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ABSTRACT: Background: A comprehensive understanding of the burden of migraine in Canada is needed to inform clinicians, clinical care
and policymakers. This study assessed real-world healthcare resource utilization (HCRU) and costs of patients with episodic migraine (EM)
and chronic migraine (CM) in Ontario, Canada. Methods: This study utilized administrative databases from the Institute for Clinical
Evaluative Sciences (ICES) containing publicly funded health services records for the covered population of Ontario. Patients ≥26 years old
with a migraine diagnosis between January 2013 and December 2017 were selected. EM and CM were inferred in eligible patients based on
previously studied predictors. Cases were matched with non-migraine controls and followed for two years. Results: 452,431 patients with
migraine, 117,655 patients inferred with EM and 24,763 patients inferred with CM were selected and matched to controls. 39.4% of the
inferred EM and 69.3% of the inferred CM subpopulations had≥1 claims of preventivemedications.Migraine-specific acutemedications were
underutilized (EM: 1.0%, CM: 3.3%), and high proportions of patients utilized opioids (EM: 38.8%, CM: 64.9%).Mean all-cause two-year costs
per patient for the overall migraine population and inferred EM and CM subpopulations were $7,486 (CAD), $11,908 (CAD) and $24,716
(CAD), respectively. The two-year incremental all-cause cost of migraine to the Ontario public payer was $1.1 billion (CAD). Conclusion:
Migraine poses a significant unmet need and burden on the Canadian healthcare system. These results demonstrate a gap between real-world
care and recommendations from treatment guidelines, emphasizing the need for improved awareness and expanded access to more effective
treatment options.

RÉSUMÉ : Utilisation et coûts des soins de santé en contexte réel chez des patients migraineux en Ontario (Canada). Contexte : Une
compréhension approfondie du fardeau que représente la migraine au Canada est nécessaire pour mieux informer les cliniciens, les soins
cliniques et les décideurs. Cette étude a donc cherché à évaluer l’utilisation enOntario (Canada) des ressources et les coûts des soins de santé en
contexte réel chez des patients souffrant de migraine épisodique (ME) et de migraine chronique (MC). Méthodes : Cette étude a utilisé les
bases de données administratives de l’Institute for Clinical Evaluative Sciences (ICES) contenant les dossiers relatifs à des services de santé
financés par la province de l’Ontario pour une population admissible à une couverture. Des patients âgés de 26 ans ou plus, chez qui on avait
diagnostiqué unemigraine entre janvier 2013 et décembre 2017, ont été sélectionnés. Des cas deME et deMC ont été déduits chez des patients
admissibles sur la base de prédicteurs précédemment étudiés. Ces cas ont été ensuite appariés avec des témoins non migraineux et suivis
pendant deux ans. Résultats : Au total, 452 431 patients migraineux, dont 117 655 patients présumés atteints de ME et 24 763 patients
présumés atteints deMC, ont été sélectionnés et appariés à des témoins. À noter que 39,4 % des patients chez qui on avait inféré laME et 69,3%
de ceux chez qui on avait inféré la MC avaient fait une demande ou plus de médicaments préventifs. Les médicaments aigus spécifiques à la
migraine sont demeurés sous-utilisés (ME : 1,0 % ;MC : 3,3 %) tandis qu’une forte proportion de patients utilisaient des opioïdes (ME : 38,8 % ;
MC : 64,9 %). Toutes causes confondues, les coûts moyens par patient sur deux ans, et ce, pour l’ensemble de la population migraineuse et les
sous-populations de patients présumés souffrir de ME et deMC, étaient respectivement de 7 486 $ (CAD), 11 908 $ (CAD) et 24 716 $ (CAD).
Les coûts supplémentaires représentés par la migraine en Ontario, toutes causes confondues et sur deux ans, était de 1,1 milliard de dollars
canadiens. Conclusion : En somme, la migraine représente un important besoin non satisfait et un lourd fardeau pour le système de santé
canadien. Ces résultats démontrent aussi un écart entre les soins prodigués en contexte réel et les recommandations inclues dans les directives
thérapeutiques, ce qui met en évidence la nécessité d’unemeilleure sensibilisation et d’un accès élargi à des options de traitement plus efficaces.
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Introduction

Migraine is a common, complex and debilitating neurological
disease caused in part by activation of the trigeminovascular
system in the brain and is associated with a variety of symptoms
including photophobia, phonophobia, nausea and sometimes
vomiting.1–3 It can be classified into various subtypes, including
episodic migraine (EM) and chronic migraine (CM). The
International Headache Society defines CM as the occurrence of
≥15 headache days and ≥8 migraine days per month, while EM is
defined as the occurrence of <15 headache days per month.4,5

Migraine has been identified as the 2nd leading cause of
disability globally, after low back pain, and the leading cause of
disability among people under 50 years of age.6,7 The estimated
point prevalence of migraine was reported to be 10.2% in Canada
in 2013.8 Similarly, the prevalence of migraine in Ontario was
reported as 10.7% in 2013–2014.9 These may be underestimates of
the true current prevalence of migraine, as more recent data are
unavailable and prior studies have indicated that patients with
migraine may be less likely to seek treatment and receive a
diagnosis.10,11

Migraine negatively impacts the daily life of patients, including
their productivity and quality of life (QoL) and is associated with a
substantial economic burden.12,13 Prior studies have reported that
patients with migraine have high healthcare resource utilization
(HCRU),14–18 prescription medication costs, healthcare provider
visits, emergency department (ED) visits and diagnostic testing.
These factors are primary contributors to direct healthcare costs
due to migraine in Canada.14–18

The goals of migraine treatment are typically to relieve pain and
associated symptoms, restore function, improve QoL and reduce
migraine frequency and burden.19 There are acute and preventive
treatments available for migraine (Supplementary File 1).20 Acute
treatments work to abort or reduce the pain and associated
symptoms, as well as disability of an individual attack, while
preventive treatments are used on a recurrent basis (e.g., daily,
monthly or quarterly) to reduce the severity and frequency of
attacks in patients with migraine. Effective management of
migraine using preventive medications helps to decrease the
overall HCRU and cost associated with migraine.21

Despite the availability of migraine treatments, existing
literature suggests that patients with migraine are undertreated
in Canada.10,15,16,22–25 For instance, as low as 0.04%–1.0% of
patients with migraine utilize triptans across various provinces in
Canada.22 The International Chronic Migraine Epidemiology and
Outcomes (CaMEO-I) study reported that 8.9% of patients with
migraine in Canada utilize preventive prescription medications.25

While the CaMEO-I study reported that 64.3% of patients with
migraine in Canada had consulted with a healthcare professional
for headaches, only 12.4% of patients with ≥15 headache days per
month reported receiving a diagnosis for CM.25

While several studies have investigated the substantial burden
of disease of migraine in Canada, most of these studies were
limited due to low sample size.15,16,18 In an effort to understand
the HCRU and costs of migraine in a large patient population in
Canada, near-census administrative medical claims records in
Ontario from the Institute for Clinical Evaluative Sciences (ICES)
were used to describe the demographics, medication use, HCRU
and costs to the public payer of patients diagnosed with migraine.
Almost all healthcare delivery in Ontario is funded by the public
payer (aside from specific cases such as privately covered support
services or medication costs for populations who are not eligible
for public prescription coverage). The primary objective of this
study was to assess the real-world HCRU and costs of the overall
migraine population in Ontario, including subpopulations of
patients inferred with EM and CM, compared with respective
matched non-migraine controls. Secondary objectives were to
describe medication utilization and assess HCRU and costs
by (1) the number of preventive medication classes cycled
through and (2) optimal/sub-optimal migraine management, in
both the overall migraine population and the inferred EM and
CM subpopulations.

Methods

Data sources

This study utilized administrative databases from ICES that
contain publicly funded health services records for the population
of Ontario and medication claims for individuals eligible for the
Ontario Drug Benefit (ODB) program. The ODB database
captures publicly reimbursed prescriptions in Ontario, excluding
cash and/or privately reimbursed prescriptions. The ODB
eligibility criteria include individuals who are ≥65 years of age,
living in a long-term care (LTC) home or a home for special care,
enrolled in the home care program, registered in the Trillium Drug
Program (patients under 65 years of age who have high
prescription drug costs relative to their household income) or
received social assistance through Ontario Works (individuals in
financial need) or the Ontario Disability Support Program during
the look-back period. These de-identified record-level databases
include information such as physician claims submitted to the
Ontario Health Insurance Plan (OHIP), medication claims
submitted to the ODB program, data on hospital discharges and
records of ED visits (see Supplementary File 2). All data sources
were linked at the patient level to facilitate longitudinal analysis.

Study design

This study utilized data from January 1, 2012, to December 31,
2019. A retrospective cohort approach was applied to identify and
index patients with migraine from January 1, 2013, to December
31, 2017 (i.e., the selection period) (Figure 1). A 12-month look-
back period prior to the index date was used to characterize
baseline characteristics and differentiate between patients with
inferred EM or CM. Patients were followed for two years after
index (i.e., the analysis period) to assess the outcomes of interest.

Study population

A diagnosis for migraine during the selection period was used to
identify patients, and the date associated with the first migraine
diagnosis in the selection period was considered the index date.
Each patient was only indexed once. A migraine diagnosis was
identified by any of the following: (a) an International Statistical

Highlights
• The two-year cost of migraine to the Ontario public payer was $1.1 billion,
with higher resource utilization including physician and specialist visits.

• 1.0% and 3.3% of episodic and chronic migraine subpopulations used
migraine-specific acute medications, while 38.8% and 64.9% used
opioids.

• Healthcare policy should align real-world care and guideline-recom-
mended practices.
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Classification of Diseases and Related Health Problems, 10th

Revision, Canada (ICD-10-CA) diagnosis code for migraine
(G430 – G433, G438 or G439); (b) the OHIP diagnosis code
346 formigraine; (c) an ICD-10-CA diagnosis code for headache in
patients with migraine-specific acute medication claims in their
history; and (d) an OHIP diagnosis code for headache in patients
withmigraine-specific acute medication claims in their history (see
Supplementary File 3). Patients were required to be active in the
administrative data (i.e., had any healthcare touchpoint) within the
12-month look-back period and 2-year analysis period.

Patients <26 years of age at the index date were excluded to
avoid confounding due to transient changes in ODB eligibility and
coverage for patients that were <25 years of age between 2018 and
2019 as a result of the OHIPþ program.26,27 Patients who were
non-Ontario residents, had an invalid OHIP card number or had
invalid or incomplete records (e.g., missing age, missing sex or
death before the index date) at index were also excluded.

Diagnosis codes to distinguish between EM and CM or data on
monthly migraine days were not available; therefore, a previously
published method was used to infer EM or CM, which was refined
with input from clinicians.28,29 CM status was inferred based on the
logistic regression model described by Pavlovic et al. or the
occurrence of at least one claim for onabotulinumtoxinA in the
12-month look-back period.28,29 The predictors of CM were
predefined as ≥15 claims for acute medications, ≥24 healthcare
visits, female sex and claims for 1 or≥2 uniquemigraine preventive
classes in the 12-month look-back period. Patients who were not
inferred with CM were inferred with EM (Figure 2). Patients who
did not have prescription claims in the ODB database in the
12-month look-back period were not eligible to be inferred with
either EM or CM. The ODB database only captures publicly
reimbursed prescriptions in Ontario; therefore, patients with
exclusively cash and/or privately reimbursed prescriptions could
not be categorized by migraine type.

Each patient was matched with up to two non-migraine
controls using propensity score matching. Exact matching was first

done based on index date (±30 days), age (±2 years), sex (exact
match) and ODB prescription plan eligibility. Propensity score
matching was conducted based on rurality, income quintiles, local
health integration network (LHIN), hypertension, dyspepsia,
irritable bowel syndrome (IBS), depression, anxiety, asthma,
obesity, skin disorders, sleep disorders, endocrine disorders, back
pain, hyperlipidemia, sinusitis, arthritis, Charlson comorbidity
score, LTC and home care, based on consultations with clinical
experts. Patients who could not be matched with controls were
excluded from the study population. All patients who met the
selection criteria and were matched with controls were included in
the overall migraine population. Patients who were inferred with
EM or CM and matched with controls were included in the
inferred EM and inferred CM subpopulations, respectively.

Additional selection criteria were applied to select relevant
populations for the medication utilization, preventive medication
cycling and optimal/sub-optimal management analyses (Figure 3).

Medication utilization population
Patients included in the medication utilization analysis must have
had at least one ODB prescription claim for any medication
(including non-migraine medications) in both the first and
second year of the analysis period to ensure activity in the ODB
database.

Preventive medication cycling population
Cycling was defined as the number of unique preventive
medication classes that were newly initiated. Patients were
categorized into 0, 1, 2 and ≥ 3 cycling groups based on the
number of unique preventive medication classes that were newly
initiated in the analysis period (Figure 4, Supplementary File 4).
Newly initiated was defined as having no claims for the preventive
medication in the 12 months prior to the claim. Patients included
in the analysis of HCRU and costs by cyclingmust have had at least
one ODB prescription claim for any medication (including non-

Figure 1. Study design. *The study time frame was selected to avoid any impact that the COVID-19 pandemic may have had on the outcomes of interest. CM = chronic migraine;
EM = episodic migraine; HCRU= healthcare resource utilization.
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Figure 3. Study population. CM= chronic migraine; EM = episodic migraine.

Figure 4. Cycling methodology. Note: Newly
initiated was defined as having no claims for the
preventive medication in the 12 months prior to
the claim. ODB = Ontario Drug Benefit.

Figure 2. Inferred EM/CM methodology. Note: The logistic regression model was based on the 12-month look-back period. CGRPis were not publicly available during the study
period. *Pavlovic et al.28 ACE/ARB = angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; BB = beta blocker; CCB = calcium channel blocker; CM = chronic
migraine; CGRP = calcitonin gene-related peptide; EM = episodic migraine; NSAID = nonsteroidal anti-inflammatory drugs.
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migraine medications) in both the first and second year of the
analysis period to ensure continual activity in the ODB database.

Optimal/sub-optimal management population
A 50% reduction in migraine days during the treatment period
compared to baseline is generally regarded as a response to
treatment in the literature.5,30 In the absence of data on migraine
days, migraine-specific acute medication use was used as an
indicator of optimal or sub-optimal management based on
consultations with clinical experts. Patients were considered
optimally managed if they had >50% reduction and sub-optimally
managed if they had≤50% reduction in the days’ supply of
migraine-specific acute medications. The reduction in days’ supply
was assessed by comparing the 12-month period after the newly
initiated preventive medication claim to the 12-month period
before the first newly initiated preventive medication claim
(Figure 5).

Patients included in the analysis of HCRU and costs by optimal
and sub-optimal management must have met the following
additional selection criteria: (a) a claim for a newly initiated
preventive medication in the first 12 months of the analysis period
(newly initiated was defined as having no claims for the preventive
medication in the 12 months prior to the claim); (b) at least one
prescription claim for any medication (including non-migraine
medications) in the 12 months before and the 12 months after the
date of the first newly initiated preventive medication claim to
ensure activity in the ODB database; and (c) at least one claim of a
migraine-specific acute medication (i.e., triptans, diclofenac
potassium powder for oral solution or ergotamine derivatives)
in either the 12months before or the 12months after the date of the
first newly initiated preventive medication claim.

Outcomes

Baseline demographics and clinical characteristics

Demographic information at baseline including age, sex and postal
code was collected from the Registered Persons Database (RPDB).
Age was calculated at the time of index. Neighborhood-level
income quintile, LHIN of residence and residence size were
estimated based on residential address using the Postal Code
Conversion File Plus.31 Charlson comorbidity index was assessed

in the 12-month look-back period and reported as 0, 1, 2þ and
missing. Comorbidities such as hypertension, dyspepsia, IBS,
depression, anxiety, asthma, etc. were assessed within the
12-month look-back period. The Discharge Abstract Database
(DAD), the National Ambulatory Care Reporting System
(NACRS) and ICES-derived cohorts were used to determine the
presence of comorbidities (see Supplementary File 5 for a list of the
diagnosis codes used to classify comorbidities). The ICES-derived
cohorts are datasets that have been created by utilizing validated
case-finding algorithms to identify individuals with specific
diseases.32–37 These outcomes were reported for the overall
migraine population, the inferred EM and CM subpopulations
and their respective matched non-migraine controls.

Medication utilization

The number and proportion of patients who utilized migraine
preventive medications (MPMs), migraine-specific acute medi-
cations and pain reliever medications over the two-year analysis
period were reported. MPMs included oral medications, such as
antiepileptics, antidepressants, antihypertensives, etc., and
onabotulinumtoxinA. Migraine-specific acute medications
included triptans, ergotamine derivatives and diclofenac potas-
sium powder for oral solution, and pain reliever medications
included nonsteroidal anti-inflammatory drugs (NSAIDs), opioids
and acetaminophen (Supplementary File 1). It should be noted that
calcitonin gene-related peptide inhibitors (CGRPis), including
erenumab (which was approved by Health Canada in August
2018), were not publicly reimbursed in Ontario during the study
period. OnabotulinumtoxinA and some triptans were publicly
reimbursed during the study period through the Exceptional
Access Program (EAP). The ODB database was the source of all
prescription claims dispensed under Ontario’s provincial public
drug program. These outcomes were reported for the medication
utilization population.

HCRU and costs

Mean HCRU and costs per patient over the two-year analysis
period were analyzed for general practitioner (GP) visits, specialist
visits, neurologist visits, outpatient hospital clinic visits, hospital-
izations, length of stay in the hospital, ED visits, same-day

Figure 5. Optimal/sub-optimal methodology.
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surgeries, LTC and inpatient rehabilitation services. Data on
hospital admissions were collected from the DAD, while data on
ED visits were retrieved from the NACRS. Patient claims for
physician services were extracted from the OHIP database. These
outcomes were reported for the overall migraine population and
the inferred EM and CM subpopulations and their respective
matched non-migraine controls. They were also reported for the
preventive medication cycling and optimal/sub-optimal manage-
ment analyses.

Data analysis

Categorical variables were reported as frequency counts and
percentages. Continuous variables were reported as a mean with a
standard deviation (SD) and a median with an interquartile range
(i.e., Q1, Q3). In accordance with ICES privacy policies, results based
on less than six patients were suppressed. All analyses were
conducted using Statistical Analysis System (SAS) version 9.3 or
higher (SAS Institute, Cary, NC). Patients with zero HCRU and/or
costs were included in all analyses. For all HCRU measures, an
unadjusted Poisson (if variance is less than mean) or an unadjusted
negative binomial model (if the variance is greater than or equal to
mean) was used to determine mean differences between cases and
controls for the overallmigraine population and the inferred EM and
CM subpopulations. For healthcare costs, an unadjusted gamma
model was used to determine variance and compare healthcare costs
between cases and controls for the overall migraine population and
the inferred EM and CM subpopulations. For both model types,
generalized estimating equation methodology was used to account
for the matched nature of the study. An associated p-value was
reported for each comparison. The incremental cost of migraine was
calculated by multiplying the overall migraine population’s patient
count with the mean cost difference between cases and controls.

Results

A total of 452,431 patients were identified, matched and included
in the overall migraine population. 140,141 (31.0%) patients could
be inferred, matched and included in either the inferred EM or
inferred CM subpopulations. Of these, 116,386 (83.0%) patients
were inferred with EM, matched and included in the inferred EM
subpopulation, and 23,755 (17.0%) patients were inferred with
CM, matched and included in the inferred CM subpopulation
(Figure 6, Table 1). The remainder of the patients could not be
categorized by migraine type, as the ODB database only captures
publicly reimbursed prescriptions in Ontario.

Baseline demographic and clinical characteristics

Baseline demographic and clinical characteristics were comparable
between cases and controls (Table 1). The mean (SD) age of
patients in the overall migraine population, inferred EM
subpopulation and inferred CM subpopulation was 46.9 (14.1)
years, 56.5 (16.4) years and 56.4 (16.2) years, respectively. The
majority of patients were female, accounting for 73.0%, 66.9% and
97.7% of the overall migraine population, inferred EM subpopu-
lation and inferred CM subpopulation, respectively.

One-fifth of patients in the overall migraine population (20.3%)
belonged to the lowest income quintile (quintile 1), whereas
approximately one-fourth of patients in the inferred EM
subpopulation (25.8%) and one-third of patients in the inferred
CM subpopulation (33.3%) belonged to the lowest income quintile
(quintile 1). Most patients resided in large urban areas, while only
9% resided in rural areas. The most common comorbidities in the
overall migraine population, inferred EM subpopulation and
inferred CM subpopulation were hypertension (24.9%, 44.8% and
54.0%), anxiety (21.8%, 24.6% and 46.4%), asthma (18.9%, 20.9%

Figure 6. Patient selection. CM= chronic migraine; EM = episodic migraine; ODB= Ontario Drug Benefit. Source: Ontario Administrative ICES Data (January 1, 2012–December
31, 2019).
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Table 1. Baseline demographics and clinical characteristics

Demographic characteristics Overall migraine
Non-migraine
controls

Inferred EM
subpopulation EM controls

Inferred CM
subpopulation CM controls

Number of individuals 452,431 896,217 116,386 230,526 23,755 46,242

Sex

Female – n (%) 330,442 (73.0%) 652,707 (72.8%) 77,873 (66.9%) 153,765 (66.7%) 23,201 (97.7%) 45,148 (97.6%)

Male – n (%) 121,989 (27.0%) 243,510 (27.2%) 38,513 (33.1%) 76,761 (33.3%) 554 (2.3%) 1,094 (2.4%)

Age

Mean (SD) 46.90 (14.09) 47.00 (14.09) 56.46 (16.37) 56.66 (16.31) 56.35 (16.21) 56.71 (16.18)

Median (Q1–Q3) 45 (36–56) 45 (36–56) 57 (43–69) 57 (44–69) 56 (44–69) 56 (44–69)

Age (categorical)

26–34 – n (%) 100,761 (22.3%) 198,864 (22.2%) 13,899 (11.9%) 27,167 (11.8%) 2,491 (10.5%) 4,708 (10.2%)

35–44 – n (%) 116,292 (25.7%) 228,016 (25.4%) 17,467 (15.0%) 33,655 (14.6%) 3,769 (15.9%) 7,068 (15.3%)

45–54 – n (%) 111,575 (24.7%) 221,321 (24.7%) 21,467 (18.4%) 42,359 (18.4%) 5,099 (21.5%) 9,775 (21.1%)

55–64 – n (%) 68,926 (15.2%) 137,036 (15.3%) 18,934 (16.3%) 37,237 (16.2%) 4,030 (17.0%) 7,806 (16.9%)

65þ – n (%) 54,877 (12.1%) 110,980 (12.4%) 44,619 (38.3%) 90,108 (39.1%) 8,366 (35.2%) 16,885 (36.5%)

Residence size

Large urban – n (%) 376,298 (83.2%) 750,348 (83.7%) 92,627 (79.6%) 184,623 (80.1%) 19,516 (82.2%) 38,212 (82.6%)

Medium urban – n (%) 33,311 (7.4%) 65,813 (7.3%) 10,636 (9.1%) 20,768 (9.0%) 1,997 (8.4%) 3,787 (8.2%)

Rural – n (%) 41,910 (9.3%) 78,260 (8.7%) 12,851 (11.0%) 24,613 (10.7%) 2,184 (9.2%) 4,127 (8.9%)

Missing – n (%) 912 (0.2%) 1,796 (0.2%) 272 (0.2%) 522 (0.2%) 58 (0.2%) 116 (0.3%)

Income quintile

Q1, lowest – n (%) 91,957 (20.3%) 185,802 (20.7%) 30,005 (25.8%) 59,395 (25.8%) 7,915 (33.3%) 15,577 (33.7%)

Q2 – n (%) 90,983 (20.1%) 181,696 (20.3%) 24,093 (20.7%) 49,010 (21.3%) 5,113 (21.5%) 10,773 (23.3%)

Q3 – n (%) 91,694 (20.3%) 178,605 (19.9%) 21,777 (18.7%) 45,189 (19.6%) 4,119 (17.3%) 7,850 (17.0%)

Q4 – n (%) 90,836 (20.1%) 176,967 (19.7%) 19,845 (17.1%) 39,079 (17.0%) 3,412 (14.4%) 6,457 (14.0%)

Q5, highest – n (%) 85,824 (19.0%) 170,727 (19.0%) 20,342 (17.5%) 37,186 (16.1%) 3,118 (13.1%) 5,403 (11.7%)

Missing – n (%) 1,137 (0.3%) 2,420 (0.3%) 324 (0.3%) 667 (0.3%) 78 (0.3%) 182 (0.4%)

LHIN

1. Erie St Clair – n (%) 24,052 (5.3%) 41,639 (4.6%) 6,933 (6.0%) 12,024 (5.2%) 1,626 (6.8%) 2,746 (5.9%)

2. South West – n (%) 28,930 (6.4%) 59,232 (6.6%) 8,323 (7.2%) 17,374 (7.5%) 1,494 (6.3%) 3,255 (7.0%)

3. Waterloo Wellington – n (%) 24,176 (5.3%) 47,770 (5.3%) 6,012 (5.2%) 11,747 (5.1%) 886 (3.7%) 2,189 (4.7%)

4. Hamilton Niagara Haldimand Brant – n (%) 45,630 (10.1%) 93,506 (10.4%) 12,590 (10.8%) 26,653 (11.6%) 2,808 (11.8%) 5,613 (12.1%)

5. Central West – n (%) 33,762 (7.5%) 59,954 (6.7%) 6,414 (5.5%) 12,551 (5.4%) 1,465 (6.2%) 2,688 (5.8%)

6. Mississauga Halton – n (%) 38,166 (8.4%) 78,066 (8.7%) 7,571 (6.5%) 15,617 (6.8%) 1,615 (6.8%) 3,143 (6.8%)

7. Toronto Central – n (%) 42,037 (9.3%) 91,304 (10.2%) 10,741 (9.2%) 21,380 (9.3%) 2,442 (10.3%) 4,534 (9.8%)

8. Central – n (%) 58,868 (13.0%) 124,232 (13.9%) 12,798 (11.0%) 26,232 (11.4%) 2,841 (12.0%) 5,434 (11.8%)

9. Central East – n (%) 55,661 (12.3%) 104,206 (11.6%) 14,514 (12.5%) 27,238 (11.8%) 3,100 (13.0%) 5,657 (12.2%)

10. South East – n (%) 17,042 (3.8%) 30,686 (3.4%) 5,780 (5.0%) 10,397 (4.5%) 1,158 (4.9%) 1,878 (4.1%)

11. Champlain – n (%) 45,833 (10.1%) 85,991 (9.6%) 13,255 (11.4%) 24,881 (10.8%) 2,181 (9.2%) 4,657 (10.1%)

12. North Simcoe Muskoka – n (%) 14,742 (3.3%) 29,589 (3.3%) 4,509 (3.9%) 8,793 (3.8%) 837 (3.5%) 1,579 (3.4%)

13. North East – n (%) 16,984 (3.8%) 35,837 (4.0%) 5,085 (4.4%) 11,497 (5.0%) 945 (4.0%) 2,133 (4.6%)

14. North West – n (%) 6,548 (1.4%) 14,205 (1.6%) 1,861 (1.6%) 4,142 (1.8%) 357 (1.5%) 736 (1.6%)

Charlson comorbidity at index date (assessed within one year look-back)

Missing – n (%) 420,172 (92.9%) 841,689 (93.9%) 105,493 (90.6%) 210,840 (91.5%) 18,233 (76.8%) 38,724 (83.7%)

0 – n (%) 22,912 (5.1%) 40,182 (4.5%) 6,118 (5.3%) 11,558 (5.0%) 3,027 (12.7%) 3,734 (8.1%)

1 – n (%) 4,605 (1.0%) 6,516 (0.7%) 2,303 (2.0%) 3,732 (1.6%) 1,086 (4.6%) 1,552 (3.4%)

2þ – n (%) 4,742 (1.0%) 7,830 (0.9%) 2,472 (2.1%) 4,396 (1.9%) 1,409 (5.9%) 2,232 (4.8%)

(Continued)
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and 34.5%) and back pain (10.7%, 12.3% and 24.9%). The complete
list of comorbidities is provided in Table 1.

Medication utilization

Based on the additional selection criteria, 124,362 overall patients
with migraine, 84,914 patients from the inferred EM subpopulation
and 20,740 patients from the inferred CM subpopulation were
included in themedication utilization analysis (Figure 7). Preventive
and acutemedication utilization was higher in patients with inferred
CM compared to patients with inferred EM. Thirty-nine percent
(39.4%) of the inferred EM subpopulation and 69.3% of the inferred
CM subpopulation had at least one claim of any preventive

medication in the two-year analysis period (Table 2). Specifically,
39.2% of the inferred EM subpopulation and 68.5% of the inferred
CM subpopulation had at least one claim of any oral MPM, and
2.7% of the inferred CM subpopulation had at least one claim of
onabotulinumtoxinA. Migraine-specific acute medications were
utilized in only 1.0% of patients in the inferred EM subpopulation
and 3.3% of patients in the inferred CM subpopulation. In contrast,
58.3% and 81.4% of patients in the inferred EM and CM
subpopulations had at least one claim of a pain reliever medication,
respectively.While 0.8% of the inferred EM subpopulation and 2.6%
of the inferredCMsubpopulation had at least one claim for a triptan,
38.8% of the inferred EM subpopulation and 64.9% of the inferred
CM subpopulation had at least one claim for an opioid.

Table 1. Baseline demographics and clinical characteristics (Continued )

Demographic characteristics Overall migraine
Non-migraine
controls

Inferred EM
subpopulation EM controls

Inferred CM
subpopulation CM controls

Comorbidity history

Hypertension – n (%) 112,696 (24.9%) 181,493 (20.3%) 52,090 (44.8%) 90,898 (39.4%) 12,827 (54.0%) 19,446 (42.1%)

Dyspepsia – n (%) 8,479 (1.9%) 13,931 (1.6%) 2,504 (2.2%) 4,130 (1.8%) 930 (3.9%) 1,620 (3.5%)

IBS – n (%) 12,285 (2.7%) 18,940 (2.1%) 3,849 (3.3%) 6,113 (2.7%) 1,868 (7.9%) 2,766 (6.0%)

Depression – n (%) 24,817 (5.5%) 43,941 (4.9%) 7,742 (6.7%) 14,837 (6.4%) 3,778 (15.9%) 7,197 (15.6%)

Anxiety – n (%) 98,698 (21.8%) 183,435 (20.5%) 28,592 (24.6%) 53,954 (23.4%) 11,013 (46.4%) 22,237 (48.1%)

Asthma – n (%) 85,450 (18.9%) 168,087 (18.8%) 24,291 (20.9%) 48,078 (20.9%) 8,187 (34.5%) 16,278 (35.2%)

Obesity – n (%) 10,582 (2.3%) 22,651 (2.5%) 2,542 (2.2%) 5,640 (2.4%) 1,072 (4.5%) 2,532 (5.5%)

Skin disorder – n (%) 38,110 (8.4%) 74,326 (8.3%) 10,169 (8.7%) 18,456 (8.0%) 3,358 (14.1%) 6,087 (13.2%)

Sleep disorder – n (%) 32,149 (7.1%) 44,378 (5.0%) 8,971 (7.7%) 13,274 (5.8%) 3,235 (13.6%) 4,728 (10.2%)

Endocrine disorder – n (%) 20,452 (4.5%) 43,599 (4.9%) 5,548 (4.8%) 10,776 (4.7%) 1,859 (7.8%) 4,227 (9.1%)

Back pain – n (%) 48,484 (10.7%) 77,882 (8.7%) 14,297 (12.3%) 23,750 (10.3%) 5,905 (24.9%) 9,446 (20.4%)

Hyperlipidemia – n (%) 24,665 (5.5%) 39,913 (4.5%) 8,290 (7.1%) 14,826 (6.4%) 1,866 (7.9%) 3,108 (6.7%)

Sinusitis – n (%) 43,680 (9.7%) 82,515 (9.2%) 10,113 (8.7%) 17,234 (7.5%) 3,096 (13.0%) 5,896 (12.8%)

Arthritis – n (%) 37,600 (8.3%) 54,479 (6.1%) 15,596 (13.4%) 25,831 (11.2%) 5,959 (25.1%) 9,679 (20.9%)

CM= chronic migraine; EM= episodic migraine; SD= standard deviation. Source: Ontario Administrative ICES Data (January 1, 2012–December 31, 2019).

Figure 7. Patient selection for secondary objectives. CM= chronic migraine; EM = episodic migraine. Source: Ontario Administrative ICES Data (January 1, 2012–December
31, 2019).
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HCRU and costs

Over the two-year analysis period, the overall migraine population,
inferred EM subpopulation and inferred CM subpopulation had
significantly higher mean all-cause HCRU compared to their
matched non-migraine controls (Figure 8, Table 3). This included
categories such as GP visits (overall migraine: 9.4 vs. 5.8, p< 0.0001;
inferred EM: 9.9 vs. 7.7, p< 0.0001; and inferred CM: 21.6 vs. 10.8,
p< 0.0001), specialist visits (overall migraine: 6.6 vs. 4.3, p< 0.0001;
inferred EM: 8.1 vs. 6.4, p< 0.0001; and inferred CM: 16.1 vs. 8.4,
p< 0.0001), outpatient hospital clinic visits (overall migraine: 2.3 vs.
1.5, p< 0.0001; inferred EM: 3.0 vs. 2.4, p< 0.0001; and inferred
CM: 5.8 vs. 3.1, p< 0.0001) and ED visits (overall migraine: 1.9 vs.
0.8, p< 0.0001; inferred EM: 2.4 vs. 1.3, p< 0.0001; and inferred

CM: 4.8 vs. 1.8, p< 0.0001). The inferred CM subpopulation had
higher mean all-cause HCRU compared to the inferred EM
subpopulation in almost all categories, including GP visits (inferred
CM: 21.9, inferred EM: 9.9), specialist visits (inferred CM: 16.1,
inferred EM: 8.1), outpatient hospital clinic visits (inferred CM: 5.8,
inferred EM: 3.0) and ED visits (inferred CM: 4.8, inferred EM: 2.4).

The mean two-year healthcare costs per patient for the overall
migraine population, inferred EM subpopulation and inferred CM
subpopulation were $7,486 (CAD), $11,908 (CAD) and $24,716
(CAD), respectively. These patients incurred a significantly higher
incremental cost of $2,538 (CAD), $2,156 (CAD) and $11,652
(CAD) compared to their matched non-migraine controls
(p< 0.0001) (Figure 9). The overall incremental cost of patients

Figure 8. Mean all-cause HCRU in the inferred EM, inferred CM and overall migraine population. CM= chronic migraine; ED= emergency department; EM = episodic migraine;
GP = general practitioner. Source: Ontario Administrative ICES Data (January 1, 2012–December 31, 2019).

Table 2. Medication utilization in the overall migraine, inferred EM and CM subpopulations (two-year analysis period)

Group Class

Overall migraine#

(N= 124,362)
n (%)

Inferred EM (N= 84,914)#

n (%)

Inferred CM
(N= 20,740)#

n (%)

OnabotulinumtoxinA* OnabotulinumtoxinA 941 (0.8%) 325 (0.4%) 550 (2.7%)

CGRP inhibitors* CGRP inhibitors 0 (0.0%) 0 (0.0%) 0 (0.0%)

Oral migraine preventive medications Antiepileptics 19,359 (15.6%) 10,813 (12.7%) 7,304 (35.2%)

Antidepressants 24,796 (19.9%) 15,096 (17.8%) 8,030 (38.7%)

Antihypertensives (BB) 17,171 (13.8%) 11,096 (13.1%) 5,179 (25.0%)

Antihypertensives (CCB) 1,834 (1.5%) 1,011 (1.2%) 711 (3.4%)

Antihypertensives (ACE/ARB) 5,588 (4.5%) 3,616 (4.3%) 1,692 (8.2%)

Antihistamines (with antiserotonergic activity) 728 (0.6%) 392 (0.5%) 296 (1.4%)

Carbonic anhydrase inhibitors 507 (0.4%) 354 (0.4%) 120 (0.6%)

Migraine-specific acute medications Triptans* 1,244 (1.0%) 649 (0.8%) 544 (2.6%)

Ergotamine derivatives 352 (0.3%) 198 (0.2%) 144 (0.7%)

Diclofenac potassium powder for oral solution 0 (0.0%) 0 (0.0%) 0 (0.0%)

Pain reliever medications NSAIDS 44,226 (35.6%) 30,276 (35.7%) 10,905 (52.6%)

Acetaminophen 18,019 (14.5%) 12,277 (14.5%) 5,110 (24.6%)

Opioids 49,637 (39.9%) 32,989 (38.8%) 13,469 (64.9%)

ACE/ARB= angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; BB = beta blocker; CCB = calcium channel blockers; CGRP= calcitonin gene-related peptide; CM= chronic
migraine; EM= episodic migraine; NSAIDs= nonsteroidal anti-inflammatory drugs. *Note: CGRPis were not publicly reimbursed during the study period. OnabotulinumtoxinA and triptans were
only available through the Exceptional Access Program. #Note: Medication utilization was assessed in selected patients who had at least one ODB prescription claim for any medication
(including non-migraine medications) in both the first and second year of the analysis period. Source: Ontario Administrative ICES Data (January 1, 2012–December 31, 2019).
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Table 3. Mean all-cause HCRU and costs (two-year analysis period)

Outcomes

Inferred EM
subpopulation
Mean (SD)

EM controls
Mean (SD) P-values

Inferred CM
subpopulation
Mean (SD)

CM controls
Mean (SD) P-Values

Overall Migraine
Population
Mean (SD)

Overall Migraine
Controls
Mean (SD) P-Values

Number of Individuals 116,386 230,526 – 23,755 46,242 – 452,431 896,217 -

Healthcare resource utilization (HCRU)

GP visits (outpatient) 9.87 (13.40) 7.66 (12.22) < 0.0001 21.55 (24.62) 10.75 (15.30) < 0.0001 9.37 (13.03) 5.77 (9.59) < 0.0001

Specialist visits (outpatient) 8.10 (9.31) 6.42 (9.28) < 0.0001 16.05 (16.92) 8.38 (11.31) < 0.0001 6.61 (9.56) 4.31 (7.86) < 0.0001

Neurologist visits (outpatient) 0.70 (1.76) 0.15 (0.80) < 0.0001 1.14 (2.29) 0.19 (0.84) < 0.0001 0.63 (1.58) 0.09 (0.58) < 0.0001

Outpatient visits 2.99 (5.30) 2.35 (4.86) < 0.0001 5.76 (9.01) 3.05 (5.99) < 0.0001 2.29 (4.87) 1.50 (3.86) < 0.0001

Hospitalizations 0.34 (0.93) 0.24 (0.75) < 0.0001 0.66 (1.50) 0.33 (0.99) < 0.0001 0.23 (0.75) 0.15 (0.56) < 0.0001

Length of stay in the hospital (among
hospitalized patients)

10.80 (27.54) 10.58 (28.45) 0.3449 13.64 (31.33) 11.60 (26.44) < 0.0001 7.80 (21.97) 6.90 (20.61) < 0.0001

ED visits 2.43 (5.73) 1.29 (3.36) < 0.0001 4.84 (10.90) 1.75 (4.13) < 0.0001 1.92 (4.85) 0.84 (2.33) < 0.0001

Same-day surgeries 0.44 (0.98) 0.36 (1.06) < 0.0001 0.68 (1.56) 0.42 (1.32) < 0.0001 0.31 (0.86) 0.22 (0.78) < 0.0001

Long term care 0.09 (0.92) 0.08 (0.88) 0.0042 0.20 (1.40) 0.16 (1.27) 0.0005 0.03 (0.58) 0.03 (0.54) < 0.0001

Inpatient rehabilitation services 0.02 (0.15) 0.01 (0.11) < 0.0001 0.03 (0.19) 0.01 (0.13) < 0.0001 0.01 (0.10) 0.00 (0.07) < 0.0001

Direct healthcare costs

Total costs 11,907.94 (24,067.22) 9751.47 (21,671.76) < 0.0001 24,716.04 (34,434.72) 13,063.85 (26,370.38) < 0.0001 7485.92 (17,847.32) 4948.25 (14,392.84) < 0.0001

GP visit costs (outpatient) 442.47 (642.11) 347.21 (615.59) < 0.0001 997.07 (1404.77) 504.99 (837.73) < 0.0001 421.78 (680.18) 262.53 (520.08) < 0.0001

GP visit costs (other) 344.99 (1360.48) 269.11 (2182.41) < 0.0001 1105.62 (3742.91) 377.79 (1569.76) < 0.0001 279.39 (1940.04) 148.29 (1228.53) < 0.0001

Specialist visit costs (outpatient) 684.94 (917.13) 526.60 (1040.08) < 0.0001 1454.98 (2090.45) 726.71 (1348.15) < 0.0001 574.54 (1063.87) 352.13 (894.42) < 0.0001

Specialist visit costs (other) 1830.25 (2975.62) 1356.35 (2590.72) < 0.0001 3219.80 (4441.87) 1755.23 (3282.36) < 0.0001 1378.28 (2505.81) 877.49 (1958.68) < 0.0001

Neurologist visit costs (outpatient) 86.78 (171.31) 18.49 (82.67) < 0.0001 130.86 (217.27) 23.49 (91.74) < 0.0001 79.68 (164.61) 11.43 (63.81) < 0.0001

Neurologist visit costs (other) 42.20 (254.28) 15.05 (124.36) < 0.0001 80.23 (401.10) 19.53 (129.63) < 0.0001 32.33 (220.59) 8.89 (88.03) < 0.0001

Outpatient hospital clinic visits costs 1034.33 (1836.89) 813.33 (1684.02) < 0.0001 2012.85 (3164.95) 1063.86 (2094.69) < 0.0001 795.72 (1698.03) 519.08 (1343.22) < 0.0001

ED costs 733.56 (1613.29) 396.71 (1008.46) < 0.0001 1490.54 (3006.03) 554.79 (1316.98) < 0.0001 542.52 (1322.80) 239.11 (696.73) < 0.0001

Hospitalization costs 2966.20 (14,362.67) 2206.56 (11,792.55) < 0.0001 5643.41 (19,317.70) 2956.83 (14,118.06) < 0.0001 1729.42 (10,196.81) 1118.75 (7855.33) < 0.0001

Same-day surgeries costs 469.35 (1212.26) 385.46 (1136.28) < 0.0001 686.41 (1434.50) 427.92 (1129.53) < 0.0001 342.03 (986.52) 243.88 (856.52) < 0.0001

Long-term care costs 575.31 (6569.47) 539.38 (6409.50) 0.0049 1299.92 (10,070.97) 1090.38 (9237.80) 0.0047 223.88 (4128.75) 198.75 (3910.66) < 0.0001

Inpatient rehabilitation services costs 350.58 (3400.08) 197.40 (2424.62) < 0.0001 480.38 (3688.68) 252.38 (2921.66) < 0.0001 161.62 (2362.96) 77.85 (1602.34) < 0.0001

Public drug plan costs (ODB) 2475.95 (7972.91) 2713.36 (9907.61) < 0.0001 6325.06 (13,926.13) 3352.97 (11,404.61) < 0.0001 1036.74 (5577.08) 910.40 (5882.61) < 0.0001

CM = chronic migraine; EM = episodic migraine; GP = general practitioner; ED = emergency department; NSAIDS = nonsteroidal anti-inflammatory drugs.
Note:Only patients who had at least one ODBprescription claim in the 12-month look-back periodwere inferredwith CMor EM status. Neurologist visits are a subset of specialist visits. Outpatient GP, specialist and neurologist costs refer to physician billing in
the outpatient setting where the OHIP location is home, office or phone. Other GP, specialist and neurologist costs refer to physician billing in other settings where the OHIP location is emergency department, inpatient or undefined. Source: Ontario
Administrative ICES Data (January 1, 2012–December 31, 2019).
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Figure 9. Mean all-cause costs in the overall migraine population, inferred EM and inferred CM subpopulations. CM= chronic migraine; ED= emergency department;
EM = episodic migraine; GP= general practitioner. Source: Ontario Administrative ICES Data (January 1, 2012–December 31, 2019).

Figure 10. Mean all-cause HCRU in the overall migraine population by preventive medication cycling. Note: Cycling on preventive medications is inferred based on the number of
different classes of preventive medications that are newly initiated by patients in the two-year analysis period. GP= general practitioner; ED= emergency department. Source:
Ontario Administrative ICES Data (January 1, 2012–December 31, 2019).

Figure 11. Mean all-cause costs in the overall migraine population and inferred EM and CM subpopulations by preventive medication cycling. Note: Cycling on preventive
medications is inferred based on the number of different classes of preventive medications that are newly initiated by patients in the two-year analysis period. CM= chronic
migraine; EM = episodic migraine. Source: Ontario Administrative ICES Data (January 1, 2012–December 31, 2019).
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with migraine to the public payer in Ontario was $1.1 billion
(CAD) over two years.

HCRU and costs by preventive medication cycling

Based on the additional selection criteria, 124,362 overall patients
with migraine, 84,914 patients from the inferred EM subpopula-
tion and 20,740 patients from the inferred CM subpopulation were
included in the cycling analysis (Figure 6). In the two-year analysis
period, 24.7% of the overall migraine population, 22.6% of the
inferred EM subpopulation and 38.1% of the inferred CM
subpopulation cycled through one or more newly initiated
preventive medication classes. Mean all-cause HCRU and costs
were higher in patients who cycled through more newly initiated
preventive classes in the overall migraine population (Figure 10,
Supplementary File 6). Patients who newly initiated 0, 1, 2 and ≥ 3
unique preventive classes had 11.1, 15.0, 17.9 and 19.4 mean GP
visits and 9.2, 11.8, 14.1 and 15.6 mean specialist visits over two
years, respectively. Themean all-cause total costs for patients in the
overall migraine population who newly initiated 0, 1, 2 and ≥ 3
unique preventive classes were $14,237 (CAD), $19,467 (CAD),
$21,486 (CAD) and $23,095 (CAD) per patient over two years,
respectively (Figure 11). In the inferred EM subpopulation, the
mean all-cause costs of patients who newly initiated 0, 1, 2 and ≥ 3
unique preventive classes were $13,229 (CAD), $17,102 (CAD),
$18,875 (CAD) and $17,537 (CAD) per patient over two years,
respectively. In the inferred CM subpopulation, the mean all-cause
costs of patients who newly initiated 0, 1, 2 and ≥ 3 unique
preventive classes were $25,171 (CAD), $27,363 (CAD), $27,070
(CAD) and $33,188 (CAD) per patient over two years, respectively.

HCRU and costs by optimal/sub-optimal management

Based on the additional selection criteria, 643 patients from the
overall migraine population, 317 patients from the inferred EM
subpopulation and 296 patients from the inferred CM subpopu-
lation were included in the optimal/sub-optimal management
analysis (Figure 6). 32.0% of the overall migraine population,
35.0% of the inferred EM subpopulation and 32.0% of the inferred
CM subpopulation achieved optimal management one year after
newly initiating a preventive medication. Mean all-cause HCRU
was similar between patients with optimal management and
patients with sub-optimal management (Supplementary File 7).
However, mean migraine-specific HCRU was higher in patients
with sub-optimal management compared to patients with optimal
management in the overall migraine population. This included
increased GP visits (sub-optimal management: 0.9, optimal
management: 0.6), specialist visits (sub-optimal management:
0.8, optimal management: 0.4), outpatient hospital clinic visits
(sub-optimal management: 0.3, optimal management: 0.1) and ED
visits (sub-optimal management 0.2, optimal management: 0.1)
among sub-optimally managed patients. The mean all-cause costs
for patients with sub-optimal management were higher than
patients with optimal management in the overall migraine
population (sub-optimal management: $10,507 [CAD], optimal
management: $10,365 [CAD]) and the inferred EM subpopulation
(sub-optimal management: $8,944 [CAD], optimal management:
$7,367 [CAD]). In the inferred CM subpopulation, the mean all-
cause costs were lower for patients with sub-optimal management
than patients with optimal management (sub-optimal manage-
ment: $12,673 [CAD], optimal management: $14,046 [CAD]).

Discussion

The objective of this retrospective, longitudinal cohort study was to
capture the direct costs of migraine to the public healthcare system
in Ontario. By comparing costs against matched non-migraine
controls, we minimized the impact of confounding comorbidities,
such as hypertension, depression and anxiety, which are common
among migraine patients. Several studies have attempted to assess
the economic burden of migraine in Canada.14–18 However, to our
knowledge, this is the largest study to analyze the resource
utilization and costs of migraine, including EM and CM, in
Canada, and the first in Ontario using administrative claims
databases. While a previous study has reported the economic
burden of cycling in the USA,38 this appears to be the first study in
Canada to assess the economic burden of cycling through
preventive medication classes in migraine. Given that Ontario
functions as a single public payer system for medical service
delivery, the administrative medical claims data captured in this
study are comprehensive.

Timely access to proper treatment is critical for reducing the
impact of migraine attacks on patients. In this study, over 60% of
the inferred EM subpopulation and over 30% of the inferred CM
subpopulation did not utilize any preventive migraine medication
during the two-year analysis period. Prior studies have shown that
appropriate use of preventive migraine medications results in
lower HCRU and acute medication utilization.39–41 Guidelines
recommend the use of acetaminophen, NSAIDs and triptans for
effective acute migraine treatment.42–44 However, triptans were
notably underutilized (inferred EM: 0.8%, inferred CM: 2.6%)
compared to acetaminophen (inferred EM: 14.5%, inferred CM:
24.6%) and NSAIDs (inferred EM: 35.7%, inferred CM: 52.6%).
This underutilization may be partly attributed to the restricted
access to triptans as they are only publicly reimbursed in Ontario
through the EAP, which requires patients to fail on previous acute
medications (such as NSAIDs or acetaminophen) as part of the
public reimbursement criteria for access to a triptan.45 The EAP
facilitates access to drugs not listed in the ODB formulary for a
narrow patient population thatmeets the approved clinical criteria.
It requires that healthcare providers complete requests for
approval as well as renew these requests, posing a notable
administrative burden.46 Options such as a Limited Use (LU) code
or changes to existing reimbursement criteria could expedite
patient access to triptans. LU codes are a reimbursement pathway
within the ODB program that enables access to eligible patients
meeting reimbursement criteria without requiring prior approval,
which reduces administrative burden.

On the other hand, this study found that high proportions of
patients were utilizing opioids (38.8% of the inferred EM
subpopulation and 64.9% of the inferred CM subpopulation).
This notable lack of access to triptans may have contributed to the
high utilization of opioids observed in Ontario in this study. A
comparable finding was reported in a similar study conducted in
Alberta, where 40.8% of patients with migraine received ≥1
prescription for opioids.47 This may also be due to triptans being
publicly reimbursed in Alberta through a similarly restrictive
program, where special authorization is required after demon-
strating that the patient has failed previous standard therapy.48 The
CanadianHeadache Society recommends against the routine use of
opioids due to the reduced efficacy compared to triptans, the risk of
sedation and dependence and the risk of developing medication
overuse headaches.42 However, it is important to note that patients
with migraine in this study may have been prescribed opioids for
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other comorbid conditions. Prior research shows that poorly
optimized acute treatment may be associated with a higher
likelihood of disability and an increased risk of migraine disease
progression.49,50 Uncontrolled or poorly controlled attacks may
result in medication overuse, which is often associated with
increased disease severity and pain.51 Medication overuse may also
be associated with a greater likelihood of progression from EM to
CM.52,53

Amoozegar et al. published a study in 2022 characterizing the
burden of illness of migraine in Canada.54 They estimated the
mean annual direct cost of migraine to be $7,004 (CAD) per
patient with low-frequency EM, $8,939 (CAD) per patient with
high-frequency EM and $12,413 (CAD) per patient with CM.
When compared to the two-year incremental direct costs of
migraine (vs. matched controls) observed in this study (EM: $2,156
[CAD]; CM: $11,651 [CAD]), the estimates observed by
Amoozegar et al. appear higher (particularly when compared to
the inferred EM subpopulation). However, this may be attributed
to several methodological differences in the study by Amoozegar
et al., such as the survey and chart audit design, selecting for a
relatively severe population (i.e., at least four monthly migraine
days and failure on ≥2 preventive treatments), including privately
covered prescriptions and services (as opposed to only publicly
reimbursed services/medications) and costs being defined as
attributable to migraine (as opposed to incremental costs
compared to controls in our study). The patients in the study by
Amoozegar et al. were also selected from a tertiary headache clinic
and as such may be more likely to have higher medication
utilization and therefore higher costs. Nonetheless, the cost
estimates in this study are likely an underestimate of the total direct
costs of migraine considering the lack of inclusion of privately
covered prescriptions and services.

McMullen et al. recently published a retrospective observational
study in 2023 utilizing administrative data to describe the burden
of EM, CM and medication overuse headache in Alberta.55 They
estimated mean annual all-cause costs to be $12,693 (CAD) per
patient with CM and $4,251 (CAD) per patient with EM. When
annualized, the all-cause two-year costs per patient with inferred
CM ($24,716 [CAD]) in our study appear similar. Although the
two-year costs per patient with inferred EM ($11,908 [CAD]) in
our study appear slightly higher, this could be explained by the
higher mean age of the inferred EM subpopulation in our study
(56.5 years) compared to the EM population in the study by
McMullen et al. (38.6 years). In our study, only patients who were
eligible for the ODB program were inferred with EM or CM, which
may have selected for older patient populations. The study by
McMullen et al. used the same methodology to infer EM and CM;
however, in addition to publicly reimbursed prescriptions, the
Alberta administrative databases also capture privately reimbursed
prescriptions, which may have avoided the selection effect
observed in our study.

Most categories of HCRU (such as GP visits, specialist visits and
outpatient hospital visits) are incrementally higher for patients
who cycle through more newly initiated preventive medication
classes in the overall migraine population and inferred EM and CM
subpopulations. The same is true for total costs per patient in the
overall migraine population where patients cycling through more
newly initiated classes have higher costs. A study conducted in the
USA reported similar findings.38 On the other hand, the total costs
for the inferred EM and CM subpopulations vary based on the
number of unique newly initiated preventive medication classes
they cycle through. For instance, in the inferred EM subpopulation,

themean all-cause costs of those who newly initiated 0, 1, 2 and≥ 3
unique preventive classes were $13,229 (CAD), $17,102 (CAD),
$18,875 (CAD) and $17,537 (CAD) per patient over two years,
respectively. In the inferred CM subpopulation, the mean all-cause
costs of patients who newly initiated 0, 1, 2 and ≥ 3 unique
preventive classes were $25,171 (CAD), $27,363 (CAD), $27,070
(CAD) and $33,188 (CAD) per patient over two years, respectively.

This study also reported HCRU and costs for patients with
optimal/sub-optimal management. All-cause HCRU and costs
were similar across patients with optimal management and sub-
optimal management, which may indicate that migraine-specific
outcomes are more likely to capture the impact of disease
management. The mean all-cause costs for patients with sub-
optimal management were higher than for patients with optimal
management in the overall migraine population and the inferred
EM subpopulation. In the inferred CM subpopulation, the all-
cause costs for optimally managed patients were observed to be
higher than patients with sub-optimal management (optimal
management: $14,046, sub-optimal management: $12,673).
However, this finding should be interpreted with caution given
the relatively smaller sample size of the two groups (optimal
management: n= 94, sub-optimal management: n= 202).

A limitation of this study is that the administrative claims data
capture publicly reimbursed medical and prescription drug claims
inOntario. Therefore, out-of-pocket and privately reimbursed care
and prescription drugs (including those provided by patient
support programs) were not captured in this study. While this
means that direct costs to the public payer were accurately
represented, these costs likely underestimate the total economic
burden of migraine, which includes privately covered prescriptions
and indirect costs such as productivity loss that were not accounted
for in this study. Additionally, migraine-specific HCRU and costs
may have been underestimated, as not all migraine-related
healthcare touchpoints may have been associated with a migraine
diagnosis within the administrative data potentially due to
underdiagnosis and/or the high rates of comorbidities that were
observed.

An additional limitation is that diagnosis codes to distinguish
between EM and CM or data on direct measures such as monthly
migraine days were not available. As such, the differentiation
between EM and CM was inferred based on an algorithm that was
previously validated against a cohort of patients diagnosed with
CM by trained clinicians who administered a diagnostic inter-
view.28,29 As the predictors of this algorithm include medication
use, it was only applied to patients who had at least one ODB
prescription claim for any medication (including non-migraine
medications) in the 12-month look-back period prior to the index
date. This meant that all patients with inferred EM and CM were
eligible for the ODB prescription drug plan at some point during
the look-back period. When considering the eligibility criteria for
the ODB program, this implies that the patients with inferred EM
and CM were either ≥65 years of age, living in an LTC home or a
home for special care, enrolled in the home care program,
registered in the Trillium Drug Program (patients under 65 years
of age who have high prescription drug costs relative to their
household income) or received social assistance through Ontario
Works (individuals in financial need) or the Ontario Disability
Support Program during the look-back period.56 The overall
migraine population included all patients with a migraine
diagnosis who were matched to controls, irrespective of their
ODB prescription drug plan eligibility. The impact of this can be
observed in themean age of these populations. Themean age of the
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overall migraine population (46.9 years) is lower than the inferred
EM and CM subpopulations (56.5 and 56.4 years, respectively).
Since all patients in the overall migraine population (i.e., all
included and matched patients) were not required to have at least
one ODB prescription claim, some medication costs may not be
captured as they may have been covered by private drug plans or
paid for out of pocket. This may explain the lower mean cost per
patient over two years in the overall migraine population ($7,486
[CAD]) compared to the inferred EM and CM subpopulations
($11,908 [CAD] and $24,716 [CAD], respectively).

Medication utilization was only reported for patients who had
at least one ODB prescription claim for any medication (including
non-migraine medications) in both the first and second year of the
analysis period. Utilization was reported in 73% of the inferred EM
subpopulation, 87% of the inferred CM subpopulation and 27% of
the overall migraine population. Considering this, the findingsmay
not be generalizable for private drug plan or cash patients.

Conclusion

This retrospective, longitudinal cohort study examined the overall
migraine population, as well as inferred EM and CM subpopula-
tions, in Ontario, Canada. The results highlight significantly higher
HCRU and associated costs in patients with migraine compared to
matched non-migraine controls, including patients with inferred
EM and CM. The total incremental cost of migraine to the Ontario
public payer was $1.1 billion (CAD) over two years. The results also
point to the underutilization of migraine-specific acute medications
such as triptans and the overutilization of pain-relieving medi-
cations like opioids, suggesting a gap between real-world care and
recommendations from recent treatment guidelines. The findings
also highlight the restrictive access to triptans in Ontario given that
patients must demonstrate failure on adequate trials of other
medications for migraine (e.g., acetaminophen, NSAIDs) prior to
public reimbursement delaying potentially appropriate treatment
options early on and prolonging the impact of migraine on patient
QoL. These findings emphasize the ongoing need for further
education and awareness and easier access to more effective
treatment options, in addition to highlighting the importance of
migraine as a public health concern. Consideration should be given
by policymakers for the allocation of additional resources toward
initiatives that will help bridge the gap between real-world care and
guideline-recommended practices. This includes improving access
to preventive treatments and migraine-specific acute medications
such as triptans to help mitigate opioid overutilization and
promoting awareness of the risks of opioids.

Further investigation of the economic burden of migraine to
the private payer as well as the indirect costs associated with
migraine (such as productivity loss) is warranted to better
understand the total economic burden of migraine in Canada.
With newer migraine treatments such as CGRPis becoming
available in Canada, it will be important to reassess medication
utilization and HCRU in a future study to evaluate the impact of
these treatments.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/cjn.2024.367.
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