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Key
Messages

Opioids are commonly used for the treatment of severe pain but can
cause constipation, and their link with diverticulitis (inflammation of the
small pouches in the colon) is not well understood.

We evaluated the feasibility and then conducted a comparative safety
study to assess whether short-term and long-term opioid use is associated
with an increased risk of diverticulitis in patients treated with opioids for
various indications.

In the primary comparative safety analysis, we identified 23,084,410
patients with a postsurgical indication across 5 Canadian provinces,
the UK Clinical Practice Research Datalink (CPRD), and the US Merative
MarketScan databases.

Starting opioid treatment within 7 days of surgery and continuing use
at least to the end of the follow-up period (compared to not starting opioids)
was associated with increased rates of diverticulitis (7.97 additional
events per 10,000 person-years) and severe diverticulitis (3.36 additional
events per 10,000 person-years) in the postsurgical indication, although
the increase was not statistically significant for the less severe outcome.

Subgroup analyses and analyses of the trauma indication (9.73
additional diverticulitis and 5.78 additional severe diverticulitis events
per 10,000 person-years) and other pain indications (12.49 additional
diverticulitis and 11.08 additional severe diverticulitis events per 10,000
person-years) showed larger relative and absolute rate increases per
10,000 person-years than analyses in the postsurgical indication cohort.

Findings suggest health care providers may need to be particularly
cautious with long-term opioid use in older patients and watch for
signs of diverticulitis, despite the overall low rates in the general population.
Findings should be interpreted with the understanding of the considerable
assumptions and limitations of the analysis.
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Abbreviations

Abbreviations

Cl confidence interval

CNODES Canadian Network for Observational Drug Effect Studies
CPRD Clinical Practice Research Datalink

ED emergency department

IPCW inverse probability of censoring weights
IPTW inverse probability of treatment weights
IRD incidence rate difference

IRR incidence rate ratio

RD risk difference

RR risk ratio

SMD standardized mean difference
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Introduction and Rationale

Introduction and Rationale

Background

Opioids have long been used to treat pain. Since morphine was originally extracted from poppies and

then successfully marketed by Merck at the start of the 19th century, there has been a wide array of opioid
derivatives introduced including completely synthetic opioid products.! Opioids act on opioid receptors to
dull pain, but they also slow the movement of food and increase water absorption within the gastrointestinal
tract. This can lead to constipation, even during a relatively short course of opioid treatment.?® Treating
opioid-induced constipation while maintaining the patient on opioids to relieve pain can be extremely difficult.
Whether constipation occurs due to opioid use or because of other factors, protracted constipation can lead
to a diverse array of complications. These can include severe pain, hemorrhoids, and longer-term damage
like impaction or anal fissures.?

One important unanswered question is whether opioids, presumably through opioid-induced constipation,
increase the risk of diverticulitis, an illness caused by inflammation and/or infection of small sacs within

the large intestine called diverticula.*® While many cases of diverticulitis are mild and can be treated with
antibiotics at home, it can also be life-threatening. There is a biologically plausible mechanism to explain this
whereby opioids induce constipation, leading to increased pressure in the colon and more diverticula, and
the increased length of exposure of these diverticula to bowel contents increases the risk of diverticulitis.?
Randomized controlled trials of opioid therapies have been too small to show an increase in the rate of this
rare outcome, especially among younger adults, who are at low baseline risk of diverticulitis. As a result, the
majority of the evidence on any association between opioids and diverticulitis has come from observational
studies.>® In addition to being limited by potential confounding bias, these studies also have to contend with
the fact that the primary symptom of diverticulitis is severe abdominal pain, which in turn is often treated
with opioids. If not accounted for, this can result in protopathic bias that spuriously increases the observed
risk of diverticulitis in opioid users relative to nonusers. By identifying new users of opioids following a
clearly recorded indication for opioid treatment (e.g., surgery, trauma, dental procedure, or other defined
indications) and comparing them to noninitiators following the same indication, we could mitigate the chance
of observing such protopathic bias. Additional comparisons between new users and prevalent users following
the indication could help identify differences in underlying risk between the 2 populations and help avoid the
biases associated with prevalent users that are frequently observed in studies that combine new users and
prevalent users into 1 exposure category.

Main Take-Aways

Opioids are commonly used for the treatment of severe pain but can cause constipation, and their link
with diverticulitis (inflammation of the small pouches in the colon) is not well understood.
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Research Questions

Policy Issue
Opioid use is a potential risk factor for diverticulitis; however, evidence on the association between opioid
analgesics and diverticulitis is limited. Health Canada will use the findings to better understand this risk and
determine whether regulatory actions are required.
Policy Questions

1. Are adult patients who are exposed to opioids more likely to develop diverticulitis?

2. Is there a specific group of patients (emphasis on Sex- and Gender-Based Analysis Plus [SGBA
Plus]) more at risk?

3. Does the risk of diverticulitis change according to the indication for opioid use?

Main Take-Aways

Evidence on the association between the use of opioids and the risk of diverticulitis is limited. The
overall objective of this study was to evaluate the feasibility of, and then conduct a comparative safety
study to evaluate whether short-term and long-term opioid use is associated with an increased risk of
diverticulitis in patients treated with opioids for different indications.

Research Questions

1. What is the risk of diverticulitis in adult patients after exposure to opioids?

2. Does the risk of diverticulitis vary by age, sex, and indication?

Objectives

The overall aim of this study was to evaluate the feasibility of, and subsequently conduct, an observational
study evaluating whether short-term and sustained opioid use are associated with elevated risks of
diverticulitis in patients with an indication for treatment with opioids.

The query was conducted in 2 parts: a feasibility study and a comparative safety study.
Feasibility Study Objectives

1. To describe the patient characteristics and prevalence of new users, prevalent users, and nonusers of
opioids within a variety of indications for opioid therapy.

2. To evaluate the incidence rates of diverticulitis according to 5 different administrative health data case
definitions selected to represent increasing severity of diverticulitis within each of these indication-
specific cohorts.
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Methods

Comparative Safety Study Objectives

1. To describe patient characteristics and prevalence of new users, prevalent users, and nonusers of
opioids within the 90 days preceding and 7 days (for postsurgical pain) and 30 days (for trauma or
other pain indications) following the inciting event, hereafter referred to as the landmark period.

2. To compare estimates of the incidence rate ratio (IRR), incidence rate difference (IRD), and risk ratio
(RR) and risk difference (RD) at 30 and 730 days for diverticulitis and severe diverticulitis comparing
new users of opioids, prevalent users of opioids, and nonusers of opioids before and after adjusting
for confounding variables.

Methods

Population and Setting

This study was conducted by the Canadian Network for Observational Drug Effect Studies (CNODES)."*"
The study protocol was registered on the Heads of Medicines Agencies-European Medicines Agency
catalogue of real-world data studies (study ID: 104165). The study population consisted of individuals who
had an indication for opioid use (subsequently described) between April 1, 2004, and March 31, 2020, in 5
Canadian provinces (Alberta, British Columbia, Manitoba, Ontario, and Saskatchewan), the UK, and the US.
We selected 2004 as the beginning of the study period as this marks the introduction of the International
Classification of Diseases, 10th Revision with Canadian enhancement and Canadian Classification of Health
Interventions coding schemes in Canada. We selected March 2020 as the end of the study period as this
marks the beginning of the COVID-19 pandemic, during which access to many health services was limited
for an extended period.

Study Design

Feasibility Study

This multicentre retrospective descriptive cohort study explored the feasibility of a landmark-style
comparative study contrasting new users of opioids, prevalent users of opioids, and nonusers of opioids
following surgery, pain after trauma, dental pain, and other indications for opioid use. A landmark-style
comparative study considers exposures in the time window between a signal index event creating a potential
indication for opioid use (e.g., surgery leading to postsurgical pain) and a set landmark time (typically a set
time postindex event) as exposed. The number of individuals within each exposure group and outcome
rates for a wide spectrum of outcome definitions were determined. We also explored how varying study
parameters such as landmark date, lookback period, and type of as-treated follow-up might influence the
size and composition of the study cohorts and variation in these impacts across the different sites.

Note: British Columbia and the UK CPRD encountered data access delays and therefore the comparative
safety study analyses were prioritized and the results from the feasibility study in other sites (with some
additional analyses examining potential landmark windows in the UK CPRD data due to its potential
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Methods

heterogeneity as a general practitioner medical record, rather than claims data) were deemed sufficient to
establish feasibility.

Comparative Safety Study

The comparative safety study was a multicentre retrospective cohort study comparing new users of

opioids, prevalent users of opioids, and nonusers following defined indications for opioid therapy including
postsurgical pain, trauma, and select other indications. While we were interested in estimating effects for all
3 indications to examine potential heterogeneity in absolute and relative-scale effect estimates, we prioritized
the results of the postsurgical analysis because it involved the best-defined indications for opioid use with the
least potential for protopathic bias. The study design diagram for the comparative safety study is depicted

in Figure 1.

Note: All sites contributed to the postsurgical pain indication cohort. Due to time and data constraints, British
Columbia was unable to contribute to the other pain cohort, and the UK CPRD and US Merative MarketScan
only contributed to the postsurgical pain cohort.

Figure 1: Study Design Diagram

A. Postindication
opioid use
evaluation

Prescription information
available Landmark date

Hip replacement procedure

B. Lookback period to C. Follow-up period evaluating:
evaluate prior 1) diverticulitis incidence
opioid use 2) intention-to-treat follow-up

3) as-treated follow-up.

Eligibility Criteria

For the feasibility study, separate study cohorts for each of the 4 potential study indications: postsurgical
pain, pain after trauma, dental pain, and other indications for opioids with specific encounter dates were
constructed. The criteria for these indications were adapted from the stepwise approach employed by
Pasricha et al.'? and were identified using inpatient and outpatient health care encounter procedure and
diagnosis codes. Each indication cohort included several subclasses. For example, the postsurgical
indication cohort included common excisions, hip and knee replacements, hernia repairs, Caesarean
sections, and a mix of other less frequent elective surgical procedures. Note that the other surgery subclass
was not included in the CPRD for the postsurgical indication cohort due to CPRD limitations regarding the
size of data extractions. The list of codes for the subclasses is provided in Appendix 1, Table 10.

Individuals aged 18 years and older were eligible for inclusion as of their date of eligibility for health care
coverage in their administrative database and entered the study cohort on the date they first met the criteria
for entry into each indication cohort. For cohorts defined by inpatient diagnosis or procedure codes, the
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Methods

cohort entry date was the date of hospital discharge. For outpatient surgical procedures, cohort entry was
the date of the procedure. Patients were not permitted to enter the cohort multiple times for a given indication
but could enter multiple indication cohorts during the accrual period provided they met the criteria for

cohort entry.

For the comparative safety study, individuals who met the entry criteria for multiple subclasses within an
indication cohort on the same date were randomly assigned to a subclass except for in the US Merative
MarketScan (they were entered in both). This occurred in a low number of patients (approximately 3% of new
users and approximately 1% of nonusers were duplicate observations), meaning randomly assigning them
would only slightly shift the target and comparator population’s covariate distributions. Ultimately, based on
the results of the feasibility analysis in Ontario, the final indications for the comparative safety study were
postsurgical pain, pain after trauma, and other indications for opioid use combined (excluding dental pain).
We decided to exclude dental pain rather than combine it with the other indication category because the
numbers for the dental pain indication were very small, and the other indications were based on more longer-
term chronic indications than treatment with opioids following a shorter-term indication such as a dental
procedure.

Data Sources

We used administrative health databases from 5 Canadian provinces (Alberta, British Columbia, Manitoba,
Ontario, and Saskatchewan), the UK CPRD (Aurum), and the US Merative MarketScan. Table 1 summarizes
the contributions from each site for the feasibility and comparative safety study. Briefly, the databases
contain health insurance registries, prescription drug claims, medical service claims, hospitalization records,
and emergency department (ED) records (where available). The start of data availability was January 1,
2008, in Alberta. In Ontario, patient accrual began July 1, 2013, to allow a 1-year lookback period before the
launch of the province’s Narcotics Monitoring System, which captures all prescription opioid dispensations
regardless of payer. In other study provinces these were captured in the provincial prescription drug claim
databases. In the US Merative MarketScan, the start of data availability was January 1, 2006. The UK CPRD
Aurum is a primary care database which contains the records of 40 million individuals (including 14 million
individuals currently registered) from 1,370 general practices in the UK."™ The UK CPRD database was linked
to the Hospital Episode Statistics database, which contains hospital admission information and is available
for approximately 90% of the participating practices in CPRD. UK CPRD data were also linked to national
death registrations from the Office of National Statistics; this linkage is available for general practices in
England who have consented to the linkage. The US Merative MarketScan database includes more than 70
million individuals covered by large employer health insurance plans in the US, and government and public
organizations. The list of databases and dates of data availability in each site are reported in Appendix 1,
Tables 11 and 12.
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Table 1: Contributions of Each Site to the Feasibility and Comparative Safety Study

Follow-up and British US Merative
outcome type Alberta Columbia Manitoba Ontario Saskatchewan MarketScan UK CPRD
Feasibility Yes No Yes Yes Yes Yes No
Comparative safety analyses per indication
Postsurgical Yes Yes Yes Yes Yes Yes Yes
Trauma Yes Yes Yes Yes Yes No No
Other pain Yes No Yes Yes Yes No No
Comparative safety analyses type and outcome for the postsurgical indication cohort
As treated
Outcome 1 Yes No Yes Yes Yes No Yes
Outcome 2 No Yes Yes Yes No Yes Yes

Intention to treat

Outcome 1 Yes No Yes Yes Yes No Yes

Outcome 2 Yes Yes Yes Yes No Yes Yes

CPRD = Clinical Practice Research Datalink; ED = emergency department.

Notes: British Columbia and the UK CPRD were not included in the feasibility study due to data access delays. All sites contributed to the postsurgical pain indication
cohort. Due to time and data constraints, British Columbia was unable to contribute to the other pain cohort, and the UK CPRD and US Merative MarketScan only
contributed to the postsurgical cohort.

Outcome 1 is ED or inpatient visit for diverticulitis, and outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan. British Columbia and US Merative MarketScan
data were not available for outcome 1; Manitoba data were not available for ED visits for outcome 1; and Saskatchewan data were not available for outcome 2.

Key Study Measures

Exposures

After meeting the criteria for a given indication, patients were followed until their designated landmark date
to determine whether they were dispensed (or prescribed for CPRD) an opioid. A detailed list of the study
medications is included in Appendix 1, Table 13. Multiple landmark dates were evaluated in the feasibility
study (7, 14, and 30 days). Because the feasibility analysis in Ontario data suggested minimal opioid
initiation between 7 days and 30 days following the surgery date, we selected a 7-day landmark period for
the postsurgical cohort to ensure proximity to the indication. A 30-day landmark was used for CPRD as
we observed higher rates of opioid initiation between 7 days and 30 days in CPRD compared to the North
American data sources, likely due to the database using physician orders rather than prescription fills; as
a result, the new user population may not represent the same types of patients. We selected the 30-day
landmark for the trauma and other pain indication cohorts due to more patients initiating within the 7- to
30-day window in the feasibility analyses.

Patients were then subclassified as opioid nonusers, new opioid users, and prevalent opioid users. Those
with no opioid prescription records by the landmark date were classified as nonusers. Those with opioid
prescription records (insurance claims in North American databases or prescription orders in the UK CPRD)
by the landmark date were classified as new or prevalent users depending on their previous opioid exposure
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history. New users of opioids were defined as those without any opioid prescription records within a 90-day
lookback before their indication. Those with at least 1 opioid prescription record within that lookback were
defined as prevalent users of opioids. We separated new users from prevalent users of opioids to avoid
healthy adherer and biases associated with prevalent users (which could bias short-term results toward

the null if the risk is higher in the early stages of opioid use) and ensure better alignment of the start of

the hypothetical intervention and the start of follow-up.'* Multiple lookback periods were assessed in the
feasibility study (90, 180, and 365 days). A 90-day lookback was used for all indication cohorts (postsurgical,
trauma, and other pain) as extending the lookback period to 365 days in the feasibility analyses did not
greatly alter the distribution of prevalent and new users. In the comparative safety study, all patients were
required to have at least 1 year of continuous health coverage before the cohort entry date, and those who
died or otherwise left the cohort before the landmark date were excluded from the analysis. Gaps of 30 days
or fewer were considered as continuous health care coverage whether before and after the landmark date.

Exposure was defined using both an intention-to-treat approach and an as-treated approach. In the
intention-to-treat approach, patients were followed from the landmark date (day 7 or 30, as appropriate)
until occurrence of death, end of health insurance coverage (or leaving the general practice in the CPRD),
end of data availability, or end of the study period (March 31, 2020), whichever occurred first, irrespective
of whether they changed their initial exposure status. In the as-treated approach, new users and prevalent
users were considered continuous users until the preceding events or they discontinued opioid therapy,
defined as a gap of 30 days or longer beyond the end of the days supplied in their last continuous
prescription. No censoring was applied for patients switching between different types or dosages of opioids.
Nonusers were followed similarly to the intention-to-treat follow-up but were censored upon initiation of
opioid therapy.

Outcomes of Interest
The outcome of interest was diverticulitis. Follow-up for the outcome began after the 7- or 30-day landmark
date, as appropriate for the indication. The feasibility study explored 5 outcome definitions for diverticulitis:

1. an ED or inpatient primary discharge diagnosis for diverticulitis
2. an ED diagnosis for diverticulitis accompanied by a scan (CT or MRI) within the same ED visit

3. aninpatient primary discharge diagnosis for diverticulitis accompanied by a scan (CT or MRI) within
the same hospitalization (referred hereafter as inpatient visit with a scan)

4. an inpatient visit with a scan and subsequent surgery during hospitalization

5. an inpatient visit with a scan and subsequent mortality.

Ultimately, 2 outcome definitions of differing severity were chosen for the comparative safety study: an

ED or inpatient primary discharge diagnosis of diverticulitis (the first outcome from the feasibility analysis,
referred hereafter as outcome 1) and more severe diverticulitis defined as an inpatient visit with a scan

(the third outcome from the feasibility analysis, referred hereafter as outcome 2). The list of diagnosis and
procedure codes is included in Appendix 1, Table 14. These outcome definitions were selected based on the
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feasibility analysis which showed the more severe diverticulitis case definitions (i.e., those including surgery
or mortality) to have too few events to be feasible. The less severe diverticulitis outcome of a diverticulitis
coded as an ED visit with a CT scan was considered but ultimately dropped due to inconsistent access to
physician billing data for CT scans and/or ED records across the study sites. This means that the sensitivity
and specificity of outcome 1 have not been formally validated and it picks up an unknown number of cases
that are not truly diverticulitis events. Due to the requirement for a CT scan, outcome 2 will be more specific,
but it may also be less sensitive and omit cases of diverticulitis that can be treated at home.

For the diverticulitis outcomes involving hospitalization, the outcome event date was defined as the date

of hospital admission. Risk of diverticulitis was assessed at 30, 180, and 730 days after the appropriate
landmark date for the opioid indication (i.e., 7 or 30 days). When estimating incidence rates, patients were
permitted to experience multiple outcome events provided they were separated by at least 30 days (meaning
the ED visit or admission date for the inpatient encounter defining a subsequent outcome had to occur at
least 30 days after the ED visit or inpatient encounter discharge date defining the previous outcome).

Note: Saskatchewan results were limited to outcome 1 due to unavailability of billing information for CT
scans. Manitoba results were limited to hospitalization admissions for outcome 1 due to the absence of ED
records. British Columbia and US Merative MarketScan results were limited to outcome 2 due to time and
data constraints (Table 1).

Covariates of Interest

Patient characteristics were assessed as of the date of cohort entry. The covariates included
sociodemographic characteristics, including age, sex at birth, and socioeconomic status (using site-specific
definitions). While it is unclear what variables might act as confounders, based on feedback from clinical
experts we incorporated several gastrointestinal risk factors for diverticulitis, including history of irritable
bowel syndrome, Crohn disease, diverticulitis, and diverticulosis, as well as the following elements of the
Deyo-Charlson Comorbidity Index:'®'® myocardial infarction, congestive heart failure, peripheral vascular
disease, cerebrovascular accident, transient ischemic attack, dementia, chronic obstructive pulmonary
disease, peptic ulcer disease, liver disease, diabetes mellitus, hemiplegia, chronic kidney disease, and
current tumour (excluding nonmelanoma skin cancer). Comorbidities were assessed in the year before
cohort entry using both outpatient and inpatient diagnosis codes in all Canadian provinces and the US
Merative MarketScan as is conventional for insurance claims data, whereas in the UK CPRD these were
assessed as ever before (i.e., using all available data before cohort entry date with a minimum of 1-year
lookback) as is the convention for analyzing the general practitioner data due to the generally longer
follow-up periods and, in the absence of studies attempting to examine temporal trends, a more sensitive
approach to capturing potential confounding variables than shorter lookback durations.'” While the 1-year
lookback period may sometimes miss historical cases of some covariates, it was selected to avoid issues of
unequal lookback between patients in US commercial claims and public insurance in Canada and enhance
comparability of covariates across those data sources. While the exact meaning of the covariates differs, the
total impact on confounding control and the target population from these different approaches is generally
not that large. Additional covariates that are not routinely available in administrative health data were

Association Between Opioid Use and the Development of Diverticulitis 13/97



Methods

included in the UK CPRD, which contains electronic health records data: race, ethnicity, smoking status, and
body mass index.

Analyses

Control for Confounding

Patients who initiate opioids (or are prevalent users of opioids) after experiencing a compelling indication
may differ systematically from those who do not take any opioids after the same indication, resulting in
potential confounding bias. To address this bias in the comparative safety analyses, odds weights (also
referred to as standardized morbidity ratio weights) were used to estimate the effect specifically in opioid
new users, or the average treatment effect in the treated.®

We first estimated a propensity score using multivariable logistic regression based on baseline covariates
(previously mentioned) and then used the estimated propensity score to calculate the odds weights. The
estimation of this propensity score was stratified by indication subclass. New users were assigned a weight
of 1. The weights for nonusers were determined by combining the nonuser cohort with the opioid new

user cohort and then estimating conditional probabilities of being in the opioid new user group. Nonusers
received weights equal to their conditional odds of being in the opioid new user group, or the probability
divided by 1 minus the probability. This was then repeated with the prevalent users replacing the nonusers
to calculate their weights. This analysis was performed specifically to evaluate potential biases associated
with prevalent users and unmeasured confounding if new and prevalent users were treated as 1 exposure
group. Standardized mean differences (SMDs) were calculated comparing new users with nonusers and with
prevalent users, and weights were recreated if these differences exceeded 0.100.

To explore whether treatment effects would differ with a target population of all individuals with the
indication (rather than new users of opioids following the indication) inverse probability of treatment
weights (IPTW) were created for each indication subclass and exposure group to estimate effects in the
overall population, or the average treatment effect.’® Logistic regression was applied to estimate propensity
scores for each exposure group conditional on the baseline covariates (previously mentioned) and then
used to calculate the IPTW. For each exposure group, individuals were assigned a weight corresponding
to the probability of the treatment they received divided by the conditional probability of the treatment they
received. For example, new users were assigned a weight corresponding to being a new user divided

by the probability of being a new user, or 1 divided by the probability. This was then repeated with the
prevalent users and then nonusers. SMDs were calculated and weights were recreated if these differences
exceeded 0.100.

If there were persistent issues with the SMDs exceeding 0.100 after modifying the terms in the propensity
score, the weights were truncated (meaning weights with stabilized value greater than 10 were set to a
value of 10) to reduce the influence of large weights on treatment effect estimates and avoid large weights
resulting in poor covariate balance.
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Control for Selection Bias

Intention-to-treat and as-treated analyses were both conducted. While the administrative censoring in the
intention-to-treat analysis is unlikely to generate meaningful selection bias, censoring nonusers who initiate
and users who discontinue treatment in the as-treated analysis is much more likely to cause bias. To help
evaluate the potential for (and address) this selection bias, inverse probability of censoring weights (IPCW)
were created based on baseline covariates for the as-treated analyses.?° To create these IPCW, a Cox
proportional hazards model was fitted to predict the hazard ratio for censoring (meaning a gap in 30 days

of days supply for opioid users and receipt of an opioid prescription for opioid nonusers) based on key
predictors of sustained opioid use measured at baseline including age, sex, prior diverticulitis, and economic
deprivation factors (where available). The coefficients from this Cox regression model were used to generate
a covariate-conditional probability of remaining uncensored for each individual. Patients then received an
IPCW equal to the inverse of this value. This IPCW could then be combined with odds or IPTW weights to
simultaneously control for both confounding and selection bias.

Descriptive Analysis

Descriptive statistics were used to summarize patient characteristics in each indication cohort overall in the
feasibility analysis and before and after weighting in the comparative safety analysis. Continuous variables
were described as mean (standard deviation) and categorical variables as frequencies and percentages.
Baseline characteristics were weighted using odds and ITPW weights in separate analyses. In addition,
these were combined with IPCW in the as-treated analyses. Covariate balance between the exposure
groups was assessed using SMDs, with an absolute value of less than 0.100 considered good balance.?!
Crude and weighted incidence rates of diverticulitis (per 10,000 person-years) and corresponding 95%
confidence intervals (Cls) were estimated within each exposure group. In the comparative safety study, the
risk of diverticulitis at 30, 180, and 730 days was estimated (with a focus on risks at 30 and 730 days to
capture short-term and long-term risks), while the feasibility study included additional risk estimates at 90
and 365 days. Risks were generated from the survival functions generated by the life table approach of the
PHREG procedure in SAS.

Comparative Analyses

Within each indication cohort, we estimated IRRs and IRDs, as well as 30-, 180-, and 730-day RRs and RDs
comparing opioid new users to opioid nonusers and prevalent opioid users to opioid new users, respectively.
Crude and weighted values were estimated. The corresponding 95% Cls for these comparative measures
were estimated using 1,000 bootstrap replicates, with the lower and upper confidence limits taken from

the 2.5 and 97.5 percentiles, respectively, of the bootstrap estimates, with missing results omitted from the
calculation of the percentiles. The new users were determined to be significantly different from the nonusers
if these 95% confidence limits did not include 1 (for the IRR and RR) or O (for the IRD and RD), and similarly
for the prevalent users and new users.

For each indication cohort, we conducted the 3 following subgroup analyses using the as-treated follow-up:
by indication subclass, by age at initial event (18 to 39 years, 40 to 64 years, and 65 years and older), and
by sex. The analyses by age subgroup were repeated using the intention-to-treat follow-up. We conducted
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a prespecified sensitivity analysis excluding new users and prevalent users who received opioids used

in opioid maintenance therapy. These included buprenorphine, buprenorphine-naloxone combinations,

and methadone. We also conducted 2 post hoc sensitivity analyses decided on during the analytic phase.
First, we conducted an as-treated analysis in which odds weights and IPCW were reestimated within each
bootstrap replicate (rather than using the original weights). Second, we used an intention-to-treat analysis

in which individuals who did not have an opioid prescription between the index and landmark dates but did
have an opioid prescription during the lookback period before the index date were excluded from the nonuser
exposure group.

Meta-Analysis

For the feasibility study, the site-specific results were pooled to understand the size and characteristics of
the overall sample. We also summed the person-years and event counts to calculate a pooled incidence
rate for each outcome and calculated pooled risks based on the weighted average across the sites. For
the comparative safety study, site-specific IRR, IRD, RR, and RD for the severe diverticulitis outcome were
pooled for each indication cohort (and, where appropriate, each potential subgroup) using DerSimonian
and Laird random-effects meta-analysis.?? The standard error of each comparative measure at each site
was obtained by taking the width of the ClI (for difference comparisons) or the width of the log ClI (for ratio
comparisons) and dividing by 3.92. Between-site heterogeneity was assessed using the 12 statistic.

Results

Main Take-Aways From the Comparative Safety Analysis

e We identified a total of 23,084,410 adult patients with a postsurgical indication across 5 Canadian
provinces, the UK CPRD, and the US Merative MarketScan databases.

» Starting opioid treatment within 7 days of surgery and continuing use at least to the end of the follow-
up period was associated with an increased rate of severe diverticulitis (3.36 additional events per
10,000 person-years) compared to not starting opioids. A small but not statistically significant increase
was observed in the rate of diverticulitis (7.97 additional events per 10,000 person-years).

e In the trauma and other pain indications, larger effects were observed (5.78 and 11.08 additional
severe diverticulitis events per 10,000 person-years, respectively), suggesting potentially stronger
associations in some populations.

Feasibility Study Results

Baseline Characteristics

Table 2 shows the total number of patients identified in each indication cohort in the feasibility analysis
from Alberta, Manitoba, Ontario, Saskatchewan, and the US Merative MarketScan: 32,878,228 for the
postsurgical indication; 47,187,172 for the trauma indication; 272,969 for the dental pain indication; and

Association Between Opioid Use and the Development of Diverticulitis 16/97



Results

56,575,733 for other pain indications. Calendar time trends in the overall cohort were generally similar
across the indications. However, age varied with the dental indication being the youngest (49.8% aged

18 to 39 years), followed by other pain indication (40.5%), trauma indication (37.5%), and postsurgical
indication (29.6%). In the sites with data available on socioeconomic status (all sites except the US Merative
MarketScan), the distribution of individuals across quintiles was roughly equal with the exception of the
dental indication, which had more individuals in the lower quintiles (25.7% in the first quintile and 20.6% in
the second quintile). The comorbidities were indicative of a healthy cohort of individuals, with the exception
of a proportion of tumour of 3.5% to 6.1%. Proportions of various comorbidities and risk factors varied
across both indication classes and sites. Full covariate distributions for each indication by site are listed in

Appendix 2, Tables 15 to 18.

Table 2: Baseline Characteristics by Indication for the Feasibility Study

Characteristic

Postsurgical

N (%)
N = 32,878,228

Trauma
N (%)
N = 47,187,172

Dental pain
N (%)
N = 272,969

Other pain
N (%)
N = 56,575,733

Nonusers

24,869,997 (75.6)

39,876,344 (84.5)

155,272 (56.9)

49,415,999 (87.3)

New users

5,989,535 (18.2)

5,154,627 (10.9)

85,229 (31.2)

4,855,920 (8.6)

Prevalent users

2,018,696 (6.1)

2,156,201 (4.6)

32,468 (11.9)

2,303,814 (4.1)

Calendar year of study cohort entry?

2004 to 2007 4,573,706 (13.9) 5,577,888 (11.8) 35,915 (13.2) 7,235,034 (12.8)
2008 to 2011 11,789,924 (35.9) | 15,713,563 (33.3) 82,315 (30.2) 20,303,218 (35.9)
2012 to 2015 9,219,096 (28.0) 13,501,764 (28.6) 75,824 (27.8) 16,356,199 (28.9)
2016 to 2020 7,295,502 (22.2) | 12,393,957 (26.3) 78,915 (28.9) 12,681,282 (22.4)
Site
Alberta 660,829 (2.0) 2,537,751 (5.4) 6,106 (2.2) 2,890,117 (5.1)
Manitoba 438,191 (1.3) 706,491 (1.5) 9,262 (3.4) 642,762 (1.1)
Ontario 1,584,328 (4.8) 1,927,461 (4.1) 52,010 (19.1) 1,816,978 (3.2)
Saskatchewan 501,812 (1.5) 681,017 (1.4) 4,998 (1.8) 627,082 (1.1)

US Merative MarketScan

29,693,068 (90.3)

41,334,452 (87.6)

200,593 (73.5)

50,598,794 (89.4)

Age (years)
18 to 39 9,728,823 (29.6) 17,691,417 (37.5) 135,911 (49.8) 22,926,112 (40.5)
40 to 64 17,939,247 (54.6) | 24,008,847 (50.9) 108,697 (39.8) 27,511,045 (48.6)
65 to 79 3,922,753 (11.9) 3,787,368 (8.0) *20,185 (7.4) 4,229,758 (7.5)
80+ 1,287,405 (3.9) 1,699,540 (3.6) 8,176 (3.0) 1,908,818 (3.4)
Sex
Males 12,267,220 (37.3) | 21,630,546 (45.8) 135,671 (49.7) 21,975,276 (38.8)
Females 20,611,008 (62.7) | 25,556,626 (54.2) 137,298 (50.3) 34,600,457 (61.2)
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Characteristic

Postsurgical

N (%)
N = 32,878,228

Trauma
N (%)
N =47,187,172

Dental pain
N (%)
N = 272,969

Results

Other pain
N (%)
N = 56,575,733

Income quintile®

First (lowest)

589,304 (18.5)

1,258,899 (21.5)

18,613 (25.7)

1,278,713 (21.4)

(
1,197,250 (20.0)
(

Second 599,180 (18.8) 1,197,495 (20.5) 14,914 (20.6)
Third 1,111,103 (19.0) 12,820 (17.7) 1,100,540 (18.4)
Fourth 568,490 (17.8) 1,042,293 (17.8) 11,230 (15.5) 1,024,833 (17.1)

Fifth (highest)

(

(
588,263 (18.5)

(

(

557,817 (17.5)

1,026,325 (17.5)

10,639 (14.7)

999,973 (16.7)

Comorbidities

History of irritable bowel syndrome 330,444 (1.0) 444,082 (0.9) 3,525 (1.3) 479,454 (0.8)
History of Crohn disease 118,017 (0.4) 147,097 (0.3) 1,096 (0.4) 165,023 (0.3)
History of diverticulitis or diverticulosis 384,311 (1.2) 423,480 (0.9) 2,270 (0.8) 404,858 (0.7)
History of myocardial infarction 355,020 (1.1) 180,034 (0.4) 5,238 (1.9) 234,953 (0.4)
History of congestive heart failure 355,796 (1.1) 593,257 (1.3) 6,033 (2.2) 674,828 (1.2)
Peripheral vascular disease 306,294 (0.9) 538,465 (1.1) 3,412 (1.2) 579,643 (1.0)
Cerebrovascular accident 494,358 (1.5) 869,297 (1.8) 6,815 (2.5) 918,700 (1.6)
Transient ischemic attack 91,866 (0.3) 198,314 (0.4) 1,070 (0.4) 211,412 (0.4)
Dementia 86,850 (0.3) 202,221 (0.4) 4,266 (1.6) 175,628 (0.3)
Chronic obstructive pulmonary disease 1,123,508 (3.4) 1,670,370 (3.5) 13,233 (4.8) 1,891,795 (3.3)
Peptic ulcer disease 129,752 (0.4) 173,697 (0.4) 1,454 (0.5) 192,032 (0.3)
Liver disease 246,359 (0.7) 299,965 (0.6) 2,495 (0.9) 350,355 (0.6)
Diabetes mellitus 3,238,787 (9.9) 3,965,166 (8.4) 27,133 (9.9) 4,453,436 (7.9)
Hemiplegia 17,433 (0.1) 43,240 (0.1) 598 (0.2) 42,875 (0.1)
Chronic kidney disease 421,493 (1.3) 690,671 (1.5) 5,358 (2.0) 718,304 (1.3)
Current tumour 1,889,649 (5.7) 1,732,546 (3.7) 16,715 (6.1) 1,960,857 (3.5)

Subclass of

indication®

Common excision

5,892,086 (17.9)

Knee, hip, or shoulder surgery

833,536 (2.5)

Hernia repair

281,965 (0.9)

Caesarean section

1,898,794 (5.8)

Other surgery

24,453,370 (74.4)

Dislocations, sprains, and strains

19,048,322 (40.4)

Fracture and major trauma

2,367,680 (5.0)

Burns and wounds

16,975,306 (36.0)

Other trauma

9,493,262 (20.1)
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Postsurgical Trauma Dental pain Other pain
N (%) N (%) N (%) N (%)
Characteristic N = 32,878,228 N = 47,187,172 N = 272,969 N = 56,575,733
Nephrolithiasis or cholecystitis — — — 1,891,658 (3.3)
Headache and migraine — — — 42,967,949 (75.9)
Nonsurgical deliveries — — — 4,430,078 (7.8)
Back pain — — — 7,753,953 (13.7)

Note: Postsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.
2Alberta data were available as of 2008, Ontario as of 2013, and the US Merative MarketScan as of 2006.

bSite-specific definition; data were not available in the US Merative MarketScan. Missing values not reported and account for discrepancies between income quintile
categories and overall cohort totals.

°Patients could be included in more than 1 subclass within a particular indication cohort.

Exposure Groups

In each site participating in the feasibility analyses, there was minimal change in the proportion of individuals
in the postsurgical or dental indications classified as new or prevalent users when increasing the landmark
period from 7 days to 14 or 30 days. For trauma and other pain indications; however, there was a larger
relative increase (e.g., 7% new users for the other pain indication at a 7-day landmark in the US Merative
MarketScan versus 9% new users with a 30-day landmark). Increasing the lookback period from 90 days

to 180 or 365 days resulted in some new users being classified as prevalent users across the various sites,
with the shifts being smallest in the trauma indication. Table 2 also includes the number of patients included
in each exposure group when using the landmark windows (7 days postsurgical and dental, 30 days trauma
and other pain) and lookback periods (90 days for all indications) implemented in the comparative safety
analyses. The number of potential new users was highest in the dental indication (31.2%), followed by the
postsurgical (18.2%), trauma (10.9%), and other pain indications (8.6%).

The proportion of new users for the dental indication varied widely across the US Merative MarketScan
(26.6%) and the provincial data (Alberta: 5.5%, Manitoba: 52.0%, Ontario: 48.5%, and Saskatchewan:
28.5%) (Appendix 2, Table 17). There were also substantial differences in the proportion of new users
identified in the US Merative MarketScan (17.0% in the postsurgical indication, 11.6% in the trauma
indication, 26.6% in the dental indication, and 9.0% in the other pain indication) compared to the provincial
datasets in Canada (5.4% to 40.3% for postsurgical indication, 5.6% to 8.5% for the trauma indication, and
3.5% to 9.0% for the other pain indication; Appendix 2, Tables 15 to 18).

Person-Time and Incidence Rates

Table 3 shows the total intention-to-treat and as-treated person-time available for nonusers, new users, and
prevalent users when implementing a 30-day grace period and using the landmark dates in the comparative
safety analyses. As expected, the intention-to-treat person-time is much longer than the as-treated person-
time for the new users and the prevalent users across every indication. The average as-treated follow-up
after the landmark dates for new users in the postsurgical indication was 42.2 days, 27.6 days for the trauma
indication, 31.2 days for the dental indication, and 34.4 days for the other pain indication, suggesting that
most patients who filled a prescription during the landmark period did not begin sustained use of opioids
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and initially received short supplies. Implementing a grace period whereby a gap equal to the days supply of
the prescription does not result in censoring (e.g., a 7-day prescription requires another fill within 14 days)
resulted in an even shorter average as-treated follow-up duration due to a number of patients who filled
prescriptions during a 30-day landmark period following their indication but discontinued before the end of
the landmark. The days supply length grace period was replaced with the 30-day grace period to limit this
issue while also accounting for lingering biologic effects of opioids and the large disconnect between the
recorded days supply and the practical days supply when taking opioids as needed for pain. Site-specific
results are available in Appendix 2, Tables 19 to 23.

Table 3: Intention-To-Treat and As-Treated Follow-Up Time by Indication and Exposure Group
for the Feasibility Study

Intention-to-treat follow-up
(person-years)

As-treated follow-up
(person-years)

Indication® and opioid users Total N (%)

Postsurgical

Nonusers 24,869,997 (75.6) 75,884,070 44,647,347

New users 5,989,535 (18.2) 20,658,778 692,149

Prevalent users 2,018,696 (6.1) 6,474,570 664,514
Trauma

Nonusers 39,876,344 (84.5) 122,972,283 78,685,862

New users 5,154,627 (10.9) 15,797,677 389,282

Prevalent users 2,156,201 (4.6) 6,630,706 1,496,708
Dental

Nonusers 155,272 (56.9) 449,446 305,290

New users 85,229 (31.2) 317,016 7,285

Prevalent users 32,468 (11.9) 114,634 22,596

Other pain

Nonusers 49,415,999 (87.3) 147,276,766 92,949,015

New users 4,855,920 (8.6) 13,671,805 456,746

Prevalent users 2,303,814 (4.1) 6,850,599 1,858,921

aPostsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.

Table 4 presents the total intention-to-treat person-years, events, and pooled estimates of incidence

rates from the feasibility analyses for the 2 outcomes ultimately selected for the comparative safety study
(outcome 1, ED or inpatient encounter; outcome 2, inpatient encounter with CT scan) for each of the 4
indications. The rate of both outcomes varied across the different indication cohorts as one might expect
given their differing age and comorbidity profile, with the dental indication cohort experiencing the lowest
rates (19.2 per 10,000 person-years for outcome 1; 4.6 per 10,000 person-years for outcome 2), followed
by the trauma cohort (24.6 for outcome 1; 5.2 for outcome 2), other pain indication cohort (25.2 for outcome
1; 5.5 for outcome 2), and the postsurgical cohort (29.0 for outcome 1; 6.6 for outcome 2). Other outcome
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definitions that were explored either were too rare to analyze accurately in the individual databases (e.g.,
inpatient encounter with subsequent surgery or subsequent mortality) or would only be implementable in
very few sites during the final analysis (e.g., ED encounter with CT scan). The decision was made to limit to
the postsurgical, trauma, and other pain indications for the comparative safety analysis due to the low rates
of the more severe outcome and the limited potential size of the dental indication cohort. Site-specific results
are available in Appendix 2, Table 24.

Table 4: Intention-to-Treat Crude Incident Rates of Diverticulitis by Indication and Outcome
Definition for the Feasibility Study

Incidence rate

Indication® and outcome® Total person-years Total events (per 10,000 person-years)
Postsurgical

Outcome 1 103,017,419 298,868 29.0

Outcome 2 99,260,800 65,370 6.6
Trauma

Outcome 1 145,400,667 357,060 24.6

Outcome 2 139,595,347 72,209 5.2
Dental

Outcome 1 881,097 1,689 19.2

Outcome 2 843,135 385 4.6

Other pain
Outcome 1 167,799,169 422,870 252
Outcome 2 163,077,372 89,912 5.5

ED = emergency department.
Note: Outcome 1 is ED or inpatient visit for diverticulitis and outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.
aPostsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.

®US Merative MarketScan data were not available for outcome 1; Manitoba data were not available for ED visits for outcome 1; and Saskatchewan data were not available
for outcome 2.

Cumulative Incidence Curves

Appendix 2, Figures 9 and 10 show the cumulative incidence curves for outcomes 1 and 2 for the first 2
years after the landmark date in Alberta, Ontario, Manitoba, and Saskatchewan in each of the postsurgical
cohorts (combining all exposure groups) using the intention-to-treat follow-up. Cumulative incidence

of outcome 1 appeared to vary considerably across sites, being considerably higher in Manitoba and
Saskatchewan than in Alberta and Ontario (possibly due to coding differences or data available to each site).
Conversely, the cumulative incidence of outcome 2 was fairly consistent across sites with no initial spike
following the surgical procedure. Table 5 summarizes the averages (weighted by population size) of the 30-,
180-, and 730-day risks for outcome 1 and outcome 2 estimated across the various sites using life table
approaches. Site-specific results are available in Appendix 2, Tables 25 to 29.

Association Between Opioid Use and the Development of Diverticulitis 21/97



Results

Table 5: Weighted Average Risk of Diverticulitis by Indication and Outcome Definition for the

Feasibility Study

Indication® and outcome®

Average 30-day risk

Average 180-day risk

Average 730-day risk

Postsurgical
Outcome 1 0.00026 0.00149 0.00546
Outcome 2 0.00007 0.00034 0.00124
Trauma
Outcome 1 0.00014 0.00079 0.00310
Outcome 2 0.00005 0.00026 0.00100
Dental
Outcome 1 0.00021 0.00091 0.00369
Outcome 2 0.00004 0.00017 0.00082
Other pain
Outcome 1 0.00018 0.00094 0.00341
Outcome 2 0.00005 0.00028 0.00108

ED = emergency department.

Note: Outcome 1 is ED or inpatient visit for diverticulitis and outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.

aPostsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.

®US Merative MarketScan data were not available for outcome 1; Manitoba data were not available for ED visits for outcome 1; and Saskatchewan data were not available

for outcome 2.

Comparative Safety Study Cohort Sizes
Table 6 describes the participating sites and the sizes of the 3 indication cohorts in the comparative

safety study.

Table 6: Size of Indication Cohorts by Site for the Comparative Safety Study

Postsurgical Trauma Other pain
N = 23,084,410 N = 8,673,973 N = 5,763,741

Alberta 652,539 2,521,960 2,870,663
British Columbia 1,515,904 3,090,060 NA
Manitoba 427,183 678,264 604,737
Ontario 1,552,222 1,744,602 1,712,489
Saskatchewan 446,859 639,087 575,852
UK CPRD 787,200 NA NA
US Merative MarketScan 17,702,503 NA NA

CPRD = Clinical Practice Research Datalink; NA = not applicable.

Note: British Columbia data were only available for the postsurgical and trauma indications. The UK CPRD and US Merative MarketScan data were for the postsurgical

indication.
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Comparative Safety Study Results for the Postsurgical Indication Cohort

Baseline Characteristics of the Comparative Safety Postsurgical Cohort

The comparative safety analysis included 23,084,410 individuals in the postsurgical indication cohort,
including 4,594,707 from Canada; 787,200 from the UK CPRD; and 17,702,503 from the US Merative
MarketScan. The study cohort construction for the 3 regions is presented in Figures 2 to 4.

Figure 2: Flow Chart for Postsurgical Indication Study Cohort Construction in Canada

No. of individuals aged 18 years and older meeting the indication
for opioid initiation between April 1, 2004, and March 31, 20202
(n=4,719,679)

A 4

Exclusions (n = 124,972)
* Less than 1 year of continuous health coverage prior to cohort
entry date (n = 98,677)°
* Died or left the cohort prior to the 7-day landmark (n = 26,295)

A4

No. of individuals included in the postsurgical indication cohort
(n =4,594,707)

Note: Data aggregated for 5 provinces (Alberta, British Columbia, Manitoba, Ontario, and Saskatchewan).
aData were available as of 2008 for Alberta and 2013 for Ontario.
bIndividuals with less than 365 days of health coverage before cohort entry date could not be identified in Alberta due to the unavailability of start of coverage date.

Figure 3: Flow Chart for Postsurgical Indication Study Cohort Construction in UK CPRD

No. of individuals aged 18 years and older meeting the indication
for opioid initiation between April 1, 2004, and March 31, 2020
(n=1,171,069)

h 4

Exclusions (n = 383,869)
* Less than 1 year of continuous health coverage prior to cohort
entry date (n = 378,293)
* Died or left the cohort prior to the 30-day landmark (n = 5,503)
+ Data inconsistencies for Caesarean section subclass (n = 73)?

No. of individuals included in the postsurgical indication cohort
(n =787,200)

CPRD = Clinical Practice Research Datalink.
2An additional 73 individuals were excluded for the Caesarean section who were males, had dementia, or were aged 65 years and older.
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Figure 4: Flow Chart for Postsurgical Indication Study Cohort Construction in US Merative
MarketScan

No. of individuals aged 18 years and older meeting the indication
for opioid initiation between April 1, 2006, and March 31, 2020
(n =29,693,068)

A 4

Exclusions (n = 11,998,199)
* Less than 1 year of continuous health coverage prior to cohort
entry date (n = 11,990,565)
* Died or left the cohort prior to the 7-day landmark (n = 7,634)

A4

No. of individuals included in the postsurgical indication cohort
(n =17,694,869)

The distribution of key covariates between new users and nonusers before and after odds weighting is
shown in Table 7 (refer to additional covariates in Appendix 3, Table 30). There was some variation between
the underlying surgical indications between new users of opioids following surgery in the Canadian provinces
(5.1% excision, 14.4% knee or hip replacement, 13.2% hernia repair, 6.7% Caesarean section, and 60.6%
other surgery), the US Merative MarketScan (11.6% excision, 3.0% knee or hip replacement, 0.4% hernia
repair, 16.0% Caesarean section, and 72.9% other surgery), and the UK CPRD (6.2% excision, 84.1% knee
or hip replacement, 1.2% hernia repair, and 8.6% Caesarean section), with some of the deviation of the UK
CPRD population due to the exclusion of the other surgery subclass.

The proportion of females (versus males) in the study varied across the Canadian provinces (54.9%), the US
Merative MarketScan (62.4%), and the UK CPRD (59.0%), likely due to differences in the percentage of the
indication with specific procedures (e.g., Caesarean section). The Canadian provincial cohort had a higher
percentage of patients aged 65 years and older (19.4%) compared with the US Merative MarketScan cohort
(7.3%) but lower than in the UK CPRD cohort (59.3%).

Exposure Group Size

The percentage of patients that were new users of opioids within the 7-day landmark period differed across
the Canadian provinces (31.2%), the US Merative MarketScan (18.1%), and the UK CPRD (9.7%), as did the
percentage of patients with nonuse (62.2%, 75.6%, and 76.1%, respectively) and prevalent use (6.6%, 6.3%,
and 14.1%, respectively). These differences may result from a variety of factors with the 3 most prominent
being the type of database (general practitioner record in the UK CPRD versus insurance claims in the
Canadian provinces and the US Merative MarketScan) and the substantial differences in the populations and
surgical subclasses present within study population (with much lower rates of knee or hip replacement in the
US Merative MarketScan, for example), and the differing time periods represented within each group.
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Differences in Baseline Characteristics Between New Users and Nonusers

New opioid users were younger at baseline than nonusers in the North American databases (patients

aged 18 to 39 years in Canada: 33.3% versus 23.3%; patients aged 18 to 39 years in the US Merative
MarketScan: 42.0% versus 24.9%), whereas this was the opposite in the UK CPRD (patients aged 18 to 39
years: 9.7% versus 23.9%). New users also appeared healthier at baseline than both nonusers and prevalent
users in the Canadian and US cohorts; the proportion of patients with myocardial infarction, congestive heart
failure, peripheral vascular disease, stroke, diabetes, chronic obstructive pulmonary disease, or chronic
kidney disease were all lower in the new users than the nonusers. The only indicator that was higher in the
Canadian and US cohorts for the new users was current tumour (likely indicative of surgeries for the removal
of tumours) and, in the US cohort, the proportion of patients with histories of diverticulosis or diverticulitis.
Conversely, in the UK CPRD new users were generally less healthy than nonusers, likely due to the
elimination of some indications from the CPRD cohort to account for data extraction restrictions. The CPRD
data also does not include prescription data from specialists (except when the prescriptions ordered by the
specialists are ordered again by the general practitioner). After applying odds weights (or IPTW, refer to
Appendix 3, Table 32, depending on the analysis), SMDs in baseline characteristics between new users and
nonusers, or new users and prevalent users (Appendix 3, Tables 31 and 32) were less than 0.100 for age
categories, sex, and all comorbidities, suggesting a good balance between the groups.

Main Findings

Site Contributions

Differences in the data available to specific sites (as well as the overall cohort size in some provinces)
resulted in some sites being unable to contribute to specific analyses. Table 1 in the data sources section
summarizes these contributions. For the as-treated analyses, Alberta, Manitoba, Ontario, Saskatchewan,
and the UK CPRD were able to contribute to the pooled analyses of outcome 1, while Alberta, British
Columbia, Manitoba, Ontario, the US Merative MarketScan, and the UK CPRD were able to contribute to
the pooled analyses of outcome 2. For the intention-to-treat analyses, every site other than the US Merative
MarketScan and British Columbia were able to contribute to the pooled analyses of outcome 1, while every
site except Saskatchewan were able to contribute to the pooled analyses of outcome 2.
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Table 7: Baseline Characteristics of Opioid New Users and Nonusers Before and After Odds Weighting for the Postsurgical
Indication Cohort, by Region

Canada UK CPRD US Merative MarketScan?

Odds Odds Odds
Unweighted weighted Unweighted weighted Unweighted weighted

New users Nonusers Nonusers New users Nonusers Nonusers New users Nonusers Nonusers
Characteristic (%) | N=1,434,490 | N=2,858,751 | N=1,434,756 | N =76,462 N = 599,417 N =76,436 N = 3,198,147 N = 13,382,299 N = 3,196,171
Calendar year of cohort entry®

2004 to 2007 14.2 17.0 14.5 21.0 22.6 211 7.6 9.6 7.6
2008 to 2011 14.8 20.6 14.9 234 23.6 23.4 35.7 38.5 35.8
2012 to 2015 30.5 28.0 30.4 254 244 253 30.3 30.3 30.3
2016 to 2020 40.4 34.3 40.1 30.2 29.5 30.2 26.4 21.6 26.3
Age (years)
18 to 39 33.3 23.3 33.7 9.7 23.9 9.7 42.0 24.9 414
40 to 64 47.3 36.7 47.0 31.0 30.2 30.9 50.6 58.9 51.2
6510 79 16.9 29.5 16.8 46.8 30.8 46.7 6.2 12.0 6.2
80+ 25 10.5 25 12.5 15.1 12.7 1.1 42 1.3
Sex
Males 451 40.5 44.8 41.0 37.7 41.0 37.6 38.5 37.5
Females 54.9 59.5 55.2 59.0 62.3 59.0 62.4 61.5 62.5
Income quintile®
First (lowest) 17.3 19.3 17.3 19.3 19.8 19.3 — — —
Second 19.1 19.5 19.0 18.5 18.3 18.4 — — —
Third 19.8 18.9 19.8 21.8 214 21.8 — — —
Fourth 20.3 17.9 20.3 20.9 20.6 20.9 — — —
Fifth (highest) 20.5 17.4 20.5 19.6 20.0 19.6 — — —
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Canada UK CPRD US Merative MarketScan?

Odds Odds Odds
Unweighted weighted Unweighted weighted Unweighted weighted

New users Nonusers Nonusers New users Nonusers Nonusers New users Nonusers Nonusers
Characteristic (%) | N=1,434,490 | N = 2,858,751 =1,434,756 | N =76,462 N = 599,417 N =76,436 N = 3,198,147 N =13,382,299 N = 3,196,171

Comorbidities

History of 2.0 24 2.1 11.4 8.2 11.4 1.5 1.1 1.5
diverticulitis or
diverticulosis
History of 24 7.4 2.5 4.2 34 4.2 0.5 0.6 0.5
myocardial
infarction
History of 1.3 4.4 14 4.7 4.3 4.6 0.6 1.0 0.6
congestive heart
failure
Peripheral vascular 1.0 2.1 1.0 3.8 3.5 3.8 0.7 1.1 0.7
disease
Cerebrovascular 1.0 2.6 1.1 5.1 4.6 51 1.2 1.8 1.2
accident
Chronic obstructive 3.8 6.2 3.8 5.7 4.5 5.7 2.8 3.7 2.8
pulmonary disease
Diabetes mellitus 10.2 16.6 10.2 12.3 8.6 12.2 79 10.8 79
Chronic kidney 1.3 3.1 1.3 10.8 9.7 10.8 0.8 1.4 0.8
disease
Current tumour 13.0 12.3 14.2 1.7 13.7 1.7 7.3 5.0 7.4

Subclass of indication
Common excision 5.1 54 5.1 6.2 43.3 6.2 11.6 22.7 10.4
Knee, hip, or 14.4 5.7 14.4 84.1 38.5 84.1 3.0 0.9 3.0
shoulder surgery
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UK CPRD

Odds

Results

US Merative MarketScan?

Odds

ed weighted weighted
New users Nonusers Nonusers New users users Nonusers Nonusers
Characteristic (%) N =1,434,756 N = 3,196,171
Hernia repair 13.2 4.6 13.2 1.2 21 1.2 0.4 0.1 0.4
Caesarean section 6.7 11.0 6.7 8.6 16.1 8.6 16.0 2.7 14.3
Other surgery 60.6 73.4 60.7 — — — 72.9 74.3 72.9

CPRD = Clinical Practice Research Datalink.

Notes: Data presented as percentage.

Percentages may not add up to 100% due to rounding.

aThe US Merative MarketScan cohort numbers were calculated before exclusion of the 7,634 patients who died or left the cohort before the landmark date from the analysis.
bAlberta data were available as of 2008, Ontario as of 2013, and the US Merative MarketScan as of 2006.

cSite-specific definition. Missing values not reported and account for discrepancies between income quintile categories and overall cohort totals. Data were not available in the US Merative MarketScan. Data were not reported for
British Columbia, which was able to adjust for low income versus not low income (or missing) rather than quintiles.

d0ther surgery subclass not included in the UK CPRD. Patients were allowed to enter multiple subclasses in the US Merative MarketScan.
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Diverticulitis Incidence Rates

Incidence rates of outcome 1 and outcome 2 among new users of opioids in the postsurgical indication
cohort were low but did differ across provinces in both intention-to-treat and as-treated analyses (refer to
Table 8). Notable differences include higher rates of outcome 1 in both the intention-treat and as-treated
analyses in the UK CPRD (73.7 and 65.0 per 10,000 person-years) compared to the Canadian provinces
overall (29.0 and 29.1 per 10,000 person-years). For outcome 2, higher rates were typically observed in
the as-treated analyses (Canada overall: 6.7; UK CPRD: 2.8; US Merative MarketScan: 8.6 per 10,000
person-years) than in the intention-to-treat analyses (Canada overall: 3.5; UK CPRD: 0.9; US Merative
MarketScan: 5.6 per 10,000 person-years). Notably, there were only a limited number of events (less than 6)
in Alberta and the UK CPRD for the as-treated analyses for outcome 2. Differences were also noted across
the Canadian provinces for both outcomes and analyses.

Table 8: Crude Incidence Rates of Diverticulitis Among New Users by Outcome Definition
and Follow-up for the Postsurgical Indication, by Region

Crude incidence rate

Outcome and follow-up Total person-years Total events (per 10,000 person-years)

Outcome 1, intention to treat

Canada 5,773,301 16,759 29.0
Alberta 212,529 627 29.5
Manitoba 1,547,538 4,959 32.0
Ontario 3,307,272 7,829 237
Saskatchewan 705,962 3,344 47.4

UK CPRD 441,985 3,256 73.7

Outcome 1, as treated

Canada 116,858 340 29.1
Alberta 4,122 21 51.0
Manitoba 14,854 35 23.6
Ontario 54,765 157 28.7
Saskatchewan 43,118 127 29.5

UK CPRD 14,466 94 65.0

Outcome 2, intention to treat

Canada 8,989,368 3,125 35
Alberta 212,529 61 2.9
British Columbia 3,922,029 705 1.8
Manitoba 1,547,538 878 5.7
Ontario 3,307,272 1,481 4.5

UK CPRD 455,254 41 0.9
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Crude incidence rate

Outcome and follow-up Total person-years Total events (per 10,000 person-years)
US Merative MarketScan 9,642,869 5,360 5.6
Outcome 2, as treated

Canada 118,015 79 6.7

Alberta S S 24

British Columbia 44,275 1 25

Manitoba 14,854 9 6.1

Ontario 54,765 56 10.2
UK CPRD S S 2.8
US Merative MarketScan 278,568 240 8.6

CPRD = Clinical Practice Research Datalink; ED = emergency department; S = value suppressed.

Notes: Outcome 1 is ED or inpatient visit for diverticulitis and outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.
Manitoba data were not available for ED visits for outcome 1.

Values between 1 and 5 inclusively were suppressed due to privacy restrictions.

As-Treated Analyses: Crude Associations Between New Users and Nonusers

The direction of the crude as-treated association between new use (versus nonuse) and the rate of outcome
1 varied across Canadian provinces (Alberta IRR = 2.85; Manitoba IRR = 0.72; Ontario IRR = 1.51; and
Saskatchewan IRR = 0.88) and the UK CPRD (IRR = 1.80), possibly due to differences in sustained use of
opioids and the characteristics of each population.

Conversely, for outcome 2 the direction of the crude as-treated association was consistent: new users

had higher rates of outcome 2 than nonusers across the Canadian provinces (Alberta IRR = 1.34; British
Columbia IRR = 1.78; Manitoba IRR = 1.21; and Ontario IRR = 2.56), the US Merative MarketScan (IRR =
1.57), and the UK CPRD (IRR = 4.54), though the UK CPRD association was farther from the null than any
of the other sites.

As-Treated Analyses: New Users Versus Odds-Weighted Nonusers

After weighting with both odds weights and IPCW, the pooled IRR for outcome 1 was 1.38 (95% ClI, 0.93

to 2.04), suggesting a small but not statistically significant increase in diverticulitis risk with sustained new
use of opioids compared to nonuse (Figure 5) that was primarily driven by results in Alberta, Ontario, and
the CPRD. The IRR was similar when including only the Canadian provinces in the analysis (IRR = 1.42;
95% Cl, 0.83 to 2.42). There was considerable heterogeneity in the outcome; however, with an I? value of
93%, largely due to the results in Saskatchewan being on the opposite side of the null compared to the
other sites and Manitoba being centred on the null, suggesting that outcome 1 may not represent a uniform
concept across sites. The corresponding pooled IRD in the full data of 7.97 events per 10,000 person-years
(95% CI, -2.98 to 18.92) was also not statistically significant, with substantial heterogeneity (12 = 90%) with
larger IRDs in Alberta (31.20), Ontario (12.86), and the UK CPRD (13.19) compared to Manitoba (1.16) and
estimates on the other side of the null in Saskatchewan (-7.37). The IRD of only the Canadian data were
6.95 events per 10,000 person-years (95% ClI, —5.67 to 19.57), similar to the full results.
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Figure 5: Forest Plot for the As-Treated Results in Outcome 1 for New Users Versus
Nonusers for the Postsurgical Indication Cohort

Site IRR [95% CI] Weight
Alberta 2.88[1.81;4.59] P—E— 17.0%
British Columbia 0.0%
Manitoba 1.05[0.75; 1.48] — 19.2%
Ontario 1.82[1.55; 2.14] 3 21.5%
Saskatchewan 0.80[0.66; 0.96] = 21.3%
UK CPRD 1.27[1.02; 1.57] —— 21.0%
US MarketScan 0.0%
Random effects model 1.38 [0.93; 2.04] == 100.0%
Heterogeneity: ife 93%, t* = 0.1809, p <0.01
0.5 1 2

ClI = confidence interval; CPRD = Clinical Practice Research Datalink; ED = emergency department; IRR = incidence rate ratio.
Notes: Confidence limits in the plot are based on standard errors derived from the bootstrapped Cls supplied by each site.
Outcome 1 is ED or inpatient visits for diverticulitis only.

Data were not available for British Columbia and the US Merative MarketScan.

Results for outcome 2 are shown in Figure 6. The pooled IRR was statistically significant (pooled IRR = 2.40; 95% ClI, 1.76 to 3.28) with some heterogeneity (1> = 47%) and
the corresponding IRD was statistically significant despite its low magnitude (pooled IRD = 3.36 per 10,000 person-years; 95% Cl, 1.19 to 5.52) with more heterogeneity
(2 = 71%). Canada-only results were similar, though the IRD was not statistically significant due to the smaller amount of data (pooled IRR = 2.57; 95% Cl, 1.72 to 3.82;
pooled IRD per 10,000 person-years = 3.62; 95% CI, —0.23 to 7.48). The difference in statistical significance is primarily the result of more heterogeneity on the ratio scale
than the difference scale.

Note: The scale of the x-axes for the forest plots varies across figures.

The association between new use and 30-day diverticulitis risk was small and statistically significant on the
relative scale (outcome 1 pooled RR = 1.20; 95% ClI, 1.01 to 1.44 and outcome 2 pooled RR = 1.38; 95%
Cl, 1.03 to 1.86) and almost statistically significant on the absolute scale (outcome 1 pooled RD = 0.0041%;
95% CI, -0.0002% to 0.0084% and outcome 2 pooled RD = 0.0011%; 95% CI, —0.0002% to 0.0023%)
scales, with very little heterogeneity in the RR or RDs (1> = 0% for both RRs and RDs for both outcomes).

Figure 6: Forest Plot for the As-Treated Results in Outcome 2 for New Users Versus
Nonusers for the Postsurgical Indication Cohort

Site IRR [95% CI] Weight
Alberta 0.0%
British Columbia 2.00[1.02; 3.91] 14.8%
Manitoba 1.80 [0.84; 3.86] 12.4%
Ontario 3.26 [2.45; 4.34] - 33.9%
Saskatchewan 0.0%
UK CPRD 3.76 [1.22; 11.55] —%—  6.6%
US MarketScan 1.93[1.41; 2.63] - 32.2%
Random effects model 2.40 [1.76; 3.28] < | 100.0%

Heterogeneity: 12 = 47%, % = 0.0532, p=0.11 ' ] '
0.1 05 1 2 10

ClI = confidence interval; CPRD = Clinical Practice Research Datalink; IRR = incidence rate ratio.

Notes: Confidence limits in the plot are based on standard errors derived from the bootstrapped Cls supplied by each site.

Outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.

Data were not available in Saskatchewan and not included for Alberta due to the limited number of events resulting in overly precise confidence limits.
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At 730 days, the pooled estimate of the RR was consistent with the overall estimate of the IRR for both
outcomes (outcome 1 pooled RR = 1.37; 95% CI, 0.92 to 2.04 and outcome 2 RR = 2.22; 95% CI, 1.08 to
4.54), with the greater variance of the 730-day risks the result of low numbers of new users sustaining opioid
use for 2 years following surgery resulting in a lack of precision. The pooled estimate of the 730-day RD was
not statistically significant for either outcome (outcome 1 pooled RD = 0.153%; 95% CI, —-0.085% to 0.390%
and outcome 2 RD = 0.0246%; 95% CI, —0.0373% to 0.0865%), though Alberta and the UK CPRD estimates
were not included in the RD analysis due to inaccurate Cl widths due to the low number of events and loss to
as-treated follow-up.

Intention-To-Treat Analyses: Crude Associations Between New Users and Nonusers

The crude intention-to-treat association between new use (versus nonuse) and the rate of outcome 1 was
generally similar across Canadian provinces (Alberta IRR = 0.93; Manitoba IRR = 0.81; Ontario IRR =
0.98; and Saskatchewan IRR = 0.92) but the UK CPRD data had an association on the opposite side of
the null (UK CPRD IRR = 1.52), likely as a result of the older age and generally poorer health of new users
compared to nonusers.

Outcome 2 exhibited less heterogeneity than outcome 1 with IRRs between 0.78 (Manitoba) and 0.95 (UK
CPRD) across the sites. While this may indicate that more severe diverticulitis is less correlated with the
factors that differ across data partners, it may also simply be the result of a less common outcome resulting
in more variable treatment effect estimates due to chance.

Intention-To-Treat Analyses: New Users Versus Odds-Weighted Nonusers

The pooled intention-to-treat IRR for outcome 1 (odds-weighted nonusers to new users) was 1.08 (95% ClI,
1.03 to 1.14) (Figure 7) with a corresponding IRD of 3.10 per 10,000 person-years (95% CI, 0.59 to 5.62),
suggesting a small but statistically significant association between initiating opioids within 7 days following
surgery and diverticulitis. The relative results were similar in the Canada-only analysis, though the IRD was
even closer to the null (IRR = 1.06; 95% CI, 1.01 to 1.11 and IRD = 1.97 per 10,000 person-years; 95% ClI,
1.17 t0 2.77).

The intention-to-treat IRR for outcome 2 (Figure 8) was null (IRR = 1.00; 95% CI, 0.95 to 1.05). The IRD was
also not statistically significant (-0.04 per 10,000 person-years; 95% CI, —0.19 to 0.10). Similar results were
observed in the Canada-only analysis of outcome 2 (IRR = 1.01; 95% CI, 0.95 to 1.07). The 30-day RRs for
outcome 1 (RR = 1.09; 95% CI, 0.92 to 1.30) and outcome 2 (RR = 1.16; 95% CI, 0.89 to 1.52) were similar
to the as-treated RRs in magnitude but were not statistically significant. The RRs at day 730 were similar

to the IRRs (pooled IRR for outcome 1 of 1.09; 95% CI, 1.04 to 1.14 and pooled IRR for outcome 2 of 0.95;
95% CI, 0.88 to 1.04), just as they were in the as-treated analyses.
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Figure 7: Forest Plot for the Intention-To-Treat Results in Outcome 1 for New Users Versus
Nonusers for the Postsurgical Indication Cohort

Site IRR [95% CI] Weight
Alberta 1.03[0.91; 1.17] 10.7%
British Columbia 0.0%
Manitoba 1.04 [0.99; 1.09] 22.1%
Ontario 1.12[1.07; 1.17] Em == 22.9%
Saskatchewan 1.03[0.97; 1.09] 20.4%
UK CPRD 1.16 [1.11; 1.20] — 24.0%
US MarketScan 0.0%
Random effects model 1.08 [1.03; 1.14] - 100.0%
Heterogeneity: 12=77%, ©* = 0.0025, p <0.01
0.9 1 1.1

ClI = confidence interval; CPRD = Clinical Practice Research Datalink; ED = emergency department; IRR = incidence rate ratio.
Notes: Confidence limits in the plot are based on standard errors derived from the bootstrapped Cls supplied by each site.
Outcome 1 is ED or inpatient visits for diverticulitis only.

Data were not available for British Columbia and US Merative MarketScan.

Figure 8: Forest Plot for the Intention-To-Treat Results in Outcome 2 for New Users Versus
Nonusers for the Postsurgical Indication Cohort

Site IRR [95% CI] Weight
Alberta 0.96 [0.69; 1.34] —*-Ii 2.0%
British Columbia 0.99[0.88; 1.10] —&— 18.5%
Manitoba 1.01[0.90; 1.13] —— 16.4%
Ontario 1.04[0.94; 1.13] —a— 26.0%
Saskatchewan 0.0%
UK CPRD 0.81[0.57;1.14] ————1— 1.8%
US MarketScan 0.991[0.91; 1.07] - 35.3%

Random effects model 1.00 [0.95; 1.05] <> 100.0%

Heterogeneity: 2= 0%, ?= 0,p=0.81
0.75 1 1.5

ClI = confidence interval; CPRD = Clinical Practice Research Datalink; IRR = incidence rate ratio.

Notes: Confidence limits in the plot are based on standard errors derived from the bootstrapped Cls supplied by each site.
Outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.

Data were not available for Saskatchewan.

As-Treated Analyses: New Users Versus Odds-Weighted Prevalent Users

Baseline characteristics for new users and prevalent users before and after odds weighting are presented in
Appendix 3, Table 31. After weighting and pooling, new sustained use of opioids (versus continued prevalent
use) appeared to be associated with a lower rate of outcome 1 in the as-treated analyses (IRR for outcome
1=0.90; 95% CI, 0.76 to 1.05). There was some heterogeneity (1> = 45%) between the sites: estimates from
Alberta (IRR = 1.17) and Ontario (IRR = 1.10) were on the opposite side of the null compared to the other
sites (Manitoba IRR = 0.70; Saskatchewan IRR = 0.80; and UK CPRD IRR = 0.86).
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For outcome 2, the pooled IRR was 1.12 (95% CI, 0.70 to 1.80) with more heterogeneity (1> = 63%),
suggesting new users and prevalent users had similar rates overall. There was disagreement in the
direction of this association across sites; however, with Ontario (IRR = 1.73) and the UK CPRD (IRR = 2.42)
suggesting an increase in diverticulitis incidence rates among new users relative to prevalent users while
Alberta (IRR = 0.57), British Columbia (IRR = 0.70), and the US Merative MarketScan (IRR = 0.79) were
more suggestive of a lower rate in new users and Manitoba (IRR = 0.97) suggested no association.

Intention-To-Treat Analyses: New Users Versus Odds-Weighted Prevalent Users

After odds weighting and pooling, new use of opioids (versus prevalent use) was also associated with lower
rates of both outcomes in the intention-to-treat analysis (pooled IRR for outcome 1 = 0.90; 95% ClI, 0.81

to 1.00 and pooled IRR for outcome 2 = 0.74; 95% CI, 0.69 to 0.80). There was much more heterogeneity
in the analysis of outcome 1 (12 = 88%) than in outcome 2 (1> = 0%). This adds further support to the idea

of differences in opioid use between the different sites as well as the notion that biases associated with
prevalent users away from the null would arise if prevalent users and new users are included in a single
exposure category and treated as having identical diverticulitis risk.

Inverse Probability Weighted Analyses

The IPTW analyses that were pooled included Manitoba, Ontario, Saskatchewan, and the UK CPRD for
outcome 1 and Manitoba, Ontario, and the UK CPRD for outcome 2. Baseline characteristics of new users,
nonusers, and prevalent users before and after IPTW weighting are presented in Appendix 3, Table 32.

The pooled as-treated IPTW IRRs estimating the association between new use versus nonuse of opioids

in the full population with IPTW were almost identical to those from the odds-weighted IRR estimating the
treatment effect in new users (outcome 1 IRR = 1.35; 95% ClI, 1.07 to 1.70 and outcome 2 IRR = 2.46, 95%
Cl, 1.37 t0 4.41). The IRDs were also generally similar or slightly larger (outcome 1 IRD = 10.92 per 10,000
person-years; 95% CI, 6.56 to 15.29 and outcome 2 IRD = 3.37; 95% CI, —0.42 to 7.16), though the limited
number of sites and events within those sites meant the outcome 2 results were not statistically significant.
This suggests limited difference in the association of continuous opioid use with diverticulitis between new
users and the rest of the study population.

While the pooled IPTW intention-to-treat estimates for outcome 1 were quite similar to the odds-weighted
estimates (IRR = 1.13; 95% CI, 1.10 to 1.16 and IRD = 4.81 per 10,000 person-years; 95% Cl, 2.47 to 7.16),
the pooled IPTW intention-to-treat estimates for outcome 2 were actually on the other side of the null from
the odds-weighted estimates (IRR = 1.08; 95% ClI, 1.00 to 1.16 and IRD = 0.17 per 10,000 person-years;
95% Cl, -0.35 to 0.70).

Subgroup Analyses

The expected increase in variation when conducting multiple comparisons and stratifying results into specific
groups can lead to difficulty in interpretation of subgroup results. Given the potential dangers of severe
diverticulitis events, its overall greater specificity, and the stronger association between these events and
sustained opioid use in the main results of the comparative effectiveness study, the reporting here will focus
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on the as-treated new users versus odds-weighted nonusers analyses of outcome 2. Results for the main
and subgroup analyses are summarized in Table 9.

The pooled IRR was statistically significant in males (pooled IRR = 2.09; 95% CI, 1.58 to 2.78) and females
(pooled IRR = 2.66; 95% ClI, 1.62 to 4.36), though there was less variability between sites in males (I? =
0%) than in females (1> = 65%). IRDs were statistically significant for both males and females (pooled IRD in
males = 3.47 per 10,000 person-years; 95% CI, 0.89 to 6.04 and pooled IRD in females = 3.48 per 10,000
person-years; 95% ClI, 0.96 to 6.00), though both IRDs showed significant variability due to the differing
baseline outcome rates at each site.

Three of the surgery subclasses (Caesarean section, hernia, and common excision) were not able to be
analyzed as independent subgroups due to limited sample size within each of the individual sites. The hip
and knee surgery subclass had a similar pooled IRR to the full postsurgical population (IRR in hip and knee
= 2.44; 95% CI, 1.29 to 4.58) and a similar IRD as well (IRD in hip and knee = 3.31 per 10,000 person-years;
95% Cl, —0.57 to 7.19). The other surgery category also had a similar IRR to the full population (IRR in other
surgery = 2.36; 95% CI, 1.64 to 3.38) and a slightly higher IRD (IRD in other surgery = 3.79 per 10,000
person-years; 95% CI, 1.16 to 6.42) that was statistically significant.

While there were too few individuals aged 18 to 39 years to draw meaningful conclusions for any individual
site, the IRR in those aged 40 to 64 years (IRR = 2.24; 95% CI, 1.75 to 2.88) was slightly greater than the
IRR in individuals aged 65 years and older (IRR = 1.99; 95% CI, 1.00 to 3.95). The IRD, on the other hand,
was greater in those aged 65 years and older (IRD = 4.20 per 10,000 person-years; 95% CI, —-0.84 to 9.24)
than those aged 40 to 64 years (IRD = 3.61 per 10,000 person-years; 95% ClI, 1.90 to 5.33). The limited
precision of the estimates in the 65 years and older age group is largely due to the lack of employer-insured
individuals aged 65 years and older contributing to the US Merative MarketScan. Notably, the IRR (4.45)
and IRD (18.41) in those aged 65 years and older in Ontario were much larger than in British Columbia (IRR
=1.10, IRD = 0.23), Manitoba (IRR = 1.13, IRD = 0.85), the UK CPRD (IRR =2.92, IRD = 2.07), or the US
Merative MarketScan (IRR = 1.40, IRD = 4.41), resulting in considerable variability in the IRR (1> = 70%) and
the IRD (12 = 72%).

Table 9: Summary of Results for As-Treated New Users Versus Odds-Weighted Nonusers
Subgroup Analyses for Outcome 2 for the Postsurgical Indication

Analysis IRR (95% ClI) IRD per 10,000 person-years (95% CI)
Main as-treated odds-weighted analysis 2.34 (1.66 to 3.30) 3.29 (1.16 to 5.42)
Canada only 2.57 (1.72 to 3.82) 3.62 (-0.23 to 7.48)
Sex
Males 2.09 (1.58 to 2.78) 3.47 (0.89 t0 6.04)
Females 2.66 (1.62 to 4.36) 3.48 (0.96 to 6.00)
Age
40 to 64 years 2.24 (1.75t0 2.88) 3.61(1.90 to 5.33)
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Analysis IRR (95% CI) IRD per 10,000 person-years (95% ClI)
> 65 years 1.99 (1.00 to 3.95) 4.20 (-0.84 to 9.24)
Subclass of indication
Knee, hip, or shoulder surgery 2.44 (1.29 to 4.58) 3.31 (-0.57 t0 7.19)
Other surgery 2.36 (1.64 to 3.38) 3.79 (1.16 t0 6.42)

CI = confidence interval; IRD = incidence rate difference; IRR = incidence rate ratio.

Notes: Outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.

Data were available for British Columbia, Manitoba, Ontario, UK CPRD, and the US Merative MarketScan.

Results were not available for patients aged 18 to 39 years, and for Caesarean section, hernia, and common excision subclasses of indications subgroups due to limited

sample size.

Sensitivity Analyses

Sensitivity analyses were also focused on odds-weighted analyses comparing new users and nonusers. The
as-treated results for outcome 2 (pooled IRR = 2.39; 95% CI, 1.53 to 3.74) were consistent with the original
IRR of 2.34 when we excluded those with prescriptions for opioid maintenance therapy from the new user
group, suggesting limited bias from these patients being prevalent users before experiencing their surgical
indication.

The intention-to-treat results for outcome 2 when excluding nonusers with any opioid fill during the lookback
period (pooled IRR excluding those nonusers = 1.05; 95% ClI, 1.00 to 1.11) were slightly greater than the
original IRR of 1.00, though the shift in estimate was heterogeneous with the point estimate becoming
slightly greater in British Columbia, Manitoba, and the US Merative MarketScan and slightly lower in Ontario.
However, all new site-specific estimates fell within the confidence limits of the prior ones. This suggests that
the potential bias from including these patients as nonusers is limited and could not completely account for
the magnitude of the observed as-treated estimates.

Finally, 4 of the data partners (Manitoba, Ontario, Saskatchewan, and the UK CPRD) examined whether
recalculating weights within each bootstrap iteration would have a substantial impact on the upper and
lower confidence limits for the as-treated outcome 1 and outcome 2 analyses. There were only minor
changes in the width of their Cls in these sensitivity analyses. For example, lower confidence limit of 2.36
and upper confidence limit of 4.19 in the original analysis were of 2.38 and 4.03, respectively, in the analysis
recalculating within each bootstrap iteration in Ontario (with the difference compared to the figures resulting
from the averaging of the Cl width to generate the standard errors before meta-analysis).

Comparative Safety Study Results for the Trauma Indication Cohort

Main Findings

As-Treated Analyses: New Users Versus Odds-Weighted Nonusers

The cohort construction for the trauma indication is depicted in Appendix 4, Figure 11. Data were available
for Alberta, British Columbia, Manitoba, Ontario, and Saskatchewan. A total of 8,673,973 individuals were

included in this cohort. Baseline characteristics are presented in Appendix 4, Tables 33 and 34. After applying
odds weights (or IPTW), covariates were well balanced between exposure groups. The crude incidence rates
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of outcome 1 and outcome 2 for the as-treated and intention-to-treat analyses are presented in Appendix 4,
Table 37. The lack of events in Alberta prevented them from contributing to subsequent analyses.

The relative scale as-treated association between new use versus nonuse of opioids and outcome 1
including Alberta, Manitoba, Ontario, and Saskatchewan was roughly the same as in the postsurgical cohort
(pooled IRR = 1.61; 95% CI, 0.99 to 2.64). There was considerable heterogeneity (1> = 72%); however, as

a result of Saskatchewan showing a null or protective association (IRR = 0.86; 95% CI, 0.65 to 1.14) while
the other provinces showed harmful associations (Alberta IRR = 1.90; 95% CI, 1.34 to 2.67; Manitoba

IRR = 1.95; 95% CI, 1.24 to 3.06; Ontario IRR = 2.27; 95% CI, 1.50 to 3.46). However, the absolute scale
association was slightly higher than in the postsurgical cohort (pooled IRD = 9.73; 95% CI, -1.79 to 21.25).

When examining outcome 2 and using data from British Columbia, Manitoba, and Ontario, the association
was stronger on the relative scale in comparison to the postsurgical results (pooled IRR = 3.96; 95% ClI, 2.44
to 6.43), with no evidence of heterogeneity (1> = 0%). The association was also higher than the postsurgical
estimate on the absolute scale (pooled IRD = 5.78; 95% CI, —0.64 to 12.19), albeit not statistically significant,
and with evidence of heterogeneity (1> = 69%) due to differing baseline rates in outcome 2 across the
different sites. While the stronger relative scale association may be the result of differences in patient
characteristics, it may also be the result of greater selection bias resulting from heterogeneity between
patients who maintain opioid use after a trauma indication versus a postsurgical indication.

Intention-to-Treat Analyses: New Users Versus Odds-Weighted Nonusers

The intention-to-treat estimates were closer to the estimates in the postsurgical cohort than the as-treated
ones (outcome 1 pooled IRR = 1.10; 95% CI, 1.03 to 1.19; outcome 2 pooled IRR = 1.21; 95% CI, 1.12
to 1.31), with IRDs even closer to the null (outcome 1 pooled IRD = 2.42 per 10,000 person-years; 95%
Cl, 0.64 to 4.21; outcome 2 pooled IRD = 0.53; 95% ClI, 0.22 to 0.84), yet all 4 estimates were statistically
significant.

Subgroup Analyses

Manitoba and Ontario were able to examine the as-treated association between new use of opioids (versus
nonuse) and outcome 2 in several subgroups within the trauma indication cohort. The relative scale
associations in males (pooled IRR in males = 4.48; 95% ClI, 1.76 to 11.43) and females (pooled IRR in
females = 3.58; 95% CI, 1.28 to 10.00) were both elevated compared to the association in the postsurgical
cohort, which is similar to the overall findings.

The indication subclasses were sufficiently large to examine in Ontario and Manitoba were sprains, strains,
and fractures as well as burns and wounds. The pooled relative association in the sprains, strains, and
fractures subgroup (pooled IRR in sprains, strains, and fractures = 2.79; 95% ClI, 1.19 to 6.55) was very
similar to the estimate from the postsurgical cohorts, though the absolute association was higher (pooled IRD
in sprains, strains, and fractures = 6.40 per 10,000 person-years; 95% CI, -1.75 to 14.54), with no evidence
of heterogeneity (1> = 0%). The burns and wounds subgroup had a greater relative association (pooled IRR

in burns and wounds = 4.70; 95% CI, 1.08 to 20.41) driven by a large but imprecise association observed in
Manitoba (IRR = 10.54; 95% CI, 3.60 to 30.86) that translated to some evidence of heterogeneity (I = 81%).
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This also resulted in a very imprecise estimate of the absolute association among these patients (pooled IRD
in burns and wounds = 13.52; 95% CI, -14.32 to 42.16).

There were still too few patients within the trauma indication cohort to conduct analyses within the subgroup
of patients aged 18 to 39 years. In patients aged 40 to 64 years, the pooled relative scale association was
larger than that in the postsurgical cohort (pooled IRR in patients aged 40 to 64 years = 4.25; 95% Cl, 2.14
to 8.44) with no evidence of heterogeneity between Ontario and Manitoba (1> = 0%). The absolute scale
association when pooling was also stronger than the postsurgical cohort (pooled IRD in those aged 40 to
64 years = 9.16; 95% CI, —2.81 to 21.13). Estimates in patients aged 65 years and older included slightly
lower IRRs (pooled IRR in those aged 65 years and older = 3.11; 95% ClI, 1.53 to 6.31) with no evidence of
heterogeneity (1> = 0%) and slightly higher IRDs (pooled IRD in those aged 65 years and older = 12.57; 95%
Cl, 0.36 to 24.78) also with no evidence of heterogeneity (1> = 0%).

Comparative Safety Study Results for the Other Pain Indication Cohort

Main Findings

As-Treated Analyses: New Users Versus Odds-Weighted Nonusers

A total of 5,763,741 individuals were included in the other pain indication cohort (Appendix 4, Figure 12).
Data are available for Alberta, Manitoba, Ontario, and Saskatchewan. Baseline characteristics are presented
in Appendix 4, Tables 35 and 36, and were well balanced after weighting (odds or IPTW). Appendix 4,

Table 37 presents the crude incidence rates of outcome 1 and outcome 2 for the as-treated and intention-to-
treat analyses.

Analyses for the other pain indication using data from Alberta, Manitoba, Ontario, and Saskatchewan were
closer to the findings within the trauma cohort than the postsurgical cohort. The as-treated estimates on the
ratio scale for outcome 1 (pooled IRR = 1.61; 95% CI, 1.10 to 2.35) were roughly the same as in the trauma
and postsurgical cohorts, with substantial heterogeneity observed between the provinces (I? = 76%), though
was statistically significant. However, the pooled IRD was slightly higher than either of the other indication
cohorts (pooled IRD = 12.49; 95% CI, 2.81 to 22.17 per 10,000 person-years).

The estimated relative scale association between new use versus nonuse of opioids and outcome 2 using
data from Ontario and Manitoba was closer to the association in the trauma cohort than the association

in the postsurgical cohort (pooled IRR = 4.38; 95% ClI, 2.44 to 7.85). The absolute scale association
(pooled IRD = 11.08 events per 10,000 person-years; 95% CI, 0.38 to 21.79) was higher than either of the
other cohorts; however, albeit with substantial heterogeneity (12 = 67%). Just as in the trauma indication
cohort, these differences could be the result of greater selection bias in the other pain cohort than in the
postsurgical cohort.

Intention-to-Treat Analyses: New Users Versus Odds-Weighted Nonusers
The intention-to-treat estimates were again close to the estimates in the postsurgical cohort (outcome 1 IRR
=1.07; 95% CI, 0.95 to 1.20; outcome 2 RR = 1.09; 95% CI, 1.00 to 1.18), though with IRDs even closer to
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the null (outcome 1 IRD = 1.92 per 10,000 person-years; 95% CI, —1.54 to 5.39 and outcome 2 IRD = 0.37;
95% Cl, —-0.01 to 0.74) and not statistically significant.

Subgroup Analyses

Manitoba and Ontario were both able to examine the as-treated association between new use of opioids
(versus nonuse) and outcome 2 in several subgroups within the other indication cohort. The relative scale
association in males was very similar to the postsurgical cohort (pooled IRR in males = 2.94; 95% Cl, 1.77 to
4.91) while the relative scale association in females was closer to the trauma indication cohort (pooled IRR in
females = 4.73; 95% CI, 2.06 to 10.86).

The only indication subclass where Manitoba and Ontario were able to conduct subgroup analyses was
migraine and headache. The relative scale association in these patients was similar to the association in

the full other indication cohort (pooled IRR in the migraine indication = 4.20; 95% ClI, 1.24 to 14.18), with a
similar absolute scale association to the overall cohort (pooled IRD in the migraine indication = 11.91; 95%
Cl, -4.64 to 28.46) with considerable variability due to the heterogeneity between the estimates (Ontario IRD
= 21.19 versus Manitoba IRD = 4.23; 12 = 72%).

The relative scale association in patients aged 65 years and older was elevated compared to the full other
indication cohort (pooled IRR in those aged 65 years and older = 3.99; 95% ClI, 2.46 to 6.49), with an
absolute scale association much stronger than the rest of the other indication cohort (pooled IRD in those
aged 65 years and older = 25.58; 95% ClI, 10.01 to 41.15). The pooled relative association in patients aged
40 to 64 years was closer to the null (pooled IRR in patients aged 40 to 64 years = 2.72; 95% ClI, 1.21 to
6.12) and the pooled absolute scale association was actually slightly lower than the full other indication
cohort (pooled IRD in patients aged 40 to 64 years = 8.35; 95% CI, -0.13 to 16.82).

A summary table of the main results for the 3 indication cohorts is available in Appendix 5, Table 38.

Strengths and Limitations

This study has a number of unique strengths. First, to our knowledge, this is the largest cohort study
evaluating the association between new use of opioids and diverticulitis risk to date. Second, by focusing

on cohorts of patients with an indication for opioid use, the potential for protopathic bias caused by patients
initiating opioids to treat abdominal pain was minimized without conditioning on a potential mediator between
opioid use and diverticulitis. Third, unlike past studies that employed case—control methods, we were able
to estimate IRRs, IRDs, RRs, and RDs (key parameters of public health interest) and clearly separate

new users of opioids from prevalent users (which may differ fundamentally from one another in terms of
diverticulitis risk). Fourth, conducting both as-treated and intention-to-treat analyses identified whether
initiation or sustained opioid use was associated with diverticulitis risk. Fifth, we were also able to assess
whether our findings were consistent across different indications for opioid use with different susceptibility to
various forms of biases. Finally, the large size of the study cohorts allowed the investigation of differences in
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treatment effect estimates across different types of indications as well as some specific subgroups of interest
to help understand potential factors that might modify the effect of opioid use on diverticulitis.

The central limitation of the pooled intention-to-treat analyses is the potential for residual confounding

when comparing opioid users and nonusers. While we were able to balance a broad swathe of covariates
associated with general health status as well as risk factors for diverticulitis, we did not account for
confounding by concomitant medications like steroids, nonsteroidal anti-inflammatory drugs, and antibiotics
(which may vary even with surgical subclasses), nor were we able to account for any confounding resulting
from differential alcohol use or differential in-hospital opioid use (which also may vary even within surgical
subclasses). Moreover, by conducting a new user versus nonuser comparison, rather than a user versus
nonuser comparison, the potential for residual confounding by exposure history or biases associated with
prevalent users was eliminated. The fact that the intention-to-treat results were close to the null (as expected
with such high rates of discontinuation) is consistent with limited baseline confounding between new users
and nonusers of opioids. That said, intention-to-treat estimates may not be generalizable to other populations
that have different patterns of adherence and persistence (e.g., those initiating opioids for chronic pain),
limiting their broader applicability. If almost everyone discontinues the treatment, or most of the population
who does not initiate by day 7 eventually begins using it, the comparison can also become less useful.

To help combat this limitation, the as-treated analyses required patients to maintain opioid use (or nonuse)
after the initial landmark period. While this approach ensures we are only treating patients using opioids as
exposed during windows where they are likely to be physically exposed to the drug and when a link between
opioid use and diverticulitis is most biologically plausible, the fact that some individuals are censored from
the analysis and that those individuals may have a differing risk of the outcome can potentially generate
selection bias. In the case of this specific study, this type of bias may lead to overestimation of the risk of
diverticulitis if the new users who continue using opioids are older and less healthy or more susceptible

to diverticulitis than those who do not. While IPCW was used to control this potential source of bias, only
baseline covariates were used in the censoring models; any changes in the patients’ status over time that
may predict their continued use or nonuse of opioids were not captured. For example, the inability to capture
postsurgical complications in the censoring weights which may be strongly associated with lack of mobility
(and thus, constipation and potential diverticulitis) could bias results.

It is also important to note the substantial heterogeneity observed between the sites in a number of our
primary analyses for both the absolute and relative treatment effects, as measured by I values. While some
of this heterogeneity may be due to real differences in patient populations between the different sites, some
may be due to different amounts of bias resulting from differing opioid prescribing patterns and outcome
measurement across the different sites.

Finally, the reliance on routinely collected data to generate the study samples means that there may be a
susceptibility to measurement error in the exposure (e.g., patients receiving discharge prescriptions free of
charge from the hospital may be misclassified as nonusers, people filling prescriptions who ultimately never
took them, or issues with not being able to detect prescriptions prescribed by specialists or provided for
free, both of which could only be captured in a formal validation study), covariates (e.g., not identifying older
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diverticulitis or diverticulosis diagnoses or claims data lacking sensitivity for these conditions due to lack of
validated definitions for these, irritable bowel syndrome, and Crohn disease as covariates), and the outcome
(e.g., imperfect sensitivity and specificity, especially as these were not validated outcome definitions).
Postsurgical follow-up in patients receiving bowel surgery, for example, may have resulted in elevated
chances of detecting our outcomes. However, no short-term spike in incidence was observed in either phase
of the study. Using a single landmark period at each site meant that we were not able to explore whether the
timing of opioid initiation following surgery (which may be indicative of complications or poor recovery) was
associated with poorer outcomes among new users. Finally, while missing data are often a concern, it was
infrequent in the routinely collected administrative data used in this analysis.

Conclusions and Implications for Decision or Policy-Making

Main Take-Aways

e Our results suggest that the rate of diverticulitis associated with the use of opioids may be low.

e Greater potential associations were observed in the trauma and other pain indication cohorts than in
the postsurgical cohort.

e Although the observed risk may be low and initiation of opioids alone has minimal long-term
association with diverticulitis, health care providers may need to be particularly cautious about
sustained opioid use for patients who are at higher risk for diverticulitis, such as older adults.

In analyses using data from more than 20 million patients treated for pain following surgery in Alberta, British
Columbia, Manitoba, Ontario, Saskatchewan, the UK CPRD, and the US Merative MarketScan, higher
incidence rates, and risks of diverticulitis and severe diverticulitis were observed in patients initiating opioid
use within 7 days of surgery and continuing (versus not receiving any opioids at all). After pooling estimates
from across these data sources there were small but not statistically significant increases of 7.97 events per
10,000 person-years for general diverticulitis (outcome 1) and a small and statistically significant increase of
3.29 events per 10,000 person-years for hospitalized diverticulitis (outcome 2) among new users of opioids
following surgery who sustained their opioid use compared to those with no exposure to opioids. While the
pooled IRR of 1.38 for outcome 1 was not statistically significant, the pooled IRR of 2.34 for outcome 2 was.
However, additional analyses in other indication cohorts suggested potentially stronger associations between
sustained new use versus nonuse of opioids and outcome 2 in the trauma cohort (IRR = 3.96, IRD = 5.78
events per 10,000 person-years) and other pain cohorts (IRR =4.38, IRD = 11.08 per 10,000 person-years),
particularly in older patients. Moreover, the pooled 730-day RRs (1.37 for outcome 1 and 2.22 for outcome
2) in the postsurgical cohort were farther from the null than the pooled 30-day RRs (1.20 for outcome 1 and
1.38 for outcome 2), suggesting the association between opioid use and diverticulitis may increase over time.

Importantly, this association could be biased away from the null due to selection bias from associations
between reasons for continuing opioid use and risk of diverticulitis, with this selection bias being differential
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across cohorts. However, even if estimates are unbiased, the rarity of severe diverticulitis events in the
populations we studied (7.6 per 10,000 person-years in the postsurgical population, 5.5 per 10,000 years
in the trauma population, and 10.0 per 10,000 years in the other pain population) means that the absolute
number of events resulting from opioid use within these patient populations is likely to be low, especially
compared to other adverse events that may result from sustained opioid use. The estimated number of
patients that would need to initiate opioids to cause 1 additional outcome 2 event within 30 days after the
landmark (i.e., the number needed to harm) based on our results in the postsurgical group would be very
high at around 100,000, while the 730-day number needed to harm would be more than 1 in 4,000 patients
who initiate and use opioids continuously for that 2-year duration. That said, the IRRs of 4.0 and 4.4 in the
trauma and other pain cohorts and the elevated IRDs in patients aged 65 years and older in those cohorts
suggest diverticulitis may be another reason (in addition to existing well-established adverse events) for
caution surrounding initiation and sustained use of opioids in older patients and education surrounding early
warning signs of diverticulitis.
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Table 10: List of Diagnosis and Procedure Codes to Define the Indication Cohorts

Indication cohort
Postsurgical pain

Subclass

Diagnosis codes

Procedure codes?®

Common excision NA CCl codes: 1YS87, 1YF87, 1YA87, 1YB87,
1YC87, 1YD87, 1YE87, 1YG87, 1YK87,
1YM87, 1YR87, 1YS87, 1YT87, 1YU87,
1YV87, 1YW87, 1YY87, 1YZ87

Hip and knee NA CCl codes: 1VA53, 1VG53, 1VG80

replacement

Hernia repair NA CCl code: 1SY80

Caesarean section NA CCI code: 5MD60

Other surgery® NA CCI codes: 1FR87, 1NV89, 1MD87,

1PL74, 2GM70, 1BN72, 1CL89, 1CL59,
2RN71, 10D89, 1QD89, 1RN87, 11J50,
11J76, 1VL80, 1RM87, 1TB52, 1EY87,
1NF53, 1INT87, 1RM89, 1PE50, 1PG50,
1CH87, 1vG87, 10T72, 1WJ80, 1DF53,
1HZ53, 1INM87D, 1NM87L, 1NM87P,
1NM87R, 1INM87T, 1INQ59DA, 1NQ59LA,
1NQ87C, 1NQ87D, 1NQ87L, 1INQ87P,
1NQ87R, 1NQ87T, 1YM87, 1RB87, 1VP80,
2RF58, 1QT91, 1YM78, 1RD89, 1RS80,
1ET80, 1TC80, 1TB80, 1KR58, 1SC75,
1FR89, 1CJ52, 1QT87, 1PG57, 1PM87,
1RF51, 1KR87, 1QN51, 1CM89

Pain after trauma

Dislocations, sprains
and strains

ICD-9-CM codes: 831, 839, 840,
842, 844, 845, 847

ICD-10-CA codes: S03, S13, S16,
S23, S33, S43, S46, S53, S56,
S63,

S66, S73, S76, S83, S86, S93,
S96, TO3

NA

Fractures and major
trauma

ICD-9-CM codes: 802, 803, 805,
806, 807, 808, 810, 812, 813,
814, 815, 816, 821, 823, 824, 829

ICD-10-CA codes: S02, S12, S22,
S28, S32, S38, S42, S47, S52,
857, S62, S67, S68, S72, S77,
S82, S87, S92, S97, S98, T02,
T04, T08, T10, T12

CCl codes: 1WAT74, 1VC74, 1TV74,
1vQ74, 1VA74

Burns, wounds,
superficial

ICD-9-CM codes: 696, 707, 709,
879, 884, 894, 919, 949
ICD-10-CA codes: L10, L12, L13,
L40, L57,L72, L73, L88, L89,

NA
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Indication cohort Subclass Diagnosis codes Procedure codes?

L94, L95, L97, L98, S01, S11,

S21, S31, S41, S51, S61, S71,
S81, 891, T01, T20, T21, T22,
T23,T24, T25, T26, T28, T29,

T30, T31, T33, T35, Z43

Other trauma ICD-9-CM codes: 767, 854, 869, NA
930, 959

ICD-10-CA codes: O71, S04, S05,
S06, S09, S14, S19, S24, S26,
S27, S29, S34, S35, S36, S37,
S39, S44, S49, S54, S55, S59,
S64, S65, S69, S74, S75, S79,
S89, S99, T06, TO7, T09, T11,
T13,T14, T15, T16, T17, T18,

T19, T74, T79

Other indications for | Nephrolithiasis and ICD-9-CM code: 592 CCl codes: 1PE59, 1PG59, 1PM59
opioids cholecystitis ICD-10-CA code: N20

Nonsurgical deliveries | NA CClI codes: 5MD50, 5MD23, 5MD54,

5MD55, 5MD56, 5PC80

Headache and ICD-9-CM codes: 346, 780 NA

migraine ICD-10-CA codes: G43, G44, R51

Back pain ICD-10-CA code: M54 NA

CCI = Canadian Classification of Health Interventions; ICD-9-CM = International Classification of Diseases, Ninth Revision; ICD-10-CA = International Classification of
Diseases, 10th revision with Canadian enhancement; NA = not applicable.

2Other site-specific procedure codes used as applicable.
"Source for other surgery codes: Feinberg et al. Regional variation in the use of surgery in Ontario. CMAJ Open. 2015. DOI:10.9778/cmajo.20150014.

Table 11: List of Databases Used in Each Participating Site

Database
Prescription drug Emergency Health
claims (dispensing Physician service department insurance
CNODES site captured) claims Hospital records records registry
Alberta Pharmaceutical Practitioner Claims CIHI Discharge NACRS Provincial
Information Network (all) Abstract Database Registry
British British Columbia British Columbia CIHI Discharge NACRS British Columbia
Columbia PharmaNet (all)? Medical Services Plan | Abstract Database Ministry of
Health Client
Roster
Manitoba Drug Program Medical Claims/ CIHI Not available Manitoba Health
Information Network (all) | Medical Services Discharge Abstract/ Insurance
Manitoba Hospital Registry
Abstracts
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Database
Prescription drug Emergency Health
claims (dispensing Physician service department insurance
CNODES site captured) claims Hospital records records registry
Ontario Narcotics Monitoring OHIP Claims History CIHI Discharge NACRS OHIP
System (all monitored Database Abstract Registered
drugs) Database Persons
Database
Saskatchewan | Prescription Drug Plan Medical Services CIHI Discharge NACRS Person Health
Historical Claims (all) Branch Abstract Registration
Database System
UK CPRD Drug issue Consultation/ HES Admitted Not available Aurum
(prescriptions) observation/referral/ Patient Care
problem
US Merative Outpatient prescription Outpatient services Inpatient admissions | Outpatient Enrolment
MarketScan® drug claims (all) and inpatient services
services (where place
of service is
emergency
department)

CIHI = Canadian Institute for Health Information; CPRD = Clinical Practice Research Datalink; HES = Hospital Episode Statistics; NACRS = National Ambulatory Care

Reporting System; OHIP = Ontario Health Insurance Plan.

2Excludes patients who are federally insured and beneficiaries of the First Nations Health Benefits plan.

°The US Merative MarketScan Research Databases includes the Commercial Claims and Encounters database and Supplemental and Coordination of Benefits (COB)

database.

Table 12: Start and End Dates of Data Availability in Each Participating Site

CNODES site Start date of data availability End date of data availability
Alberta January 1, 2008 March 31, 2020
British Columbia April 1, 2004 March 31, 2020
Manitoba April 1, 2004 March 31, 2020
Ontario July 1, 2012 March 31, 2020
Saskatchewan April 1, 2004 March 31, 2020
UK CPRD April 1, 2004 March 31, 2020
US Merative MarketScan January 1, 2006 March 31, 2020

CPRD = Clinical Practice Research Datalink.
Note: For Saskatchewan the nonadjudicated drug claims were available from April 1, 2008, onward and NACRS from April 1, 2012, onward.

Table 13: List of ATC Codes to Define Opioids Exposure

ATC codes

Medication

Opioids AQ07DAO02 opium
A07DA52 morphine, combinations

MO03BA53 methocarbamol, combinations excl. psycholeptics
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Medication ATC codes

NO1AHO1 fentanyl

NO1AHO02 alfentanil

NO1AHO03 sufentanil

NO1AHO5 anileridine

NO1AHO6 remifentanil

NO1AHS51 fentanyl, combinations

NO2AAO01 morphine

NO2AA02 opium

NO2AAOQ03 hydromorphone

NO2AAO05 oxycodone

NO2AA11 oxymorphone

NO2AAS51 morphine, combinations

NO2AA53 hydromorphone and naloxone

NO2AA55 oxycodone and naloxone

NO2AA56 oxycodone and naltrexone

NO2AA58 dihydrocodeine, combinations

NO2AA59 codeine, combinations excl. psycholeptics
NO2AAT79 codeine, combinations with psycholeptics
NO2ABO02 pethidine

NO2ABO03 fentanyl

NO2ACO04 dextropropoxyphene

NO2AC54 dextropropoxyphene, combinations excl. psycholeptics
NO2ADO1 pentazocine

NO2AEO1 buprenorphine

NO2AF01 butorphanol

NO2AF02 nalbuphine

NO02AGO01 morphine and antispasmodics
NO2AGO04 hydromorphone and antispasmodics
NO2AJ01 dihydrocodeine and paracetamol
NO02AJ02 dihydrocodeine and AAS

NO2AJ03 dihydrocodeine and other nonopioids analgesics
NO2AJ06 codeine and paracetamol

NO2AJO07 codeine and AAS

NO2AJ08 codeine and ibuprofen

NO2AJ09 codeine and other nonopioids analgesics
NO2AJ13 tramadol and paracetamol

NO2AJ14 tramadol and AAS

NO2AJ15 tramadol and ibuprofen

NO02AJ16 tramadol and celecoxib

NO2AJ17 oxycodone and paracetamol

NO02AJ18 oxycodone and AAS

NO2AJ19 oxycodone and ibuprofen

NO02AX02 tramadol
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Medication ATC codes

NO2AX06 tapentadol

NO02BA51 AAS, combinations excl. psycholeptics
NO2BA71 AAS, combinations with psycholeptics
NO2BEO1 paracetamol

NO2BE51 paracetamol, combinations excl. psycholeptics
NO7BC02 methadone

NO7BC06 diamorphine

NO7BC51 buprenorphine, combinations

RO5DA03 hydrocodone

RO5DA04 codeine

RO5DA20 combinations (opium alkaloids and derivates)
RO5FA02 opium derivatives and expectorants
RO5FB02 cough suppressants and expectorants

ATC = anatomic therapeutic chemical.

Table 14: List of Diagnosis and Procedure Codes to Define Diverticulitis Outcome

Outcome Diagnosis codes Procedure codes?
Diverticulitis ICD-9-CM codes: 562.01, 562.03, 562.11, 562.13 CCI codes for CT scan: 3NM20VA, ANM20WA,
ICD-10-CA codes: K57 .x 3NM20WC, 3NM20WE
CCI codes for MRI: 30T40VA, 30T40WA, 30T40WC,
30T40WE

CCI codes for large bowel excision: 1INM87DA,
1NM87DE, 1NM87DF, 1INM87DN, 1NM87DX,
1NM87DY, 1INM87GB, 1NM87LA, 1NM87PN,
1NM87RD, TNM87RE, 1INM87RN, 1NM87TF,
INM87TG, 1NM87WJ, 1INM89DF, TNM89DX,
1NM89GB, TNM89RN, 1TNM89TF, 1INM89WJ,
1NM91DE, 1NM91DF, 1INM91DN 1NM91DX,
1NM91DY, 1INM91RD, 1NM91RE, 1NM91RN,
INM9O1TF, INMI1TG

CCI codes for drainage: 1TNM52CA, 1NM52CATS,
1NM52DA, INM52HATS, 1NM52LA, 1INM52LATS,
1NM52UW

CCI codes for bypass: 1INM76DF, 1INM76DN,
1NM76RE, 1INM76RN

CCI = Canadian Classification of Health Interventions; ICD-9-CM = International Classification of Diseases, Ninth Revision; ICD-10-CA = International Classification of
Diseases, 10th revision with Canadian enhancement.

aOther site-specific procedure codes used as applicable.
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Table 15: Baseline Characteristics of the Feasibility Study Postsurgical Indication Cohort, by

Site

Alberta?

N (%)

Manitoba
N (%)

Ontario®
N (%)

Saskatchewan
N (%)

US Merative
MarketScan

N (%)

Characteristic

N = 660,829

N = 438,191

N = 1,584,328

N = 501,812

N = 29,693,068

Nonusers 583,269 (88.3) 243,481 (55.6) 832,058 (52.5) 364,855 (72.7) | 22,846,334 (76.9)
New users 35,533 (5.4) 164,607 (37.6) 637,848 (40.3) 113,985 (22.7) 5,037,562 (17.0)
Prevalent users 42,027 (6.4) 30,103 (6.9) 114,422 (7.2) 22,972 (4.6) 1,809,172 (6.1)
Calendar year of study
cohort entry
2004 to 2007 — 134,157 (30.6) — 143,821 (28.7) 4,295,728 (14.5)
2008 to 2011 239,560 (36.3) 115,416 (26.3) — 125,951 (25.1) | 11,308,997 (38.1)
2012 to 2015 214,842 (32.5) 96,715 (22.1) 610,625 (38.5) 117,987 (23.5) 8,178,927 (27.5)
2016 to 2020 206,427 (31.2) 91,903 (21.0) 973,703 (61.5) 114,053 (22.7) 5,909,416 (19.9)

Age (years)

18 to 39 219,189 (33.2) 117,257 (26.8) 428,409 (27.0) 140,736 (28.0) 8,823,232 (29.7)

40 to 64 257,260 (38.9) 184,432 (42.1) 675,312 (42.6) 189,185 (37.7) | 16,633,058 (56.0)

6510 79 135,691 (20.5) 99,274 (22.7) 388,333 (24.5) 123,795 (24.7) 3,175,660 (10.7)
80+ 48,689 (7.4) 37,228 (8.5) 92,274 (5.8) 48,096 (9.6) 1,061,118 (3.6)
Sex

Males 252,118 (38.2) 177,222 (40.4) 692,787 (43.7) 211,491 (42.1) | 10,933,602 (36.8)

Females 408,711 (61.8) 260,969 (59.6) 891,541 (56.3) 290,321 (57.9) | 18,759,466 (63.2)

Income quintile

First (lowest) 148,293 (22.4) 84,295 (19.2) 310,626 (19.7) 46,090 (9.2) —

Second 144,569 (21.9) 90,061 (20.6) 316,538 (20.0) 48,012 (9.6) —

Third 131,263 (19.9) 91,400 (20.9) 318,849 (20.2) 46,751 (9.3) —

Fourth 119,149 (18.0) 86,775 (19.8) 316,773 (20.0) 45,793 (9.1) —

Fifth (highest) 114,546 (17.3) 82,385 (18.8) 317,336 (20.1) 43,550 (8.7) —
Comorbidities

History of irritable bowel 5,858 (0.9) 792 (0.2) 38,726 (2.4) 998 (0.2) 284,070 (1.0)
syndrome

History of Crohn disease 6,753 (1.0) 2,076 (0.5) 8,279 (0.5) 2,738 (0.6) 98,171 (0.3)
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Ontario®
N (%)
N = 1,584,328

Saskatchewan
N (%)
N = 501,812

US Merative
MarketScan

N (%)
N = 29,693,068

History of diverticulitis or 17,984 (2.7) 10,755 (2.5) 33,216 (2.1) 15,582 (3.1) 306,774 (1.0)
diverticulosis

History of myocardial 44,105 (6.7) 18,136 (4.1) 126,458 (8.0) 18,231 (3.6) 148,090 (0.5)
infarction

History of congestive 32,188 (4.9) 14,641 (3.3) 39,953 (2.5) 16,726 (3.3) 252,288 (0.9)
heart failure

Peripheral vascular 15,169 (2.3) 8,370 (1.9) 16,147 (1.0) 6,754 (1.4) 259,854 (0.9)
disease

Cerebrovascular accident 18,944 (2.9) 9,181 (2.1) 30,775 (1.9) 9,175 (1.8) 426,283 (1.4)

Transient ischemic attack 4,859 (0.7) 3,022 (0.7) 2,512 (0.2) 2,497 (0.5) 78,976 (0.3)

Dementia 15,332 (2.3) 5,837 (1.3) 27,149 (1.7) 3,457 (0.7) 35,075 (0.1)

Chronic obstructive 48,009 (7.3) 30,049 (6.9) 59,846 (3.8) 35,309 (7.0) 950,295 (3.2)
pulmonary disease

Peptic ulcer disease 9,572 (1.4) 4,498 (1.0) 13,444 (0.8) 6,406 (1.3) 95,832 (0.3)

Liver disease 6,478 (1.0) 3,290 (0.8) 7,948 (0.5) 1,950 (0.4) 226,693 (0.8)

Diabetes mellitus 92,240 (14.0) 61,684 (14.1) 245,200 (15.5) 65,537 (13.1) 2,774,126 (9.3)

Hemiplegia 2,846 (0.4) 973 (0.2) 2,024 (0.1) 835 (0.2) 10,755 (0.0)

Chronic kidney disease 24,065 (3.6) 8,007 (1.8) 38,186 (2.4) 7,382 (1.5) 343,853 (1.2)

Current tumour 92,650 (14.0) 45,487 (10.4) 206,586 (13.0) 40,957 (8.2) 1,503,969 (5.1)
Subclass of indication®

Common excision 46,315 (7.0) 21,973 (5.0) 104,901 (6.6) 12,895 (2.6) 5,706,002 (19.2)

Knee, hip, or shoulder 83,703 (12.7) 44,043 (10.1) 142,163 (9.0) 58,588 (11.7) 505,039 (1.7)
surgery

Hernia repair 24,199 (3.7) 35,964 (8.2) 134,794 (8.5) 41,886 (8.4) 45,122 (0.2)

Caesarean section 114,052 (17.3) 33,920 (7.7) 132,783 (8.4) 31,585 (6.3) 1,586,454 (5.3)

Other surgery 392,560 (59.4) 325,996 (74.4) 1,132,523 (71.5) | 356,858 (71.1) | 22,245,433 (74.9)

Note: Postsurgical indication: 7-day landmark and 90-day lookback period.

2Alberta data were available as of 2008.

°Ontario data were available as of 2012.

°Missing values not reported and account for discrepancies between income quintile categories and overall cohort totals.
4Data were not available in US Merative MarketScan.

°Patients could be included in more than 1 subclass within the indication cohort.
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Table 16: Baseline Characteristics of the Feasibility Study Trauma Indication Cohort, by Site

Characteristic

Alberta?

N (%)

Manitoba
N (%)

Ontario®
N (%)

Saskatchewan
N (%)

US Merative
MarketScan

N (%)

N = 2,537,751

N = 706,491

N = 1,927,461

N = 681,017

N = 41,334,452

Nonusers 2,292,067 (90.3) | 607,694 (86.0) | 1,759,321 (91.3) | 613,938 (90.2) | 34,603,324 (83.7)
New users 141,678 (5.6) 60,327 (8.5) 128,175 (6.6) 48,918 (7.2) 4,775,529 (11.6)
Prevalent users 104,006 (4.1) 38,470 (5.4) 39,965 (2.1) 18,161 (2.7) 1,955,599 (4.7)

Calendar year of study

cohort entry

2004 to 2007

277,473 (39.3)

270,441 (39.7)

5,029,974 (12.2)

2008 to 2011

1,281,629 (50.5)

178,214 (25.2)

159,669 (23.4)

14,094,051 (34.1)

2012 to 2015

730,864 (28.8)

135,445 (19.2)

811,422 (42.1)

134,344 (19.7)

11,689,689 (28.3)

2016 to 2020

525,258 (20.7)

115,359 (16.3)

1,116,039 (57.9)

116,563 (17.1)

10,520,738 (25.5)

Age (years)

18 to 39 1,115,222 (43.9) 260,776 (36.9) 784,024 (40.7) 266,755 (39.2) 15,264,640 (36.9)

40 to 64 1,039,089 (40.9) 298,437 (42.2) 792,266 (41.1) 274,595 (40.3) 21,604,460 (52.3)

65to 79 270,075 (10.6) 95,273 (13.5) 259,724 (13.5) 91,029 (13.4) 3,071,267 (7.4)

80+ 113,365 (4.5) 52,005 (7.4) 91,447 (4.7) 48,638 (7.1) 1,394,085 (3.4)
Sex

Males 1,273,737 (50.2) 338,783 (48.0) 907,100 (47.1) 334,297 (49.1) 18,776,629 (45.4)

Females 1,264,014 (49.8) 367,708 (52.0) 1,020,361 (52.9) 346,720 (50.9) 22,557,823 (54.6)

Income quintile®?

First (lowest) 587,147 (23.1) 141,233 (20.0) | 425,317 (22.1) 105,202 (15.5) —
Second 556,840 (21.9) 142,834 (20.2) 396,716 (20.6) 101,105 (14.9) —
Third 489,946 (19.3) 142,065 (20.1) 380,643 (19.8) 98,449 (14.5) —
Fourth 442,906 (17.5) 137,079 (19.4) 365,493 (19.0) 96,815 (14.2) —
Fifth (highest) 445816 (17.6) 134,963 (19.1) 353,234 (18.4) 92,312 (13.6) —

Comorbidities

History of irritable 13,472 (0.5) 875 (0.1) 27,799 (1.4) 927 (0.1) 401,009 (1.0)
bowel syndrome

History of Crohn 10,011 (0.4) 2,141 (0.3) 5,095 (0.3) 2,524 (0.4) 127,326 (0.3)
disease

History of diverticulitis 16,806 (0.7) 8,253 (1.2) 14,934 (0.8) 9,491 (1.4) 373,996 (0.9)
or diverticulosis

History of myocardial 13,615 (0.5) 4,109 (0.6) 45,527 (2.4) 4,029 (0.6) 112,754 (0.3)

infarction
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Ontario®
N (%)
N = 1,927,461

Saskatchewan

N (%)
N = 681,017

US Merative
MarketScan

N (%)
N = 41,334,452

and strains

History of congestive 34,219 (1.3) 15,532 (2.2) 21,525 (1.1) 13,879 (2.0) 508,102 (1.2)
heart failure

Peripheral vascular 20,371 (0.8) 8,990 (1.3) 9,235 (0.5) 5,093 (0.8) 494,776 (1.2)
disease

Cerebrovascular 28,327 (1.1) 11,166 (1.6) 21,392 (1.1) 8,968 (1.3) 799,444 (1.9)
accident

Transient ischemic 8,726 (0.3) 3,610 (0.5) 1,662 (0.1) 2,453 (0.4) 181,863 (0.4)
attack

Dementia 33,489 (1.3) 12,348 (1.7) 26,711 (1.4) 4,595 (0.7) 125,078 (0.3)

Chronic obstructive 82,211 (3.2) 41,835 (5.9) 34,175 (1.8) 36,754 (5.4) 1,475,395 (3.6)
pulmonary disease

Peptic ulcer disease 14,988 (0.6) 4,862 (0.7) 8,117 (0.4) 5,557 (0.8) 140,173 (0.3)

Liver disease 10,108 (0.4) 3,511 (0.5) 4,659 (0.2) 2,069 (0.3) 279,618 (0.7)

Diabetes mellitus 176,586 (7.0) 62,224 (8.8) 171,370 (8.9) 51,989 (7.6) 3,502,997 (8.5)

Hemiplegia 3,446 (0.1) 1,088 (0.2) 1,173 (0.1) 844 (0.1) 36,689 (0.1)

Chronic kidney 28,589 (1.1) 7,342 (1.0) 25,356 (1.3) 5,030 (0.7) 624,354 (1.5)
disease

Current tumour 82,853 (3.3) 28,055 (4.0) 92,150 (4.8) 20,192 (3.0) 1,509,296 (3.7)
Subclass of
indication®

Dislocations, sprains, 1,138,022 (44.8) 257,897 (36.5) 781,630 (40.6) 331,869 (35.8) 16,538,904 (40.0)

Fracture and major
trauma

289,220 (11.4)

97,484 (13.8)

182,783 (9.5)

132,209 (14.3)

1,665,984 (4.0)

Burns and wounds

784,609 (30.9)

226,405 (32.0)

743,147 (38.6)

358,317 (38.7)

14,862,828 (36.0)

Other trauma

325,900 (12.8)

132,885 (18.8)

241,709 (12.5)

103,709 (11.2)

8,689,059 (21.0)

Note: Trauma indication: 30-day landmark and 90-day lookback period.

2Alberta data were available as of 2008.

"Ontario data were available as of 2012.

°Missing values not reported and account for discrepancies between income quintile categories and overall cohort totals.
dData were not available in US Merative MarketScan

°Patients could be included in more than one subclass within the indication cohort.
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Table 17: Baseline Characteristics of the Feasibility Study Dental Indication Cohort, by Site

Characteristic

Alberta?

N (%)

Manitoba
N (%)

Ontario®
N (%)

Saskatchewan

N (%)

US Merative
MarketScan

N (%)

N = 6,106

N = 9,262

N = 52,010

N = 4,998

N = 200,593

Nonusers 5,197 (85.1) 2,845 (30.7) 17,088 (32.9) 3,149 (63.0) 126,993 (63.3)
New users 334 (5.5) 4,816 (52.0) 25,243 (48.5) 1,422 (28.5) 53,414 (26.6)
Prevalent users 575 (9.4) 1,601 (17.3) 9,679 (18.6) 427 (8.5) 20,186 (10.1)
Calendar year of study
cohort entry
2004 to 2007 — 2,468 (26.6) — 1,464 (29.3) 31,983 (15.9)
2008 to 2011 2,026 (33.2) 2,483 (26.8) — 1,315 (26.3) 76,491 (38.1)
2012 to 2015 2,023 (33.1) 2,326 (25.1) 20,353 (39.1) 1,109 (22.2) 50,013 (24.9)
2016 to 2020 2,057 (33.7) 1,985 (21.4) 31,657 (60.9) 1,110 (22.2) 42,106 (21.0)
Age (years)
18 to 39 2,429 (39.8) 4,508 (48.7) 21,202 (40.8) 2,573 (51.5) 105,199 (52.4)
40 to 64 2,382 (39.0) 3,304 (35.7) 17,640 (33.9) 1,757 (35.2) 83,614 (41.7)
65to 79 788 (12.9) 1,005 (10.9) 8,655 (16.6) 448 (9.0) 9,289 (4.6)
80+ 507 (8.3) 445 (4.8) 4,513 (8.7) 220 (4.4) 2,491 (1.2)
Sex
Males 3,850 (63.1) 5,189 (56.0) 26,887 (51.7) 2,615 (52.3) 97,130 (48.4)
Females 2,256 (36.9) 4,073 (44.0) 25,123 (48.3) 2,383 (47.7) 103,463 (51.6)
Income quintile®?
First (lowest) 1,905 (31.2) 2,236 (24.1) 14,098 (27.2) 374 (7.5) —
Second 1,366 (22.4) 1,889 (20.4) 11,316 (21.9) 343 (6.9) —
Third 1,115 (18.3) 1,689 (18.2) 9,712 (18.8) 304 (6.1) —
Fourth 869 (14.2) 1,536 (16.6) 8,498 (16.4) 327 (6.5) —
Fifth (highest) 788 (12.9) 1,416 (15.3) 8,148 (15.7) 287 (5.7) —
Comorbidities
History of irritable bowel 39 (0.6) 15 (0.2) 1,448 (2.8) S 2,023 (1.0)
syndrome
History of Crohn disease 52 (0.9) 33(0.4) 311 (0.6) 22 (0.4) 678 (0.3)
History of diverticulitis or 60 (1.0) 85 (0.9) 655 (1.3) 36 (0.7) 1,434 (0.7)
diverticulosis
History of myocardial 316 (5.2) 104 (1.1) 4,156 (8.0) 43 (0.9) 619 (0.3)
infarction
History of congestive heart 685 (11.2) 353 (3.8) 2,338 (4.5) 117 (2.3) 2,540 (1.3)
failure
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US Merative
MarketScan

N (%)
N = 200,593

Alberta? Saskatchewan
N (%)

N = 4,998

Ontario®
N (%)
N = 52,010

Manitoba
N (%)
N = 9,262

N (%)
N = 6,106

Characteristic

Peripheral vascular disease 255 (4.2) 168 (1.8) 825 (1.6) 42 (0.8) 2,122 (1.1)
Cerebrovascular accident 413 (6.8) 259 (2.8) 1,993 (3.8) 105 (2.1) 4,045 (2.0)
Transient ischemic attack 73(1.2) 59 (0.6) 123 (0.2) 11 (0.2) 804 (0.4)
Dementia 474 (7.8) 234 (2.5) 2,950 (5.7) 73 (1.5) 535 (0.3)
Chronic obstructive 757 (12.4) 628 (6.8) 4,109 (7.9) 317 (6.3) 7,422 (3.7)
pulmonary disease
Peptic ulcer disease 98 (1.6) 77 (0.8) 564 (1.1) 61 (1.2) 654 (0.3)
Liver disease 168 (2.8) 100 (1.1) 647 (1.2) 41 (0.8) 1,539 (0.8)
Diabetes mellitus 1,030 (16.9) 1,265 (13.7) 9,241 (17.8) 421 (8.4) 15,176 (7.6)
Hemiplegia 103 (1.7) 43 (0.5) 141 (0.3) 11 (0.2) 311 (0.2)
Chronic kidney disease 406 (6.6) 185 (2.0) 1,945 (3.7) 61 (1.2) 2,761 (1.4)
Current tumour 754 (12.3) 627 (6.8) 4,885 (9.4) 204 (4.1) 10,245 (5.1)

S = suppressed value.

Notes: Dental indication: 7-day landmark and 90-day lookback period.

Values between 1 and 5 inclusively were suppressed due to privacy restrictions.

2Alberta data were available as of 2008.

"Ontario data were available as of 2012.

°Missing values not reported and account for discrepancies between income quintile categories and overall cohort totals.

dData were not available in US Merative MarketScan.

Table 18: Baseline Characteristics of the Feasibility Study Other Pain Indication Cohort, by

Site

Alberta?

N (%)

Manitoba
N (%)

Ontario®
N (%)

Saskatchewan
N (%)

US Merative
MarketScan

N (%)

Characteristic

N = 2,890,117

N = 642,762

N =1,816,978

N = 627,082

N = 50,598,794

Nonusers 2,695,818 (93.3) 586,476 (91.2) 1,579,800 (86.9) 581,650 (92.8) 43,972,255 (86.9)
New users 100,865 (3.5) 25,554 (4.0) 163,618 (9.0) 25,476 (4.1) 4,540,407 (9.0)
Prevalent users 93,434 (3.2) 30,732 (4.8) 73,560 (4.1) 19,956 (3.2) 2,086,132 (4.1)

Calendar year of
study cohort entry

2004 to 2007 — 223,103 (34.7) — 200,338 (31.9) 6,811,593 (13.5)
2008 to 2011 1,464,446 (50.7) | 150,256 (23.4) — 139,516 (22.2) 18,549,000 (36.7)
2012 to 2015 826,639 (28.6) | 129,774 (20.2) | 718,161 (39.5) 138,158 (22.0) 14,543,467 (28.7)
2016 to 2020 599,032 (20.7) | 139,629 (21.7) | 1,098,817 (60.5) | 149,070 (23.8) 10,694,734 (21.1)

Age (years)

Association Between Opioid Use and the Development of Diverticulitis

61/97




Characteristic

Alberta?

N (%)
N = 2,890,117

Manitoba
N (%)
N = 642,762

Appendix 2: Site-Specific Findings for Feasibility Study

Ontario®
N (%)
N =1,816,978

Saskatchewan
N (%)
N = 627,082

US Merative
MarketScan

N (%)
N = 50,598,794

18 to 39

1,317,751 (45.6)

268,602 (41.8)

762,050 (41.9)

264,416 (42.2)

20,313,293 (40.2)

40 to 64

1,131,216 (39.1)

244,866 (38.1)

675,586 (37.2)

225,224 (35.9)

25,234,153 (49.9)

65to 79

315,888 (10.9)

85,355 (13.3)

277,283 (15.3)

86,186 (13.7)

3,465,046 (6.9)

80+

125,262 (4.3)

43,939 (6.8)

102,059 (5.6)

51,256 (8.2)

1,586,302 (3.1)

Sex

Males

1,330,716 (46.0)

253,718 (39.5)

796,400 (43.8)

265,174 (42.3)

19,329,268 (38.2)

Females

1,559,401 (54.0)

389,044 (60.5)

1,020,578 (56.2)

361,908 (57.7)

31,269,526 (61.8)

Income quintile=4

First (lowest) 694,655 (24.0) 132,214 (20.6) 389,670 (21.5) 62,174 (9.9) —

Second 638,537 (22.1) 127,400 (19.8) 371,933 (20.5) 59,380 (9.5) —

Third 552,659 (19.1) 128,801 (20.0) 363,780 (20.1) 55,300 (8.8) —

Fourth 496,107 (17.2) 124,781 (19.4) 350,794 (19.4) 53,151 (8.5) —

Fifth (highest) 492,152 (17.0) 122,838 (19.1) 335,146 (18.5) 49,837 (8.0) —
Comorbidities

History of irritable 14,706 (0.5) 834 (0.1) 34,969 (1.9) 936 (0.2) 428,009 (0.9)
bowel syndrome

History of Crohn 10,727 (0.4) 1,981 (0.3) 6,035 (0.3) 2,516 (0.4) 143,764 (0.3)
disease

History of 18,935 (0.7) 7,470 (1.2) 19,630 (1.1) 9,679 (1.5) 349,144 (0.7)
diverticulitis or
diverticulosis

History of myocardial 20,200 (0.7) 4,008 (0.6) 56,824 (3.1) 6,442 (1.0) 147,479 (0.3)
infarction

History of congestive 39,773 (1.4) 12,565 (2.0) 26,257 (1.4) 17,128 (2.7) 579,105 (1.1)
heart failure

Peripheral vascular 22,757 (0.8) 7,033 (1.1) 11,986 (0.7) 5,750 (0.9) 532,117 (1.1)
disease

Cerebrovascular 35,506 (1.2) 10,812 (1.7) 41,785 (2.3) 13,485 (2.2) 817,112 (1.6)
accident

Transient ischemic 13,731 (0.5) 4,572 (0.7) 5,307 (0.3) 4,523 (0.7) 183,279 (0.4)
attack

Dementia 34,704 (1.2) 8,102 (1.3) 28,225 (1.6) 5,188 (0.8) 99,409 (0.2)

Chronic obstructive 92,660 (3.2) 37,916 (5.9) 43,200 (2.4) 37,162 (5.9) 1,680,857 (3.3)
pulmonary disease

Peptic ulcer disease 18,118 (0.6) 4,349 (0.7) 9,870 (0.5) 6,130 (1.0) 153,565 (0.3)
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Ontario®
N (%)
N =1,816,978

Saskatchewan
N (%)
N = 627,082

US Merative
MarketScan

N (%)
N = 50,598,794

cholecystitis

Liver disease 11,772 (0.4) 3,289 (0.5) 5,775 (0.3) 2,508 (0.4) 327,011 (0.7)
Diabetes mellitus 193,681 (6.7) 52,144 (8.1) 190,515 (10.5) 53,830 (8.6) 3,963,266 (7.8)
Hemiplegia 4,466 (0.2) 801 (0.1) 1,639 (0.1) 1,288 (0.2) 34,681 (0.1)
Chronic kidney 30,231 (1.0) 5,388 (0.8) 30,566 (1.7) 6,716 (1.1) 645,403 (1.3)
disease
Current tumour 98,075 (3.4) 25,934 (4.0) 110,292 (6.1) 24,237 (3.9) 1,702,319 (3.4)
Subclass of
indication®
Nephrolithiasis or 57,929 (2.0) 26,130 (4.1) 124,329 (6.8) 19,910 (2.5) 1,663,360 (3.3)

Headache and

2,569,035 (88.9) | 535,398 (83.3)

1,209,417 (66.6)

684,578 (86.5)

37,969,521 (75.0)

migraine

Nonsurgical 137,255 (4.8) 75,881 (11.8) 200,448 (11.0) 67,031 (8.5) 3,949,463 (7.8)
deliveries

Back pain 125,898 (4.4) 5,478 (0.9) 284,691 (15.7) 19,764 (2.5) 7,318,122 (14.5)

Note: Other pain indication: 30-day landmark and 90-day lookback.

2Alberta data were available as of 2008.

°Ontario data were available as of 2012.

°Missing values not reported and account for discrepancies between income quintile categories and overall cohort totals.
dData were not available in US Merative MarketScan.

°Patients could be included in more than 1 subclass within the indication cohort.

Table 19: Intention-To-Treat and As-Treated Follow-Up Period by Indication and Opioid Users
for Alberta for the Feasibility Study

Intention-to-treat follow-up

As-treated follow-up

Indication and opioid users Total N (person-years) (person-years)
Postsurgical

Nonusers 583,269 3,357,807 1,603,709

New users 35,533 212,482 4,121

Prevalent users 42,027 226,791 26,447
Trauma

Nonusers 2,292,067 16,088,511 8,732,531

New users 141,678 970,468 15,157

Prevalent users 104,006 710,887 103,917
Dental

Nonusers 5,197 26,637 12,720
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Intention-to-treat follow-up As-treated follow-up

Indication and opioid users Total N (person-years) (person-years)
New users 334 1,729 65
Prevalent users 575 2,621 520

Other pain
Nonusers 2,695,818 18,802,257 10,303,691
New users 100,865 686,859 15,337
Prevalent users 93,434 653,559 105,163

Note: Postsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.

Table 20: Intention-To-Treat and As-Treated Follow-Up Period by Indication and Opioid Users
for Manitoba for the Feasibility Study

Postsurgical
Nonusers 243,481 2,138,495 1,108,454
New users 164,607 1,569,481 15,115
Prevalent users 30,103 270,743 31,147
Trauma
Nonusers 607,694 5,994,875 3,095,188
New users 60,327 603,163 5,768
Prevalent users 38,470 353,681 58,436
Dental
Nonusers 2,845 23,783 12,918
New users 4,816 43,732 412
Prevalent users 1,601 12,623 1,902
Other pain
Nonusers 586,476 5,460,784 2,835,821
New users 25,554 259,007 3,363
Prevalent users 30,732 277,109 61,352

Note: Postsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.
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Table 21: Intention-To-Treat and As-Treated Follow-Up Period by Indication and Opioid Users
for Ontario for the Feasibility Study

Intention-to-treat follow-up As-treated follow-up

Indication and opioid users Total N (person-years) (person-years)

Postsurgical
Nonusers 832,058 4,191,744 2,831,980
New users 637,848 3,364,512 55,776
Prevalent users 114,422 599,393 99,970
Trauma
Nonusers 1,759,321 9,184,126 6,901,269
New users 128,175 689,101 9,538
Prevalent users 39,965 197,971 61,300
Dental
Nonusers 17,088 80,133 50,620
New users 25,243 130,183 2,143
Prevalent users 9,679 47,182 16,028
Other pain
Nonusers 1,579,800 8,084,191 5,821,344
New users 163,618 862,010 11,956
Prevalent users 73,560 360,367 101,809

Note: Postsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.

Table 22: Intention-To-Treat and As-Treated Follow-Up Period by Indication and Opioid Users
for Saskatchewan for the Feasibility Study

Intention-to-treat follow-up As-treated follow-up
Indication and opioid users Total N (person-years) (person-years)
Postsurgical
Nonusers 364,855 2,849,675 1,710,075
New users 113,985 765,712 162,321
Prevalent users 22,972 141,232 46,012
Trauma
Nonusers 613,938 5,301,606 3,291,604
New users 48,918 380,046 28,249
Prevalent users 18,161 123,668 33,820
Dental
Nonusers 3,149 25,957 16,618
New users 1,422 9,567 523
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As-treated follow-up
(person-years)

Prevalent users 427 2,438 552
Other pain

Nonusers 581,650 4,428,213 2,800,706

New users 25,476 171,004 11,578

Prevalent users 19,956 122,581 37,531

Note: Postsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.

Table 23: Intention-To-Treat and As-Treated Follow-Up Period by Indication and Opioid Users

for US Merative MarketScan for the Feasibility Study

Postsurgical

Nonusers 22,846,334 63,346,350 37,393,128

New users 5,037,562 14,746,591 454,816

Prevalent users 1,809,172 5,236,412 460,937
Trauma

Nonusers 34,603,324 86,403,165 56,665,269

New users 4,775,529 13,154,899 330,570

Prevalent users 1,955,599 5,244,499 1,239,234
Dental

Nonusers 126,993 292,937 212,413

New users 53,414 131,806 4,143

Prevalent users 20,186 49,771 3,593

Other pain

Nonusers 43,972,255 110,501,321 71,187,453

New users 4,540,407 11,692,925 414,512

Prevalent users 2,086,132 5,436,983 1,553,066

Note: Postsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.
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Table 24: Incident Rates of Diverticulitis by Indications and Outcome Definitions, by Site for the Feasibility Study

Alberta A oba® O ario
Postsurgical
Outcome 1 12,308 324 14,459 36.3 20,057 24.6 17,623 46.9 — —
Outcome 2 1,241 3.3 2,630 6.6 4,138 5.1 — — 57,361 6.9
Trauma
Outcome 1 37,836 21.3 18,276 26.3 13,539 13.4 20,366 35.1 — —
Outcome 2 4,040 23 3,491 5.0 2,946 2.9 — — 61,732 5.9
Dental
Outcome 1 76 245 142 17.7 546 21.2 64 16.9 — —
Outcome 2 6 1.9 32 4.0 129 5.0 — — 218 4.6
Other pain
Outcome 1 42,032 20.9 15,951 26.6 17,601 18.9 17,093 36.2 — —
Outcome 2 4,498 22 3,046 5.1 3,520 3.8 — — 78,848 6.2

ED = emergency department.

Note: Outcome 1 is ED or inpatient visit for diverticulitis and outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.

aPostsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.
®Manitoba data were not available for ED visits for outcome 1.

cSaskatchewan data were not available for outcome 2.

4US Merative MarketScan data were not available for outcome 1.
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Table 25: Average Risk of Diverticulitis by Indication and Outcome Definition for Alberta for
the Feasibility Study

Indication® and outcome Average 30-day risk Average 180-day risk Average 730-day risk
Postsurgical

Outcome 1 0.00032 0.00140 0.00480

Outcome 2 0.00005 0.00018 0.00058
Trauma

Outcome 1 0.00011 0.00069 0.00268

Outcome 2 0.00002 0.00008 0.00033
Dental

Outcome 1 0.00050 0.00120 0.00520

Outcome 2 0.00000 0.00000 0.00077

Other pain
Outcome 1 0.00013 0.00073 0.00265
Outcome 2 0.00001 0.00007 0.00033

ED = emergency department.
Note: Outcome 1 is ED or inpatient visit for diverticulitis and outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.
aPostsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.

Table 26: Average Risk of Diverticulitis by Indication and Outcome Definition for Manitoba
for the Feasibility Study

Indication? and outcome® Average 30-day risk Average 180-day risk Average 730-day risk
Postsurgical

Outcome 1 0.00024 0.00186 0.00662

Outcome 2 0.00006 0.00033 0.00114
Trauma

Outcome 1 0.00020 0.00110 0.00417

Outcome 2 0.00005 0.00022 0.00080
Dental

Outcome 1 0.00011 0.00066 0.00338

Outcome 2 0.00000 0.00011 0.00045

Other pain
Outcome 1 0.00022 0.00127 0.00440
Outcome 2 0.00002 0.00021 0.00082

ED = emergency department.

Note: Outcome 1 is ED or inpatient visit for diverticulitis and outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.

aPostsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.
®Manitoba data were not available for ED visits for outcome 1.
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Table 27: Average Risk of Diverticulitis by Indication and Outcome Definition for Ontario for
the Feasibility Study

Indication® and outcome

Average 180-day risk Average 730-day risk

Average 30-day risk

Postsurgical
Outcome 1 0.00025 0.00118 0.00416
Outcome 2 0.00007 0.00029 0.00098
Trauma
Outcome 1 0.00010 0.00053 0.00213
Outcome 2 0.00003 0.00014 0.00052
Dental
Outcome 1 0.00021 0.00097 0.00364
Outcome 2 0.00006 0.00025 0.00101
Other pain
Outcome 1 0.00018 0.00083 0.00316
Outcome 2 0.00004 0.00019 0.00071

ED = emergency department.
Note: Outcome 1 is ED or inpatient visit for diverticulitis and outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.
aPostsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.

Table 28: Average Risk of Diverticulitis by Indication and Outcome Definition for

Saskatchewan for the Feasibility Study

Average 180-day risk Average 730-day risk

Average 30-day risk

Indication® and outcome®

Postsurgical
Outcome 1 0.00022 0.00228 0.00942
Outcome 2 — — —
Trauma
Outcome 1 0.00031 0.00162 0.00632
Outcome 2 — — —
Dental
Outcome 1 0 0.00041 0.00287
Outcome 2 — — —
Other pain
Outcome 1 0.00036 0.00192 0.00656
Outcome 2 — — —

ED = emergency department.

Note: Outcome 1 is ED or inpatient visit for diverticulitis and outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.

aPostsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.
"Saskatchewan data were not available for outcome 2.
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Table 29: Average Risk of Diverticulitis by Indication and Outcome Definition For US Merative
MarketScan for the Feasibility Study

Indication® and outcome®

Average 30-day risk

Average 180-day risk

Average 730-day risk

Postsurgical
Outcome 1 — — —
Outcome 2 0.00007 0.00034 0.00127
Trauma
Outcome 1 — — —
Outcome 2 0.00005 0.00027 0.00107
Dental
Outcome 1 — — —
Outcome 2 0.00004 0.00016 0.00078
Other pain
Outcome 1 — — —
Outcome 2 0.00006 0.00030 0.00114

ED = emergency department.

Note: Outcome 1 is ED or inpatient visit for diverticulitis and outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.

aPostsurgical and dental indication: 7-day landmark and 90-day lookback period; trauma and other pain indication: 30-day landmark and 90-day lookback period.
®US Merative MarketScan data not available for outcome 1.
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Figure 9: Intention-to-Treat Incidence Curves for Outcome 1 in Feasibility

Postsurgical Cohort
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ED = emergency department.
Note: Outcome 1 is ED or inpatient visit for diverticulitis.
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Figure 10: Intention-to-Treat Incidence Curves for Outcome 2 in Feasibility
Postsurgical Cohort

Alberta Manitoba
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Note: Outcome 2 is inpatient visit and CT scan.
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Appendix 3: Additional Findings for Postsurgical Indication

Table 30: Additional Baseline Characteristics of Opioid New Users and Nonusers Before and After Odds Weighting for the
Postsurgical Indication Cohort, by Region

Canada UK CPRD US Merative MarketScan

Odds Odds
Unweighted Odds weighted Unweighted weighted Unweighted weighted

Characteristic New users Nonusers Nonusers New users Nonusers Nonusers New users Nonusers Nonusers
(%) N =1,434,490 | N =2,858,751 N = 1,434,756 N=76,462 | N=599,417 N =76,436 N=3,198,147 | N=13,382,299 | N =3,196,171

Site

Alberta 25 20.1 25 — — — — — —
British 35.5 31.8 35.5 — — — — — —
Columbia
Manitoba 11.3 8.3 11.2 — — — — — —
Ontario 43.6 28.4 43.7 — — — — — —
Saskatchewan 7.2 11.3 71 — — — — — —

Comorbidities
History of 1.2 1.0 1.2 8.7 7.6 8.7 1.1 1.1 1.1
irritable bowel
syndrome
History of 0.6 0.6 0.6 0.5 0.5 0.5 04 0.3 04
Crohn disease
Transient 0.2 0.7 0.2 2.7 2.4 2.7 0.2 0.3 0.2
ischemic attack
Dementia 0.6 2.0 0.6 1.8 2.2 1.8 0.1 0.2 0.1
Peptic ulcer 0.8 1.1 0.8 4.5 3.4 4.5 0.4 0.3 0.4
disease
Liver disease 0.5 0.7 0.5 04 0.3 0.4 1.1 0.8 1.1
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Canada UK CPRD US Merative MarketScan

Odds Odds
Unweighted Odds weighted Unweighted weighted Unweighted weighted
Characteristic New users Nonusers Nonusers New users Nonusers Nonusers New users Nonusers Nonusers
(%) N =1,434,490 | N =2,858,751 N = 1,434,756 N=76,462 | N=599,417 N = 76,436 N =3,198,147 | N=13,382,299 | N =3,196,171
. 03

Hemiplegia | 0.0 | 0.1 o7 | o7 | 0.7 | 0.0 | 0.0 | 0.0
Race?

First Nations or — — — 0.0 0.0 0.0 — — —
Indigenous

Asian — — — 3.9 3.3 3.9 — — —
Black — — — 1.8 1.9 1.8 — — —
White — — — 89.2 85.2 89.2 — — —
Other — — — 1.2 1.5 1.1 — — —
Unknown — — — 3.9 8.1 3.9 — — —

Ethnicity?
Hispanic — — — 0.0 0.0 0.0 — — —
Non-Hispanic — — — 96.1 91.9 96.1 — — —
Unknown — — — 3.9 8.1 3.9 — — —
Smoking?

Current — — — 239 22.7 23.8 — — —
smoker

Past smoker — — — 26.4 234 26.4 — — —
Never smoker — — — 44.2 46.6 44 .2 — — —
Unknown — — — 5.6 7.3 5.6 — — —

Body mass index?

Underweight — — — 0.8 1.5 0.8 — — —
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Canada UK CPRD US Merative MarketScan

Odds Odds
Unweighted Odds weighted Unweighted weighted Unweighted weighted
Characteristic New users Nonusers Nonusers New users Nonusers Nonusers New users Nonusers Nonusers
(%) N =1,434,490 | N =2,858,751 N = 1,434,756 N=76,462 | N=599,417 N = 76,436 N =3,198,147 | N=13,382,299 | N =3,196,171

Normal weight — — 21.8 31.7 21.8 — — —
Overweight — — — 35.2 32 35.2 — — —
Obese — — — 326 22.2 326 — — —
Unknown — — — 9.6 12.6 9.6 — — —

CPRD = Clinical Practice Research Datalink.

Notes: Data presented as percentage.

Percentages may not add up to 100% due to rounding.
aData only available in the UK CPRD.

Note: This table has not been copy-edited.
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Table 31: Baseline Characteristics of Opioids New Users and Prevalent Users Before and
After Odds Weighting for the Postsurgical Indication Cohort

New users Prevalent users Prevale :
N = 4,709,099 N = 1,534,844 4,702,86

Calendar year of cohort entry?
2004 to 2007 9.8 10.5 9.9
2008 to 2011 29.1 34.5 29.2
2012 to 2015 30.3 31.9 30.3
2016 to 2020 30.7 23.1 30.6
Site
Alberta 0.8 2.7 0.8
British Columbia 10.8 6.3 10.8
Manitoba 3.4 1.9 34
Ontario 13.3 7.4 13.3
Saskatchewan 2.2 1.3 2.2
UK CPRD 1.6 7.3 1.6
US Merative MarketScan 67.9 731 67.9
Age (years)
18 to 39 38.8 257 38.5
40 to 64 49.3 58.6 494
6510 79 10.1 12.7 10.0
80+ 1.7 3.0 2.0
Sex
Males 39.9 41.2 39.8
Females 60.1 58.8 60.2
Income quintile®
First (lowest) 17.5 20.9 17.4
Second 19.0 19.3 19.1
Third 20.0 19.9 19.9
Fourth 20.3 19.1 20.3
Fifth (highest) 20.5 19.0 20.5
Comorbidities
History of irritable bowel syndrome 1.3 23 1.3
History of Crohn disease 0.5 0.8 0.5
History of diverticulitis or diverticulosis 1.8 3.2 1.9
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Unweighted Odds weighted
Prevalent users Prevalent users
Characteristic (%) N = 4,709,099 N = 1,534,844 N = 4,702,862
History of myocardial infarction 1.1 1.3 1.1
History of congestive heart failure 0.9 1.7 0.9
Peripheral vascular disease 0.9 1.6 0.9
Cerebrovascular accident 1.2 2.0 1.2
Transient ischemic attack 0.3 0.6 0.3
Dementia 0.2 0.5 0.3
Chronic obstructive pulmonary disease 3.1 6.6 3.1
Peptic ulcer disease 0.6 14 0.6
Liver disease 0.9 1.6 0.9
Diabetes mellitus 8.7 12.8 8.8
Hemiplegia 0.0 0.2 0.0
Chronic kidney disease 1.1 2.6 1.2
Current tumour 9.1 8.6 9.3
Subclass of indication®
Common excision 9.5 6.8 8.8
Knee, hip, or shoulder surgery 7.8 13.8 7.8
Hernia repair 43 1.7 4.3
Caesarean section 13.0 24 11.9
Other surgery 68.0 76.3 68.0
Race*
First Nations or Indigenous 0.0 0.0 0.0
Asian 3.9 2.0 3.7
Black 1.8 1.2 1.8
White 89.2 93.6 89.6
Other 1.2 0.7 1.1
Unknown 3.9 2.5 3.8
Ethnicity!
Hispanic 0.0 0.0 0.0
Non-Hispanic 96.1 97.5 96.2
Unknown 3.9 25 3.8
Smoking*

Current smoker 23.9 23.9 241
Past smoker 26.4 294 26.6
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Unweighted Odds weighted
Prevalent users Prevalent users
Characteristic (%) N = 4,709,099 N = 1,534,844 N = 4,702,862
Never smoker 44.2 40.4 43.8
Unknown 5.6 6.3 5.6
Body mass index4
Underweight 0.8 0.8 0.8
Normal weight 21.8 17.9 21.4
Overweight 35.2 32.6 35.3
Obese 32.6 40.2 33.0
Unknown 9.6 8.6 9.5

CPRD = Clinical Practice Research Datalink.

Notes: Data presented as percentage.

Percentages may not add up to 100% due to rounding.

aAlberta data were available as of 2008, Ontario as of 2013, and US Merative MarketScan as of 2006.

bSite-specific definition; missing values not reported and account for discrepancies between income quintile categories and overall cohort totals. Data not available in the
US Merative MarketScan. Data not reported for British Columbia, which was able to adjust for low income versus not low income (or missing) rather than quintiles.

°Other surgery subclass not included in the UK CPRD. Patients were allowed to enter multiple subclasses in the US Merative MarketScan.
9Race, ethnicity, smoking, and body mass index data were only available in the UK CPRD.
Note: This table has not been copy-edited.

Table 32: Baseline Characteristics of Opioids New Users, Nonusers, and Prevalent Users
Before and After IPTW Weighting for the Postsurgical Indication Cohort

Prevalent Pre
Nonusers users New users | Nonusers
New users N = N = N = N=
N = 966,764 | 1,972,708 273,992 3,122,742 3,073,631 0
Calendar year of cohort entry?
2004 to 2007 8.2 16.6 13.3 14.2 13.5 13.8
2008 to 2011 8.9 14.4 14.8 12.5 124 12.5
2012 to 2015 34.1 28.9 327 30.8 31.0 30.8
2016 to 2020 48.8 40.0 39.2 425 431 429
Site
Manitoba 16.7 12.0 10.8 13.9 13.9 13.8
Ontario 64.7 41.2 41.3 50.0 50.6 49.9
Saskatchewan 10.6 16.4 7.2 14.8 14.5 14.4
UK CPRD 7.9 304 40.6 214 21.0 22.0
Age (years)

18 to 39 323 22.7 14.3 223 22.3 225
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Unweighted IPTW weighted
Prevalent Prevalent
Nonusers users New users | Nonusers users

New users N = N = N = N= N =
Characteristic (%) N = 966,764 | 1,972,708 273,992 3,122,742 3,073,631 3,110,275
40to 64 45.7 35.3 456 40.0 40.2 40.0
65to 79 18.9 30.2 314 28.0 28.0 27.8
80+ 3.1 11.8 8.7 9.7 9.6 9.7

Sex
Males 44.8 40.2 42.0 43.3 431 42.6
Females 55.2 59.8 58.0 56.7 56.9 57.4
Income quintile®
First (lowest) 22.7 20.7 226 227 30.2 229
Second 20.5 20.4 20.5 20.5 21.3 20.6
Third 18.8 19.1 18.8 18.8 17.2 18.8
Fourth 17.5 18.1 17.5 17.5 14.7 17.3
Fifth (highest) 16.6 18.0 16.7 16.6 12.7 16.5
Comorbidities
History of irritable bowel syndrome 2.2 3.4 5.7 3.1 3.1 3.1
History of Crohn disease 0.5 0.5 1.0 0.6 0.6 0.5
History of diverticulitis or diverticulosis 2.8 4.2 7.7 44 44 4.3
History of myocardial infarction 3.3 7.2 4.9 7.3 6.2 6.2
History of congestive heart failure 15 4.0 4.3 41 3.5 3.6
Peripheral vascular disease 1.0 21 3.4 21 2.0 2.0
Cerebrovascular accident 1.3 3.2 3.8 3.2 29 2.8
Transient ischemic attack 0.4 1.0 1.6 0.9 1.0 0.9
Dementia 0.7 2.0 1.8 2.0 1.7 1.9
Chronic obstructive pulmonary disease 3.6 5.2 8.8 5.6 53 52
Peptic ulcer disease 1.0 1.7 3.8 1.9 1.8 1.8
Liver disease 0.4 0.4 0.9 0.5 0.5 0.5
Diabetes mellitus 10.8 14.6 16.5 15.0 14.3 141
Hemiplegia 0.1 0.4 0.5 0.5 0.3 0.3
Chronic kidney disease 1.9 4.8 7.6 4.8 4.5 4.4
Current tumour 12.3 11.9 141 13.5 13.1 13.2
Subclass of indication®

Common excision 5.7 17.4 7.4 12.9 12.4 13.4
Knee, hip, or shoulder surgery 20.3 14.6 47.2 19.7 20.0 19.7
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Unweighted IPTW weighted
Prevalent Prevalent
Nonusers users New users | Nonusers users
New users N = N = N = N= N =
Characteristic (%) N =966,764 | 1,972,708 273,992 3,122,742 3,073,631 3,110,275
Hernia repair 1.5 4.5 4.9 6.8 6.9 6.8
Caesarean section 6.8 10.9 1.2 5.8 5.9 5.7
Other surgery 55.7 52.7 39.3 54.8 54.9 54.3
Race*
First Nations or Indigenous 0.0 0.0 0.0 0.0 0.0 0.0
Asian 3.9 3.3 2.0 1.9 1.9 1.9
Black 1.8 1.9 1.2 1.0 1.0 1.0
White 89.2 85.2 93.6 90.6 91.3 89.0
Other 1.2 1.5 0.7 0.9 0.9 0.9
Unknown 3.9 8.1 25 5.5 4.9 7.2
Ethnicity!
Hispanic 0.0 0.0 0.0 0.0 0.0 0.0
Non-Hispanic 96.1 91.9 97.5 94.5 95.1 92.8
Unknown 3.9 8.1 25 5.5 4.9 7.2
Smoking*
Current smoker 239 22.7 23.9 231 23.7 23.0
Past smoker 26.4 23.4 294 26.1 26.8 258
Never smoker 44.2 46.6 40.4 43.9 42.7 44.5
Unknown 5.6 7.3 6.3 6.8 6.8 6.8
Body mass index
Underweight 0.8 1.5 0.8 1.1 1.0 1.1
Normal weight 21.8 31.7 17.9 26.2 255 26.9
Overweight 35.2 32.0 32.6 34.1 345 33.9
Obese 32.6 22.2 40.2 27.5 28.5 26.8
Unknown 9.6 12.6 8.6 11.1 10.5 1.3

CPRD = Clinical Practice Research Datalink; IPTW = inverse probability of treatment weights.

Notes: Data presented as percentage.

Percentages may not add up to 100% due to rounding.

aOntario data were available as of 2013.

bSite-specific definition. Missing values not reported and account for discrepancies between income quintile categories and overall cohort totals.
°Other surgery subclass not included in the UK CPRD.

9Race, ethnicity, smoking, and body mass index data only available in UK CPRD.

Note: This table has not been copy-edited.
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Appendix 4: Main Findings for Trauma and Other Pain Indications

Please note that this appendix has not been copy-edited.

Figure 11: Flow Chart for Trauma Indication Study Cohort Construction

No. of individuals aged 18 years and older meeting the indication
for opioid initiation between April 1, 2004, and March 31, 20202
(n =9,140,543)

A 4

Exclusions (n = 466,570)
* Less than 1 year of continuous health coverage prior to cohort
entry date (n = 437,052)°
* Died or left the cohort prior to the 30-day landmark (n = 29,518)

v

No. of individuals included in the trauma indication cohort
(n=8,673,973)

Note: Data aggregated for 5 Canadian provinces (Alberta, British Columbia, Manitoba, Ontario, and Saskatchewan).
aData were available as of 2008 for Alberta and 2013 for Ontario.
bIndividuals with less than 365 days of health coverage before cohort entry date could not be identified in Alberta due to the unavailability of start of coverage date.

Figure 12: Flow Chart for Other Pain Indication Study Cohort Construction

No. of individuals aged 18 years and older meeting the indication
for opioid initiation between April 1, 2004, and March 31, 20202
(n = 5,969,267)

A 4

Exclusions (n = 205,526)
* Less than 1 year of continuous health coverage prior to cohort
entry date (n = 179,247)°
* Died or left the cohort prior to the 30-day landmark (n = 26,279)

v

No. of individuals included in the other pain indication cohort
(n=5,763,741)

Note: Data aggregated for 4 Canadian provinces (Alberta, Manitoba, Ontario, and Saskatchewan).
aData were available as of 2008 for Alberta and 2013 for Ontario.
“Individuals with less than 365 days of health coverage before cohort entry date could not be identified in Alberta due to the unavailability of start of coverage date.
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Table 33: Baseline Characteristics of Opioids New Users, Nonusers, and Prevalent Users Before and After Odds Weighting
for the Trauma Indication Cohort

New users versus nonusers New users versus prevalent users

Unweighted Odds weighted Unweighted Odds weighted

New users Nonusers Nonusers New users Prevalent users Prevalent users
Characteristic (%) N = 591,180 N =7,812,690 N = 591,234 N = 591,180 N = 270,103 N = 587,597

Calendar year of cohort entry?

2004 to 2007 22.1 20.7 22.1 221 23.6 21.9
2008 to 2011 26.3 26.6 26.3 26.3 33.1 26.6
2012 to 2015 28.2 26.6 28.2 28.2 24.8 28.2
2016 to 2020 23.4 26.1 23.3 234 18.4 233
Site
Alberta 25.0 29.1 25.0 25.0 37.5 25.0
British Columbia 37.3 35.8 37.3 37.3 28.3 37.3
Manitoba 9.9 7.5 9.9 9.9 13.8 9.9
Ontario 20.1 20.3 20.1 20.1 14.1 20.0
Saskatchewan 7.8 7.4 7.8 7.8 6.3 7.7
Age (years)
18 to 39 34.9 41.5 348 34.9 21.7 346
40to 64 441 40.9 44.2 441 50.3 434
651to 79 14.8 124 14.7 14.8 18.6 14.9
80+ 6.2 5.2 6.3 6.2 9.4 7.0
Sex
Males 52.6 484 52.6 52.6 46.6 52.1
Females 474 51.6 474 474 53.4 47.9
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New users versus nonusers New users versus prevalent users

Unweighted Odds weighted Unweighted Odds weighted

New users Nonusers Nonusers New users Prevalent users Prevalent users
Characteristic (%) N = 591,180 N =7,812,690 N = 591,234 N = 591,180 N = 270,103 N = 587,597

Income quintile®
First (lowest) 14.2 13.3 14.2 14.2 21.7 14.3
Second 12.9 13.1 12.9 12.9 15.3 12.9
Third 11.8 12.3 11.8 11.8 12.3 11.8
Fourth 11.0 11.6 11.0 11.0 10.6 10.9
Fifth (Highest) 10.4 11.6 10.4 10.4 9.1 10.3

Comorbidities

History of irritable bowel 0.6 0.6 0.6 0.6 1.1 0.6
syndrome
History of Crohn disease 0.4 0.3 0.4 0.4 1.1 0.4
History of diverticulitis or 1.1 0.8 1.1 1.1 1.7 1.2
diverticulosis
History of myocardial 1.2 0.8 1.2 1.2 1.9 1.3
infarction
History of congestive 1.8 1.4 1.8 1.8 4.1 1.9
heart failure
Peripheral vascular 1.0 0.8 1.0 1.0 2.5 1.1
disease
Cerebrovascular accident 1.3 1.1 1.4 1.3 2.4 1.5
Transient ischemic attack 0.3 0.3 0.3 0.3 0.7 0.4
Dementia 1.5 1.2 15 1.5 2.7 1.6
Chronic obstructive 4.4 3.3 4.4 4.4 10.0 4.5
pulmonary disease
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New users versus nonusers New users versus prevalent users

Unweighted Odds weighted Unweighted Odds weighted

New users Nonusers Nonusers New users Prevalent users Prevalent users
Characteristic (%) N = 591,180 N =7,812,690 N = 591,234 N = 591,180 N = 270,103 N = 587,597
0.7

Peptic ulcer disease 0.6 0.7 0.7 1.6 0.7

Liver disease 0.5 0.3 0.5 0.5 1.1 0.5

Diabetes mellitus 9.7 7.4 9.7 9.7 16.2 10.1
Hemiplegia 0.1 0.1 0.1 0.1 0.2 0.1

Chronic kidney disease 14 1.1 1.4 14 29 1.6

Current tumour 4.4 3.6 4.4 4.4 8.4 4.7

Subclass of indication

Dislocations, sprains, and 37.5 43.4 37.5 37.5 43.6 37.6
strains

Fracture and major 35.5 8.6 35.5 35.5 21.6 35.4
trauma

Burns and wounds 14.4 356.3 14.4 14.4 225 14.4
Other trauma 12.6 12.7 12.6 12.6 12.4 12.6

Notes: Data presented as percentage.

Percentages may not add up to 100% due to rounding.

aAlberta data were available as of 2008 and Ontario as of 2013.

bSite-specific definition; missing values not reported and account for discrepancies between income quintile categories and overall cohort totals. Data not reported for British Columbia, which was able to adjust for low income
versus not low income (or missing) rather than quintiles.
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Table 34: Baseline Characteristics of Opioids New Users, Nonusers, and Prevalent Users Before and After IPTW Weighting

for the Trauma Indication Cohort

New users Nonusers
N =223,181 N = 2,746,394

Prevalent users

New users Nonusers Prevale :
N = 3,059,190 N = 3,062,320 981,89

N =92,378
Calendar year of cohort entry?
2004 to 2007 174 171 23.9 17.5 17.3 16.9
2008 to 2011 12.2 10.2 15.3 10.5 10.5 10.9
2012 to 2015 36.0 327 32.0 33.0 329 33.6
2016 to 2020 344 401 28.8 39.0 393 38.6
Site
Manitoba 26.1 21.2 40.4 22.2 22.2 22.4
Ontario 53.3 57.8 41.2 56.9 57.0 56.9
Saskatchewan 20.5 21.0 18.4 20.9 20.9 20.7
Age (years)
18 to 39 313 38.9 19.8 374 37.8 37.0
40 to 64 44 .4 42.0 47.3 421 42.3 41.3
651to 79 16.8 13.5 20.9 14.2 14.0 14.4
80+ 7.6 5.6 11.9 6.3 6.0 7.2
Sex
Males 51.4 47.0 45.8 47.2 47.3 47.7
Females 48.6 53.0 54.2 52.8 52.7 52.3
Income quintile®
First (lowest) 21.3 19.2 28.7 19.5 19.6 20.3
Second 19.6 19.1 20.1 19.1 19.2 194
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Unweighted IPTW weighted
New users Nonusers Prevalent users New users Nonusers Prevalent users
Characteristic (%) N = 223,181 N = 2,746,394 N =92,378 N = 3,059,190 N = 3,062,320 N = 2,981,891
Third 18.7 18.9 17.0 18.8 18.8 19.0
Fourth 17.7 18.5 14.6 18.3 18.3 17.8
Fifth (highest) 16.6 18.2 12.1 17.9 17.9 17.2
Comorbidities
History of irritable bowel 0.9 0.9 1.6 0.9 0.9 1.0
syndrome
History of Crohn 0.4 0.3 1.0 0.3 0.3 0.4
disease
History of diverticulitis 1.4 1.0 21 11 1.0 1.2
or diverticulosis
History of myocardial 2.3 1.5 3.4 1.7 1.7 20
infarction
History of congestive 21 1.4 4.9 1.6 1.5 20
heart failure
Peripheral vascular 1.0 0.6 2.8 0.8 0.7 0.9
disease
Cerebrovascular 1.7 1.2 3.0 1.4 1.3 1.6
accident
Transient ischemic 0.3 0.2 0.6 0.3 0.2 0.3
attack
Dementia 2.0 1.2 3.4 1.4 1.3 1.7
Chronic obstructive 4.6 3.2 10.8 3.7 3.5 3.9
pulmonary disease
Peptic ulcer disease 0.7 0.5 1.7 0.6 0.6 0.7
Liver disease 0.5 0.3 1.0 0.3 0.3 04
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Unweighted IPTW weighted
Characteristic (%) N = 223,181 N = 2,746,394 N =92,378 N = 3,059,190 N = 3,062,320 N = 2,981,891
Diabetes mellitus 11.5 8.3 19.3 9.0 8.9 9.7
Hemiplegia 0.1 0.1 0.2 0.1 0.1 0.1
Chronic kidney disease 1.7 1.0 3.5 1.2 1.2 1.5
Current tumour 5.2 4.0 10.1 4.4 4.3 4.9

Subclass of indication

Dislocations, sprains, 32.9 39.1 36.9 38.6 38.6 39.0
and strains
Fracture and major 37.4 8.4 22.6 10.9 10.9 11.0
trauma
Burns and wounds 16.5 39.7 27.2 37.6 37.6 371
Other trauma 13.2 12.8 13.3 12.9 12.9 12.9

IPTW = inverse probability of treatment weighting.

Notes: Data presented as percentage.

Percentages may not add up to 100% due to rounding.

aOntario data were available as of 2013.

"Site-specific definition; missing values not reported and account for discrepancies between income quintile categories and overall cohort totals.
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Table 35: Baseline Characteristics of Opioids New Users, Nonusers, and Prevalent Users Before and After Odds Weighting
for the Other Pain Indication Cohort

New users versus nonusers New users versus prevalent users

Unweighted Odds weighted Unweighted Odds weighted

New users Nonusers Nonusers New users Prevalent users Prevalent users
Characteristic (%) N = 305,797 N = 5,245,440 N = 305,895 N = 305,797 N = 212,504 N = 305,025

Calendar year of cohort entry?

2004 to 2007 5.3 71 5.3 5.3 8.4 5.1
2008 to 2011 20.4 30.5 204 20.4 322 20.5
2012 to 2015 36.3 30.1 36.4 36.3 31.0 36.2
2016 to 2020 38.0 324 38.0 38.0 28.4 38.2
Site
Alberta 329 51.0 329 32.9 43.5 33.0
Manitoba 7.9 10.5 7.9 7.9 14.0 7.9
Ontario 51.5 28.3 51.5 51.5 33.8 514
Saskatchewan 7.7 10.2 7.7 7.7 8.7 7.7
Age (years)
18 to 39 32.1 446 32.1 321 204 31.9
40to 64 441 37.8 441 441 50.6 43.8
6510 79 174 124 174 174 201 17.6
80+ 6.4 5.2 6.5 6.4 8.9 6.7
Sex
Males 50.7 44.0 50.7 50.7 49.9 51.2
Females 49.3 56.0 49.3 49.3 50.1 48.8
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New users versus nonusers New users versus prevalent users

Unweighted Odds weighted Unweighted Odds weighted

New users Nonusers Nonusers New users Prevalent users Prevalent users
Characteristic (%) N = 305,797 N = 5,245,440 N = 305,895 N = 305,797 N = 212,504 N = 305,025

Income quintile®
First (lowest) 21.0 20.9 21.0 21.0 28.6 21.1
Second 20.0 20.0 20.0 20.0 20.5 20.0
Third 18.9 18.5 18.9 18.9 16.9 19.0
Fourth 17.8 17.3 17.8 17.8 14.6 17.7
Fifth (highest) 171 171 171 171 12.9 171

Comorbidities

History of irritable bowel 1.3 0.8 1.3 1.3 1.8 1.3
syndrome
History of Crohn 0.6 0.3 0.6 0.6 1.1 0.6
disease
History of diverticulitis or 15 0.9 1.6 1.5 2.0 1.6
diverticulosis
History of myocardial 27 1.3 27 27 3.1 28
infarction
History of congestive 2.0 1.4 2.0 20 41 21
heart failure
Peripheral vascular 1.2 0.7 1.2 1.2 2.3 1.2
disease
Cerebrovascular 1.8 1.6 1.8 1.8 2.8 1.9
accident
Transient ischemic 0.4 0.5 0.4 0.4 0.6 0.4
attack
Dementia 1.2 1.2 1.2 1.2 2.4 1.3
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New users versus nonusers New users versus prevalent users

Unweighted Odds weighted Unweighted Odds weighted

New users Nonusers Nonusers New users Prevalent users Prevalent users
Characteristic (%) N = 305,797 N = 5,245,440 N = 305,895 N = 305,797 N = 212,504 N = 305,025

Chronic obstructive 4.4 3.2 4.5 4.4 10.0 4.5
pulmonary disease
Peptic ulcer disease 0.8 0.6 0.8 0.8 1.7 0.9
Liver disease 0.5 0.3 0.5 0.5 1.1 0.5
Diabetes mellitus 12.3 7.6 12.4 12.3 17.7 12.5
Hemiplegia 0.1 0.1 0.1 0.1 0.2 0.1
Chronic kidney disease 2.0 1.1 2.0 2.0 3.2 21
Current tumour 8.3 3.8 8.3 8.3 10.9 8.5
Subclass of indication
Nephrolithiasis or 12.9 3.1 12.9 12.9 7.5 13.0
cholecystitis
Headache and migraine 49.3 83.6 49.3 49.3 70.9 49.4
Nonsurgical deliveries 5.3 8.0 5.3 5.3 0.9 5.3
Back pain 324 5.3 324 324 20.8 324

Notes: Data presented as percentage.

Percentages may not add up to 100% due to rounding.

aAlberta data were available as of 2008 and Ontario as of 2013.

bSite-specific definition; missing values not reported and account for discrepancies between income quintile categories and overall cohort totals.

Association Between Opioid Use and the Development of Diverticulitis 90/97



Appendix 4: Main Findings for Trauma and Other Pain Indications

Table 36: Baseline Characteristics of Opioids New Users, Nonusers, and Prevalent Users Before and After IPTW Weighting
for the Other Pain Indication Cohort

New users Nonusers Prevalent users New users Nonusers Prevale :
N = 205,177 N =2,567,890 N = 120,011 N = 2,888,869 N = 2,893,001 851,016

Calendar year of cohort entry?
2004 to 2007 7.8 14.5 14.9 14.2 14.1 13.9
2008 to 2011 5.6 9.6 10.4 9.4 9.4 9.6
2012 to 2015 39.8 314 35.7 325 32.2 325
2016 to 2020 46.7 44 .4 39.0 440 44 4 441
Site
Manitoba 11.8 21.5 24.7 21.0 20.9 21.0
Ontario 76.7 57.8 59.8 59.2 59.2 59.3
Saskatchewan 11.5 20.8 15.5 19.8 19.9 19.7
Age (years)
18 to 39 304 42.2 17.9 40.2 40.3 39.2
40 to 64 44.3 37.0 48.8 37.8 38.0 37.2
6510 79 18.3 14.5 22.6 15.3 15.1 15.7
80+ 6.9 6.3 10.7 6.8 6.6 7.9
Sex
Males 52.0 42.0 51.3 43.0 431 44 .4
Females 48.0 58.0 48.7 57.0 56.9 55.6
Income quintile®
First (lowest) 19.2 17.9 25.6 18.3 18.3 18.4
Second 19.0 17.9 19.2 18.1 18.0 18.0
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Unweighted IPTW weighted
New users Nonusers Prevalent users New users Nonusers Prevalent users
Characteristic (%) N = 205,177 N = 2,567,890 N = 120,011 N = 2,888,869 N = 2,893,001 N = 2,851,016
Third 18.8 17.8 16.6 17.8 17.8 18.1
Fourth 18.2 17.4 14.7 174 17.4 17.2
Fifth (highest) 17.4 16.9 12.9 16.7 16.8 16.5
Comorbidities
History of irritable bowel 1.6 1.1 2.3 1.2 1.2 1.3
syndrome
History of Crohn 0.5 0.3 1.0 0.4 0.4 0.4
disease
History of diverticulitis 1.7 1.2 23 1.3 1.3 1.4
or diverticulosis
History of myocardial 3.5 20 4.5 2.3 2.3 25
infarction
History of congestive 2.0 1.7 4.7 1.9 1.8 2.2
heart failure
Peripheral vascular 1.0 0.7 25 0.9 0.8 0.9
disease
Cerebrovascular 1.8 2.2 34 2.3 2.2 2.6
accident
Transient ischemic 0.3 0.5 0.6 0.5 0.5 0.5
attack
Dementia 1.3 1.3 2.9 1.4 14 1.6
Chronic obstructive 4.2 3.6 10.3 4.0 4.0 4.2
pulmonary disease
Peptic ulcer disease 0.8 0.6 1.7 0.7 0.7 0.8
Liver disease 04 0.3 1.1 04 04 0.4
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Unweighted IPTW weighted

Characteristic (%) N = 205,177 N =2,567,890 N = 120,011 N = 2,888,869 N = 2,893,001 N =2,851,016
Diabetes mellitus 13.2 9.1 19.6 10.0 9.9 10.4
Hemiplegia 0.1 0.1 0.2 0.1 0.1 0.1
Chronic kidney disease 2.1 1.2 3.7 15 1.4 1.6
Current tumour 8.6 4.7 12.6 54 5.3 5.8
Subclass of indication
Nepbhrolithiasis or 16.3 4.5 10.6 5.6 5.6 5.7
cholecystitis
Headache and migraine 36.0 77.3 62.6 73.8 73.7 73.6
Nonsurgical deliveries 6.1 1.2 0.9 10.4 104 10.5
Back pain 41.5 7.0 25.8 10.2 10.2 10.3

IPTW = inverse probability of treatment weighting.
Notes: Data presented as percentage.

Percentages may not add up to 100% due to rounding.
aOntario data were available as of 2013.

bSite-specific definition; missing values not reported and account for discrepancies between income quintile categories and overall cohort totals.
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Table 37: Crude Incidence Rates of Diverticulitis Among New Users by Outcome Definition and Follow-up for the Trauma and
Other Pain Indications, by Region

Crude incidence rate

(per 10,000 person-

Outco d fo Total person-years Total events years) Total person-years Total events
Outcome 1, intention to treat

Canada 2,619,323 6,879 26.3 1,938,639 6,137 31.7
Alberta 1,013,010 2,719 26.8 689,689 2,334 33.8
Manitoba 590,718 1,499 254 250,354 690 27.6
Ontario 649,930 1,263 19.4 834,749 2,371 28.4
Saskatchewan 365,665 1,398 38.2 163,847 742 45.3

Outcome 1, as treated

Canada 47,248 121 25.6 40,684 157 38.6
Alberta 6,702 12 17.9 15,349 56 36.5
Manitoba 5,555 21 37.8 3,141 8 255
Ontario 8,805 26 29.5 11,584 50 43.2
Saskatchewan 26,185 62 23.7 10,609 43 40.5

Outcome 2, intention to treat

Canada 4,198,129 1,276 3.0 1,774,793 845 4.3
Alberta 1,013,010 322 3.2 689,689 223 3.2
British Columbia 1,944,472 340 1.7 NA NA NA
Manitoba 590,718 318 54 250,354 135 54
Ontario 649,930 296 4.6 834,749 487 5.8

Outcome 2, as treated
Canada 38,012 21 5.5 30,075 30 10.0
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Trauma indication Other pain indication

Crude incidence rate
(per 10,000 person-

Crude incidence rate
(per 10,000 person-

Outcome and follow-up

Total person-years Total events years) Total person-years Total events years)
Alberta 6,702 0 0.0 S S 2.6
British Columbia S S 24 NA NA NA
Manitoba 5,655 8 14.4 S S 9.5
Ontario 8,805 10 1.4 11,584 24 20.7

ED = emergency department; NA = not applicable; S = value suppressed.

Notes: Outcome 1 is ED or inpatient visit for diverticulitis and outcome 2 is inpatient visit for diverticulitis with a CT or MRI scan.
Manitoba data were not available for ED visits for outcome 1.

Values between 1 and 5 inclusively were suppressed due to privacy restrictions.
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Appendix 5: Summary of Findings for the Comparative Safety Study

Please note that this appendix has not been copy-edited.

Table 38: Main Results for the As-Treated and Intention-to-Treat New Users Versus Odds-
Weighted Nonusers Analyses by Indication Cohort

ono ono O oho
IRD per 10,000 IRD per 10,000 RD per 10,000
IRR person-years IRR person-years IRR perso
d outco (95% Cl) (95% Cl) (95% ClI) (95% CI) (95% Cl) g
As-treated odds weighted
Outcome 1 1.38 7.97 1.61 9.73 1.61 12.49
(0.93, 2.04) (-2.98, 18.92) (0.99, 2.64) (-1.79, 21.25) (1.10, 2.35) (2.81,22.17)
Outcome 2 2.40 3.36 3.96 5.78 4.38 11.08
(1.76, 3.28) (1.19, 5.54) (2.44,6.43) (-0.64, 12.19) (2.44, 7.85) (0.38, 21.79)
Intention-to-treat odds weighted
Outcome 1 1.08 3.10 1.10 2.42 1.07 1.92
(1.03, 1.14) (0.59, 5.62) (1.03, 1.19) (0.64, 4.21) (0.95, 1.20) (-1.54, 5.39)
Outcome 2 1.00 -0.04 1.21 0.53 1.09 0.37
(0.95, 1.05) (-0.19, 0.10) (1.12,1.31) (0.22, 0.84) (1.00, 1.18) (-0.01, 0.74)

CI = confidence interval; CPRD = Clinical Practice Research Datalink; IRD = incidence rate difference; IRR = incidence rate ratio.

aQutcome 1 is ED or inpatient visit for diverticulitis and outcome 2 is inpatient visit for diverticulitis with a CT scan. Data not available for British Columbia and US Merative
MarketScan for outcome 1, and for Saskatchewan for outcome 2.

Data for the postsurgical cohort includes Alberta, British Columbia, Manitoba, Ontario, Saskatchewan, the UK CPRD, and the US Merative MarketScan.
°Data for the trauma cohorts includes Alberta, British Columbia, Manitoba, Ontario, and Saskatchewan.
dData for the other pain cohort includes Alberta, Manitoba, Ontario, and Saskatchewan.
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