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ABSTRACT: Background: We aimed to (1) report updated estimates of direct healthcare costs for people living with MS (pwMS), (2) contrast
costs to a control population and (3) explore differences between disability levels among pwMS. Methods: Administrative data were used to
identify adult pwMS (MS cohort) and without (control cohort) in Alberta, Canada; disability level (based on the Expanded Disability Status
Scale) among pwMS was estimated. One- and two-part generalized linear models with gamma distribution were used to estimate the
incremental direct healthcare cost (2021 $CDN) of MS during a 1-year observation period. Results: Adjusting for confounders, the total
healthcare cost ratio was higher in the MS cohort (n = 13,089) versus control (n = 150,080) (5.24 [95% CI: 5.08, 5.41]) with a predicted
incremental cost of $15,016 (95% CI: $14,497, $15,535) per person-year. Among the MS cohort, total predicted direct healthcare costs were
higher with greater disability, $14,430 (95% CI: $13,980, $14,880) to $58,697 ($51,514, $65,879) per person-year in mild and severe disability,
respectively. The primary health resource cost component shifted from disease-modifying therapies in mild disability to supportive care in
moderate and severe disability. Conclusion: Adult pwMS had greater direct healthcare costs than those without. Extrapolating to the
population level (where 14,485 adult pwMS were identified in the study), it is estimated that $218 million per year in healthcare costs may be
attributable to MS in Alberta. The significantly larger economic impact associated with greater disability underscores the importance of
preventing or delaying disease progression and functional impairment in MS.

RESUME : Coiits des soins de santé en Alberta pour la sclérose en plaques et relation avec le niveau d’invalidité. Contexte : Notre objectif
était (1) de présenter des estimations actualisées des cotts directs des soins de santé pour les personnes vivant avec la sclérose en plaques (SP) ;
(2) de comparer ces coits a ceux d’'une population témoin ; (3) d’explorer les différences entre les niveaux d’invalidité chez les patients atteints
de SP. Méthodes : Des données administratives ont été utilisées pour identifier les adultes atteints de SP (cohorte SP) et non atteints (cohorte
témoin) en Alberta (Canada). Leur niveau d’invalidité a été estimé au moyen de I'échelle Expanded Disability Status Scale (EDSS). Des modéles
linéaires généralisés en une et deux parties avec une distribution gamma ont été par ailleurs utilisés pour estimer les cofits directs
supplémentaires des soins de santé (en dollars canadiens de 2021) en ce qui regarde la SP, et ce, pendant une période d’observation d’un an.
Résultats : Aprés ajustement pour les facteurs de confusion, le ratio des cofits totaux des soins de santé était plus élevé dans la cohorte SP (n =
13 089) que dans le groupe témoin (n =150 080) (5,24 [IC 95 % : 5,08-5,41]) avec un colit supplémentaire prédit de 15016 $ (IC 95 %: 14 497 $-
15 535 §) par année-personne. Dans la cohorte SP, les coiits directs totaux prédits des soins de santé étaient plus élevés avec une plus grande
invalidité, ce qui représentait respectivement 14 430 $ (IC 95 %: 13 980 $-14 880 $) 4 58 697 $ (51 514 $-65 879 $) par année-personne dans des
cas d'invalidité légere et sévere. La principale composante du cofit des ressources de santé est passée des thérapies modificatrices de la maladie
en cas d’invalidité légére aux soins de soutien en cas d’invalidité modérée et grave. Conclusion : Les colts directs des soins de santé sont plus
élevés chez les adultes atteints de SP que chez ceux qui ne le sont pas. En extrapolant cette observation a I'échelle de la population et en tenant
compte que 14 485 adultes atteints de SP ont été identifiés dans cette étude, on peut estimer que 218 millions de dollars en cotits de santé
peuvent étre attribués par année ala SP en Alberta. L'impact économique significativement plus important associé & une plus grande invalidité
souligne du coup I'importance de prévenir ou de retarder la progression de la maladie ainsi que la déficience fonctionnelle liée a la SP.
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Highlights

« Multiple sclerosis (MS) imposed an additional annual healthcare cost of
$15,016 per person compared with controls.

« $218 million/year in healthcare costs may be attributable to MS in Alberta.

+ The larger economic impact associated with greater disability among
those living with MS underscores the importance of preventing/delaying

disease progression in MS.

Introduction

Multiple sclerosis (MS) is a chronic disorder of the central
nervous system. This disorder typically begins between the ages
of 20 and 50 years, primarily affecting females, and is lifelong.!
MS is the most common nontraumatic disabling neurological
condition among working-age adults in Canada.? The preva-
lence of MS in Canada is one of the highest in the world, with the
province of Alberta reported to have a particularly large
population living with MS (310 cases per 100,000 popula-
tion).>> The most common form of MS is relapsing-remitting,
in which individuals experience periods of neurological
disability followed by complete or partial recovery over weeks
to months.® Some features of MS that negatively impact the
physical and psychosocial well-being of people living with MS
(pwMS) and increase healthcare resource utilization and
associated costs include the frequency and severity of relapses
and disability level.””

PWMS require complex care management involving pharma-
cological and nonpharmacological interventions to control
symptoms, delay disease progression or accumulation of disability
and manage comorbid conditions that are commonly present.'
Consequently, pwMS utilize more healthcare services compared
with those without MS, and advancing disease severity is associated
with additional utilization and associated costs.!""'> Relatively few
studies have been conducted on the healthcare cost of MS in
Canada;'"3-1® even fewer have been conducted in the past
decade,'""” during which numerous disease-modifying therapies
(DMTs) have been introduced. DMTs are the current pharma-
cological standard of care for pwMS based on evidence that these
treatments reduce the frequency and severity of relapses and may
reduce disability over the long term.!*2! A contemporaneous
estimate of the healthcare cost of MS is needed to support decision
and policymakers and prioritize resources. The objectives of this
study were to estimate the incremental direct healthcare cost of MS
among adults and according to disability level among pwMS in
Alberta, Canada.

Methods

Ethics approval was received from the University of Alberta
Research Ethics Board (Pro00116074) and the University of
Calgary Conjoint Health Research Ethics Board (pSite-21-0031).
No study participants were placed at risk, and a waiver of consent
was applied. Data custodian approvals were received from Alberta
Health and Alberta Health Services for the use of administrative
health data for this study. This study was reported according to the
Reporting of Studies Conducted Using Observational Routinely
Collected Health Data guidelines.?

Study design

This retrospective, observational, population-based cohort study
was conducted using administrative health data from Alberta
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between April 1, 1993, and March 31, 2021. Adult residents of
Alberta living with and without MS on April 1, 2019 (index date),
were included. Data back to April 1, 1993, were used for
determining cohort selection and baseline characteristics, and a 1-
year post-index observation period was used for determining
outcomes (April 1, 2019, to March 31, 2020).

Data sources

Canadian provinces provide publicly funded health care for all
residents. In Alberta, the fourth most populous Canadian province
(4.4 million people in 2019/2020), health care is administered
under the Alberta Health Care Insurance Plan (AHCIP), of which
over 99% of Albertans participate.”* A person-level data extract
from the Discharge Abstract Database (DAD), National
Ambulatory Care Reporting System (NACRS), Practitioner
Claims (data available from January 1, 1994, onward), Alberta
Continuing Care Information System (ACCIS), National
Rehabilitation ~ Reporting  System  (NRS), Pharmaceutical
Information Network (PIN) and Vital Statistics was linked to
the Population Registry using a unique individual identifier
(Personal Health Number) and then deidentified and provided to
the researchers by the data custodians. DAD and NACRS include
demographic, administrative, diagnostic, procedural and resource
intensity weight information on people discharged from hospital
(DAD), emergency department (ED) and facility-based ambula-
tory care clinics (NACRS). Diagnostic fields for each visit include
the most responsible diagnosis and room for up to 24 (DAD) and
9 (NACRS) secondary International Classification of Disease -
version 10 - Canadian Enhancement (ICD-10-CA) codes.
Physician visits were obtained from the Practitioner Claims
database that includes patient, provider and service information
such as demographics, physician specialty, date of service, amount
paid to the service provider (on fee-for-service, alternative
payment plan physician billing and shadow billing) and health
service and diagnostic codes; up to three ICD - version 9 -
Clinical Modification (ICD-9-CM; Alberta specific) diagnostic
codes can be used per visit. ACCIS contains information on long-
term care and professional community home care; elements
include demographics, admission and discharge information and
resource utilization groupers. NRS contains data on adult
inpatient rehabilitation facilities and programs. The PIN contains
information on all dispensed prescription medications from
community pharmacies (including both retail and specialty).
Vital statistics contains information on all events related to an
individual’s entrance and departure from life. The Provincial
Registry contains demographic information for all Albertans with
AHCIP coverage; elements include migration in and out of the
province and birth and death indicators. Records that were
duplicates or contained an invalid Personal Health Number were
discarded. Variables were checked for missing data and
inconsistencies; inconsistent data were corrected using data logic
or information majority.

Cohort selection

The MS cohort included those who (1) met a validated case
definition for MS, defined as having > 1 hospitalization (from
April 1, 1993, onward) or > 5 ambulatory care visits (from April 1,
1998, onward) and/or physician visits (from January 1, 1994,
onward) with a recorded code for MS (ICD-10-CA G35, ICD-9-
CM 340) located in any diagnostic field within a 2-year period
between April 1, 1993, and March 31, 2021 (multiple outpatient
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visits by an individual within the same day were considered as one
visit for case definition purposes);*® (2) had an MS incident date,
defined as the first healthcare encounter with a recorded diagnostic
code for MS or a related demyelinating disease of the central
nervous system with none occurring > 5 years beforehand (see
Supplementary Table 1), occurring before the index date; (3) were
aged > 18 years and alive on the index date; and (4) had AHCIP
coverage for > 2 years before the index date and > 1 year after the
index date or until death whichever occurred first.

The case definition used in this study to identify pwMS was
validated in Canada using electronic medical records linked to
administrative data and resulted in high sensitivity (84%),
specificity (100%) and positive predictive value (86%).2> This
algorithm provided the shortest time interval (i.e., 2 years) to
achieve > 80% for both sensitivity and positive predictive value
compared with the other tested options (e.g., > 1 hospitalization or
1-10 claims within 1-20 years) and can accurately identify pwMS
using administrative data.?®

The control cohort (adult residents of Alberta not living with
MS) included randomly selected individuals from those who
(1) were alive and aged > 18 years on the index date; (2) did not
have a hospitalization (from April 1, 1993, onward), ambulatory
care visit (from April 1, 1998, onward) and/or physician visit that
contained an MS code between April 1, 1993, and March 31, 2021;
(3) did not have a DMT dispensation between April 1, 2008
(date from which data were available in PIN) and March 31, 2021;
and (4) had AHCIP coverage for > 5 years before the index date
and > 1 year after the index date or until death whichever
occurred first.

Study measures

Sociodemographic characteristics recorded on the index date
included age, sex, urban/rural residence (based on postal code) and
Pampalon material deprivation index (includes education,
employment status and average income); this index was derived
from the Alberta general population at the dissemination area level
that was linkable to postal code and presented based on quintiles
from most well-off (quintile 1) to most deprived (quintile 5).2°
Clinical characteristics included the Charlson Comorbidity Index
and specific MS-related comorbidities;*”*® the number of years
living with MS (time between the MS incident date and the index
date) and disability level were reported among the MS cohort. A
Charlson Comorbidity Index score was determined during the
2-year pre-index period that was based on ICD-10-CA and ICD-9-
CM codes of 17 different specific medical conditions weighted
according to their potential for influencing mortality
(Supplementary Table 2).2% MS-related comorbidities included
anxiety,” cardiovascular disease (atrial fibrillation, chronic heart
failure, coronary artery disease, peripheral artery disease and
stroke),”>* chronic obstructive pulmonary disease (COPD),””
depression,*® diabetes® and hypertension;®® 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 (Supplementary Table 3). A validated algorithm was used to
estimate Expanded Disability Status Scale (EDSS) scores using age,
specific healthcare service use (home care, long-term care and
inpatient rehabilitation) and health conditions (visual disturbance,
other paralytic syndromes and spasticity; Supplementary
Table 4).%! Disability level was defined in this study as mild
(EDSS < 3.5), moderate (EDSS 4-6.5) and severe (EDSS > 7).
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During the 1-year post-index observation period, healthcare
resource utilization and costs were determined for acute care
(hospitalizations, ED visits), outpatient care (ambulatory care,
physician visits), supportive care (long-term care admissions,
home care services) and pharmacy dispensed prescription
medications  (overall ~and  subgrouped into  DMTs
[Supplementary Table 5] and all others). Acute and ambulatory
care costs were derived by multiplying the associated resource
intensity weight with the Canadian Institute for Health
Information (CIHI) standardized cost for Alberta in 2019/
2020.2 Resource intensity weight is a measure to estimate
healthcare resource use and represents the relative value of
resources that a given patient, contingent on diagnostic case-mix,
would be expected to consume relative to a standard patient; CIHI
provides standardized average costs incurred through the direct
care of a standardized patient.?* Physician visit costs were based on
the actual amount paid. Time residing in long-term care (e.g.,
nursing homes, auxiliary hospitals) was measured and cost
estimated based on the average daily cost ($230.36 per day; from
Alberta Health) of all such facilities in Alberta.** The total hours of
home care encounters were measured, and the provider type was
identified; estimated costs were based on the hourly wage of service
providers in Alberta.*> Drug costs were calculated using the drug
product identification number and quantity dispensed, combined
with the drug list price (from Alberta Blue Cross); a 3% per unit
markup and a $12.15 dispensing fee were included.***” Costs were
reported in 2021 Canadian dollars ($CDN).*

Statistical analyses

Descriptive statistics were reported as counts and percentages,
means with standard deviations (SD) or medians with interquartile
ranges (IQR), where appropriate. One- and two-part generalized
linear models (GLM) were employed to examine cost differences.
Function and distribution were determined based on results from
several tests (Pearson correlation test, Pregibon link test, modified
Hosmer and Lemeshow test, modified Park’s test). When minimal
or absent zero cost values were present, a one-part GLM model
with a gamma distribution and log-link function was used,
producing cost ratios. When cost outcomes had prevalent zero
values, a two-part GLM approach was adopted.** The first part
involved logistic regression to predict the odds of observing a
nonzero cost (corresponding to the odds of having a cost
occurrence), yielding odds ratios that quantify relative differences
in odds of nonzero cost. The second part, conditional on a nonzero
cost, involved a GLM with a gamma distribution and log-link
function to predict the positive costs, producing cost ratios.
Incremental cost (the incurred additional cost of pwMS compared
to controls) was presented by cost ratios (accompanied by odds
ratio in two-part models) and the difference between predicted
costs using an average marginal effect approach.® The potential
confounders of sociodemographic characteristics (age, sex, urban/
rural residence and socioeconomic status) were included in the MS
versus control model; sociodemographic characteristics and the
number of years living with MS were included in the disability level
model among pwMS. The healthcare cost attributable to MS in
Alberta was estimated by multiplying the per person-year
incremental cost of MS by the number of pwMS identified in
this study. Analyses were performed using SAS 9.4 software (SAS
Institute Inc., Cary, NC, USA) and Stata 18 (StataCorp LLC,
College Station, TX, USA).
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21 MS encounter (1993-2021)
n = 36,644

Did not meet MS
case definition
n=17,611

A

Met MS case definition (1993-2021)
n=19,033

MS incident date
on/after index date
n=768

Y

MS incident date before index date

n = 18,265
Died (n = 3,257) or
aged <18 years
""""""""""" (n = 523)
' on index date

Aged 218 years and alive
on index date
n=14,485

Did not have required

AHCIP coverage
n = 1,396

A

MS cohort
n=13,089
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In REG database (2019-2020)

n = 4,858,798
No AHCIP coverage,
<18 years or dead on
------------------ index date, or 21 MS
encounter (1993—2021)
3 n= 1,186,729

Had AHCIP coverage, was alive,
aged 218 years on index date, and
had no MS encounter (1993-2021)

n = 3,672,069

__________________ 21 DMT (2008—2021)
n=>5,167

A 4

No DMT use (2008-2021)
n = 3,666,902

Did not have required
AHCIP coverage
n = 428,857

A

Had required AHCIP coverage
n = 3,238,045

Randomly
selected

A

Control cohort
n = 150,080

Figure 1. MS and control cohort selection. AHICP = Alberta health care insurance plan; DMT = disease-modifying therapy; MS = multiple sclerosis; REG = the Provincial Registry.

Results
Cohort selection

A total of 14,485 pwMS were identified on the index date, and
13,089 met the criteria for the MS cohort (Figure 1; Supplementary
Figure 1 shows data linkages). Among the 3,238,045 individuals
who met the criteria for the control cohort, approximately 11 were
randomly selected for each individual within the MS cohort
(n=150,080); privacy compliance guidelines of the data custo-
dians informed the number of controls.>!

Baseline characteristics

The MS cohort was older (53 [SD < 1] vs. 47 [SD < 1] years),
predominantly female (71.7% vs. 49.6%), and experienced a higher
overall burden of disease (Charlson Comorbidity Index score: 0.5
[SD 1.2] vs. 0.3 [SD 1.0]) than the control cohort (Table 1). The MS
cohort was more likely to have hypertension (17.2% vs. 15.4%),
depression (16.9% vs. 8.0%), anxiety (10.2% vs. 6.4%), cardio-
vascular disease (6.3% vs. 4.8%) and COPD (4.6% vs. 3.0%)
compared with the control cohort (Table 1). Within the MS cohort,
24.6%, 35.7% and 39.7% had been living with MS for <5 years,
6-15 years and > 15 years, respectively (Table 1). Regarding
disability status, 66.9% (n=8,751) of the MS cohort had mild
disability (EDSS < 3.5; none had a score 0-1.5), 29.0% (n = 3,794)
had moderate disability (EDSS 4-6.5) and 4.2% (n = 544) had severe
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disability (EDSS > 7) (Table 1). Age, the overall burden of disease,
the proportion living with specific MS-related comorbidities and the
number of years living with MS were greater in those with more
severe disability (vs. less disability) (Table 1).

Healthcare resource utilization

The MS cohort had a higher proportion with > 1 hospitalization
(11.6% vs. 6.2%), ED visit (32.7% vs. 22.7%), ambulatory care visit
(72.1% vs. 27.1%), physician visit (95.2% vs. 79.7%), long-term care
admission (3.8% vs. 0.1%) and home care encounters (16.9% vs.
3.4%) compared with the control cohort over the 1-year post-index
observation period (Table 2). A greater proportion of the MS
cohort also received > 1 prescription medication dispensation
(89.1% [29.8% received a DMT] vs. 67.7%) during the 1-year post-
index observation period (Table 2).

Within the MS cohort, the proportion of those who had >1
hospitalization, ED visit, physician visit, long-term care admission
and home care encounter was numerically greater among those
with greater disability; those with moderate disability had a lower
proportion with ambulatory care visits (68.6%) than those with
lower or higher disability (73.5% each; Table 2). Among the
different types of physicians, the proportion of those who visited
primary care physicians and other types of physicians was greater,
and those who visited neurologists were lower, among those with
more severe disability (compared with those who had less
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Table 1. Baseline characteristics

Control cohort

MS cohort

Disability status

(n = 150,080)

Overall (n=13,089)

Mild EDSS < 3.5 (n =8,751)

Moderate EDSS 4-6.5 (n=3,794)

Severe EDSS>7 (n = 544)

Age, years (mean, SD)

47 (<1)

53 (<1)

47 (10)

66 (10)

71 (12)

Sex, n (%)

Male

75,578 (50.4%)

3,707 (28.3%)

2,356 (26.9%)

1,166 (30.7%)

185 (34.0%)

Female

74,502 (49.6%)

9,382 (71.7%)

6,395 (73.1%)

2,628 (69.3%)

359 (66.0%)

Region of residence (n, %)

Urban

128,965 (85.9%)

11,137 (85.1%)

7,548 (86.3%)

3,137 (82.7%)

452 (83.1%)

Rural

21,115 (14.1%)

1,952 (14.9%)

1,203 (13.8%)

657 (17.3%)

92 (16.9%)

Material deprivation index, n (%)

5 (most deprived)

30,118 (20.1%

2,313 (17.7%

1,517 (17.3%

698 (18.4%)

98 (18.0%)

1 (most well-off) 27,552 (18.4%) 2,386 (18.2%) 1,624 (18.6%) 674 (17.8%) 88 (16.2%)
2 27,018 (18.0%) 2,467 (18.9%) 1,741 (19.9%) 639 (16.8%) 87 (16.0%)
3 28,060 (18.7%) 2,499 (19.1%) 1,720 (19.7%) 691 (18.2%) 88 (16.2%)
4 30,510 (20.3%) 2,686 (20.5%) 1,795 (20.5%) 782 (20.6%) 109 (20.0%)
) ) ) (
) )

Missing

6,822 (4.6%

738 (5.6%)

354 (4.1%

310 (8.2%)

74 (13.6%)

Charlson Comorbidity Score mean (SD)

0.3 (1.0)

0.5 (1.2)

0.3 (0.8)

0.8 (1.5)

1.8 (2.2)

MS-related comorbidities, n (%)

Hypertension 23,172 (15.4%) 2,253 (17.2%) 942 (10.8%) 1,113 (29.3%) 198 (36.4%)
Depression 11,982 (8.0%) 2,214 (16.9%) 1,458 (16.7%) 623 (16.4%) 133 (24.5%)
Anxiety 9,610 (6.4%) 1,336 (10.2%) 984 (11.2%) 296 (7.8%) 56 (10.3%)
Diabetes 11,027 (7.4%) 1,019 (7.8%) 416 (4.8%) 482 (12.7%) 121 (22.2%)
Cardiovascular disease 7,136 (4.8%) 819 (6.3%) 293 (3.4%) 410 (10.8%) 116 (21.3%)
COPD 4,490 (3.0%) 601 (4.6%) 210 (2.4%) 321 (8.5%) 70 (12.9%)

Years since MS diagnosis (n, %)

0-1 = 1,015 (7.8%) 877 (10.0%) 121 (3.2%) 17 (3.1%)
2-5 — 2,204 (16.8%) 1,809 (20.7%) 364 (9.6%) 31 (5.7%)
6-10 —_ 2,381 (18.2%) 1,958 (22.4%) 373 (9.8%) 50 (9.2%)
11-15 = 2,291 (17.5%) 1,622 (18.5%) 605 (16.0%) 64 (11.8%)
>15 = 5,198 (39.7%) 2,485 (28.4%) 2,331 (61.4%) 382 (70.2%)

COPD = chronic obstructive pulmonary disease; MS = multiple sclerosis; SD = standard deviation.
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Table 2. Healthcare resource utilization during the 1-year post-index observation period
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Control cohort MS cohort
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Disability status

(n = 150,080)

Overall (n=13,089)

Mild EDSS < 3.5 (n=8,751)

Moderate EDSS 4-6.5 (n =3,794)

Severe EDSS>7 (n = 544)

Among the total cohort, those who had > 1 visit, n (%)

Among those with > 1 visit, median (IQR)

Hospitalizations, n (%) median (IQR) 9,306 (6.2%)1 (1-1)

1,518 (11.6%)1 (1-1)

629 (7.2%)1 (1-1)

678 (17.9%)1 (1-2)

211 (38.8%)1 (1-2)

Length of stay, days median (IQR) 3(2-9)

6 (2-17)

3(1-8)

8 (3-22)

11 (5-29)

ED visits, n (%) median (IQR) 34,058 (22.7%)1 (1-2)

4,274 (32.7%)1 (1-3)

2,583 (29.5%)1 (1-2)

1,396 (10.4%)1 (1-3)

295 (54.2%)2 (1-3)

Ambulatory care visits, n (%) median (IQR) 40,630 (27.1%)2 (1-4)

9,435 (72.1%)4 (2-8)

6,433 (73.5%)4 (2-8)

2,602 (68.6%)4 (2-8)

400 (73.5%)3 (2-8)

Physician visits, n (%) median (IQR) 119,686 (79.7%)7 (3-13)

12,466 (95.2%)11 (6-20)

8,279 (94.6%)5 (3-10)

3,648 (96.2%)8 (4-15)

539 (99.1%)26 (13-52)

Primary care physician visits, n (%) median (IQR) 115,268 (76.8%)4 (2-8)

11,925 (91.1%)6 (3-12)

7,831 (89.5%)5 (3-10)

3,561 (93.9%)8 (4-17)

533 (98.0%)17 (7-40)

Neurologist visits, n (%) median (IQR) 3,819 (2.5%)1 (1-2)

7,682 (58.7%)1 (1-2)

5,856 (66.9%)1 (1-2)

1,631 (43.0%)1 (1-2)

195 (35.8%)1 (1-2)

Other physician types, n (%) median (IQR) 87,565 (58.3%)3 (2-7)

10,129 (77.4%)4 (2-8)

6,474 (74.0%)4 (2-7)

3,185 (83.9%)5 (2-11)

470 (86.4%)7 (3-14)

Long-term care admissions, n (%) median (IQR) 168 (0.11%)1 (1-1)

500 (3.8%)1 (1-1)

96 (1.1%)1 (1-1)

302 (8.0%)1 (1-1)

102 (18.8%)1 (1-1)

Length of stay, days (365 max) median (IQR) 365 (365-365)

365 (311-365)

365 (365-365)

365 (365-365)

255 (81-365)

Home care encounters, n (%) median (IQR) 5,152 (3.4%) 7 (3-15)

2,213 (16.9%)7 (4-17)

558 (6.4%)6 (3-11)

1,196 (31.5%)4 (2-7)

459 (84.4%)9 (4-21)

Length of encounter, hours median (IQR) 13 (3-74) 24 (4-319) 8 (3-55) 34 (5-388) 123 (9-762)
Medication dispensations, n (%) median (IQR) 101,684 (67.7%)8 (3-18) 11,670 (89.19%)18 (9-37) 7,746 (88.5%)15 (8-28) 3,413 (90.0%)25 (12-58) 511 (93.9%)63 (24-151)
DMT dispensations, n (%) NA 3,896 (29.8%) 3,467 (39.6%) 413 (10.9%) 16 (2.9%)
Number of drug types, median (IQR) 4 (2-6) 6 (3-9) 5 (3-8) 7 (4-11) 10 (7-14)

DMT = disease-modifying therapy; ED = emergency department; IQR = interquartile range; max = maximum.

S92UBIIS [D2160]0IN3BN JO |DUINOL UDIPDUD? By


https://doi.org/10.1017/cjn.2024.288

Le Journal Canadien des Sciences Neurologiques

405

50,000
46,353
—~ 40,000
=
[=]
[&]
=3
&
[ Cost component
2 30,000 Ambulatory care visits
o Physician visits
3 ED visits
& Hospitalizations
=3 22,458 Home care
k] Iiﬂon -tei»_rm caBeMT
c 7 Medication —
S 20,000 18,862 Medication — Others
S
5}
2 15,594
I
°
=
10,000
— / Figure 2. Total mean unadjusted healthcare cost
) / 7 presented overall and by cost components.
- _ 7 7 CDN = Canadian; DMT = disease-modifying
0 Control MS ; Mild Moderate Severe therapy; ED.= e.n?ergency department; EDS.S -
cohort cohort | (EDSS <3.5) (EDSS 4-6.5) (EDSS 27) expanded disability status scale; MS= multiple

disability) (Table 2). The proportion who received > 1 DMT was
greater in those with mild disability (39.6%) and lower in those
with moderate (10.9%) and severe (2.9%) disability (Table 2).

Healthcare cost of multiple sclerosis

The total mean unadjusted healthcare cost of the MS cohort was
$18,862 per person-year and $3,662 for the control cohort
(Figure 2). Medication (43.5%) comprised the largest cost
component of the total healthcare cost among the MS cohort,
and physician visits (29.5%) and hospitalizations (28.4%) were the
largest components among the control cohort (Figure 2). After
adjusting for confounding sociodemographic factors (age, sex,
urban/rural residence and socioeconomic status), total healthcare
costs were 5.2 times higher (cost ratio: 5.24 [95% CI: 5.08, 5.41]) in
the MS cohort versus the control cohort, with MS having a
predicted incremental cost of $15,016 (95% CI: $14,497, $15,535)
per person-year; the average adjusted annual per-person cost of
MS was $18,555 (95% CI: $18,036, $19,073) versus $3,539 (95% CI:
$3,478, $3,600) in the control cohort (Table 3).

Within the MS cohort, the total mean unadjusted annual
healthcare cost of those with mild disability was $15,594, moderate
disability was $22,458 and severe disability was $46,353 (Figure 2).
Medication (65.3% of total cost, of which DMTs encompassed
82.0%) comprised the largest cost component of those with mild
disability; supportive care (long-term care and home care) was the
largest cost component among those with moderate (40.1%) and
severe disability (48.3%) (Figure 2). After adjusting for con-
founding sociodemographic factors and years living with MS, total
healthcare costs were 1.8 times higher (cost ratio: 1.75 [95% CI:
1.62, 1.89]) for those with moderate disability and 4.1 times higher
(cost ratio: 4.07 [95% CI: 3.56, 4.64]) for those with severe disability
compared with mild disability (Table 4). The average adjusted
annual per-person cost of pwMS with mild disability was $14,430
(95% CI: $13,980, $14,880) versus $25,261 (95% CI: $23,711,
$26,810) for moderate disability and $58,697 (95% CI: $51,514,
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sclerosis.

$65,879) for severe disability (Table 4). Acute care (hospitaliza-
tions, ED), supportive care (long-term care, home care) and
outpatient care (ambulatory care, physician visits) contributed to
the higher cost in those with greater disability, with supportive care
being the primary driver; the cost of DMT's was lower in those with
greater disability compared with those with mild or moderate
disability (Table 4).

Discussion

In this retrospective, observational, population-based cohort study
of adults living with and without MS in Alberta, the incremental
direct healthcare cost of MS and cost by disability level among
pwMS was determined between April 1,2019, and March 31, 2020,
using administrative health data (reported in 2021 $CDN). The
annual cost of MS was found to be more than five times higher than
those not living with MS, with a predicted incremental cost of
$15,016 per person-year. Extrapolating this cost to the population
level, where 14,485 adults were identified as living with MS on the
index date in this study (Figure 1), it is estimated that $218 million
per year in healthcare costs were attributable to MS in Alberta
during the observation period. This study also characterized the
large economic burden associated with disability among pwMS,
with total predicted direct healthcare costs greater by more than
fourfold from $14,430 to $58,697 per person-year among pwMS
with mild and severe disability, respectively; the primary cost
component shifted from DMTs in mild disability to supportive
care in moderate and severe disability. Collectively, this study
provides insights into the healthcare costs associated with MS and
the distribution of cost by levels of disability, highlighting the
importance of preventing or delaying disability progression as an
economic priority, in addition to being clinically significant and
enhancing the health-related quality of life for pwMS.

Although Canada has one of the highest prevalence of MS in the
world, relatively few studies have been conducted on the healthcare
cost of MS in the country;'"!3-!8 even fewer have been conducted in
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95% CI
15,535
12,557
51,554

14,497
9,104
36,979

Incremental cost ($CDN)
15,016
10,831
44,267

95% CI
5.41
1.89
4.64

Adjusted
5.08
1.62
3.56

5.2:
1.7
4.07

95% CI Cost ratio
19,073
3,600
14,880
26,810
65,879

Total cost ($CDN)
18,555 18,036
3,539 3,478
14,430 13,980
25,261 23,711
58,697 51,514

Unadjusted
95% CI
17,907 18,386
3,514 3,640
15,027 15,850
20,504 22,863
41,671 52,070

expanded disability status scale.

Total cost ($CDN)
18,396
3,577
15,439
21,684
46,871

Canadian; Cl = confidence interval; EDSS

Among those with multiple sclerosis

Multiple sclerosis

Control (reference)

Disease level

Mild (EDSS < 3.5; reference)
Moderate (EDSS 4-6.5)
Severe (EDSS>7)

Study cohorts
Individuals with a missing Pampalon material deprivation index were not included. Potential confounders that were adjusted for included age, sex, residence and socioeconomic status (multiple sclerosis cohort vs. control cohort), along with the number of

years living with multiple sclerosis (moderate and severe vs. mild disability). Incremental costs (the incurred additional cost in pwMS compared to controls) were estimated using an average marginal effect approach based on predicted costs from

generalized linear models with a log-link function and gamma distribution.

Table 3. Total healthcare cost comparisons between the multiple sclerosis cohort and the control cohort

CDN
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the past decade to capture the numerous DMTs and current
pharmacological standard of care with this therapy.®> Among the
more recent studies, Amankwah et al. (2017) applied a micro-
simulation model and found that the total direct healthcare cost,
which included hospitalizations, physician services, prescription
drugs and provincially funded supportive services (long-term and
home care) and assistive devices, was estimated to be approx-
imately $16,800 per person-year for pwMS aged 20 years and older
(2011 CDN).!! The total direct healthcare cost of pwMS was
similar to the current study when inflated to 2021 dollars (ie.,
$18,782 CDN). ** Recently, Khakban et al. (2023) conducted a
retrospective population-based cohort study using administrative
health data among 17,071 pwMS and 85,355 matched controls to
determine the incremental healthcare cost of MS in British
Columbia.!” Based on inpatient, outpatient (ED and physician
visits) and medication costs, the total excess cost of MS was
estimated at $6,881 per person-year (2020 CDN).!” The total
incremental healthcare cost of MS estimated in the current study
was more than twice as much, at $15,016 per person-year; this
difference may be due to the more comprehensive capture of
healthcare resources in this study, including ambulatory care, long-
term care and home care. Of mention, the proportional
contribution of medication and healthcare resources to the total
direct healthcare cost of MS in the USA is similar to the current
study but greater in terms of cost itself (e.g., $88,487 per person-
year [2019 USD]).>>>

The extensive literature on the cost of illness in MS has shown
that disability is a well-documented key driver of healthcare costs
among pwMS; a significant increase in the total cost of MS, both
direct and indirect, occurs with increasing disability from mild to
severe, as measured by the EDSS.'2>® This escalation in cost is
coupled with shifts in the distribution of the economic burden of
MS.31255 However, large population-based studies using rigorous
comparisons are very limited. Most studies use samples with
relatively small numbers of participants and rely on self-reports of
healthcare resource utilization, and recruitment occurs most often
from specialized outpatient MS tertiary clinics, which introduces
selection bias toward those with less severe disability and those
more likely to use a DMT.*® Recognizing these limitations, studies
conducted in a contemporaneous era consistently report DMTs as
the main cost component at milder disability levels and supportive
care or inpatient care as the primary cost driver at more severe
disability levels. For example, Fogarty et al. (2014) recruited 214
pwMS from a specialized MS clinic and determined direct
healthcare costs of inpatient, outpatient, medication, supportive
care (long-term and home care), tests and assistive devices at
different disease severity levels in Ireland.”” The authors found that
all cost categories were greater in those with severe disability
(n=27) compared with mild disability (n=114), with the
exception of medication and tests that were lower; the largest
cost component of those with severe disability was supportive care
followed by inpatient care.”” Among 799 pwMS recruited from
specialized MS and neurology clinics in Belgium (where almost
half of the individuals received a DMT during the observation
period), DMTs comprised 80% of the total direct healthcare cost in
mild disability and 4% in severe disability; the cost of inpatient care
was tenfold greater among those with severe disability compared
with mild disability.”® Findings from the current study are
consistent with previous reports; total direct healthcare costs were
significantly greater at more severe disability levels, and the
primary cost component shifted from DMTs in mild disability to
supportive care in moderate and severe disability.
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Table 4. Healthcare cost comparisons of acute care, supportive care, outpatient care and prescription medications between disease severity levels within the multiple

sclerosis cohort

0dds ratio of encounter*

(nonzeros) Cost ratio Incremental cost ($CDN)

Point estimate 95% Cl Point estimate 95% ClI Point estimate 95% Cl
Mild (EDSS < 3.5; reference) — — — — — — — — —
Moderate (EDSS 4-6.5) 1.71 1.53 1.92 2.50 2.01 3.12 3,425 2,557 4,293
Severe (EDSS > 7) 3.65 2.96 451 435 2.94 6.45 10,720 6,279 15,162
Mild (EDSS < 3.5; reference) — — — — — — — — —
Moderate (EDSS 4-6.5) 8.08 6.94 9.39 1.71 1.42 2.06 6,911 5,903 7,920
Severe (EDSS > 7) 119.2 85.5 166.1 197 1.53 2.52 20,254 16,000 24,508
Outpatient care (ambulatory care visits, physician visits)
Mild (EDSS < 3.5; reference) — — — — — — — — —
Moderate (EDSS 4-6.5) NA NA NA 1.55 1.42 1.68 1,583 1,240 1,927
Severe (EDSS > 7) NA NA NA 2.25 1.95 2.59 3,604 2,728 4,480
Prescription medication
Overall
Mild (EDSS < 3.5; reference) — — — — — — — — —
Moderate (EDSS 4-6.5) NA NA NA 0.71 0.65 0.77 —2,589 -3,163 —2,015
Severe (EDSS > 7) NA NA NA 0.71 0.61 0.83 —2,551 —3,532 —1,570
Disease-modifying therapy
Mild (EDSS < 3.5; reference) — — — — — — — — —
Moderate (EDSS 4-6.5) 0.41 0.35 0.47 1.01 0.95 1.06 —3,298 -3,815 —2,781
Severe (EDSS > 7) 0.12 0.07 0.21 1.03 0.81 1.30 —5,742 —6,539 —4,945
Other prescription medications
Mild (EDSS < 3.5; reference) — — — — — — — — —
Moderate (EDSS 4-6.5) NA NA NA 1.50 1.31 1.72 836 528 1,145
Severe (EDSS > 7) NA NA NA 2.40 2.00 2.88 2,321 1,644 2,998
Total cost
Mild (EDSS < 3.5; reference) — — — — — — — — —
Moderate (EDSS 4-6.5) NA NA NA 1.75 1.62 1.89 10,831 9,104 12,557
Severe (EDSS>7) NA NA NA 4.07 3.56 4.64 44,267 36,979 51,554

* Estimated by gamma hurdle models (acute care, supportive care and disease-modifying costs) or a generalized linear model with log link and gamma distribution (outpatient care, overall and
‘other’ prescription medications and total costs). Incremental cost was the incurred additional cost of people living with multiple sclerosis compared to controls.
CDN = Canadian; Cl = confidence interval, EDSS = expanded disability status scale; NA = not applicable.

In the current study, the observed higher and lower DMT use
and cost in those with mild and more severe disability, respectively,
are in alignment with recommendations from the Canadian MS
Working Group that state all individuals with relapsing-remitting
MS should be encouraged to start treatment with a DMT soon after
diagnosis (when disability is likely to be mild), and stopping a
DMT can be considered among pwMS who are older than 60 years
of age with prolonged stable disease.”>*® Older individuals appear
to have an increased risk of infection and other adverse effects that
may be due to age-related immunosenescence and therapy-
induced alterations to the immune system, as well as a higher
burden of comorbidities.®® In this study, we found that those with
mild disability had been living with MS for fewer years than those
who had moderate and severe disability who in turn were older had
a higher overall burden of disease and a greater proportion living
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with comorbidities. Other potential reasons for the observed lower
DMT use among those with severe disability in this study may be
attributed to a lesser perceived benefit given the already great
amount of accrued disability, which is irreversible, and that
provincial public coverage plans generally limit DMT coverage to
those with an EDSS < 7.0. Recent studies have shown that early
initiation of DMTs, particularly highly effective antibody-
mediated therapies, reduces the frequency and severity of relapses
and reduces disability, with the potential to lessen healthcare costs
over the long term.!?-216! Further research is needed to delineate
the cost-effectiveness of MS treatments aimed at delaying the
progression of MS and reducing the frequency of relapses.®?
Important strengths of this study are the large population-based
design and high-quality source of administrative health data that
contains information on comprehensive healthcare resources in
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Alberta. However, this study is also subject to a number of
limitations that should be taken into consideration when
interpreting results. Retrospective administrative claims-based
studies use administrative data as opposed to medical records, and
therefore, there is a potential for misclassification of the study
groups or measures. To minimize the possibility of including
individuals in the MS cohort who did not have the disease, a case-
finding algorithm for MS was applied in the current study that was
validated in Ontario and resulted in high sensitivity (84%),
specificity (100%), positive predictive value (86%), negative
predictive value (100%) and kappa (0.85).% Although a validated
algorithm was used to estimate the level of disease severity among
pwMS based on EDSS,*! informal care and assistive devices were
not included in the algorithm nor captured within provincial
administrative data, and therefore, it is possible that some
individuals with a higher EDSS score may have been misclassified
as having a lower score. While individual-level direct healthcare
costs would not be affected, the total healthcare cost of mild and
moderate disability would be subject to potential overestimation
and underestimation of severe disability. The algorithm also tends
to overestimate EDSS scores at the lower end of the range as
evidenced by the model intercept that exceeded 0 (i.e., 1.27)*! and
was reflected in this study (none had EDSS scores 0-1.5). The PIN
database only provides information on prescription medication
dispensations from community pharmacies and therefore may not
represent actual medication uptake by individuals. The use of over-
the-counter medications and other non-pharmacotherapy man-
agement was not captured within the administrative data;
prescription medications provided in a hospital or secondary care
setting were not measured in this study. This study was conducted
from the perspective of the Canadian healthcare system and did
not include costs borne by individuals or indirect costs such as
informal care and productivity loss (of the individual and/or
caregiver). Previous studies have shown that when a societal
perspective is considered, costs outside the health system
increasingly outweigh direct healthcare costs as disability escalates,
dominating total costs in severe disability.!?

Conclusions

This study provides insights into the direct healthcare costs
associated with MS and the distribution of cost by disability status.
Adults living with MS used greater healthcare resources and
incurred higher incremental costs compared with those not living
with MS, which may represent an additional $218 million per year
in healthcare costs related to MS and associated comorbidities in
Alberta. Health economic impact was apparent by disability status,
underscoring the importance of preventing or delaying disability
progression in MS. The observed shift in primary cost components
with disability levels can be used to inform resource allocation
planning.
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found at https://doi.org/10.1017/cjn.2024.288.
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