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Abstract
Objectives
To compare disease-modifying therapy (DMT) use between people living with multiple sclerosis
(pwMS) who resided in rural vs urban areas.

Methods
This retrospective cohort study used population-level individually linked administrative data to
identify pwMS on April 1, 2019 (index date), in Alberta, Canada. DMT use was compared
between pwMS who resided in rural vs urban areas during a 1-year postindex period. Structural
equation modelling (SEM) and logistic regression (with 95% confidence intervals) were applied.

Results
PwMS (n = 4,593) who resided in rural areas (vs urban) were 17% less likely to have received
a DMT (odds ratio: 0.83 [0.69–0.99]; SEM total β: −0.032, p < 0.05), of which 39% of this
disparity was explained by a lower socioeconomic status (SEM indirect β: −0.012 [p < 0.001]/
total β: −0.032); 26% were less likely to have received an induction/higher efficacy therapy
(odds ratio: 0.74 [0.57–0.95]), of which <1% of this disparity was explained by socioeconomic
status (SEM indirect β: −0.0001 [p < 0.01]/total β: −0.040).

Discussion
PwMS residing in rural (vs urban) Alberta are less likely to receive any DMT, especially
induction/higher-efficacy therapy; this inequality may be mediated by socioeconomic status and
geography. Identifying and overcoming barriers to optimal clinical care in this patient population
is needed.

Introduction
Disease-modifying therapy (DMT) is the current pharmacologic standard of care for treating
people living with (relapsing-remitting) multiple sclerosis (pwMS).1 Early initiation of DMT
after diagnosis produces long-term benefits compared with delayed treatment,2 and induction/
higher-efficacy therapies have a greater and earlier effect on overall disease progression than
older/lower-efficacy therapies.3 Given the proven efficacy of DMT, equitable access is of great
importance for pwMS. Among the limited number of studies that have investigated potential
inequalities in DMT use, lower socioeconomic status (SES) was consistently associated with
lower DMT uptake.4 Recently, we found that rural (lower SES)/urban (higher SES)
inequalities in DMT use may exist among pwMS in Alberta, Canada,5 supporting the need for
further investigation. The objectives of this study were to compare DMT use and time to
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initiation of therapy between pwMS who resided in rural vs
urban areas; SES was included as a potential mediator.

Methods
Ethics approval was received from the University of Alberta
(Pro00115341); informed consent was waived. A retrospec-
tive, observational, population-based cohort study was con-
ducted using administrative data from several databases
(eTable 1). Eligibility criteria included those who (1) met
a validated case definition for MS between 2008 and 2021,6

(2) had an MS incident date between 2008 and 2019, (3) had
health insurance coverage, and (4) were alive on April 1, 2019
(index date) (eFigure 1).

Characteristics included urban (≥1,000 persons and
≥400 persons/km2)/rural (area remaining after urban de-
lineation) residence (determined by second digit of postal
code), age, sex, and SES (based on education, employment
status, and average income derived from Canadian census
data).7 Clinical characteristics included the number of years
living with MS before the index date, a Charlson Comorbidity
Index score (eTable 2), and comorbidities (eTable 3). DMT
use (had ≥1 dispensation) during the 1-year postindex ob-
servation period was reported overall and by type (eTable 4).
Time from the MS incidence date to DMT initiation was
assessed between 2008 and 2021.

Statistical Analysis
Conceptual frameworks were developed (role of covariates in
the relationship between geographical residence and DMT
use) and tested using structural equation modelling (SEM)
(eFigure 2).8 Informed by SEM, base logistic (odds ratio;
OR), and Cox (hazard ratios: OR) regression models (with
95% CI) included the exposure (geographical residence),
outcomes (DMT use; time to DMT initiation), and con-
founders of age, sex, the Charlson Comorbidity Index score,
years living with MS (logistic model), and year of the MS
incident date (Cox model); comorbidities were not included

to avoid collinearity with the Charlson Comorbidity Index
score. The exposure and covariates were measured on the
index date for DMT use and on the MS incident date for time
to DMT initiation. When statistical significance was observed
(p < 0.05), an “explaining model” that included SES (medi-
ator) was applied. Analyses were performed using SAS 9.4
software.

Data used in this study are available from Alberta Health
Services and Alberta Health; data availability restrictions ap-
ply (e.g., qualified researcher). Data were used under license
for this study and so are not publicly available.

Results
Cohort (n = 4,593; eFigure 3) characteristics are presented
in eTable 5. During the observation period, 37.0% of pwMS
who resided in rural areas and 41.8% of those who resided in
urban areas received ≥1 DMT (eTable 6). Adjusting for
confounders, pwMS who resided in rural areas (vs urban)
were 17% less likely to receive a DMT (OR: 0.83 [0.69–0.99]
[Table]; SEM total β: −0.032, p < 0.05 [Figure 1]), of which
39% of this disparity was explained by a lower SES (SEM
indirect β: −0.012 [p < 0.001]/total β: −0.032 [Figure 1]);
eTable 7 summarizes the full logistic regression model.
Among the specific DMT categories, those who resided in rural
areas (vs urban) were 26% less likely to have received an
induction/higher-efficacy therapy (OR: 0.74 [0.57–0.95]
[Table]; SEM total β: −0.040, p < 0.01 [Figure 2]), of which
<1% of this disparity was explained by SES (SEM indirect
β: −0.0001 [p < 0.01]/total β: −0.040 [Figure 2]). The likeli-
hood of receiving an older/lower-efficacy therapy was not dif-
ferent between those who resided in rural vs urban areas (SEM
total β: 0.0002, p = 0.99 [Figure 2]; OR: 1.01 [0.83–1.23]
[Table]). Time to initiation of DMT was not different between
those who resided in rural vs urban areas (HR: 0.89 [0.79, 1.01]
DMT overall; 0.84 [0.69–1.02] infusion/higher-efficacy; 0.91
[0.80–1.03] older/lower-efficacy therapy) (Table). PwMS who
had a more recent MS incident date initiated a DMT sooner

Table Comparison of DMT Use and Time to DMT Initiation Overall and by Type Among pwMS Who Resided in Rural vs
Urban Areas

DMT use during the 1-y postindex observation
period (2019/2020) (odds ratio [95% CI])

Time from MS incident date to DMT initiation
between 2008 and 2021 (hazard ratio [95% CI])

Base model Explaining model Base model Explaining model

Residence (rural vs urban)

Overall 0.83 (0.69–0.99) 0.89 (0.74–1.07) 0.89 (0.79–1.01) N/A

Induction/higher-efficacy therapy 0.74 (0.57–0.95) 0.74 (0.57–0.97) 0.84 (0.69–1.02) N/A

Older/lower-efficacy therapy 1.01 (0.83–1.23) N/A 0.91 (0.80–1.03) N/A

Abbreviations: DMT = disease-modifying therapy; N/A = not applicable; pwMS = people living with multiple sclerosis.
Bolded numbers indicate a statistical significance at p < 0.05. The base logistic and Cox models included the confounders of age, sex, the Charlson
Comorbidity Index score, years living with MS (logistic model), and year of the MS incident date (Cox model); comorbidities were not included to avoid
collinearity with the Charlson Comorbidity Index score. When statistical significance was observed between rural and urban residence, an additional model
(‘explaining model’) added sociodemographic status (mediator). See eTable 7 for the full logistic and Cox models.
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(HR: 1.10 [1.08–1.12] DMT overall; 1.36 [1.32–1.40]
induction/higher-efficacy; 1.06 [1.04–1.07] older/lower-effi-
cacy therapy) (eTable 7, eFigure 4).

Discussion
SES was found to be a contributing factor in the observed
rural/urban inequality in DMT use overall, which is in
alignment with findings from other countries with universal
health care that have shown pwMS who have a lower SES are
less likely to be prescribed a DMT.9 A number of recom-
mendations have been developed and successfully imple-
mented across various geographical locations (rural/urban)
to overcome barriers (e.g., medical model bias, patients who
experienced prior stereotype/discrimination in clinical care,
physicians own implicit bias, lack of knowledge about
resources, unsureness of what actions to take, and perceived
lack of time to address complex social needs) to adopting

a social determinants (interconnected with SES) of health
approach within the health care system10,11 and therefore may
assist in providing equitable care management and optimal
pharmacotherapy for pwMS.

Geographical barriers may have also contributed the observed
inequality in DMT use in this study, such as experiencing
greater difficulty in accessing MS-related care (where DMT
access is facilitated) due to a lack of specialized health care
providers within rural areas and an inability to travel the dis-
tance needed to access care.12,13 In addition, a lack of access to
infusion clinics may have been a barrier to receiving induction/
higher-efficacy therapy in rural areas in this study, which has
been previously reported for other chronic conditions.14 Col-
lectively, improvements in access to fully resourced MS spe-
cialist neurologists (such as increasing telemedicine access) and
increased local health care infrastructure with associated human
resources including infusion clinics (whose need will likely
continue to rise because practice is shifting toward the early use

Figure 1 Final Structural Equation Model of the Relationship Between Geographical Residence (Rural vs Urban; Exposure)
and DMT Use (Use vs None; Outcome)

Confounders included age (>60 vs ≤60 years), Charlson Comorbidity Index score (one score higher vs lower; continuous), comorbidities (living with a certain
comorbidity vs not), and years living withMS (number of years since theMS incident date); socioeconomic status (material deprivation index score of 1 [most
privileged] vs 2–5 [less privileged]) was amediator. Model goodness-of-fit: χ2 = 118.0, degree of freedom (df) = 45, χ2/df ratio = 2.6, SRMR = 0.05, RMSEA = 0.02,
CFI = 0.94, AGFI = 1.00. *Statistical significance at p < 0.05. COPD = chronic obstructive pulmonary disease; DMT = disease-modifying therapy; MS = multiple
sclerosis.
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of induction/higher-efficacy therapies3) for pwMS who reside
in rural areas may support equitable DMT use.

This study has several important strengths including the large
size, population-based cohort design, and analytical approach.
However, this study is also subject to a number of limitations.
As this study did not use medical records, there is a potential
for misclassification of the cohort or measures; to address this,
validated case definitions were used when available. The drug
database provides information on medication dispensations
and therefore may not represent actual medication uptake.

Conclusion
Findings from this population-based study identified
improvements in earlier DMT initiation after the MS incident
date over time (between 2008 and 2021), along with dis-
parities in DMT use (observed during a 1-year period; 2019/
2020). PwMS who resided in rural Alberta were less likely to

receive a DMT, especially induction/higher-efficacy therapy,
compared with those who resided in urban areas that may be
mediated by SES and geography; this may be generalized to
similar rural areas of industrialized countries whose residents
have a lower SES (vs urban) and/or geographical organization
of health care infrastructure and resources. Identifying and
overcoming barriers to optimal clinical care in this patient
population is needed, along with implementation and as-
sessment of solutions to confirm their efficacy such as strat-
egies that address social determinants of health, and improved
access to specialized MS-related care management and in-
frastructure in rural areas.
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