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ABSTRACT

Introduction Proton pump inhibitors (PPIs) are widely
used for primary and secondary prevention of upper
gastrointestinal bleeding. However, there remains
controversy about the overall net clinical benefit of PPIs
(omeprazole, rabeprazole, pantoprazole, lansoprazole)
when coprescribed with direct oral anticoagulants (DOACs;
dabigatran, rivaroxaban, apixaban, edoxaban). Our
objective is to explore the risk of clinically relevant events,
including bleeding, thromboembolic events and death, in
patients prescribed DOACs while taking PPIs versus no PPI.
Methods and analysis The protocol describes a
retrospective cohort study of all Ontario residents aged

66 years or older with atrial fibrillation and at least one
pharmacy dispensation for a DOAC identified using linked
administrative healthcare databases covering 2009—-2020.
Ontario drug benefit dispensation records will be used to
ascertain PPl exposure during DOAC therapy. The primary
outcome is a composite of clinically relevant bleeding,
thrombotic events or all-cause death. A minimum of 520
patients in total with at least one of the components of the
composite outcome are needed. Poisson regression with

a generalised estimating equation model will be used to
calculate the adjusted incidence rate difference, incidence
rate ratios 95% Cl, adjusting for propensity for PPl use
using inverse probability of treatment weights.

Ethics and dissemination This research is exempt from
REB review under section 45 of Ontario’s Personal Health
Information Protection Act. We will report our findings in

a peer-reviewed biomedical journal and present them at
conferences. The study will provide useful evidence to
optimise the coprescription of DOACs and PPIs in practice.

INTRODUCTION

Background/rationale

The direct oral anticoagulants (DOACGCs)
refer to the factor Xa inhibitors-rivaroxaban,
edoxaban, apixaban and betrixaban, and
the direct thrombin inhibitor-dabigatran.’
Before introducing DOACs within the last
decade, the vitamin-K-antagonist warfarin
was the only OAC used for prevention and
treatment of thrombosis.” Proton pump
inhibitors (PPIs) are H+-K+-blockers that are
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This will be a population-based cohort study using
Ontario’s administrative health databases.

= Exposures and covariates will be time-dependent.

= As the study is limited to patients aged >66 years,
we cannot generalise the results to younger patients.

= As with any observational study, there is potential
for residual confounding.

used to manage acid-related gastrointestinal
(GI) disorders.’ Currently, there are six PPIs
available in Canada: omeprazole, esomepra-
zole, lansoprazole, pantoprazole, rabeprazole
and dexlansoprazole. The evidence for PPIs
for treating gastro-oesophageal reflux disease
and GI bleeding has been used to indirectly
support its concomitant use with DOACs.*™
In Canada, since the onset of availability of
the DOAGs, the proportion of total OAC
prescriptions attributable to warfarin steadily
decreased, from 99% in 2010 to around 10%
in 2017.” " According to the 2014 guidelines
on AF of the Canadian Cardiovascular Society,
most patients for whom an OAC is indicated
should receive a DOAC rather than warfarin
(strong  recommendation,  high-quality
evidence).!! At the same time, over 33 million
prescriptions of PPIs were dispensed in
Canadain 2016, and the number is increasing
over time.'? In 2018, direct factor Xa inhib-
itors and PPIs were among the top 10 drug
classes in terms of public drug programme
spending in seniors: US$316.2million and
US$180.8 million, respectively."”

In a recent systematic review, we showed an
increased risk of bleeding in patients receiving
PPI plus warfarin compared with warfarin
alone (OR 1.34, 95%CI 1.22 to 1.47), likely
at least partly due to residual confounding."*
However, controversy remains about the
overall net clinical benefit for the PPIs when

BM)

Wang M, et al. BMJ Open 2022;12:¢057991. doi:10.1136/bmjopen-2021-057991 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-5974-1450
http://orcid.org/0000-0003-0355-9734
http://orcid.org/0000-0001-5855-5461
http://orcid.org/0000-0002-3371-4187
http://dx.doi.org/10.1136/bmjopen-2021-057991
http://dx.doi.org/10.1136/bmjopen-2021-057991
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-057991&domain=pdf&date_stamp=2022-06-12

given with DOACs. Some studies reported no evidence
of a protective effect of PPIs against dabigatran-related
GI bleeding."” '® One large randomised trial showed that
pantoprazole treatment in addition to low dose rivarox-
aban did not reduce upper GI bleeding."” A prospec-
tive pilot study demonstrated that the use of dabigatran
with PPIs reduced dabigatran plasma levels in patients
with AF.'® Similarly, it was reported that there were no
significant changes found in the anticoagulant activity of
factor Xa inhibitors (rivaroxaban, apixaban, edoxaban)
according to PPI exposure.'**! There are several reports
of potential pharmacodynamic and pharmacokinetic
interactions between PPIs and antithrombotic agents
linked to an increase of thromboembolic event.”* !
However, except for a lower risk of upper GI bleeding,
no other clinically meaningful drug-drug interaction
(DDIs) with PPIs were reported for DOACs.®28

There is a concern that the use of PPIs may reduce
the efficacy of DOACs due to alteration of gastric pH as
an acidic environment is required for the dissolution of
DOAG:S; the increase in gastric pH induced by PPIs might
affect the solubility and absorption of some of the DOACs
(ie, dabigatran and rivaroxaban).?’ In the RE-LY trial,
concomitant use of PPIs reduced dabigatran exposure by
15%, but no significant impact on efficacy outcomes was
observed.” A pilot RCT reported that a 2-week period of
PPI withdrawal leads to a significant increase in dabiga-
tran trough and peak plasma levels in patients with AF.”!

It is important for clinicians to know whether there
are clinically relevant effects of the interaction between
PPIs and DOACs when they are coprescribed. Several
studies have considered the effects of cotherapy on GI
bleeding.” * * However, none explicitly investigate the
effects of concomitant PPIs on the key clinical outcomes
(ie, clinically relevant GI bleeding, thromboembolic
events or death) simultaneously in DOAC-treated
patients.

Objectives
The objective of the study is to examine the risk of throm-
boembolic events, clinically relevant bleeding, and all-
cause death in patients concomitantly prescribed DOACs
and PPIs.

Our research question is: Among patients receiving
DOAG:s for any indication, does concomitant PPI prescrip-
tion alter the event rate for the composite outcome
(thromboembolic events, clinically relevant bleeding
events and death), compared with not taking PPIs?

METHODS AND ANALYSIS
Study design and data sources
Our study is a population-based cohort study of adminis-
trative healthcare data in Ontario, Canada’s most popu-
lous province. The databases that will be used are listed
in table 1.

‘We will use Ontario’s administrative health databases,
which are linked at the person-level using a coded version

of the Ontario health insurance number. Prescription
drug claims will be identified using the Ontario Drug
Benefit Database, which contains comprehensive records
of prescriptions dispensed to all Ontarians aged 65 years
or older. The Canadian Institute for Health Information
(CIHI) Discharge Abstract Database captures diagnostic
and procedural information about hospital admissions.
The Ontario Health Insurance Plan Registered Persons
Database contains demographic and mortality data.
OHIP physician claims data will be used to identify physi-
cians’ services. Researchers routinely use these databases
to study the clinical consequences of DDIs.”* ** Interna-
tional Classification of Diseases, 9th Revision, Clinical
Modification codes and International Classification of
Diseases, 10th Revision, Clinical Modification codes will
be used to capture the clinical diagnoses associated with
healthcare encounters (see table 1 and online supple-
mental appendix). The planned start and end dates for
the study are 1 November 2021 and 31 December 2022,
respectively.

Study population

Ontario residents aged 66 years or older who are newly
dispensed a DOAC (dabigatran, rivaroxaban, edoxaban,
or apixaban) from 1 January 2009 to 31 March 2020 will
be included. As prescription drug information is avail-
able for all adults from their 65th birthday in Ontario,
our inclusion of individuals aged 66 years or older will
allow for a l-year lookback period for existing medica-
tions. We will exclude patients with a missing or invalid
provincial health insurance number, missing age or sex,
and prescription for multiple DOACs at entry. Patients
will be censored on death, hospitalisation for bleeding
or thrombosis, discontinuation of DOAC, switch to other
than the entry DOAC, loss of health insurance or the end
of the study period (31 March 2020), whichever occurs
first. A study flow diagram is provided in figure 1.

Patient and public involvement
Patients were involved in an initial research priority
setting focus group study.

Main exposures

We will create a DOAC cohort (the control cohort) and a
DOAC-PPI cotherapy cohort (the exposure cohort). Drug
exposure with doses will be determined from records of
dispensation. Exposure to DOACs and PPIs will be treated
as time-varying variables. The drug exposure period will
be defined according to the combination of the date the
prescription is filled and the prescription duration (days
supplied).

We will identify a period of continuous DOAC use for
each patient, beginning with the first pharmacy claim
for a DOAC following the patient’s 66th birthday (index
date). Our definition of continuous use is a subsequent
prescription within 1.5 times the days supplied of the
previous DOAC prescription, using a minimum grace
period of 30 days. The risk of DOAC-related bleeding,
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Table 1

Description of the Ontario databases to be used in the study

Name of database

Database description

1. Ontario Drug Benefit (ODB)
Plan Database

2. Canadian Institute for Health
Information-Discharge Abstract
Database (CIHI-DAD)

3. Canadian Institute for Health
Information-National Ambulatory
Care

Reporting System (CIHI-NACRS)

4. Ontario Health Insurance Plan
(OHIP) Claims History Database

5. Ontario Registered Persons
Database (RPDB)

6. Ontario Mental Health
Reporting System (OMHRS)

7. Same Day Surgery Database
(SDS)

8. Corporate Provider Database
(CPDB)

9. ICES Physician Database
(IPDB)

10. Ontario Census Area Profiles
(CENSUS)

11. Postal Code Conversion File
(PCCF)

12. Ontario Asthma Database
(ASTHMA)

13. Ontario Congestive Heart
Failure Database (CHF)

14. Ontario Chronic Obstructive
Pulmonary Disease Database
(COPD)

15. Ontario Hypertension
Database (HYPER)

16. Ontario Dementia Database
(DEMENTIA)

17. Ontario Crohn’s and Colitis
Cohort Database (OCCC)

18. Ontario Diabetes Database
(ODD)

19. Ontario Rheumatoid Arthritis
Database (ORAD)

20. Ontario Cancer Registry
(OCR)

Records of dispensed outpatient prescriptions paid for by the provincial government. The ODB formulary
includes a wide range of routine outpatient medications, including the prescription drugs of interest to this
study.

The CIHI-DAD collects diagnostic, and procedural variables for each admission to a hospital in Ontario.
Coding of primary and secondary diagnoses and inpatient procedures uses the 10th version of the Canadian
Modified International Classification of Diseases (ICD-10 CA) for all diagnoses after 2002.

The NACRS is compiled by the Canadian Institute for Health Information (CIHI) and contains administrative,
clinical (diagnoses and procedures), demographic, and administrative information for all patient visits made
to hospital-based and community-based ambulatory care centres (emergency departments, day surgery
units, haemodialysis units, and cancer care clinics) in Ontario.

Claims for physician services paid for by the provincial government. It includes a fee code for each service
and a diagnosis code for the condition representing the main reason for each service

The RPDB captures information regarding Ontarians’ sex, date of birth, postal code and vital status.

The OMHRS analyzes and reports on information submitted to CIHI about all individuals receiving hospital-
based adult mental health services in Ontario.

The SDS summarises information about same day surgery encounters. Each record contains the procedures
undergone as well as clinical information about the individual. The clinical information follows the ICD coding
scheme (ICD-9 before 2002 and ICD-10 from 2002 onwards).

This database contains addresses, registration and programme eligibility information (eg, contracts such as
primary care group) about individual healthcare providers, such as physicians.

The IPDB contains information about physicians practicing in Ontario. The IPDB includes demographic
information about each physician (ie, age, sex), practice location, physician specialty, services provided,
where each physician was trained and year of graduation.

Ontario-level demographic and statistical data on individuals and households.

Links postal codes with Census-based area-level variables such as neighbourhood income quintiles and
urban/rural residence.

ASTHMA contains all Ontario asthma patients identified since 1991.
The CHF database contains all Ontarians with CHF identified since 1991.

COPD contains all Ontario COPD patients identified since 1991.

HYPER contains all Ontario hypertension patients identified since 1991.

The Ontario Dementia Dataset is composed of all Ontario persons who have been identified with Alzheimer’s
and related dementias in ICES data holdings between the ages of 40-110 years.

OCCC includes all Ontario patients who were identified with Crohn’s disease or Ulcerative Colitis from the
ages of 0-105 years.

The ODD is a population-based disease registry constructed using a validated algorithm based on
hospitalisations and physician visits to identify individuals with physician-diagnosed diabetes mellitus in
Ontario.

ORAD contains data on all Ontario rheumatoid arthritis patients identified since 1991.

Patient demographics, cancer diagnosis details and death information.

thromboembolic events or death will be captured only
while patients are taking the index DOAC. Thus, all study
analyses will be restricted to periods of anticoagulant
treatment during follow-up, defined as the interval from
the date the prescription was filled through 1 day after the
end of the days of supply, representing approximately two
half-lives of the DOAGCs.

PPI cotherapy will be defined as the period during
which gastroprotective effects are most plausible,
defined as the interval from filling the prescription (or
index date) through the end of the dispensed days of
supply. No cotherapy will be defined as person-days
with no filled PPI prescription during the observational
window.

Wang M, et al. BMJ Open 2022;12:¢057991. doi:10.1136/bmjopen-2021-057991



Ontario residents aged 66 years or older who are newly
dispensed a DOAC (dabigatran, rivaroxaban, edoxaban, or
apixaban)

Patients excluded with reasons (n=): 1. no
invalid provincial health insurance number. 2.
no age or sex information. 3. prescription for
multiple DOACs at entry.

New DOAC users included in the study (n=)

DOAC cohort (the control cohort)

(n=)

DOAC-PPI co-therapy cohort (the
exposure cohort)

(n=)

Patients leave their cohort at first of the following
dates
1. End of DOAC use: after 365 days no
prescription for any DOAC.
2. Switch to other than the entry DOAC
3. The end of the study period (31 March
2020).
4. Loss of health insurance, emigration
5. Date of endpoints (any haemorrhage,
thrombosis, or RPDB death date)

Analyzed (n=)
Excluded from the analyzed (n=)

Analyzed (n=)
Excluded from the analyzed (n=)

Figure 1 Study flow diagram. DOAC, direct oral
anticoagulant; PPI, proton pump inhibitor; RPDB, Ontario
Registered Persons Database.

Main outcomes

The primary outcome will be a composite of clinically
relevant bleeding, thrombotic events or all-cause death.
The diagnosis and procedure codes used to define
the outcomes can be found in online supplemental
appendix. Thrombotic events are defined as any throm-
boembolic event, including myocardial infarction (MI),
systemic embolism, ischaemic stroke, deep vein throm-
bosis and pulmonary embolism as captured in hospital
discharge abstracts (DAD) or emergency department
records (National Ambulatory Care Reporting System
(NACRS)). Clinically relevant bleeding is defined as
hospitalisation with a most responsible diagnosis, or an
emergency department visit with a primary diagnosis of
any bleeding. Secondary outcomes include the individual
members of the composite primary outcome measure,
emergency department visits for the primary outcome,
and hospitalisation for the primary outcome. Outcomes
will be measured through the records for the hospitalisa-
tions and emergency visits registered in the relevant data-
bases after the index date.

Sample size

We will include up to 26 covariates in the final multivari-
able Poisson regression models and a minimum of 520
patients (26 covariatesx20) with at least one of the compo-
nents of the composite outcome (ie, clinically relevant
bleeding, thromboembolic events or death).36 To our

knowledge, there have been no studies examining rates
of the composite outcome of clinically relevant bleeding,
thromboembolic events or death for patients taking
DOAG:s precisely as we have defined them here. Regarding
the feasibility of the sample size, a recent Ontario study
showed that 128273 patients (average 14252 annually)
initiated anticoagulation with a DOAC from 2009 to 2017,
and 10.5% were reported to have suffered at least one of
the composite outcome (ie, clinically relevant bleedings,
thromboembolic events and death).”” If the percentage
of cotherapy with PPIs is around 35% as reported by Ray
et al,” our cotherapy cohort numbers could reach 5000
annually. During the 10-year observational windows,
there should be approximately 5250 patients with at least
one component event of the composite outcome.

Covariates

The potential confounders include patient demographics
at cohort entry date (age, sex, urban/rural residence
(Ontario Registered Persons Database (RPDB) rural
variable) and socioeconomic status (income quintiles:
census-based median neighbourhood (dissemination
area) income quintile)), indications (AF, thromboem-
bolism, valve replacement/repair comorbidities, hip or
knee replacement), Charlson Comorbidity Index, comor-
bidities (MI, congestive heart failure, peripheral vascular
disease, ischaemic stroke, transient ischaemic attack,
dementia, chronic pulmonary disease, anaemia, kidney
diseases and hepatic diseases), components of HAS-B_ED
score (hypertension, abnormal kidney or liver function,
stroke, bleeding history and alcohol use) ), CHADS2-VASc
Score for AF stroke risk, and prior relevant medications
(warfarin (yes/no) within 100 days preceding the index
date, former PPIs cotherapy consisted of person-days for
patients who filled a PPI prescription in the past year, but
whose days of supply ended prior to lookback period and,
thus, should not benefit from cotherapy.

The potential mediators of the proposed covari-
ates during the following-up period include prescrip-
tion aspirin (time-varying covariable), antiplatelet
agents (time-varying covariable), nonsteroidal anti-
inflammatory drugs (NSAIDs) (time-varying covari-

able), statins (yes/no), antimicrobials (yes/no),
histamine H2 receptor antagonists (cimetidine,
famotidine, nizatidine, sucralfate and ranitidine)

(yes/no) and selective serotonin receptor inhibitors
(SSRIs) (yes/no). Detailed information on covariates
is provided in online supplemental appendix.

Bias

To control for confounding, we will include covariables
mentioned above in the model to adjust the results.
Furthermore, time-varying exposures will help address
potential time-varying confounding.”® For instance,
the doses of our primary exposures (DOACS and
PPIs) and prescription of other drugs that may affect
outcome risk (eg, NSAIDs and antiplatelet agents) will
be captured in a time-varying fashion on a day-to-day
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basis, and time-dependent Poisson regression models
will be used. However, one of the key limitations of any
observational study is the risk of residual confounding,
even after all potential adjustments are made. In addi-
tion, any missing data will be dealt with by multiple
imputation should observations be missing in more
than 10% of cases.™

Data collection

The lookback windows include (1) 365 days for defining
new DOAC use, (2) 100 days for other related drugs, (3)
180 days to 3 years for disease comorbidities and derived
indices and (4) as per the diagnosis dates in ICES-derive
chronic disease cohorts.

Baseline data collection will include age at cohort
entry, sex, key medical comorbidities (see online
supplemental appendix), previous GI bleeding history,
indications for DOAC, the name of DOAC and PPIs,
the first prescription date of DOAC (index date),
information for covariates, patients who transfer to
other DOAC during the observational window and the
type and date of each outcome.

Data analysis

As this is a population-based study, we will include all
eligible Ontario residents. We will compare baseline
characteristics of exposures and controls using stan-
dardised differences. We will compute a set of stabilised
inverse probability of treatment (IPT) weight to account
for differences in the baseline characteristics (online
supplemental appendix) between the two cohorts.*
First, the IPT weights will be obtained by fitting a logistic
regression model with the primary outcome and the
DOAGCs and PPIs cotherapy as independent variables.
Next, we will apply IPT weights and assessed balance
between the two cohorts by calculating weighted stan-
dardised differences, which express the difference
of means or prevalence between the two cohorts as a
proportion of the pooled SD, with standardised differ-
ences above 0.10 considered potentially meaningful.
The time-dependent Poisson regression model will
then be used to estimate the adjusted incidence of the
target outcomes according to both exposure cohort and
control cohort with all available covariates using the
weighted sample’' and IPT weight adjusted incidence
rate ratios and 95% CIs will be obtained. The criterion
for statistical significance will be set at alpha=0.05. All
statistical analyses will be performed at ICES using SAS
V.9.4 (SAS Institute).

Sensitivity analysis will be performed (1) by excluding
patients who did not maintain their original DOAC use
assignments during their follow-up and (2) by excluding
patients who re-entered the cohort. Subgroup analysis
will be performed according to the different DOAGs,
PPIs and indications, respectively, if sample size and
power permit.

ETHICS AND DISSEMINATION

This research is exempt from REB review as the data
used in the project is authorised under section 45 of
Ontario’s Personal Health Information Protection Act.
The data will be analysed at ICES (www.ices.on.ca) in
linked, anonymised form. On completion, the results
of this population-based study will be submitted to a
peerreviewed biomedical journal for publication and
presented at several conferences.
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