
(2022) 315e323
CJC Open 4
Original Article

Amiodarone, Verapamil, or Diltiazem Use With Direct Oral
Anticoagulants and the Risk of Hemorrhage in Older Adults

Kevin Hill, MD,a Ewa Sucha, MSc,b Emily Rhodes, MPH,b Sarah Bota, MPH,b

Gregory L. Hundemer, MD, MPH,a,c Edward G. Clark, MD, MSc,a,c Mark Canney, MD, PhD,a,c

Ziv Harel, MD, MPH,a,d Tzu-Fei Wang, MD, MSc,a,d Marc Carrier, MD, MSc,a,d

Harindra C. Wijeysundera, MD, PhD,e Greg Knoll, MD, MSc,a,b,c and

Manish M. Sood, MD, MSca,b,c
aDepartment of Medicine, University of Ottawa, Ottawa, Ontario, Canada

b Institute for Clinical Evaluative Sciences, Ottawa and London, Ontario, Canada
cDivision of Nephrology, Department of Medicine, The Ottawa Hospital, Ottawa, Ontario, Canada

dDivision of Hematology, Department of Medicine, University of Ottawa at The Ottawa Hospital and Ottawa Hospital Research Institute, Ottawa, Ontario, Canada
e Schulich Heart Program, Sunnybrook Health Science Centre, University of Toronto, Toronto, Ontario, Canada
ABSTRACT
Background: Routinely used cardiac medications, based on pharma-
cokinetics, are hypothesized to increase drug levels of direct oral an-
ticoagulants (DOACs), with the potential to increase the risk of
hemorrhage. We set out to compare the risk for hemorrhage following
initiation of amiodarone, verapamil, or diltiazem (moderate cyto-
chrome P450 3A4 and/or P-glycoprotein activity) vs metoprolol or
amlodipine (weak or no activity), among older adults prescribed
DOACs.
Methods: We conducted a population-based, retrospective cohort
study of all adults (aged � 66 years) on a DOAC (dabigatran, apixaban,
rivaroxaban; n ¼ 295,038) who were newly prescribed amiodarone
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R�ESUM�E
Contexte : Les m�edicaments cardiaques couramment utilis�es, selon
la pharmacocin�etique, devraient th�eoriquement augmenter les taux
d’anticoagulants oraux directs (AOD), ce qui s’accompagne d’un risque
accru d’h�emorragie. Nous avons entrepris de comparer le risque
d’h�emorragie après l’instauration de l’amiodarone, du v�erapamil ou du
diltiazem (activit�e mod�er�ee du cytochrome P450 3A4 ou de la P-gly-
coprot�eine) par rapport au m�etoprolol ou à l’amlodipine (activit�e faible
ou nulle), chez des personnes âg�ees à qui l’on avait prescrit des AOD.
M�ethodologie : Nous avons men�e une �etude de cohortes r�etrospective
en population auprès de tous les adultes (âg�es de 66 ans et plus)
prenant un AOD (dabigatran, apixaban, rivaroxaban; n ¼ 295 038) à
Direct oral anticoagulants (DOACs) are a class of commonly
prescribed anticoagulants used in the prevention of stroke in
atrial fibrillation and in the treatment and prevention of
venous thrombosis.1-4 Many patients who require anti-
coagulation for atrial fibrillation or venous thrombosis are
concurrently treated with medications to stabilize their heart
rate and rhythm.5-13 Although DOACs have fewer druge
drug interactions than vitamin-K antagonists (VKAs), in-
teractions still exist that can alter drug concentrations, efficacy,
and safety and result in increased risks of thrombosis and
bleeding.8,14-18 Both events result in significant morbidity and
mortality.

Several studies have investigated the pharmacokinetics/
pharmacodynamics of DOACs when exposed to inhibitors/
inducers of their metabolism and excretion.17,19-24 Rivarox-
aban, apixaban, and dabigatran are excreted by permeability
glycoprotein (P-gp), with rivaroxaban and apixaban addi-
tionally metabolized in the liver by the cytochrome P450 3A4
(CYP3A4) pathway.8,25-28 Commonly utilized cardiovascular
anti-arrhythmic agents, such as amiodarone, verapamil, and
diltiazem, are proposed to interfere with similar metabolic
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(n ¼ 4872), verapamil (n ¼ 1284), or diltiazem (n ¼ 14,638),
compared with metoprolol or amlodipine, from Ontario, Canada (2009-
2016). The outcome was hospital admission or emergency room visit
with a major hemorrhage (upper or lower gastrointestinal tract, intra-
cranial), examined using weighted models.
Results: A total of 1737 hemorrhage events occurred (amiodarone,
80 [1.6%] vs metoprolol 503 [2.3%]; verapamil, 32 [2.5%] vs amlo-
dipine, 406 [1.6%]; diltiazem, 312 [2.1%] vs amlodipine, 404 [1.5%]).
The weighted risk of major hemorrhage was not elevated with amio-
darone, verapamil, or diltiazem initiation in DOAC users, compared to
metoprolol or amlodipine, during the full follow-up period (hazard ratio
[HR; 95% confidence interval]: amiodarone HR 0.77 [0.61-0.97];
verapamil HR 1.32 [0.88-1.98]; diltiazem HR 0.99 [0.85-1.15]). This
finding was consistent with a broader definition of bleeding, adjusting
for kidney function, by DOAC type or dosage.
Conclusions: Hemorrhage risk with amiodarone, verapamil, and dilti-
azem was similar to that with comparators, among DOAC users aged
> 66 years.

qui l’on venait de prescrire de l’amiodarone (n ¼ 4872), du v�erapamil
(n ¼ 1284) ou du diltiazem (n ¼ 14 638), comparativement au
m�etoprolol ou à l’amlodipine, en Ontario, au Canada (2009-2016). Le
critère d’�evaluation �etait une admission à l’hôpital ou une consultation
à l’urgence pour une h�emorragie grave (voie gastro-intestinale
sup�erieure ou inf�erieure, intracrânienne), examin�e à l’aide de mo-
dèles pond�er�es.
R�esultats : Au total, 1 737 �ev�enements h�emorragiques sont survenus
(amiodarone, 80 [1,6 %] contre m�etoprolol, 503 [2,3 %]; v�erapamil, 32
[2,5 %] contre amlodipine, 406 [1,6 %]; diltiazem, 312 [2,1 %] contre
amlodipine, 404 [1,5 %]). Le risque pond�er�e d’h�emorragie grave ne
s’est pas accru avec l’instauration de l’amiodarone, du v�erapamil ou du
diltiazem chez les utilisateurs d’AOD, comparativement au m�etoprolol
ou à l’amlodipine, pendant toute la p�eriode de suivi (rapport des ris-
ques instantan�es [RRI; intervalle de confiance à 95 %] : amiodarone :
RRI 0,77 [0,61-0,97]; v�erapamil : RRI 1,32 [0,88-1,98]; diltiazem : RRI
0,99 [0,85-1,15]). Ce r�esultat concorde avec une d�efinition plus large
du saignement, après ajustement pour la fonction r�enale, par type ou
posologie d’AOD.
Conclusions : Le risque d’h�emorragie associ�e à l’amiodarone, au
v�erapamil et au diltiazem �etait semblable à celui des m�edicaments de
comparaison chez les utilisateurs d’AOD âg�es de plus de 66 ans.
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pathways.11,12,29-31 Verapamil, diltiazem, and amiodarone are
all moderate inhibitors of both CYP3A4 and P-gp activity,
and the latter has been shown to increase the area under the
concentrationetime curve (AUC) for DOACs by 36% to >
100%, as well as their peak serum concentrations (Cmax) by
40% to 61%.5,7,10,11,29,30,32 Verapamil and diltiazem are re-
ported to increase AUC and Cmax for DOACS by 196% and
40%, and 250% and 31%, respectively.17,21,22,33,34 Despite
the literature demonstrating increases in anticoagulant serum
concentration levels, the reported clinical implications of these
interactions are inconsistent.6,12 As a result, product mono-
graphs and published guidelines provide differing, and in
some cases conflicting, recommendations on the management
of patients who are taking these medications
concomitantly.1,2,26-28,35,36

Given the limited information regarding the clinical signifi-
cance of the interactions between DOACs and amiodarone,
verapamil, and diltiazem, we conducted a retrospective obser-
vational study to determine the relative risk of bleeding in pa-
tients exposed to a DOAC concurrently with one of these
medications. We selected 2 similar, commonly prescribed
medications (metoprolol and amlodipine) to act as our active
comparators to amiodarone and our calcium-channel blockers
(CCBs), respectively.10 These medications were selected because
they demonstrate no or minimal influence on P-gp/CYP3A4
activity.10 We hypothesized that DOAC users concurrently
prescribed amiodarone, verapamil, or diltiazem would experi-
ence a higher risk of clinically significant bleeding comparedwith
DOAC users concurrently prescribedmetoprolol or amlodipine.
Methods

Data sources

We used encoded, linked databases housed at the ICES
(see Supplemental Table S1 for a description of databases used
in this study). Demographics and vital status information were
obtained from the Ontario Registered Persons Database.
Medication information was obtained from the Ontario Drug
Benefit (ODB) Program claims database. Ontario is Canada’s
largest province, with over 14 million residents.37 All citizens
have access to universal public healthcare with drug coverage
for individuals over the age of 65 years. This database contains
highly accurate records of all outpatient prescriptions
dispensed to patients aged 65 years or older, with an error rate
of < 1%.38 Diagnostic and procedural information from all
hospitalizations was determined using the Canadian Institute
for Health Information Discharge Abstract Database (CIHI-
DAD). Diagnostic information from emergency room visits
was determined using the National Ambulatory Care
Reporting System (NACRS). Information was also obtained
from the Ontario Health Insurance Plan (OHIP) database,
which contains all claims for inpatient and outpatient physi-
cian services. Whenever possible, we defined patient charac-
teristics and outcomes using validated codes. The use of data
in this project was authorized under section 45 of Ontario’s
Personal Health Information Protection Act, which does not
require review by a research ethics board. The reporting of this
study follows guidelines for observational studies (see
Supplemental Table S2).39

Study design

We compared all DOAC users who received a prescription
for a new cardiovascular (CV) drug of interest with all DOAC
users who received a prescription for a new active comparator
using cohort study designs.40 Individuals were followed until
either death, an outcome event, the end of follow-up, DOAC
drug switching or discontinuation, or CV medication
switching or discontinuation plus 30 days (as treated analysis).
The study population included all adults � 66 years of age
from June 23, 2009 (first date DOACs were added to the



Table 1. Baseline characteristics comparing initiation of amiodarone/metoprolol, verapamil/amlodipine, and diltiazem/amlodipine among direct oral anticoagulant (DOAC) users

Characteristic Amiodarone Metoprolol Std Diff Verapamil Amlodipine Std Diff Diltiazem Amlodipine Std Diff

Total N 4872 21,853 1284 26,043 14,638 26,176
Demographics
Female 2319 (47.6) 11,675 (53.4) 0.02 819 (63.8) 14,967 (57.5) 0.03 8850 (60.5) 15,036 (57.4) 0.00
Age group, y
66e75 2301 (47.2) 11,603 (43.4) 0.01 656 (51.1) 11,774 (45.2) 0.05 6734 (46.0) 11,866 (45.3) 0.00
76e85 2015 (41.4) 11,203 (41.9) 0.02 504 (39.3) 10,730 (41.2) 0.01 5985 (40.9) 10,755 (41.1) 0.00
86e95 536 (11.0) 3771 (14.1) 0.00 120 (9.3) 3428 (13.2) 0.06 1844 (12.6) 3441 (13.1) 0.00
> 95 20 (0.4) 148 (0.6) 0.01 - 111 (0.4) 0.00 75 (0.5) 114 (0.4) 0.00

Income quintiles
1 (low) 873 (17.9) 4322 (19.8) 0.00 218 (17.0) 4785 (18.4) 0.03 2780 (19.0) 4846 (18.5) 0.00
2 974 (20.0) 4458 (20.4) 0.01 266 (20.7) 5455 (20.9) 0.00 3042 (20.8) 5472 (20.9) 0.00
3 964 (19.8) 4429 (20.3) 0.00 251 (19.5) 5225 (20.1) 0.01 2811 (19.2) 5236 (20.0) 0.00
4 993 (20.4) 4311 (19.7) 0.00 264 (20.6) 5165 (19.8) 0.01 2885 (19.7) 5183 (19.8) 0.00
5 (high) 1061 (21.8) 4278 (19.6) 0.01 279 (21.7) 5350 (20.5) 0.00 3086 (21.1) 5377 (20.5) 0.00

Rural residence 4872 (100.0) 21,852 (100.0) 0.02 238 (18.5) 3457 (12.7) 0.08 2114 (14.4) 3244 (12.4) 0.00
Index year
2008 54 (1.1) 618 (2.8) 0.02 66 (5.1) 765 (2.9) 0.08 418 (2.9) 745 (2.8) 0.00
2009 505 (10.4) 5,015 (22.9) 0.02 630 (49.1) 8192 (31.5) 0.05 4073 (27.8) 8092 (30.9) 0.01
2010 139 (2.9) 856 (3.9) 0.01 58 (4.5) 1376 (5.3) 0.12 678 (4.6) 1438 (5.5) 0.00
2011 230 (4.7) 1,346 (6.2) 0.00 70 (5.5) 1741 (6.7) 0.01 880 (6.0) 1777 (6.8) 0.01
2012 613 (12.6) 2,508 (11.5) 0.01 108 (8.4) 2850 (10.9) 0.00 1648 (11.3) 2921 (11.2) 0.00
2013 736 (15.1) 2,557 (11.7) 0.01 105 (8.2) 2731 (10.5) 0.01 1612 (11.0) 2803 (10.7) 0.00
2014 787 (16.2) 2,888 (13.2) 0.00 87 (6.8) 2873 (11.0) 0.02 1702 (11.6) 2900 (11.1) 0.00
2015 886 (18.2) 3,181 (14.6) 0.00 92 (7.2) 2963 (11.4) 0.06 1853 (12.7) 2980 (11.4) 0.01
2016 922 (18.9) 2,884 (13.2) 0.02 68 (5.3) 2552 (9.8) 0.05 1774 (12.1) 2520 (9.6) 0.01

Comorbid illness
Major hemorrhage 67 (1.4) 307 (1.4) 0.01 - 247 (0.9) 0.05 116 (0.8) 246 (0.9) 0.00
Hypertension 4117 (84.5) 18,462 (84.5) 0.04 1109 (86.4) 24,691 (94.8) 0.15 12,695 (86.7) 24,837 (94.9) 0.03
Diabetes 1293 (26.5) 6483 (29.7) 0.02 307 (23.9) 8181 (31.4) 0.06 3977 (27.2) 8303 (31.7) 0.01
Stroke/TIA 108 (2.2) 669 (3.1) 0.02 13 (1.0) 743 (2.9) 0.09 317 (2.2) 762 (2.9) 0.01
Atrial fibrillation/flutter 2442 (50.1) 7,697 (35.2) 0.00 102 (7.9) 2,478 (9.5) 0.03 4864 (33.2) 2572 (9.8) 0.04
Myocardial infarction 194 (4.0) 784 (3.6) 0.02 6 (0.5) 238 (0.9) 0.03 106 (0.7) 243 (0.9) 0.00
Heart failure 1731 (35.5) 3961 (18.1) 0.01 61 (4.8) 2007 (7.7) 0.05 1807 (12.3) 2041 (7.8) 0.01
Coronary artery disease 1616 (33.2) 5407 (24.7) 0.00 149 (11.6) 4286 (16.5) 0.09 2293 (15.7) 4389 (16.8) 0.00
Coronary artery bypass grafting 264 (5.4) 1030 (4.7) 0.01 29 (2.3) 666 (2.6) 0.02 278 (1.9) 680 (2.6) 0.00
Percutaneous cardiac intervention 422 (8.7) 1501 (6.9) 0.00 47 (3.7) 1383 (5.3) 0.04 639 (4.4) 1403 (5.4) 0.00
Peripheral vascular disease 141 (2.9) 655 (3.0) 0.01 22 (1.7) 619 (2.4) 0.02 317 (2.2) 616 (2.4) 0.00
Venous thromboembolism 72 (1.5) 488 (2.2) 0.01 12 (0.9) 441 (1.7) 0.05 210 (1.4) 446 (1.7) 0.01
Healthcare utilization
Hospitalizations 1 (1-2) 1 (1-2) 0.02 0 (0-0) 0 (0-0) 0.28 0 (0-1) 0 (0-0) 0.00
ED visits 2 (1-3) 1 (1-2) 0.02 0 (0-0) 0 (0-1) 0.22 0 (0-1) 0 (0-1) 0.01
Medications
b-blocker 2939 (60.3) - - 195 (15.2) 8595 (33.0) 0.22 3577 (24.4) 8666 (33.1) 0.00
NSAID 1649 (7.5) 262 (5.4) 0.02 116 (9.0) 2614 (10.0) 0.01 1164 (8.0) 2649 (10.1) 0.00
Proton pump inhibitor 6012 (27.5) 1556 (31.9) 0.01 283 (22.0) 6717 (25.8) 0.04 3837 (26.2) 6849 (26.2) 0.00
Antiplatelet agent 1798 (8.2) 362 (7.4) 0.01 50 (3.9) 1680 (6.5) 0.08 747 (5.1) 1709 (6.5) 0.01
SSRI 1976 (9.0) 406 (8.3) 0.00 106 (8.3) 2273 (8.7) 0.02 1397 (9.5) 2297 (8.8) 0.00
Lipid-lowering agent 8062 (36.9) 2158 (44.3) 0.01 382 (29.8) 9582 (36.8) 0.07 4716 (32.2) 9769 (37.3) 0.01
DOAC type
Apixaban 1816 (37.27) 7545 (34.53) 0.00 338 (26.32) 7516 (28.86) 0.01 1816 (37.27) 7545 (34.53) 0.09
Dabigatran 1255 (25.76) 4976 (22.77) 0.10 284 (22.12) 4252 (16.33) 0.13 1255 (25.76) 4976 (22.77) 0.16
Rivaroxaban 1801 (36.97) 9332 (42.7) 0.09 662 (51.56) 14,275 (54.81) 0.11 1801 (36.97) 9332 (42.7) 0.21
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Ontario Drug Formulary) to December 31, 2016, in Ontario,
Canada (see Supplemental Fig. S1 for cohort creation). Pre-
scription drug information is available for all adults > 65 years
of age in Ontario, and we initiated our cohort at the 66-year
age cutoff to allow for a 1-year look-back period for existing
medications. We identified an exposed cohort of individuals
who received a new prescription for a DOAC (apixaban,
dabigatran, rivaroxaban). We then identified a subset of pa-
tients who received a new prescription of either amiodarone,
diltiazem, or verapamil (exposures of interest), or of meto-
prolol (active comparator for amiodarone) or amlodipine
(active comparator for diltiazem and verapamil; see
Supplemental Table S3 for all drug definitions used in this
study). Metoprolol is a commonly used cardio-selective beta-
blocker used for rate control with atrial fibrillation. Amlodi-
pine, similar to verapamil and diltiazem, is also a calcium
channeleblocking agent with weak CYP3A4/P-gp activity.
Patients previously on any of the CV medications of interest
prior to DOAC use were excluded (new-user design; 1 year
look-back).41 Patients on any of the CV medications of in-
terest other than the pair studied (active drug and its
comparator) were excluded (120-day look-back). Patients
could start a DOAC on the same day as a CV medication of
interest. The CV medication dispensing date served as the
study index date, and patients with prior use of other potent
CYP3A4 or P-gp inhibitors (90-day look-back from index;
medications included azole antifungals, tacrolimus, cyclo-
sporine, quinines, and rifampin; see Supplemental Table S4)
were excluded.42 Patients were included only once in the
study and could not be part of multiple treatment groups if
they were started on 2 medications of interest during the study
period. Drug discontinuation was defined as no refill within
1.5 times the original prescription duration plus 90 days.
Individuals on dialysis or with a kidney transplant were
excluded.

Covariates

Potential confounders examined included the following:
demographics (age, sex, income, place of residence); index
year; comorbid illnesses (history of hemorrhage, hypertension,
diabetes, stroke, atrial fibrillation, acute coronary syndrome,
heart failure, coronary artery disease, coronary artery bypass
grafting, percutaneous coronary intervention, peripheral
vascular disease, venous thromboembolism); healthcare utili-
zation (number of hospitalizations and emergency room visits
in preceding 5 years); medications (beta-blocker, nonsteroidal
anti-inflammatory drugs (NSAIDs); proton pump inhibitors;
antiplatelet agents (selective serotonin-reuptake inhibitors,
and statins); and DOAC type, dose, and duration of use prior
to CV medication.

Outcomes

The study outcome was a hospital admission or emergency
room visit with major hemorrhage after dispensing of the CV
medication of interest (see Supplemental Table S5 for
outcome definitions). The following types of hemorrhage
were included in the outcome of major hemorrhage: upper or
lower gastrointestinal; intracerebral; subarachnoid; and other
nontraumatic intracranial (94% sensitivity; positive predictive
value: 87%).43 Hospitalizations with a diagnosis of



Table 2. The hazard of hemorrhage requiring hospitalization or emergency room visit, comparing initiation of amiodarone vs metoprolol, verapamil
vs amlodipine, and diltiazem vs amlodipine, among direct oral anticoagulant users

Comparison Number of events Cumulative incidence (%)
Median follow-up
time, d (IQR) Unweighted HR (95% CI) Weighted HR* (95% CI)

Amiodarone vs metoprolol
Amiodarone 80 1.64 193 (398) 0.80 (0.63e1.01) 0.77 (0.61e0.97)
Metoprolol 503 2.30 233 (534)
Verapamil vs amlodipine
Verapamil 32 2.49 168 (473) 1.39 (0.97e1.99) 1.32 (0.88e1.98)
Amlodipine 406 1.56 139 (372)
Diltiazem vs amlodipine
Diltiazem 312 2.13 257 (641) 1.04 (0.89e1.20) 0.99 (0.85e1.15)
Amlodipine 404 1.54 137 (376)

CI, confidence interval; HR, hazard ratio; IQR, interquartile range.
* Variables included in inverse probability of treatmenteweighted hazards model are as follows: demographics (age, sex, income, place of residence); index year;

comorbid illnesses (history of hemorrhage, hypertension, diabetes, stroke, atrial fibrillation, acute coronary syndrome, heart failure, coronary artery disease, coronary
artery bypass grafting, percutaneous coronary intervention, peripheral vascular disease, venous thromboembolism); healthcare utilization (number of hospitalizations
and emergency room visits in preceding 5 years); medications (beta-blocker, nonsteroidal anti-inflammatory drug, proton pump inhibitors, antiplatelet agents,
selective serotonin reuptake inhibitors, and statins in preceding 1 year); and direct oral anticoagulant type, dose (high/low), and duration.
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hemorrhage were identified using the International Classifi-
cation of Diseases, Tenth Revision, Canada (ICD-10) codes
in the CIHI-DAD.

Additional analyses

We conducted a number of further analyses, all of which
were planned prior to study initiation. First, we repeated all
analyses limited to individuals with available kidney function
measures (serum creatinine converted to estimated glomerular
filtration rate using the Chronic Kidney Disease Epidemiology
Collaboration [CKD-epi] equation), as kidney function in-
fluences the risk of hemorrhage and DOAC dosage and use.44

Second, we repeated all analyses excluding individuals with a
hospitalization in the 90 days preceding CV medication
initiation (to exclude acute illness or cardiac procedures).
Third, we repeated our models using a negative outcome
(composite of anxiety/depression or fracture). Negative or
“dummy” outcomes serve as a method to assess the potential
for residual confounding.45 For this, we expect no statistically
significant difference between the use of CV medications of
interest, and their comparators, in relation to the incidence of
anxiety/depression or fractures. Fourth, we examined differ-
ences based on DOAC type (dabigatran/apixaban/rivarox-
aban) and dosage (“high” defined as full dose; “low” defined as
any reduced dose), using interaction terms. Fifth, we repeated
all analyses using a liberal definition of hemorrhage that
included any bleeding event or receipt of a blood transfusion,
with presentation to an emergency room or hospitalization.
Sixth, we repeated our models, limiting follow-up to the first
90 days after the initiation of the CV medication of interest to
examine if the hemorrhage risk differs in the early drug-use
period. This measure specifically focuses on a potential
“high-risk” period (shortly after drug initiation). Further, as
the cohort is of advanced age and at a significant risk of death,
assessing a short follow-up period reduces the effect of
informative censoring due to the competing risk of
mortality.46

Statistical analysis

For the cohort studies, we used absolute standardized dif-
ferences to assess baseline characteristics by eachCVmedication
of interest and its comparator(s), for a total of 3 comparison
groups. Standardized differences describe differences between
group means or proportions relative to the pooled standard
deviation and are less sensitive to large sample sizes than tradi-
tional hypothesis testing.47 A difference is considered significant
if it is 0.10 or greater.We calculated the cumulative incidence of
hemorrhage for each individual CV drugecomparator pair.We
examined the association of each CV drug vs its comparator(s)
and hemorrhage using inverse probability of treatmente
weighted (IPTW) Cox proportional hazards models.48

Schoenfeld residuals were examined to test for the propor-
tionality assumption.We estimated the average treatment effect
in the IPTW models considering only the first hemorrhage
event. For the IPTW, we calculated the weights by including all
covariates listed in Table 1, with truncation at the 1st and 99th
percentiles. Post-weighting, the comparison groups were
assessed for balance using standardized differences. To examine
for effectmodification byDOAC type (apixaban, dabigatran, or
rivaroxaban) andDOACdose, separate models with interaction
terms were examined. We conducted all analyses with Enter-
prise Guide 7.1 (SAS Institute Inc., Cary, NC). Confidence
intervals that did not overlap with 1, and P values� 0.05 were
treated as statistically significant.
Results
We identified a total of 295,038 DOAC users during the

study period, from which 3 study cohorts, one for each study
drug of interest and its active comparator, were constructed as
follows: (i) 4872 amiodarone users, compared to 21,853
metoprolol users; (ii) 1284 verapamil users, compared to
26,043 amlodipine users; and (iii) 14,638 diltiazem users
compared to 26,176 amlodipine users (see Table 1). Roughly
47%, 51%, and 46% of amiodarone, verapamil, and diltiazem
users, respectively, were aged 66 to 75 years and were younger
relative to those prescribedmetoprolol or amlodipine. Themost
common comorbidities were hypertension (over 80%) and
diabetes mellitus (24% to 32%). Comparing amiodarone use to
metoprolol use, differences were noted in the following: pres-
ence of atrial fibrillation; 86 to 95 years of age; index year of
cohort entry; coronary artery disease; emergency room visits;
and lipid loweringeagent use (see Supplemental Table S6 for
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Figure 1. The cumulative hazard of hemorrhage requiring hospitalization or an emergency room visit in direct oral anticoagulant users prescribed
the following: (A) amiodarone vs metoprolol; (B) verapamil vs amlodipine; and (C) diltiazem vs amlodipine. Dashed lines represent 95% confidence
intervals. Cumulative hazard was determined using inverse probability treatmenteweighted Cox models. Weights were calculated accounting for the
following variables: demographics (age, sex, income, place of residence); index year; comorbid illnesses (history of hemorrhage, hypertension,
diabetes, stroke, atrial fibrillation, acute coronary syndrome, heart failure, coronary artery disease, coronary artery bypass grafting, percutaneous
coronary intervention, peripheral vascular disease, venous thromboembolism); healthcare utilization (number of hospitalizations and emergency
room visits in preceding 5 years); medications (beta-blocker, nonsteroidal anti-inflammatory drugs, proton pump inhibitors, antiplatelet agents,
selective serotonin reuptake inhibitors, and statins); direct oral anticoagulant type, dose, and duration of use prior to cardiovascular medication.
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pre- and post-weighting). Verapamil users more commonly
were female, younger, and rural residents, with less comorbid
illness, and less use of beta-blockers, antplatelets, and lipid-
lowering agents, compared with amlodipine users. Diltiazem
users were less likely to have a history of hypertension, heart
failure, and beta-blocker or lipid loweringeagent prescriptions,
with more atrial fibrillation, compared to amlodipine users.

Rivaroxaban was the most commonly used DOAC (37%
to 55%), followed by apixaban (26% to 37%) and dabigatran
(16% to 26%). Diltiazem users were more commonly on full
doses of DOACs, compared with those on amlodipine,
whereas no such differences were seen between amiodarone/
metoprolol or verapamil/amlodipine pairs. Duration of
DOAC use prior to prescription of the CV medication
differed between all 3 pairs. Kidney function data were
available for over 60% of the cohort, with a mean baseline
estimated glomerular filtration rate > 60 ml/min per 1.73 m2

across all groups. Previous warfarin use was higher for amio-
darone (32.7%) vs metoprolol (30.0%), verapamil (30.5%) vs
amlodipine (22.0%), and diltiazem (30.4%) vs amlodipine
(22.2%), relative to the comparator drugs.

A total of 1737 hemorrhagic events occurred that required
an emergency room visit or hospitalization (amiodarone, 80
events [1.64%] vs metoprolol, 503 events [2.30%]; verapamil,
32 events [2.49%] vs amlodipine, 406 events [1.56%]; diltia-
zem, 312 events [2.13%] vs amlodipine, 404 events [1.54%]).
Cox proportional hazards models applying IPTW showed no
higher risk of hemorrhage with amiodarone (hazard ratio [HR]
0.77, 95% confidence interval [CI] 0.61-0.97), verapamil (HR
1.32, 95% CI 0.88-1.98), or diltiazem (HR 0.99, 95% CI
0.85-1.15; Table 2, Figure 1). Additional analyses are pre-
sented in Supplemental Table S7. These findings were
consistent in models accounting for kidney function (amio-
darone HR 0.85, 95%CI 0.66-1.11; verapamil HR 1.17, 95%
CI 0.63-2.21; diltiazem HR 1.04, 95% CI 0.86-1.26) and
when we excluded individuals with a hospitalization 90 days
prior to cardiac medication initiation (amiodarone HR 0.80,
95% CI 0.59-1.09; verapamil HR 1.45, 95% CI 0.95-2.22;
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diltiazem HR 0.99, 95% CI 0.83-1.19). No association with
hemorrhage was present in a model with additional adjustment
for post-weighting differences between verapamil compared to
amlodipine (HR 1.34 95% CI 0.89-2.01). No association was
identified between a CV medication and a negative outcome
(anxiety/depression: amiodarone, 11 events [0.23%] vs meto-
prolol, 39 events [0.18%]; adjusted HR 0.82, 95% CI 0.37-
1.82; fracture: verapamil 57 events [4.44%] vs amlodipine 893
events [3.43%]; adjusted HR 1.09, 95% CI 0.81-1.45; anxi-
ety/depression: diltiazem 28 events [0.19%] vs amlodipine, 32
events [0.12%]; HR 1.36, 95% CI 0.80-2.33]). Fractures were
examined for the verapamil/amlodipine pair comparison, as
there were no anxiety/depression events in the verapamil group.

There was no difference in the hemorrhage risk by DOAC
type or dose in any of the 3 comparison groups (interaction P
values were nonsignificant for all comparisons).

We further examined a broader definition of hemorrhage,
with a total of 7007 hemorrhagic events (amiodarone, 364
events [7.47%] vs metoprolol, 1890 events (8.65%); verap-
amil, 108 events (8.41%) vs amlodipine, 1680 events
(6.45%); diltiazem, 1280 events [8.74%] vs amlodipine, 1685
events [6.44%]). In IPTW models, there was no increase in
the hemorrhage risk with amiodarone (HR 0.97, 95% CI
0.87-1.08), verapamil (HR 1.02, 95% CI 0.82-1.27), or
diltiazem (HR 0.91, 95% CI 0.85-0.98).

When the follow-up period was limited to 90 days after
initiation of a CV medication, a higher risk of hemorrhage was
observed with diltiazem, compared with amlodipine (diltia-
zem 102 events [0.70%] vs amlodipine, 116 events [0.44%]
events; HR 1.32, 95% CI 1.01-1.73), whereas no statistical
difference for amiodarone or verapamil was detected . Lastly,
our results were consistent when our weighted models were
additionally adjusted for previous warfarin use.
Discussion
In this retrospective cohort study examining 3 commonly

prescribed CV medications that are moderate CYP3A4 and P-
gp inhibitors (amiodarone, verapamil, and diltiazem) in
DOAC users, the overall rate of major hemorrhage requiring
hospitalization, or an emergency room visit, was not statisti-
cally higher when compared to that with similar CV medi-
cations without CYP3A4 or P-gp activity (metoprolol and
amlodipine). These findings were consistent after excluding
individuals with a recent hospitalization, when accounting for
kidney function, and when using a broader definition of
hemorrhage. No association was observed when examining
negative controls, indicating that our models accounted for
residual confounding. In addition, we did not observe any
differences based on the type or dose of DOAC.

Important to note is that in the early follow-up period (90
days), diltiazem, but not amiodarone or verapamil, was asso-
ciated with a higher rate of hemorrhage, compared to amlo-
dipine. Furthermore amiodarone (compared to metoprolol)
may be associated with a lower hemorrhage risk. The results of
our study suggest that amiodarone, and verapamil, can be
used safely in patients on DOACs, regardless of kidney
function or the DOAC selected. However, an elevated hem-
orrhage risk may be present in the early initiation period with
diltiazem that may warrant careful monitoring or consider-
ation of alternative agents.
A number of studies to date demonstrate an increase in
serum concentration levels and/or prolonged clotting times,
with the co-prescription of amiodarone, verapamil, or diltia-
zem with a DOAC.5,7,10,11,16,17,21,22,29,32,34,49 However, few
examine clinically relevant hemorrhage events that are reflec-
tive of real-world practice. Chang et al., examining a large
cohort of DOAC users for drug interactions, reported a higher
hemorrhage risk with amiodarone but not with verapamil or
diltiazem.6 The study, as opposed to the current work, lacked
use of an active comparator drug, thereby increasing the risk
of residual confounding and raising concerns about the find-
ings. Pham et al. examined 48,442 DOAC users with normal
kidney function for hemorrhage risk with verapamil and dil-
tiazem, compared to amlodipine or metoprolol, and reported a
higher hemorrhage risk with dabigatran only.12 The higher
risk of hemorrhage was observed with the composite of
verapamil/diltiazem and dabigatran on stratified analyses. Our
findings further clarify these findings, as they specifically
identify diltiazem as possibly being associated with a higher
risk, and indicate that the risk is significantly elevated only
within the first 90 days of drug initiation. Notably, differences
between the current work and previous studies include dif-
ferences in cohort size (verapamil or diltiazem use was almost
10 times greater, at 15,922 in the current study, relative to use
in the Pham et al. study), the inclusion of individuals with
reduced kidney function, and examination of temporality of
risk (our additional analysis limited to the first 90 days).

Our study findings carry important clinical implications in
terms of drug safety, with the potential to alter prescribing
practices, regarding not just CV medication selection, but also
decisions related to DOAC dose reduction. The early higher
hemorrhage risk with diltiazem, if found to be consistent in
additional studies, should lead to consideration of alternative
CV agents, alternative anticoagulants, more judicious moni-
toring, and an increased focus on determination of individual
bleeding risk. The medications we examined are commonly
co-prescribed to patients on DOACs, owing to their use in the
treatment of either atrial fibrillation or diseases associated with
atrial fibrillation due to shared risk factors. The strengths of
our study include the robust sample size in our cohort, the use
of active comparators, the new-user design, and the use of
IPTW to decrease the risk of bias.40,41,48

The findings of our study should be interpreted with the
study limitations kept in mind. First, our cohort included in-
dividuals aged 66 years or older, limiting generalizability to
younger individuals. Second, although the number of patients
included in our cohort was quite large (295,038), the number of
absolute hemorrhagic events seen in some categories was small.
Possibly, the number of bleeding events was not large enough to
allow us to see small differences between our treatment groups.
Third, our cohort was not limited to individuals with atrial
fibrillation. Fourth, patients may have been exposed to weak or
moderate CYP3A4/P-gp inhibitors, as we excluded only strong
CYP3A4/P-gp inhibitors. Fifth, although we used an active
comparator study design, some differences in treatment in-
dications and therapeutic properties between the CV medica-
tion of interest and its comparator may be present. Sixth,
although we corrected for all anticipated cofounders, given the
observational nature of the study, unknown and unadjusted
factors could have introduced confounding bias into our results.
As an example, although adjusting for comorbidities is possible,
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complete removal of the possibility that channeling bias altered
prescribing habits in patients subjectively deemed to be “sicker”
by prescribers is difficult. Finally, although we can comment on
prescription filling, we do not know information regarding
patient adherence to treatment. Differences could exist among
our groups, in adherence to DOACs, our medications of in-
terest, or both.

Conclusions
In a large retrospective cohort study on adults of advanced

age treated with a P-gp and/or CYP3A4 inhibiting medication
(verapamil, diltiazem, or amiodarone) while on a DOAC, we
observed no difference in the risk of major hemorrhage during
the entire follow-up period, compared to use of similar
medications. However, diltiazem may be associated with a
higher risk of hemorrhage in the first 90 days after initiation,
as compared to amlodipine, prompting consideration of more-
intensive monitoring with its use, consideration of viable al-
ternatives, and assessment of individual risk vs benefit. The
results of our study suggest that patients on DOACs may be
treated safely with verapamil or amiodarone, whereas caution
may be required with diltiazem initiation. Further confirma-
tory analyses should be considered to better characterize this
possible interaction.
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