4.29) at 30 days, and 1.34 (0.99-1.82) and 1.28 (0.62-2.65) at 150 days,
respectively. With regard to fluoroquinolones, the present study suggests that the
risk of bleeding when combined with DOAC S, if any, is small. Codispensation of
macrolides in patients on DOACs was not associated with an increased risk of
bleeding. However, due to the small number of macrolide users, the results must be

interpreted with caution.
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1 | INTRODUCTION

Direct oral anticoagulants (DOACs) are widely used for the preven-
tion and treatment of venous thromboembolism and to prevent
ischemic stroke in patients with atrial fibrillation (AF).x™* Moreover,
DOACs are used for noncancer-related deep vein thrombosis (DVT)
and pulmonary embolism (PE) prophylaxis in patients who have
undergone knee or hip replacements.® Unlike warfarin, DOACs do
not require routine laboratory monitoring of the anticoagulant
effect or dose adjustment. Although it has been suggested that
drug-drug interactions, dietary interactions and adverse events may
be fewer with DOACs than with warfarin, the risk of bleeding
remains a safety concern, particularly considering the lack of a clear
reversal strategy.>® Four DOACs are currently available in Sweden:
dabigatran, rivaroxaban, apixaban and edoxaban. They are all
metabolized by cytochrome p450 3a4 (CYP3A4) and/or are sub-
strates for the efflux transporter P-glycoprotein (P-gp) and there-
fore susceptible to interactions with drugs that affect these
enzymes. However, the contributions of CYP3A4 and P-gp differ,
and the drug interaction by concomitant use of drugs that inhibit or
induce these enzymes and transporters shows differences between
DOACs.”™?

Fluoroquinolones are widely used to treat urinary tract, gastroin-
testinal and respiratory infections.*® The most commonly used fluoro-
quinolone in Sweden is ciprofloxacin, which is a moderate inhibitor of
CYP3A4 and may also reduce the mRNA expression of CYP3A4 and
P-gp by reducing the bacteria that produce hepatic secondary bile
acids.**"*® Fluoroquinolones may thus potentially increase the sys-
temic levels of any DOAC, further increasing the risk of bleeding.
However, data on potential clinical consequences are lacking.

Macrolides (erythromycin, clarithromycin and azithromycin) are
antibiotics that are used extensively for a wide range of indications
such as pneumonia caused by typical or atypical agents and Helicobac-
ter pylori causing stomach ulcers. Since macrolides are inhibitors of
CYP3A4 and P-gp inhibitors, they may increase the pharmacologic
effect of a concomitantly ingested DOAC.”**1> Azithromycin is a mild
CYP3A4 and P-gp inhibitor, whereas erythromycin and clarithromycin
are strong CYP3A4 and P-gp inhibitors.1*

To date, two cohort studies have been conducted to investigate
the association between bleeding events and the use of DOACs with
concurrent use of antibiotics. A large Canadian cohort study compar-
ing clarithromycin and azithromycin in elderly patients on DOACs
found that macrolides may be associated with an increased risk of
bleeding.?® A Taiwanese cohort study, on the contrary, reported a low
bleeding rate in patients with concomitant use of clarithromycin/
erythromycin and DOACs compared with DOAC alone.>”*® However,
the association between concomitant use of fluoroquinolones or
macrolides and adverse bleeding events in DOAC users have not been
fully clarified in a large, unselected Western population of patients in
routine clinical settings. Moreover, it is unclear how long the associa-
tion remains after the concomitant antibiotic use. Investigating these
associations will help to provide safe anticoagulant treatment for

patients using antibiotics in clinical settings.

What is already known about this subject

e Fluoroquinolones may increase systemic levels of DOACs
and increase the bleeding risk.

e A Canadian study comparing clarithromycin versus azi-
thromycin in elderly patients on DOACs suggested
macrolides may increase the bleeding risk.

e Low bleeding rate was found in patients with concomi-
tant use of clarithromycin/erythromycin and DOACs

compared with DOAC alone in Taiwan.

What this study adds

e The present study suggests that the risk of bleeding when
combining DOACs with fluoroquinolones, if any, is small.

o Although the results in this regard may be interpreted
with caution, codispensation of macrolides in patients on
DOACs was not associated with an increased risk of

bleeding.

The present study aimed to evaluate the association between
bleeding events and concomitant use of DOACs with macrolides or

fluoroquinolones compared with negative control drug.

2 | METHODS

21 | Study design

We performed a population-based cohort study of patients with con-
comitant use of DOAC and macrolides or fluoroquinolones compared
to patients with concomitant use of DOAC and doxycycline (negative
control) to evaluate the association with adverse bleeding events.

2.2 | Data sources

Data from the Swedish national registers were linked through the
unique personal identification number assigned to each resident at
birth or immigration. The Swedish National Board of Health and Wel-
fare is responsible for the health registers used in this study. Data on
medications were obtained from the Swedish Prescribed Drug Regis-
ter (PDR).Y? The PDR is a nationwide register covering all filled pre-
scriptions on the individual level for medications for the entire
Swedish population since July 1, 2005. For each filled prescription, it
includes the trade name, pharmaceutical form, strength and package
size, number of packages, Anatomical Therapeutic Chemical (ATC)
classification code, amounts in the defined daily dose (DDD), and the

prescription date and date of filling the prescription. The PDR does
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not include sales of nonprescription over-the-counter medicines or
drugs administered without a personal prescription during hospitaliza-
tions and nursing home stays.

Clinical history and outcomes were obtained from the Swedish
National Patient Register (NPR).?° The NPR contains data from all
hospital admissions in Sweden starting from 1987 and outpatient spe-
cialist visits since 2001. At each discharge, information is recorded
about the patient's demographics, primary and secondary diagnoses,
procedure codes, hospitals and wards, dates of admission and dis-
charge. The diagnoses are coded by the International Classification of
Diseases 10th Revision (ICD-10) since 1997 and procedures are
coded according to Nordic Medico-Statistical Committee
(NOMESCO) NCSP codes. Date of death was retrieved from the
Cause of Death Register.?! The Swedish Cause of Death Register
comprises all deaths among Swedish residents, whether occurring in

Sweden or abroad, and cause of death is recorded by ICD codes.

2.3 | Study population
The study population consisted of patients who were aged 18 years
or older and filled their first prescription for any DOAC (ATC code),
dabigatran (BO1AEQ7), apixaban (BO1AF02), rivaroxaban (BO1AF01),
or edoxaban (BO1AFO03), between January 1, 2008 and December
31, 2018. Hospitalized patients were implicitly excluded since we
used only filled prescriptions as exposure. The date of filling the first
DOAC prescription constituted the unique cohort entry date for each
individual. The present study excluded individuals recorded with knee
or hip joint replacement (NCSP codes NGB, NFB, NFC, NGC) within
6 months before the index date, since they are at a higher risk of
bleeding, and the recommended treatment durations are shorter than
for other DOAC indications.>?? The indications for DOACs were
assessed by recorded diagnosis before the start of dispensing of
DOACs.

Exposure to antibiotic agents was captured as filled prescriptions
(ATC codes JO1IMAO2, JO1MAOS,

of either fluoroquinolones
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JO1IMA12, JO1MA14), macrolides (ATC codes JO1FAO1, JO1FAQ6,
JO1FAQ9, JO1FA10) or doxycycline (ATC code JO1AA02) during the
first DOAC exposure. Doxycycline is an antibiotic with an extensive
use that shares several indications with fluoroquinolones and macro-
lides, although it is most commonly used for acute exacerbation of
chronic bronchitis and other respiratory tract infections.?® In contrast,
to the best of our knowledge, doxycycline does not share the poten-
tial of fluoroquinolones and macrolides to interact with DOACs.24%°
We excluded patients with H. pylori treatment indication by identify-
ing patients with concomitant use of the most common combinations
for this indication: concurrent use of amoxicillin or metronidazole with
clarithromycin, concomitant use of amoxicillin or metronidazole with
levofloxacin, and those with concurrent use of metronidazole with
doxycycline. If these combinations of antibiotics overlapped during
clarithromycin, levofloxacin or doxycycline supply, we considered it a
combination for the treatment of H. pylori.

Only the first continuous DOAC use episode for each individual
was included in the analysis (not allowing switches between different
DOAGCs). The use of antibiotics was assumed to start on the date of
filling the prescription. Risk windows for the outcomes of interest
were defined as the concomitant use window considering the dura-
tion of antibiotic use, as well as the concomitant window plus an
extended window of six incremental lengths: 30, 60, 90, 120, 150 and
180 days (Figure 1). The present study considered the potential mech-
anism of CYP3A4/P-gp inhibition via changes in gut flora by adminis-
tration of fluoroquinolones and evaluated extended windows of
30-180 days since Dethlefsen et al have reported that it takes about
2-5 months for a return to normal intestinal flora after the end of cip-

rofloxacin administration.?®

24 | Exposure definition

Episodes of continuous use for DOACs were constructed by adding
the durations of the filled prescriptions together. DDD is the assumed
average maintenance dose per day for a drug used for its main

End of antibiotic supply

End of antibiotic
supply + X days

End of DOAC supply

Day 0 v

[X = 0, 30, 60, 90, 120, 150, 180 days]

Extended
window

Concomitant
window

f k '

Fluoroquinolone
or Macrolide
or Doxycycline (control drug)

Outcome: Adverse bleeding event

|

Continuous use of DOAC

Patients were censored at death, end of study, start of an antibiotic from another group

FIGURE 1

Illustration of the cohort design used in this study. DOAC, direct oral anticoagulants
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indication in adults. The duration of each filled prescription was
assumed to be equivalent to the number of filled DDDs augmented
by 25% to account for missed tablets.?” The continuous exposure epi-
sode lasted as long as the next filling was within the assumed duration
of the previous filling. When the next filling was beyond the assumed
duration, the continuous exposure episode ended at the date of the
last filled prescription + 1.25 x number of DDDs. Regarding the con-
comitant use of antibiotics, only the first dispensation of an antibiotic
(fluoroquinolones, macrolides or doxycycline) during the first continu-
ous DOAC use episode was included in the analyses, and the dispen-
sation date of the antibiotics was defined as day 0. In this study,
dispensing of each antibiotic during continuous use of DOACs was
defined as “concomitant use.” Thus, “concomitant use” was “not dis-
pensing on the same day,” but overlapping supply. The period of con-
comitant use of antibiotics was defined as exposure episodes
constructed by linking filled prescriptions within the allowable gap of
25% of DDD together. The end of follow-up of this cohort was death,
end of study or end of antibiotic or DOAC supply and the start of an
antibiotic from another group, that is, if an antibiotic (A) was pre-
scribed during supply of an antibiotic (B) from a group of antibiotics
other than B, only antibiotic B was included in this analysis and the

prescription date of antibiotic A censored the follow-up time.

2.5 | Outcomes

We identified all clinically relevant bleeding events using the primary
diagnoses for all hospital admissions from the NPR according to the
following ICD-10 codes: intracranial bleeding (160-162), gastrointesti-
nal bleeding (1850, 1983, K226, K228, K250, K252, K254, K256, K260,
K262, K264, K266, K270, K272, K274, K276, K280, K282, K284,
K286, K290, K625, K920-K922) and other bleeding (H431, D500,
D629, J942, 1312). We considered the admission date as the
outcome date.

2.6 | Covariates and confounders

Potential confounders were identified by selecting the number of
drugs that have clinically known pharmacokinetic interaction with
DOACs such as CYP3A4/P-gp inhibitors/inducers (clarithromycin,
erythromycin, isoniazid, HIV protease inhibitors, fluconazole, itraco-
nazole, ketoconazole, posaconazole, voriconazole, carbamazepine,
valproic acid, phenytoin, levetiracetam, amiodarone, amlodipine and
rifampicin) or drugs and diagnoses associated with bleedings, such as
nonsteroidal anti-inflammatory drugs, proton pump inhibitors, antipla-
telet agents, selective serotonin reuptake inhibitors, alcohol-related
diagnosis, bleeding history, cancer, chronic pulmonary disease, coagu-
lation disorder, congestive heart failure, dementia, diabetes diagnosis,
hypertension, ischemic heart disease, liver disease, mitral stenosis,
obesity, renal disease, sepsis and urinary tract infection (Supporting
Information Tables S1 and S2). The use of each medication was char-
acterized based on the ATC codes recorded in the PDR using a
1-year look-back period whereas the comorbid diagnoses were

identified based on ICD10 codes recorded in the NPR in the previous

5 years.

2.7 | Statistical analysis

Patient characteristics were described as absolute and relative fre-
quencies for categorical variables and as means with standard devia-
tions (SD) for continuous variables. We estimated cumulative
incidences per 100 patients (%) and incidence rates by 100 000
person-days of exposure.

We estimated crude hazard ratios (HRs) and adjusted hazard
ratios (@aHR) with 95% confidence intervals (95% Cl) using a Cox pro-
portional regression model to evaluate the association between bleed-
ing events and concomitant use of DOACs with macrolides or
fluoroquinolones versus doxycycline. Covariates were assessed as
fixed at baseline. For each time window, we considered the same risk
time with doxycycline as the reference category. We adjusted HRs
using age (<75 years or age >75 years), gender, and the potential
covariate and confounders. Patients were followed from the start of
concomitant antibiotic use until the end of the risk window, death or
the end of the study, whichever occurred first. We explored effect
modification with a subgroup analysis by DOAC indication (atrial
fibrillation, thromboembolism or others) and specific anticoagulants
(dabigatran, apixaban, rivaroxaban or edoxaban).

All analyses and data management were performed using STATA/
MP version 15.4 (STATA StataCorp LLC, Lakeway Drive College Sta-
tion, Texas, USA) and SAS statistical software version 9.4 (SAS Insti-
tute, Cary, North Carolina, USA).

2.8 | Ethical approval

The Regional Ethics Committee at Karolinska Institutet (record no
2013/1850-31/1 and addendum 2016/2218-32) and the National
Board of Health and Welfare approved the study.

2.9 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to corre-
sponding entries in http://www.guidetopharmacology.org, the com-
mon portal for data from the IUPHAR/BPS Guide to
PHARMACOLOGY, and are permanently archived in the Concise
Guide to PHARMACOLOGY 2019/20.28

3 | RESULTS

A total of 335 198 new DOAC users were identified from January
1, 2008 to December 31, 2018. Patients who had undergone elective
hip or knee replacement surgery within 6 months before the index
date (n = 28 353), patients without a concomitant potentially inter-
acting antibiotic (n = 287 272) and patients with possible H. pylori
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infection (n = 285) were excluded. A total of 19 288 patients fulfilled
the inclusion criteria: 9783 patients treated with fluoroquinolones,
764 with macrolides and 8741 with doxycycline (Figure 2). The two
most commonly included DOACs were apixaban (n = 10 640, 55%)
followed by rivaroxaban (n = 6342, 33%).

The mean age was 73 (SD 11) years with 69% of men in the fluo-
roquinolone group. In the macrolide group, the mean age was
67 (SD 14) years with a lower proportion of men (51%). The medians
(25th, 75th percentiles) of antibiotics duration of fluoroquinolones,
macrolides and doxycycline were 10 (8, 10), 5 (5, 10) and 10 (10, 15)
days, respectively. All baseline characteristics at index date by antibi-
otic group are shown in Table 1.

In the concomitant use window, bleeding events occurred in
26 out of 9783 patients (0.27%, 95% Cl 0.18-0.39) in the fluoroquino-
lone group, four out of 764 patients (0.52%, 95% ClI 0.20-1.34) in the
macrolide group and 23 of the 8741 patients (0.26%, 95% Cl 0.18-0.39)
in the doxycycline group. Cumulative incidence considering the
extended window of 30 days was 0.6% (59/9783, 95% Cl 0.47-0.78),
0.92% (7/764, 95% Cl 0.44-1.88) and 0.49% (43/8741, 95% ClI
0.37-0.66) for the fluoroguinolone, macrolide and doxycycline groups,
respectively. Considering the longer extended window of 180 days, we
observed a total of 134 bleeding events in the fluoroguinolone group,
10 in the macrolide group, and 88 in the doxycycline group.

The incidence rates of bleeding in each antibiotic group for each
exposure window are presented in Table 2. In the considered time
windows, the incidence rates ranged from 12 to 24 bleeding events
per 100 000 person-days for fluoroquinolones, from 12 to 53 bleeding
events per 100 000 person-days for macrolides, and from 8 to
19 bleeding events per 100 000 person-days for doxycycline.

The crude and aHR for bleeding events of concomitant use of
fluoroquinolones and DOACs (0 days extension) were 1.17 (95% ClI

BICF
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0.67-2.08) and 1.29 (95% Cl 0.69-2.44), respectively. During the
extended windows following concomitant fluoroquinolone use, the
aHR were 1.31 (95%Cl: 0.84-2.03) at 30 days, 1.15 (95%Cl 0.79-1.67)
at 60 days, 1.34 (95%Cl 0.99-1.82) at 150 days and 1.29 (95%Cl
0.95-1.74) at 180 days. The crude and aHR for bleeding events of
concomitant use of macrolides and DOACs (0 days extension) were
243 (95 %Cl 0.72-8.23) and 2.60 (95% Cl 0.74-9.08). During the
extended window of concomitant macrolide use, the aHR were 1.79
(95% Cl: 0.75-4.29) at 30 days, 1.34 (95% CI 0.57-3.15) at 60 days,
1.28 (95% Cl 0.62-2.65) at 150 days and 1.23 (95% Cl 0.60-2.54) at
180 days. The association measurements between use of fluoroquino-
lones or macrolides and DOACs with bleeding events compared to
doxycycline are presented in Table 2.

Subgroup analysis by DOAC indication and by individual DOACs
(dabigatran, apixaban and rivaroxaban) are presented in Table 3 and
Supporting Information Table S4, respectively. All crude and aHRs
were consistent with the primary analysis, except in patients treated
for thromboembolism. In this subgroup, the aHRs for bleeding events
in patients that had received fluoroquinolones and DAOCs were 1.93
(95%Cl 1.01-3.68) and 1.83 (95%Cl 1.01-3.30) for the extended win-
dows of 120 and 150 days.

4 | DISCUSSION

The present nationwide cohort study using data obtained from the
Swedish national health registers explored the association between
bleeding events and concomitant use of fluoroquinolones or macro-
lides with DOAC:s. In a population-based cohort of over 10 000 indi-
viduals, we did not find any association between codispensed
fluoroquinolones or macrolides and DOACs with bleeding events,

New DOAC prescribing
1 January 2008 to 31 December 2018
N = 335,198

Exclusion of individuals who have undergone elective hip or knee replacement surgery

within 6 months before DOAC dispensing
N = 28,353 (8.46%)

New user of DOAC eligible for
inclusion

N = 306,845 (91.5%)

Exclusion of individuals with no concomitant prescribing of fluoroquinolones, macrolides|

or doxycyclines
N = 287,272 (85.7%)

Concomitant prescribing of
fluoroquinolones, macrolides or

doxycyclines

N = 19,573 (5.84%)
]

I
Fluoroquinolones prescribing
during DOAC treatment
N = 9,801 (50.1%)

Exclusion of individuals with
concurrent use of amoxicillin or
metronidazole

N = 18 (0.09%)

Fluoroquinolone group
N = 9,783 (50.0%)

FIGURE 2
oral anticoagulants

I
Macrolides prescribing during
DOAC treatment
N = 975 (4.98%)

Doxycycline prescribing during
DOAC treatment
N = 8,797 (44.9%)

Exclusion of individuals with
concurrent use of amoxicillin or
[Imetronidazole in clarithromycin users|

N =211 (1.08%)

—| concurre

Exclusion of individuals with
nt use of metronidazole

N = 56 (0.29%)

Macrolide group
N =764 (3.90%)

Doxycycline group
N = 8,741 (44.7%)

Identification of concurrent users of direct oral anticoagulants and fluoroquinolones or macrolides or doxycycline. DOAC, direct
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Age

Sex
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DOAC indication

Antibiotics duration
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TABLE 1

Number of concomitant drugs

e All

e CYP3A4 inhibitor

e CYP3A4 inducer

Comorbidities

YAGI ET AL.
Characteristics, comorbidities and comedications at baseline among patients taking a DOAC, by antibiotic group
Fluoroquinolones Macrolides Doxycycline
(N = 9783) (N = 764) (N = 8741)

Value N P (%) N N P (%)
Mean [SD] years 73 [11] 67 71 [10]
18-49 years 289 (3.0 83 338 3.9)
50-64 years 1352 (13.8) 157 1418 16.2)
65-79 years 5536 (56.6) 420 5289 60.5)
>80 years 2606 (26.6) 104 1696 19.4)
Men 6740 (68.9) 388 4757 54.4)
Women 3043 (31.1) 376 3984 45.6)
Dabigatran 1039 (10.6) 88 1089 12.5)
Apixaban 5437 (55.6) 403 4800 54.9)
Rivaroxaban 3252 (33.2) 270 2820 32.3)
Edoxaban 55 (0.6 3 32 0.4)
Atrial fibrillation 6533 (66.8) 441 6088 69.6)
Deep venous thrombosis 1211 (12.4) 111 942 10.8)
Pulmonary embolism 999 (10.2) 106 922 10.5)
Others/none 1040 (10.6) 106 789 9.0)
Median [25th, 75th percentiles] days 10 [8, 10] 5 10 [10, 15]
Mean [SD] days 10.9 [15.3] 9.9 14.0 [11.8]
Median [25th, 75th percentiles] 5 [3,7] 5 5 [3,7]
1-3 drugs 2685 (27.4) 299 2472 28.3)
4-6 drugs 3935 (40.2) 315 3775 43.2)
7-9 drugs 2047 (20.9) 101 1722 19.7)
>10 drugs 838 (8.6) 46 619 7.1)
1 drug 2132 (21.8) 56 2045 23.4)
2 drugs 229 (2.3) 30 205 2.3)
3 drugs 11 (0.1) 19 0.2)
4 drugs 2 (0.02) 0 1 0.01)
1 drug 68 (0.7) 6 0.07)
Hypertension 4470 (45.7) 304 3796 43.4)
Ischemic heart disease 1770 (18.1) 118 1459 16.7)
Myocardial infarction 593 (6.1) 34 460 5.3)
Pacemaker 473 (4.8) 36 413 4.7)
Chronic heart failure 1552 (15.9) 100 1430 16.4)
Peripheral vascular disease 645 (6.6) 39 426 4.9)
Stroke 1504 (15.4) 87 983 11.2)
Coagulation disorder 229 (2.3) 22 222 2.5)
Bleeding history 372 (3.8) 30 259 3.0)
Cancer 2171 (22.2) 127 1394 15.9)
Chronic pulmonary disease 1092 (11.2 162 2263 25.9)
Liver dysfunction 428 (4.4) 17 210 2.4)
Diabetes mellitus 1989 (20.3) 105 1330 15.2)
Rheumatic disease 507 (5.2) 47 476 5.4)
Obesity 359 (3.7) 30 360 4.1)
Tobacco use 160 (1.6) 12 291 3.3)
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TABLE 1 (Continued)
Fluoroquinolones Macrolides Doxycycline
(N = 9783) (N = 764) (N = 8741)
Characteristic Value N P (%) N P (%) N P (%)
Pharmacologic treatments  ACE inhibitor/ARB 4233 (43.3) 292 (38.2) 4013 (45.9)
Lipid-lowering agents 3109 (31.8) 200 (26.2) 2729 (31.2)
Antiplatelet 1175 (12.0) 84 (11.0) 953 (10.9)
Gastro protective agents 2572 (26.3) 218 (28.5) 2353 (26.9)
Antidepressant 780 (8.0) 85 (11.1) 786 (9.0)
Nonsteroid anti-inflammatory drugs 377 (3.9) 46 (6.0) 333 (3.8)
Sulfamethoxazole/trimethoprim (0.9) 8 (1.0) 21 (0.2)
Metronidazole 663 (6.8) 7 (0.9) 20 (0.2)

Note: Indication is based on the recorded diagnosis in connection with filling a prescription with one of the DOAC drugs.

CYP3A4/P-gp inhibitors: clarithromycin, erythromycin, isoniazid, HIV protease inhibitors, fluconazole, itraconazole, ketoconazole, posaconazole,
voriconazole, carbamazepine, valproic acid, phenytoin, levetiracetam, amiodarone, amlodipine.

CYP3A4/P-gp inducers: dexamethasone, omeprazole, rifabutin, bosentan, nafcillin, rifapentine, efavirenz, etravirine, emtricitabine, tenofovir, lamivudine,

modafinil, rifampicin.

Number of concomitant drugs: ATC codes beginning with AO1 (stomatological preparations), AO2 (drugs for acid-related disorders), AO7 (antidiarrheals,
intestinal anti-inflammatory/anti-infective agents), AO8 (antiobesity preparations, excluding diet products), A10 (drugs used in diabetes), BO1
(antithrombotic agents), C (cardiovascular system), DO1 (antifungals for dermatological use), D06 (antibiotics and chemotherapeutics for dermatological
use), GO1 (gynaecological anti-infectives and antiseptics), JO1 (antibacterials for systemic use), JO2 (antimycotics for systemic use), J0O4 (antimycobacterials),
JO5 (antivirals for systemic use), LO4 (immunosuppressants), MO1 (anti-inflammatory and antirheumatic products), NO6 (psychoanaleptics), NO7 (other

nervous system drugs), PO1 (antiprotozoals) and V06 (general nutrients).

Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin Il receptor blocker; DOAC, direct oral anticoagulant; SD, standard deviation.

Parenthesis means % and square bracket means standard deviations.

compared to a negative control treatment with concomitant use of
doxycycline and DOACs. Subgroup analysis by DOAC indication and
by individual DOACs was consistent with the primary analysis, but
with broader confidence intervals, as expected.

Previous animal studies have suggested that the fluoroquinolone
ciprofloxacin may decrease the function of P-gp and CYP3A4, and
consequently increase the risk of bleeding if combined with DOACs,
which are substrates for these enzymes.“’lz'”’30 In addition, Dethlef-
sen et al reported that the time to return to normal intestinal flora
after ciprofloxacin administration was about 2-5 months.?® We did
not observe an increased risk of bleeding events during or shortly
after concomitant fluoroquinolone use and only a slight increased
bleeding risk for up to 4-5 months after the concomitant use of fluo-
roquinolone in the thromboembolic disease subgroup analysis. Addi-
tionally, we would expect a higher risk of bleeding closer to the use of
the antibiotic rather than after 4-5 months. The results thus suggest
that intake of ciprofloxacin during DOAC treatment did not signifi-
cantly increase the risk of major bleeding events in this population.

A Canadian population-based, retrospective cohort study by Hill
et al explored the association between concomitant use of DOACs
with two macrolides, clarithromycin (n = 6592) and azithromycin
(n = 18 351), and the risk of hospitalizations caused by a major bleed-
ing among adults of advanced age (over 66 years).1® They estimated a
higher cumulative incidence of bleeding in the extended window of
30 days amounting to 0.8% in patients using clarithromycin and 0.3%
in patients using azithromycin, and a 1.7-fold consistently higher
bleeding risk for clarithromycin users compared to azithromycin users.
In our study, we explored antibiotic class-aggregated effects

compared to doxycycline as a negative control in an unselected popu-
lation with a broader range of ages. Our bleeding risk estimation was
aggregated by antibiotic class and we did not explore the drug-specific
risk of bleeding within each antibiotic class. The differences in the
estimated risk of bleeding between studies may be explained by the
differences between both study populations, including age distribu-
tion, comorbidities, anticoagulant indications and concomitant
treatments.

The study by Chang et al used a retrospective cohort of 91 330
patients with nonvalvular atrial fibrillation diagnosis who filled a
DOAC prescription in Taiwan to explore the effect on major bleed-
ing events of concomitant use of clarithromycin or erythromycin
compared to patients without these antibiotics.'” They reported a
lower bleeding rate for patients using either of these two antibiotics
compared to DOACs alone, with an aHR of 0.60 (95% CI
0.48-0.75). An explanation put forward for this finding was that the
treatment possibly leads to the eradication of H. pylori, reducing the
risk of peptic ulcer bleeding by H. pylori, which in turn outweighed
the potential bleeding risk brought by inhibiting CYP3A4 and P-gp.
In our study, we excluded patients with filled prescriptions of
macrolides compatible with recommended combinations to eradicate
H. pylori. We also used a negative control to mitigate the confound-
ing by indication effect. However, our sample size was considerable
smaller, and consequently had lower precision and less power to
detect small differences.

Bykov et al compared the case-crossover and the self-controlled
case series designs to evaluate drug-drug interactions in adults,
including the effect of the concomitant use of dabigatran and
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TABLE 2 Hazard ratios for adverse bleeding events compared to doxycycline for concomitant window and extended windows of 30, 60, 90,

120, 150 and 180 days

Extended Number of  Person-time Incidence rate (per Crude hazard ratio  Adjusted hazard
Antibiotic window?® (days)  bleedings (days) 100 000 person-days) (95% Cl) ratio® (95% Cl)
Fluoroquinolones (0] 26 106 510 244 117 (0.67-2.08) 1.29 (0.69-2.44)
(N =9783) 30 59 350684 168 129 (0.87-192) 131 (0.84-2.03)
60 86 550 998 15.6 1.38 (0.99-1.92) 115 (0.79-1.67)
90 107 719 449 14.9 145 (1.07-1.96) 122 (0.87-1.71)
120 116 863170 13.4 148 (1.11-198) 131 (0.95-1.82)
150 129 987 668 13.1 148 (1.12-1.98) 134 (0.99-1.82)
180 134 1096 141 12.2 146 (1.12-1.92) 129 (0.95-1.74)
Macrolides (N = 764) 0 4 7530 53.1 243 (0.72-8.23) 2.60 (0.74-9.08)
30 7 26 245 26.7 1.74 (0.82-4.64) 1.79 (0.75-4.29)
60 7 41765 16.8 126 (0.54-2.91) 134 (0.57-3.15)
90 8 55017 14.5 127 (0.58-2.76) 1.15 (0.50-2.64)
120 9 65 921 13.7 1.34 (0.65-2.79) 120 (0.55-2.64)
150 10 75 259 13.3 136 (0.68-2.70) 1.28 (0.62-2.65)
180 10 83 266 12.0 129 (0.65-2.56) 1.23 (0.60-2.54)
Doxycycline (N = 8741) 0 23 122 131 18.8 1.00  (ref ) 1.00 (ref )
30 43 343 757 12,5 1.00 (ref) 1.00  (ref)
60 59 533 963 11.0 1.00 (ref) 1.00  (ref)
90 70 699 982 10.0 1.00  (ref) 1.00  (ref)
120 74 845 207 8.8 1.00 (ref) 1.00  (ref)
150 84 974 369 8.6 1.00 (ref) 1.00  (ref)
180 88 1088 647 8.1 1.00  (ref) 1.00 (ref)

2The risk window where the outcome is captured equals the concomitant window plus the extended window.

bThe adjusted hazard ratio is hazard ratio that adjusted for the potential confounders were identified by selecting the drugs that have clinically known
pharmacokinetic interaction with direct oral anticoagulants such as CYP3A4/P-gp inhibitor/inducer, or drugs and diagnoses associated with bleedings,
such as nonsteroidal anti-inflammatory drugs, proton pump inhibitors, antiplatelet agents, selective serotonin reuptake inhibitors, alcohol-related diagnosis,
bleeding history, cancer, chronic pulmonary disease, coagulation disorder, congestive heart failure, dementia, diabetes diagnosis, hypertension, ischemic
heart disease, liver disease, mitral stenosis, obesity, renal disease, sepsis and urinary tract infection.

clarithromycin on hospitalization for major bleeding.” Consistent with
our results, using these two approaches they did not find any associa-
tion between concomitant use and major bleeding, but they may have
had low power due to a very small number of patients exposed to
dabigatran and clarithromycin.

The nationwide coverage of the national Swedish healthcare reg-
isters yielded a large, unselected population of patients in routine clin-
ical settings for detection of clinically relevant severe bleedings.
However, our study has some limitations. Regarding the macrolide
group, although the current study comprised the whole population of
Sweden for more than 10 years, the number of bleedings was few,
resulting in limited statistical power, particularly for some subgroup
analyses. This affects primarily the conclusions related to the use of
macrolides due to a relatively low prescription rate, as compared to
fluoroquinolones.

Using information from the PDR, exposure was based on patients
with a filled prescription only. Not having access to drugs adminis-
tered to inpatients and nursing home residents without a prescription
implicates a risk of misclassification of exposure. Furthermore, we had
limited information for patient adherence to pharmaceutical treatment

and duration of exposure, which could possibly lead to either an
underestimation or an overestimation of outcomes. However, this
problem may be limited since the vast majority of DOACs are pre-
scribed to the patient. The proportion of DOAC users with adequate
adherence was above 80% in a study from Sweden, Denmark, Scot-
land, Norway and Germany between 2011 and 2018.3! This adher-
ence estimation may be reasonably extrapolated to all of Sweden.
Regarding the reference drug, although not previously shown,
doxycycline may theoretically impact the intestinal flora and poten-
tially reduce bacteria that produce CYP3A4 and P-gp, which may
decrease the effect with regard to the investigated drugs. If doxycy-
cline also has the effect of decreasing CYP3A4 and P-gp according to
its impact of the intestinal flora, our results may be underestimated.
Moreover, although sharing several indications for its use, doxycycline
indications do in part differ from the indications of each study drug.
For example, fluoroquinolones are typically used for more severe
infections compared to doxycycline. The present study did not include
the information on antibiotic indications. Thus, although the present
study used a negative control, the confounding from the antibiotic
indication might not have been fully adjusted and fully corresponding
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TABLE 3 Hazard ratios for adverse bleeding events compared with doxycycline in AF patients and compared with doxycycline in DVT/PE
patients

Extended Number of Person-time Incidence rate (per Crude hazard ratio  Adjusted hazard
Antibiotic window? (days) bleedings (days) 100 000 person-days) (95% Cl) ratio® (95% Cl)
Compared with doxycycline in AF patients
Fluoroquinolones 0 19 70 327 27.0 1.23  (0.64-2.36) 118 (0.57-2.46)
=GR 30 40 235716 17.0 117  (074-1.86) 109  (0.65-1.83)
60 54 372 313 14.5 1.19 (0.80-1.78) 0.89 (0.57-1.40)
90 69 488 553 14.1 135 (0.94-1.94) 106 (0.73-1.60)
120 77 589 484 13.1 129 (0.91-1.84) 1.08 (0.73-1.59)
150 82 678 441 12.1 1.38 (0.99-1.93) 1.15 (0.79-1.66)
180 85 757 431 11.2 134 (0.97-1.87) 1.10 (0.76-1.58)
Macrolides 0 2 4067 49.2 244 (0.56-10.7) 253 (0.55-11.5)
(N=441) 30 4 15335 261 178  (0.63-503) 1.68 (0.58-4.86)
60 4 24 870 16.1 129 (0.46-3.59) 130 (0.46-3.68)
90 4 33 085 12.1 116 (042-3.21) 119 (0.42-3.36)
120 4 39 853 10.0 1.07 (0.39-2.95) 1.16 (0.41-3.26)
150 4 45 679 8.8 0.98 (0.36-2.71) 1.02 (0.37-2.86)
180 4 50 669 7.9 0.93 (0.34-2.58) 099 (0.35-2.75)
Doxycycline 0 18 85 094 21.2 1.00 (ref) 1.00 (ref)
(N = 6088) 30 33 241399 137 100 (ref) 100 (ref)
60 45 376 314 12.0 1.00 (ref) 1.00 (ref)
90 51 495 762 10.3 1.00 (ref) 1.00  (ref)
120 55 601 275 9.1 1.00 (ref) 1.00  (ref)
150 60 696 475 8.6 1.00 (ref) 1.00 (ref)
180 63 782 014 8.1 1.00 (ref) 1.00  (ref)
Compared with doxycycline in DVT/PE patients
Extended Number of Person-time Incidence rate (per Crude hazard ratio  Adjusted hazard
Antibiotic window? (days) bleedings (days) 100 000 person-days) (95% Cl) ratio® (95% Cl)
Fluoroquinolones 0 5 24 283 20.6 0.89 (0.22-3.55) 173 (0.33-8.99)
(N=2210) 30 17 80125 212 170 (075-388) 204 (0.81-5.11)
60 29 125 294 23.1 1.94 (1.00-3.75) 189 (0.91-3.42)
90 34 162 296 20.9 172 (0.95-3.09) 161 (0.83-3.12)
120 38 192 500 19.7 194 (1.10-346) 1.93 (1.01-3.68)
150 41 217 502 18.9 1.71  (1.01-291) 183 (1.01-3.30)
180 43 238 052 18.1 173  (1.03-2.91) 172 (0.97-3.07)
Macrolides 0 2 2498 80.1 330 (0.35-30.8) 4.69 (0.21-105.5)
(N=217) 30 3 7688 39.0 209 (045-971) 215 (0.41-112)
60 8 11 806 254 145 (0.33-645) 153 (0.31-7.73)
90 4 15 240 26.2 170 (0.50-5.79) 0.93 (0.20-4.59)
120 5 18 074 27.7 221 (0.74-6.57) 117 (0.28-4.56)
150 6 20 465 29.3 232 (0.88-6.18) 1.49 (0.45-5.01)
180 6 22 506 26.7 216 (0.82-5.70) 1.48 (0.45-4.81)
Doxycycline 0 4 26 002 15.4 1.00 (ref) 1.00 (ref)
(N = 1864) 30 9 72 517 124 100 (ref) 100 (ref)
60 13 112 016 11.6 1.00 (ref) 1.00 (ref)
90 17 145 254 11.7 1.00 (ref) 1.00  (ref)
120 17 173 320 9.8 1.00  (ref) 1.00  (ref)

(Continues)
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TABLE 3 (Continued)
Compared with doxycycline in DVT/PE patients
Extended Number of Person-time  Incidence rate (per Crude hazard ratio  Adjusted hazard
Antibiotic window? (days) bleedings (days) 100 000 person-days) (95% Cl) ratio® (95% Cl)
150 21 197 121 10.7 1.00  (ref) 1.00  (ref)
180 22 217 039 10.1 1.00  (ref) 1.00  (ref)

Abbreviations: AF, atrial fibrillation; Cl, confidence interval; DVT/PE, deep venous thrombosis/pulmonary embolism.

“The risk window where the outcome is captured equals the concomitant window plus the extended window.

bThe adjusted hazard ratio is hazard ratio that adjusted for the potential confounders were identified by selecting the drugs that have clinically known
pharmacokinetic interaction with DOACs such as CYP3A4/P-gp inhibitor/inducer, or drugs and diagnoses associated with bleedings, such as nonsteroidal
anti-inflammatory drugs, proton pump inhibitors, antiplatelet agents, selective serotonin reuptake inhibitors, alcohol-related diagnosis, bleeding history,
cancer, chronic pulmonary disease, coagulation disorder, congestive heart failure, dementia, diabetes diagnosis, hypertension, ischemic heart disease, liver

disease, mitral stenosis, obesity, renal disease, sepsis and urinary tract infection.

between fluoroquinolones or macrolides and doxycycline, and this
may represent a source of bias. Although an obvious limitation, the
effect would be an overestimation of the bleeding risk, but only a
slight increased risk was found. As in all observational studies, there is
a potential risk of residual confounding. We did not adjust for the use
of other anticoagulants such as vitamin K antagonist and heparins
since we assume that they are not used concomitantly. The level of
antibiotic prescription is low in Sweden compared with many other
European countries because Sweden has a strong position on and reg-
ulation of antibiotic use.®2 Thus, our results may not generalize to
other populations with different antibiotic use regulations. The num-
ber of CYP3A4 substrates may have an influence on DOAC adverse
bleeding events. However, our dataset does not include information
on all dispensed drugs due to legal restrictions, and therefore we
could not adjust for all concomitant use of CYP3A4 substrates. Since
CYP3A enzymes (including CYP3A4) metabolize more than 45% of all
drugs, we evaluated the number of concomitant medications that also
included non-CYP3A4 substrates. Our dataset included only concomi-
tant drug information on drugs from the classes stomatological prepa-
rations (ATC code beginning with AO1), drugs for acid-related
disorders (A02), antidiarrheals,
infective agents (AQ7), anti-obesity preparations, excluding diet prod-
ucts (A08), drugs used in diabetes (A10), antithrombotic agents (B0O1),

cardiovascular system (C), antifungals for dermatological use (D01),

intestinal anti-inflammatory/anti-

antibiotics and chemotherapeutics for dermatological use (D06),
gynaecological anti-infectives and antiseptics (GO1), antibacterials for
systemic use (JO1), antimycotics for systemic use (JO2), antimycobac-
terials (JO4), antivirals for systemic use (JO5), immunosuppressants
(LO4), antiinflammatory and antirheumatic products (M01), psycho-
analeptics (NO6), other nervous system drugs (NO7), antiprotozoals
(PO1) and general nutrients (V06). Although controversial, it cannot be
ignored that the number of CYP3A4 substrates per se may reduce the
clearance of drugs also metabolized by this enzyme. However, with
data only including drugs defined as covariates of this study, we were
not able to fully control for this possible bias.

In conclusion, co-dispensation of macrolides in patients treated
with DOACs was not associated with an increased risk of bleeding
compared to concomitant use of doxycycline. However, due to the
small number of macrolide users, the results must be interpreted with

caution. With regard to fluoroquinolones, the results suggest that the
risk of bleeding when combined with DOACs compared to concomi-
tant use of doxycycline, if any, is small.
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