Supplementary Table 1. Diseases and their associated codes and weights included in the Charlson Comorbidity Index.
	Disease
	ICD-9-CM codes
	ICD-10-CA codes

	Disease weight one
	
	

	Myocardial infarction
	410, 412
	I21, I22, I25.2

	Congestive heart failure
	398.91, 402.01, 402.02, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 425.4, 425.5, 425.6, 425.7, 425.8, 425.9, 428
	I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5, I42.6, I42.7, I42.8, I42.9, I43, I50, P29.0

	Peripheral vascular disease
	093.0, 437.3, 440, 441, 443.1, 443.2, 443.3, 443.4, 443.5, 443.6, 443.7, 443.8, 443.9, 447.1, 557.1, 557.9, V434
	I70, I71, I73.1, I73.8, I73.9, I77.1, I79.0, I79.2, K55.1, K55.8, K55.9, Z95.8, Z95.9

	Cerebrovascular disease
	362.34, 430, 431, 432, 433, 434, 435, 436, 437, 438
	G45, G46, I60, I61, I62, I63, I64, I65, I66, I67, I68, I69, H34.0

	Dementia
	290, 294.1, 331.2
	F00, F01, F02, F03, G30, F05.1, G31.1

	Chronic pulmonary disease
	416.8, 416.9, 490, 491, 492, 493, 494, 495, 496, 500, 501, 502, 503, 504, 505, 506.4, 508.1, 508.8
	J40, J41, J42, J43, J44, J45, J46, J47, J60, J61, J62, J63, J64, J65, J66, J67, I27.8, I27.9, J68.4, J70.1, J70.3

	Connective tissue disease
	446.5, 710.0, 710.1, 710.2, 710.3, 710.4, 714.0, 714.1, 714.2, 714.8, 725
	M05, M32, M33, M34, M06, M31.5, M35.1, M35.3, M36.0

	Peptic ulcer disease
	531, 532, 533, 534
	K25, K26, K27, K28

	Mild liver disease
	070.11, 070.23, 070.32, 070.33, 070.44, 070.54, 070.6, 070.9, 570, 571, 573.3, 573.4, 573.8, 573.9, V427
	B18, K73, K74, K70.0, K70.1, K70.2, K70.3, K70.9, K71.7, K71.3, K71.4, K71.5, K76.0, K76.2, K76.3, K76.4, K76.8, K76.9, Z94.4

	Diabetes 
(without complication)
	250.0, 250.1, 250.2, 250.3, 250.8, 250.9
	E10.0, E10.l, E10.6, E10.8, E10.9, E11.0, E11.1, E11.6, E11.8, E11.9, E12.0, E12.1, E12.6, E12.8, E12.9, E13.0, E13.1, E13.6, E13.8, E13.9, E14.0, E14.1, E14.6, E14.8, E14.9

	Disease weight two
	
	

	Diabetes 
(with complication)
	250.4, 250.5, 250.6, 250.7

	E10.2, E10.3, E10.4, E10.5, E10.7, E11.2, E11.3, E11.4, E11.5, E11.7, E12.2, E12.3, E12.4, E12.5, E12.7, E13.2, E13.3, E13.4, E13.5, E13.7, E14.2, E14.3, E14.4, E14.5, E14.7

	Hemiplegia and paraplegia
	334.1, 342, 343, 344.0, 344.1, 344.2, 344.3, 344.4, 344.5, 344.6, 344.9
	G81, G82, G04.1, G11.4, G80.1, G80.2, G83.0, G83.1, G83.2, G83.3, G83.4, G83.9

	Moderate or severe renal disease
	403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 404.93, 582, 583.0, 583.1, 583.2, 583.3, 583.4, 583.5, 583.6, 583.7, 585, 586, 588.0, V420. V451, V56
	N18, N19, N05.2, N05.3, N05.4, N05.5, N05.6, N05.7, N25.0, I12.0, I13.1, N03.2, N03.3, N03.4, N03.5, N03.6, N03.7, Z49.0, Z49.1, Z49.2, Z94.0, Z99.2

	Cancer
	140-172, 174-195, 200- 208, 238.6
	C00-C26, C30-C34, C37-C41, C43, C45-C58, C60-C76, C81-C85, C88, C90- C97

	Disease weight three
	
	

	Moderate/severe 
liver disease
	456.0, 456.1, 456.2, 572.2, 572.3, 572.4, 572.5, 572.6, 572.7, 572.8
	K70.4, K71.1, K72.1, K72.9, K76.5, K76.6, K76.7, I85.0, I85.9, I86.4, I98.2

	Disease weight six
	
	

	Metastatic Carcinoma
	196, 197, 198, 199
	C77, C78, C79, C80

	HIV/AIDS
	042, 043, 044
	B20, B21, B22, B24


To be considered as having one of the listed diseases, an individual must have had ≥1 hospitalization (associated ICD-10-CA code listed in any diagnostic field) or ≥2 physician claims (associated ICD-9-CM codes listed in any diagnostic field) of the corresponding ICD within ≤2-years. Abbreviations: HIV/AIDS = Human immunodeficiency virus / acquired immunodeficiency syndrome; ICD-9-CM = International classification of diseases, ninth revision, clinical modification; ICD-10-CA = International classification of diseases, tenth revision, Canadian enhancement.


Supplementary Table 2. Case definitions used to identify specific migraine-related health conditions.
	Comorbidity
	Algorithm
	ICD-9-CM codes
	ICD-10-CA codes; other codes

	Anxiety
	1 hospitalization or 2 claims OR 1 claim and 2 prescription dispensations in ≤2 years
	300.0, 300.2
	F40, F41; ATC codes: N05AB06, N05AB12

	Asthma
	1 hospitalization or 3 claims in ≤2 years
	493
	J45

	Cardiovascular disease (any of the below)
	
	

	Atrial fibrillation
	1 hospitalization or 2 claims in ≤2 years
	427.3
	I48.0

	Chronic heart failure 
	1 hospitalization or 2 claims in ≤2 years
	[bookmark: _Hlk66719005]398.9, 402, 404, 425.4 –425.9, 428
	I09.9, I25.5, I42.0, I42.5–I42.9, I43, I50

	Coronary artery disease
	1 hospitalization or 1 ambulatory care visit or 1 procedure or 2 claims in ≤2 years
	410-413
	I20–I25; Procedure codes: 1.IJ.57.GQ, 1.IJ.50, 1.IL.35, 1.IJ.76

	Peripheral artery disease
	1 hospitalization or 1 ambulatory care visit or 1 claim in any years
	440.2
	I70.2

	Stroke 
	1 most responsible stroke hospitalization or emergency department OR 1 other diagnosis stroke and 1 most responsible z-code hospitalization or ambulatory care* in any years
	
	G45 (excluding subcode G45.4), H34.0, H34.1, I60, I61, I62.9, I63, I64, I67.6; Z50 (excluding subcodes Z50.2, Z50.3, Z50.4), Z54.8, Z54.9, *only Z51.5 applies to ambulatory care

	Chronic pain (any of the below)
	
	
	

	Highly likely to be 
chronic pain
	1 hospitalization or 1 ambulatory care in any years
	
	R52.1-R52.2, F62.8

	Likely to be chronic pain
	2 hospitalizations or 2 ambulatory care visits or 2 claims (separated by at least 30-days) ≤1 year
	719.4, 720-724, 729.0-729.2, 729.4-729.5, 737
	F45.4, M25.5, M43.2, M43.5- M43.6, M43.9, M46-M47

	Chronic opioid use
	≥90 days of supply of opioids ≤1 year
	
	ATC codes: N02AA59, N02AA79, N02AJ06, N02AJ07, R05DA04, R05DA20, R05DA03, N02AX02, N02AJ13, N02AA05, N02AA55, N02AJ17, N02AJ18, N02AA03, N02AA01, N01AH, N02AB03, N02AF01, N02AF02, N02AE01, N07BC01, N07BC51, N07BC02, N02AB02, N02AD01, N02AX06, N02AC04, N02AC54, N02AA02

	Depression
	1 hospitalization or 2 claims in ≤2 years
	300.4, 311
	F32-F33, F34.1
	

	Epilepsy
	1 hospitalization or 2 claims in ≤2 years
	345
	G40, G41
	

	Hypertension 
	1 hospitalization or 2 claims in ≤2 years
	401–405
	I10–I13, I15
	

	Obstructive sleep apnea
	1 hospitalization or 2 claims in ≤2 years
	780.5
	G47.3
	


Each participant was classified with respect to the presence or absence of these conditions as measured during the 2-year period before the index date. Abbreviations: ATC = anatomical therapeutic chemical; ICD-9-CM = International classification of diseases, ninth revision, clinical modification; ICD-10-CA = International classification of diseases, tenth revision, Canadian enhancement.


Supplementary Table 3. Acute and prophylactic migraine-related prescription medications.
	Drug class
	Therapy
	ATC code
	DIN code

	Acute
	 
	 
	 

	Ergots
	DHE (nasal spray) / DHE mesylate (intravenous, intramuscular, subcutaneous)
	N02CA01
	 

	Non-steroidal anti-inflammatory drugs
	Diclofenac
	M01AB05
	02231506, 02231508, 02261928, 02261936, 00632732, 00632724; did not include rectal route of administration.

	 
	Ibuprofen
	M01AE01
	 

	 
	Naproxen
	M01AE02
	02017237; did not include rectal route of administration.

	 
	Ketorolac
	M01AB15
	 

	Triptans
	Almotriptan
	N02CC05
	 

	 
	Eletriptan
	N02CC06
	 

	 
	Frovatriptan
	N02CC07
	 

	 
	Naratriptan
	N02CC02
	 

	 
	Rizatriptan
	N02CC04
	 

	 
	Sumatriptan (nasal spray, oral, subcutaneous)
	N02CC01
	 

	 
	Zolmitriptan (oral, nasal spray)
	N02CC03
	 

	Antiemetics
	Domperidone
	A03FA03
	 

	 
	Metoclopramide (intravenous, oral)
	A03FA01
	 

	Opioids
	Any
	N02A
	 

	
	
	
	

	Prophylactic
	 
	 
	

	Antidepressants
	Amitriptyline (tricyclic)
	N06AA09
	

	 
	Nortriptyline (tricyclic)
	N06AA10
	

	 
	Desvenlafaxine (SNRI)
	N06AX23
	

	 
	Venlafaxine (SNRI)
	N06AX16
	

	Antiepileptics
	Gabapentin
	N03AX12
	

	 
	Topiramate
	N03AX11
	

	 
	Lamotrigine
	N03AX09
	

	 
	Divalproex sodium / sodium valproate
	N03AG01
	

	Antihistamines
	Pizotifen
	N02CX01
	

	Antihypertensives
	Atenolol (beta blocker)
	C07AB03
	

	 
	Metoprolol tartrate (beta blocker)
	C07AB02
	

	 
	Nadolol (beta blocker)
	C07AA12
	

	 
	Propranolol (beta blocker)
	C07AA05
	

	 
	Timolol (beta blocker)
	C07AA06
	

	 
	Candesartan (angiotensin II antagonist)
	C09CA06
	

	 
	Verapamil
	C08DA01
	

	Calcium antagonist
	Flunarizine
	N07CA03
	

	Botulinum A Toxin
	Botulinum A Toxin
	 
	01981501, 02456117, 02460203, 02324032, 02371081


Anti-calcitonin gene-related peptide (CGRP) inhibitors were not available in Canada during the study period. Abbreviations: ATC = anatomical therapeutic chemical; DHE = dihydroergotamine; DIN = drug identification number; SNRI = serotonin–norepinephrine reuptake inhibitor.


Supplementary Table 4. Migraine-related healthcare resource utilisation during the 1-year post-index observation period.
	 
	 
	Total cohort
	
	Chronic migraine
	
	Episodic migraine

	
	
	Migraine
	Control
	
	Migraine
	Control
	
	Migraine
	Control

	 
	 
	n = 100,502
	n = 301,506
	
	n = 47,739
	n = 143,217
	
	n = 52,763
	n = 158,289

	Hospitalization
	
	
	
	
	
	
	
	
	

	Had ≥1 visit, n (%)
	
	71 (0.1)
	27 (0.0)
	
	54 (0.1)
	14 (0.0)
	
	17 (0.0)
	13 (0.0)

	Number of visits, mean (SD)
	
	1.2 (0.5)
	1.0 (0.0)
	
	1.2 (0.5)
	1.0 (0.0)
	
	1.2 (0.5)
	1.0 (0.0)

	Number of visits, median [IQR]
	
	1 [1, 1]
	1 [1, 1]
	
	1 [1, 1]
	1 [1, 1]
	
	1 [1, 1]
	1 [1, 1]

	Length of stay, mean (SD)
	
	4.5 (3.6)
	3.0 (2.5)
	
	4.8 (3.9)
	3.2 (3.1)
	
	3.5 (2.2)
	1.9 (0.6)

	Length of stay, median [IQR]
	
	3 [2, 6]
	2 [2, 3]
	
	3 [2, 6]
	2 [2, 3]
	
	3 [2, 3]
	2 [2, 2]

	Emergency department
	
	
	
	
	
	
	
	
	

	Had ≥1 visit, n (%)
	
	3,704 (3.7)
	936 (0.3)
	
	2,553 (5.3)
	557 (0.4)
	
	1,151 (2.2)
	447 (0.3)

	Number of visits, mean (SD)
	
	1.8 (3.1)
	1.1 (0.4)
	
	2.0 (3.6)
	1.1 (0.4)
	
	1.4 (1.1)
	1.1 (0.3)

	Number of visits, median [IQR]
	
	1 [1, 2]
	1 [1, 1]
	
	1 [1, 2]
	1 [1, 1]
	
	1 [1, 1]
	1 [1, 1]

	Ambulatory care 
	
	
	
	
	
	
	
	
	

	Had ≥1 visit, n (%)
	
	1,541 (1.5)
	139 (0.0)
	
	1,173 (2.5)
	85 (0.1)
	
	368 (0.7)
	56 (0.0)

	Number of visits, mean (SD)
	
	2.1 (2.0)
	1.2 (0.7)
	
	2.3 (2.2)
	1.2 (0.6)
	
	1.5 (1.1)
	1.1 (0.5)

	Number of visits, median [IQR]
	
	1 [1, 3]
	1 [1, 1]
	
	2 [1, 3]
	1 [1, 1]
	
	1 [1, 2]
	1 [1, 1]

	Physician visits
	
	
	
	
	
	
	
	
	

	Had ≥1 visit, n (%)
	
	27,568 (27.4)
	4,827 (1.6)
	
	16,705 (35.0)
	2,752 (1.9)
	
	10,863 (20.6)
	2,126 (1.3)

	Number of visits, mean (SD)
	
	2.5 (2.7)
	1.4 (1.1)
	
	3.0 (3.1)
	1.5 (1.1)
	
	1.9 (1.7)
	1.4 (1.1)

	Number of visits, median [IQR]
	
	2 [1, 3]
	1 [1, 1]
	
	2 [1, 4]
	1 [1, 2]
	
	1 [1, 2]
	1 [1, 1]

	Total healthcare use
	
	
	
	
	
	
	
	
	

	Had ≥1 visit, n (%)
	
	28,145 (28.0)
	5,086 (1.7)
	
	17,080 (35.8)
	2,908 (2.0)
	
	11,065 (21.0)
	2,245 (1.4)

	Number of visits, mean (SD)
	
	2.9 (3.6)
	1.6 (1.3)
	
	3.4 (4.3)
	1.6 (1.2)
	
	2.1 (1.9)
	1.6 (1.2)

	Number of visits, median [IQR]
	 
	2 [1, 3]
	1 [1, 2]
	 
	2 [1, 4]
	1 [1, 2]
	 
	1 [1, 2]
	1 [1, 2]


Abbreviations: IQR = interquartile range; SD = standard deviation.
Supplementary Table 5. Full multivariable regression model for total all-cause healthcare cost

	Covariate
	 
	Cost ratio [95% CI]*

	
	
	Migraine vs control
	Chronic migraine vs control
	Episodic migraine vs control

	Migraine
	Migraine type vs control
	1.53 [1.50; 1.55]
	1.88 [1.84; 1.92]
	1.14 [1.11; 1.18]

	Charlson Comorbidity Index
	Score
	1.42 [1.41; 1.44]
	1.36 [1.35; 1.37]
	1.48 [1.46; 1.50]

	Anxiety
	Yes vs No
	1.41 [1.37; 1.44]
	1.30 [1.26; 1.34]
	1.48 [1.42; 1.55]

	Asthma
	Yes vs No
	1.15 [1.12; 1.19]
	1.12 [1.08; 1.17]
	1.12 [1.06; 1.19]

	Depression
	Yes vs No
	1.86 [1.81; 1.90]
	1.69 [1.64; 1.75]
	1.99 [1.90; 2.08]

	Epilepsy
	Yes vs No
	1.88 [1.76; 2.01]
	1.72 [1.57; 1.88]
	2.07 [1.84; 2.32]

	Cardiovascular disease
	Yes vs No
	1.44 [1.38; 1.50]
	1.43 [1.35; 1.52]
	1.44 [1.33; 1.56]

	Hypertension
	Yes vs No
	1.58 [1.55; 1.62]
	1.51 [1.46; 1.56]
	1.68 [1.62; 1.75]

	Obstructive sleep apnea
	Yes vs No
	1.40 [1.35; 1.46]
	1.33 [1.27; 1.39]
	1.45 [1.35; 1.55]


*Estimated by multivariable generalized linear model with log link and gamma distribution. Individuals in the control cohort were exactly matched with individuals in the migraine cohort on age, sex, and urban/rural residence; the Charlson Comorbidity Index was not exactly matched, and therefore further adjusted in the cost analysis model. Further adjustment for the migraine-related comorbidities of anxiety, asthma, depression, epilepsy, cardiovascular disease, hypertension, and obstructive sleep apnea were included. Abbreviations: CI = confidence interval.


Supplementary Table 6. Sensitivity analysis: total all-cause healthcare cost comparison between those living with migraine and matched controls, and between chronic and episodic migraine, measured during the 1-year post-index observation period.
	
	Total 
cost ($CDN)
	95% CI
	
	Cost 
ratio
	95% CI
	
	Incremental 
cost ($CDN)
	95% CI

	Migraine versus controls
	
	
	
	
	
	
	
	
	
	
	

	Migraine
	9,543
	9,249
	9,836
	
	1.71
	1.68
	1.74
	
	3,957
	3,773
	4,140

	Control (reference)
	5,586
	5,432
	5,740
	
	---
	---
	---
	
	---
	---
	---

	Chronic migraine
	12,456
	12,080
	12,833
	
	2.14
	2.10
	2.19
	
	6,644
	6,358
	6,930

	Control (reference)
	5,813
	5,660
	5,966
	
	---
	---
	---
	
	---
	---
	---

	Episodic migraine
	6,158
	5,760
	6,555
	
	1.18
	1.14
	1.21
	
	929
	746
	1,111

	Control (reference)
	5,229
	4,920
	5,538
	
	---
	---
	---
	
	---
	---
	---


Individuals in the control cohort were exactly matched with individuals in the migraine cohort on age, sex, and urban/rural residence; the Charlson Comorbidity Index score was not exactly matched, and therefore further adjusted in the cost analysis model. For the comparison between the chronic migraine and episodic migraine groups, adjustments for the confounders of age, sex, residence, and the Charlson Comorbidity Index score were included. Abbreviations: CDN = Canadian; CI = confidence interval.
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Supplementary Figure 1. Directed acyclic graph showing the relationship between migraine and direct healthcare costs. A minimal sufficient adjustment set for estimating the total effect of migraine on direct healthcare costs included demographic characteristics (age, sex, and residence), overall health burden (Charlson Comorbidity Index), and the migraine-related comorbidities of anxiety, asthma, cardiovascular disease, depression, epilepsy, hypertension, and obstructive sleep apnea.
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Supplementary Figure 2. Cohort selection and data linkage flow diagram. Abbreviations: AHCIP = Alberta Health Care Insurance Plan; CLM = Physician Claims; DAD = Discharge Abstract Database; ICD-9-CM = International Classification of Disease – Version 9 – Clinical Modification; ICD-10-CA = International Classification of Disease - Version 10 - Canadian Enhancement; NACRS = National Ambulatory Care Reporting System; PHN = personal health number; PIN = Pharmaceutical Information Network; REG = Provincial Registry.
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