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Abstract.
Background: Spinal muscular atrophy (SMA) is a rare neurodegenerative disease characterized by progressive muscular
weakness, which occurs in one in 6,000 to 10,000 live births. The burden of SMA on Canadian patients and caregivers is not
known.
Objective: To characterize the burden of SMA in Canada as reported by patients and caregivers, including disease and
treatment impacts, indirect costs, and caregiver burden.
Methods: Surveys were distributed by Cure SMA Canada and Muscular Dystrophy Canada to individuals with SMA and
their caregivers. The online surveys were anonymous and completed between January 28 and February 21, 2020.
Results: 965 patient and 962 caregiver responses met the eligibility criteria. Patients reported SMA subtypes as: type I
(25.0%), type II (41.3%), type III (29.3%). Using the EQ-5D, patients were shown to have impaired quality of life with
an average health utility index of 0.49 (SD: 0.26). The median expenditure was $4,500 CAD (IQR: $1,587 – $11,000)
for assistive devices; $6,800 CAD (IQR: $3,900–$13,000) on health professional services; and $1,200 CAD (IQR: $600 –
$3,100) on SMA-related travel and accommodation in the past 12 months. Caregivers reported needing respite care (45.7%),
physiotherapy for an injury from a lift/transfer (45.7%), or other health impacts (63.3%). Caregivers reported changes to
personal plans, sleep disturbances, and work adjustments, with a mean Caregiver Strain Index score of 7.5 [SD: 3.3].
Conclusion: SMA in Canada is associated with a significant burden for patients and their caregivers.

Keywords: Muscular atrophy, spinal, spinal muscular atrophies of childhood, quality of life, caregivers economics, medical,
cost of illness, chronic disease, neurodegenerative diseases, muscle weakness

INTRODUCTION

SMA is the most common fatal autosomal reces-
sive disorder in childhood and the second most
commonly acquired autosomal recessive disorder in
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children after cystic fibrosis [1, 2]. Worldwide, the
estimated incidence of SMA ranges from one in 6,000
to one in 10,000 live births [2–5]. In Canada, the
actual number of SMA cases still remains unknown,
but it is estimated there are 700 to 2,140 cases of
SMA based on various epidemiological data sources
[6–8], with approximately 35 new cases per year,
and 21 (60%) of those new cases being SMA type
I [3, 9]. The Government of Canada, in collaboration
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with Novartis Canada, has also recently developed a
National Newborn Screening in SMA program [10],
and the Canadian Neuromuscular Disease Registry is
also working to expand its SMA dataset [11] to bet-
ter evaluate the epidemiology of SMA. Although the
number of cases of SMA in Canada is quite small,
the healthcare-related burden is substantial.

In Canada, approximately 70% of healthcare
expenditures are covered by the public health sys-
tem (e.g., government funding), with the remainder
of expenses (30%) being covered by private health
plans (e.g., employment insurance) or as an out-of-
pocket expense for patients [12, 13]. Each provincial
and territorial government administers and delivers
services covered by the public health system (e.g.,
hospital and physician services) without any form
of direct payment from the patient [14]. However,
supplementary benefits such as prescription drug cov-
erage, dental, or vision care are not covered by the
health system, and are instead covered by private
health plans or paid as an out-of-pocket expense [14,
15]. The federal government does provides benefits
(e.g., tax credits) to individuals living with a disabil-
ity or those caring for an individual with a disability
[14, 16] such as SMA. However, there are specifica-
tions regulating the amount of expenses or the type
of equipment/supports that can be claimed [16], and
individuals or their caregivers would still initially
be paying out-of-pocket for these services, which
would be a significant financial burden. As noted
by the Canadian Institute for Health Information, the
average out-of-pocket health expenditure in 2017 for
Canadians was $973 per person [17].

SMA is associated with substantial direct costs
(e.g., the financial value associated with disease-
specific utilization of medical and non-medical
resources, such as hospital or physician visits, medi-
cation, rehabilitation, home modifications), informal
care costs (e.g., time spent caregiving by relatives
or unpaid caregivers), and indirect costs (e.g., loss
of productivity to society due to absence from work,
reduced productivity, or premature death) [18]. It is
anticipated that these direct, informal, and indirect
costs [18] result in much higher healthcare expen-
ditures for individuals with SMA, and caregivers of
individuals with SMA, compared to the expenditures
for average Canadians. However, there are currently
no published estimates of the direct and indirect costs
associated with SMA in Canada.

In terms of the current treatment landscape,
there have been recent breakthroughs for treating
SMA, including nusinersen (Spinraza® Biogen),

onasemnogene abeparvovec (Zolgensma® Novartis
Gene Therapies), and risdiplam (Evrysdi® Roche).
Spinraza was approved by Health Canada in June
2017 [19], however the Canadian Agency for Drugs
and Technologies in Health (CADTH) initially rec-
ommended several restrictions for nusinersen access,
while the Quebec-based Institut national d’excellence
en santé et en services sociaux (INESSS) did not rec-
ommend access restrictions [20]. CADTH revised
its decision for nusinersen in March 2019 by rec-
ommending reimbursement for a broader range of
SMA diagnoses, but only for individuals 12 years of
age or younger and those who have never achieved
the ability to walk independently [21]. However,
access to nusinersen for individuals with SMA in
Canada varies between each province and territory.
The treatment landscape in Canada will continue
to evolve with onasemnogene abeparvovec very
recently receiving approval from Health Canada in
December 2020 [22], while risdiplam is currently
under review with Health Canada [23].

The economic and societal costs of SMA, for both
patients and caregivers, have been well documented
in several studies outside of Canada, including Aus-
tralia [24], the Netherlands [25], Germany [18], Spain
[26], and the Czech Republic [27], which demon-
strate the impacts of SMA on quality of life for
patients and caregivers, caregiver burden, and indirect
costs. Patient- and caregiver-reported outcomes are
increasingly recognized as vital to our understand-
ing of the effectiveness of SMA-related healthcare
services and treatments. While the impact of SMA
on patients and caregivers has been described in a
handful of international studies, no such study has
been conducted in Canada, where the healthcare
and social security systems are different from other
countries. The objective of this study was to charac-
terize the burden of SMA in Canada among persons’
with SMA and their caregivers. As new disease-
modifying therapies are emerging from clinical trials,
it is imperative for Canadian insurance providers, thi-
rd-party payers, governments, regulatory bodies, and
society as a whole to have a better understanding of
the burden of illness of SMA.

MATERIALS AND METHODS

Study population and design

Individuals with SMA and their caregivers living
in Canada were surveyed. A caregiver was defined
as someone with a personal relationship, such as a
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parent, spouse, partner, or adult relative who pro-
vides unpaid care for an individual with SMA. Two
patient support groups (Cure SMA Canada and Mus-
cular Dystrophy Canada) invited individuals with
SMA and caregivers of individuals with SMA from
their membership lists, via e-mail, to take part in this
study. As the survey was anonymous, it was possi-
ble that individuals from the mailing list may have
circulated the survey link to others who were not
on the list (e.g., through Facebook). Surveys were
completed from January 28, 2020 to February 21,
2020. At the start of the survey, participants were
asked to complete a series of questions to self-assess
their eligibility and to direct them to the correct ques-
tionnaire (e.g., patient questionnaire, self-completed
or proxy-completed, versus caregiver questionnaire).
Participants were asked the following screening ques-
tions: 1) if they were an individual with SMA or an
unpaid caregiver of an individual with SMA; 2) if
they had lived in Canada for the previous 12 months
and; 3) if they were over the age of majority (≥18
year or ≥19 years old, depending on province of
residence) at the time of survey completion. Respon-
dents who had not resided in Canada for the previous
12 months were excluded, as were respondents who
indicated they were not an individual with SMA or
an unpaid caregiver of someone with SMA. Respon-
dents that indicated they were an individual with
SMA were taken to a different survey than individuals
who indicated that they were an unpaid caregiver of a
person with SMA. Respondents who noted that they
were under the age of majority or that they needed
help completing the survey were redirected to the
proxy-completed survey. Individuals with SMA (or
their proxy) were asked in the survey if the individ-
ual had been confirmed by genetic testing to have
SMA, but proof of their genetic diagnosis of 5q-
linked SMA was not required for participation. The
caregiver questionnaire did not ask about confirma-
tory genetic testing.

Upon completion of the survey, additional exclu-
sion criteria included: 1) respondents that were
identified as potential “bots” or “ballot box stuffers”
or; 2) patient survey respondents that indicated that
they did not have genetic confirmation of 5q-linked
SMA. Bots were defined as a software program that
can complete routine tasks such as completing ques-
tionnaires. Bot identification was established based
on methodology embedded in the Qualtrics© sur-
vey software (Qualtrics, Provo, UT). Using Google’s
reCAPTCHA v3, Qualtrics rated every response on
the probability that the respondent was a bot based

on respondent interactions with the site using values
ranging from 0 to 1 [28]. Potential bots are defined
as responses that scored less than 0.5, which is the
default threshold recommended by Google [28]. Bal-
lot box stuffers were defined as a respondent who
submitted more than one completed questionnaire.
Duplicate, or ballot box stuffing, responses were
also identified based on embedded Qualtrics software
methodology. Qualtrics software places a cookie in
the browser during the first survey session opened
by a respondent. If the same respondent returns to
the same browser and device without clearing any
cookies, this subsequent response will be flagged as
a duplicate, indicating potential ballot box stuffing
[28].

The survey was based on a questionnaire devel-
oped for a study in the UK [29] and modified to
the Canadian context, including adding two validated
instruments: the EQ-5D-5L and Caregiver Strain
Index (CSI). The study protocol was reviewed by
clinical advisors for clinical relevance. The patient
survey collected information on demographics, clin-
ical characteristics, impact of SMA on education
and employment, SMA-related healthcare resource
utilization, SMA-related treatments, adaptations to
living environment, average travel and accommo-
dation costs for SMA-related appointments and
treatments, costs of services and assistive devices,
and quality of life. The patient survey was either
self-completed by adult individuals with SMA or
proxy-completed by caregivers of children or adults
with SMA who needed assistance.

The caregiver survey collected information on
demographics of the caregiver and individual with
SMA in their care, as well as caregiver-related bur-
den (e.g., number of hours caring for the person with
SMA, travel to SMA-related appointments, impacts
on caregiver sleep and employment, and quality of
life). The caregiver survey was self-completed by
adult caregivers of an individual with SMA.

In both the patient and caregiver surveys, quality of
life was assessed using the EQ-5D-5L and associated
visual analogue scale (VAS). The EQ-5D-5L includes
five dimensions (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression) and each
dimension has five levels of responses (e.g., no prob-
lems, slight problems, moderate problems, severe
problems, and extreme problems). The EQ-5D-5L
VAS asks the respondent to rate their perceived health
from 0 (the worst imaginable health) to 100 (the
best imaginable health) [30]. The health utility index
score can range from 0 (the value of a health state
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equivalent to dead) to 1 (the value of full health),
with higher scores indicating higher quality of life;
the health utility index was calculated using a pub-
lished time trade-off-derived value set for Canada
[31]. Caregiver strain was assessed using the CSI,
a 13-item tool that includes questions about areas
of life caregivers may find difficult (e.g., sleep) and
requires a “Yes” or “No” response [32]. The CSI is
scored from 0–13; the higher the number of “Yes”
answers, the higher the strain on the caregiver, with a
score equal to or greater than 7 indicating high stress
and burden [32]. The CSI (Robinson BC, Validation
of a Caregiver Strain Index, Journal of Gerontol-
ogy, 1983;38(3):344–8) was used with permission by
Oxford University Press.

The surveys were designed using Qualtrics© soft-
ware (Qualtrics, Provo, UT). The surveys were
available in both English and French (Canada). Upon
completion of the survey, participants were invited to
enter their email address to receive an e-gift card for
Amazon.ca of $50 CAD value. The submission of an
email address for gift card receipt was not linked to
the patient or caregiver surveys.

This study was approved by the Health Research
Ethics Board of Alberta Community Health Commit-
tee (HREBA-CHC) for the province of Alberta, and
the Advarra Institutional Review Board for the rest
of Canada (excluding Newfoundland and Labrador).

Statistical analysis

For the patient surveys, data from both patient-
completed and proxy-completed surveys were
combined. The patient survey results reported below
excluded records identified as potential bots, bal-
lot box stuffing, or responses where 5q-deletion was
not confirmed by genetic testing as self-reported by
the respondent. The caregiver survey results reported
below excluded records identified as potential bots or
ballot box stuffing.

Analyses were conducted using SAS 9.4 (SAS
Institute, Cary, NC). Descriptive statistics were cal-
culated for the responses received for each question.
For continuous variables, descriptive statistics of cen-
tral tendency (medians and means) and dispersion
(standard deviation [SD], interquartile range [IQR])
were calculated. Categorical variables were described
with frequencies and percentages. Non-responses
were excluded per question from the analyses. In
some cases, non-responses were driven by survey
branch logic. In other cases, non-responses reflected
respondents having omitted a response to a particular

question that was presented. Results were stratified
by self-reported SMA type (I, II, III, or other), based
upon the diagnosis that the patient or their caregiver
had communicated to them by their clinician.

Given the unexpected responses to the questions
related to medication use in the patient survey, we
conducted a post-hoc sensitivity analysis further res-
tricting the respondents to a subgroup that indicated
nusinersen use only or no use of any of the three novel
therapeutics (nusinersen, risdiplam, or onasemno-
gene abeparvovec), since, at the time of study, only
nusinersen had marketing authorization and was
more widely available in Canada. We reported demo-
graphic characteristics, SMA-related cost estimates,
and quality of life variables in this subgroup for com-
parison (see Supplementary Materials).

RESULTS

Overall, 3,077 surveys were received in Qualtrics.
Empty records containing no data (N = 339) and sur-
veys missing a respondent categorization such as
patient, proxy, or caregiver (N = 21) were excluded.
Of the 1,467 patient surveys completed by individuals
with SMA or their adult proxy, we excluded 502 sur-
veys that were identified as potential bots or ballot box
stuffers (N = 257) or because respondents stated that
they did not have genetically-confirmed 5q-linked
SMA (N = 245). Surveys completed by individuals
with SMA or their adult proxy will hereafter be
referred to as “patient surveys”. Therefore, a total of
965 patient surveys met the study inclusion criteria.
Of the 1,250 completed surveys received from unpaid
caregivers, we excluded those that met the criteria for
potential bots or ballot box stuffers (N = 288), result-
ing in 962 caregiver surveys that met inclusion criteria
for the study (Fig. 1)

Patient survey

Demographics
One quarter of patient survey respondents

(241/965) reported having SMA type I, while 41.3%
(399/965) reported having SMA type II, and 29.3%
(283/965) reported having SMA type III. The median
age of all patients with SMA completing the survey
was 8.50 years (IQR: 2.75–23.50), increasing with
SMA type. Overall, 59.8% were male and 40.2%
were female. The median age of initial symptom
onset was 2.17 years (IQR: 0.83–8.25) while the
median age at diagnosis was 2.67 years (IQR 1.00–
10.50). Demographics, including age of symptom
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Fig. 1. Patient and caregiver survey respondent inclusion flow chart. Legend: Refer to Methods section for a more detailed description of
bots and ballot box stuffers and the technique used to identify and exclude these surveys.

Table 1
Patient demographics: Overall and by self-reported SMA type

Characteristics Patient or adult Type I Type II Type III Other
proxy Respondents (n = 241) (n = 399) (n = 283) (n = 42)

(N = 965)

Age in years at time of survey response, n = 934

Mean (SD) 13.70 (12.45) 7.19 (11.67) 12.38 (11.56) 19.20 (10.55) 28.74 (9.09)
Median (Q1 – Q3) 8.50 (2.75–23.50) 1.58 (1.25–7.00) 7.50 (3.75–20.75) 18.67 (10.75–26.42) 27.67 (23.08–34.33)

Age in years at time of survey response, n (%)

0 – <6 months <5 <5 0 0 0
6 months – <18 months 104 (11.1%) 100 (42.0%) <5 0 0
18 months – <18 years 512 (54.8%) 104 (43.7%) 273 (70.5%) 132 (48.7%) <5
≥18 years 317 (33.9%) 33 (13.9%) 110 (28.4%) 139 (51.3%) 35 (92.1%)
Non-respondents 31 <5 12 12 <5

Sex, n (%)

Female 387 (40.2%) 115 (47.9%) 154 (38.6%) 105 (37.2%) 13 (31.0%)
Male 576 (59.8%) 125 (52.1%) 245 (61.4%) 177 (62.8%) 29 (69.0%)
Non-respondents <5 <5 0 <5 0

Age at first onset of symptoms, in years, n = 883

Mean (SD) 5.95 (8.20) 2.75 (7.03) 3.93 (6.86) 9.25 (6.40) 23.58 (10.21)
Median (Q1 – Q3) 2.17 (0.83–8.25) 0.50 (0.25–1.17) 1.25 (0.92–3.58) 8.25 (4.33–12.50) 22.83 (18.75–30.75)

Age at diagnosis, in years, n = 883

Mean (SD) 6.57 (8.48) 2.99 (7.13) 4.49 (7.27) 10.22 (6.54) 24.16 (10.03)
Median (Q1 – Q3) 2.67 (1.00–10.50) 0.50 (0.42–1.42) 1.42 (1.08–4.33) 9.92 (4.75–13.92) 23.21 (19.50–31.50)

Note: All numbers are years or years old. Cells with fewer than 5 responses are masked using < 5 for privacy standards. SD = standard
deviation; SMA = spinal muscular atrophy; Q1 = first quartile; Q3 = third quartile.

onset and age of diagnosis, by SMA type are reported
in Table 1.

Among the 223 patient survey respondents to
whom the questions pertaining to the impact of SMA
on school were relevant, patients reported receiving
a median of 32 hours (IQR: 24–36) of educational
support per week; the most commonly reported spe-
cialized support received by these patients were
specialized seating (72.1%), wheelchair access
(69.9%), and specialized desks (64.2%). Patients
who responded to questions regarding the number
of school days missed (n = 226) reported missing a

median of 8 days (IQR: 4–15) of school for SMA-
related reasons in the past 12 months.

Individuals with SMA may experience barriers to
employment. Of employed patient survey respon-
dents, 95 reported taking a median of 9 sick days per
year (IQR: 7–18) due to SMA. Similarly, 100 patients
noted their SMA was associated with a change in
work responsibilities, where 49.0% (49/100) had
reduced their working hours and 34.0% (34/100) had
to take extra unpaid leave off work. Only 15.0%
(15/100) reported no changes in this regard. Fatigue
has been found to be particularly prevalent for indi-
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viduals with SMA [33], although the cause of work
schedule adjustment was not captured in our survey.
Of the 90% of patient survey respondents that did
not answer work-related questions, it is not known if
they were too young (<18 years old), attending post-
secondary school and/or not working due to disease
progression.

Healthcare resource use
Almost all individuals with SMA (96.8%,

906/936) reported visiting an outpatient clinic at least
once in the past year, with type II and III being asso-
ciated with higher utilization of outpatient services
compared to type I (data not shown). For patients
with SMA type II and III, 81.2% reported more
than one outpatient visit in the past year. This was
in contrast to SMA type I, where 65.1% (149/229)
reported more than one outpatient visit in the past
12 months. Overall, 76.8% of patients with SMA
(717/934) had ≥1 hospital visit in the past year,
and most patients visited a hospital once (35.7%,
333/934) or twice (26.0%, 243/934) within the past
year. Patients with SMA type I reported visiting a
hospital more frequently than those with type II and
type III: 62.6% (144/230) of patients with type I

visited a hospital two or more times in the past year,
compared to 37.8% (147/389) with type II and 26.2%
(72/275) with type III. While nearly half of the patient
survey respondents overall had not visited an emer-
gency department in the past year (41.7%, 388/931),
most patients with SMA type I (90.4%, 208/230) had
visited an emergency department in the past year,
compared to 51.2% (199/389) with type II and 36.9%
(101/273) with type III (data not shown).

When asked whether they had been prescribed
an SMA-related treatment in the past 12 months,
a higher-than-expected number and percentage of
patients reported having been prescribed several
medications including: nusinersen 40.8% (379/930);
risdiplam 33.5% (312/930); onasemnogene abepar-
vovec 32.2% (299/930) and/or olesoxime 18.3%
(170/930). As a larger number of patients than antici-
pated reported having been prescribed one or more of
these medications, we did not further analyze these
results (data not shown); see Discussion for further
details.

Costs
All patient or caregiver expenditures are listed

in Canadian dollars (CAD). As shown in Table 2,

Table 2
Self-reported SMA costs: Overall and by self-reported SMA type

Characteristics Patient or adult Type I Type II Type III Other
proxy respondents (n = 241) (n = 399) (n = 283) (n = 42)

(N = 965)

Estimated total spent on assistive devices for SMA (any kind) in the last year, CAD$, n = 915

Mean (SD) 13,397 8,555 14,011 16,360 14,422
(25,031) (15,760) (28,413) (26,453) (19,771)

Median (Q1 – Q3) 4,500 3,000 4,785 3,225 6,000
(1,587–11,000) (1,542–6,250) (2,000–13,400) (1,300–18,500) (2,000–18,000)

Estimated total cost of home modifications, CAD$, n = 347

Mean (SD) 19,570 9,617 26,195 18,927 16,658
(26,830) (17,145) (35,397) (19,129) (14,803)

Median (Q1– Q3) 12,800 6,100 15,000 15,000 15,000
(6,800–20,000) (2,900–7,700) (9,000–25,000) (10,000–18,500) (4,500–20,000)

Estimated cost spent personally on travel and accommodation relating to SMA
appointments in the last year (12 months), CAD$, n = 917

Mean (SD) 4,164 3,731 4,533 3,813 5,495
(9,991) (7,035) (11,187) (10,369) (9,612)

Median (Q1– Q3) 1,200 2,105 1,000 1,000 1,500
(600–3,100) (1,000–3,300) (500–2,620) (500–3,900) (700–6,500)

Estimated personal, out-of-pocket expenses for SMA-related, allied health
professional services in the past 12 months, CAD$, n = 919

Mean (SD) 14,665 12,972 14,067 14,103 33,240
(34,844) (53,865) (23,249) (19,965) (58,466)

Median (Q1 – Q3) 6,800 6,961 7,500 5,800 8,000
(3,900–13,000) (5,000–9,000) (4,000–16,000) (3,500–10,000) (2,000–32,000)

Note: All numbers reflect Canadian dollars ($ CAD). SD = standard deviation; SMA = spinal muscular atrophy; Q1 = first quartile; Q3 = third
quartile.
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Fig. 2. EQ-5D-5L Visual Analogue Scale: Overall and by self-reported SMA type. Legend: EQ-5D-5L visual analogue scale assesses (y-axis)
the perceived health of the individual with SMA (or their adult proxy) from 0 (worst imaginable health) to 100 (the best imaginable health).
Scores are reported for each self-reported SMA type with error bars representing one standard deviation from the mean. SMA = spinal
muscular atrophy.

patients (n = 347) reported a median spend of $12,800
(IQR: $6,800–$20,000) on home modifications ever;
patients with SMA type II and type III reported a
higher median spend compared to those with type
I. Patient survey respondents (n = 915) reported a
median spend of $4,500 (IQR: $1,587–$11,000) on
assistive devices in the past year, and a median
personal, out-of-pocket spend on allied health pro-
fessional services related to SMA in the past year
of $6,800 (IQR: $3,900–$13,000, n = 919). Overall,
917 patients reported a median spend of $1,200 (IQR:
$600–$3,100) on travel and accommodation relating
to SMA-appointments in the past year, and the costs
were higher for patients with SMA type I compared
to type II and type III.

Quality of life (EQ-5D-5L)
Patient quality of life was assessed using the EQ-

5D-5L, shown in Fig. 2 (additional data is available in
Table S-1). Quality of life was lower among patients
with SMA type I, as indicated by worse scores on the
mobility, washing and dressing, usual activities, pain
or discomfort, and anxiety or depression domains of
the EQ-5D-5L. Among patients with SMA type I,
more than half reported they were unable to walk
about; unable to wash or dress themselves; unable
to do usual activities; and most commonly reported
having moderate pain or discomfort; just under half
of type I respondents reported being moderately anx-
ious or depressed. Given the average age of the type I
population, these findings may be age-related rather
than a reflection of disability. The mean EQ-VAS
score for all patients with SMA was 62.9 (SD: 19.3);
VAS scores were lowest among those with type I and
highest among those with type III.

Across all patient survey respondents, patients with
SMA reported significantly impaired quality of life
with an average health utility index of 0.49 (SD: 0.26).
Patients with SMA type I were more impaired (0.32,
SD: 0.25) compared to those with type II (0.46, SD:
0.23) and type III (0.65, SD: 0.21).

Caregiver survey

Demographics
Overall, the median age of caregivers was 34.96

years (IQR: 31.17–39.17), 57.6% were female, and
the most frequently reported relationship to the per-
son with SMA was mother or father. Caregivers
reported that the mean age of the person with SMA
they were caring for was 11.71 (SD: 16.54) years old,
with 29.7% of caregivers reporting that they cared for
a person with SMA type I, and 44.2% and 25.2% of
caregivers reporting caring for a person with type II
or type III, respectively (Table 3).

Caregivers reported that a median of two other
people (IQR: 1–3) provided unpaid care for the per-
son with SMA, and caregivers reported spending a
median of 35 hours (IQR: 27–55) per week caring for
the person with SMA. Additionally, 46.5% (442/951)
reported that the person with SMA received paid
support from a professional caregiver. When asked
about employment, 37.0% (353/953) of unpaid care-
givers reported being employed part-time and 27.8%
(265/953) reported being employed full-time. While
15.4% (146/948) of caregivers reported no changes
in work hours since caring for the person with SMA,
19.3% (183/948) reported an increased amount of
care for the person with SMA outside of work hours,
39.9% (378/948) reported reduced working hours,
and 18.6% (176/948) reported having to take extra



560 H.J. McMillan et al. / Burden of SMA in Canada

Table 3
Caregiver demographics: Overall and by self-reported SMA type of person cared for

Characteristics Caregiver respondents By SMA type of patient cared for

Type I Type II Type III Unknown
(N = 962) (n = 285) (n = 423) (n = 241) (n = 9)

Caregiver age, in years, at time of survey, n = 878

Mean (SD) 35.25 (6.59) 33.93 (5.72) 35.03 (7.01) 37.19 (6.62) 37.02 (3.45)
Median (Q1–Q3) 34.96 33.17 34.25 37.58 38.58

(31.17–39.17) (30.00–37.42) (31.42–38.42) (34.21–40.67) (33.50–39.33)

Age of patient receiving care, in years, at time of survey, n = 945

Mean (SD) 11.71 (16.54) 10.11 (19.67) 10.90 (15.73) 14.32 (12.80) 33.58 (14.41)
Median (Q1–Q3) 6.25 1.75 5.67 10.13 41.71

(2.00–11.42) (1.25–7.42) (2.33–9.42) (6.38–15.17) (22.71–43.21)

Sex, n (%)

Female 551 (57.6%) 166 (58.5%) 241 (57.2%) 139 (58.2%) <5
Male 406 (42.4%) 118 (41.5%) 180 (42.8%) 100 (41.8%) 5 (55.6%)
Non-respondents 5 <5 <5 <5 0

Relationship to patient with SMA, n (%)

Mother 505 (52.5%) 153 (53.7%) 222 (52.5%) 127 (52.7%) <5
Father 365 (37.9%) 112 (39.3%) 164 (38.8%) 86 (35.7%) 0
Spouse or partner 44 (4.6%) 10 (3.5%) 11 (2.6%) 18 (7.5%) 5 (55.6%)
Other 24 (2.5%) 8 (2.8%) 9 (2.1%) 7 (2.9%) 0
Friend 17 (1.8%) <5 11 (2.6%) <5 <5
Neighbor 7 (0.7%) 0 6 (1.4%) <5 0

Note: Cells with fewer than 5 responses are masked using < 5 for privacy standards. SD = standard deviation; SMA = spinal muscular atrophy;
Q1 = first quartile; Q3 = third quartile.

Table 4
Impact on caregiver health from caring for a person with SMA: Overall and by self-reported SMA type of person cared for

Characteristics Caregiver By SMA type of patient cared for
respondents

(N = 962) Type I Type II Type III Unknown
(n = 285) (n = 423) (n = 241) (n = 9)

Taken medications for anxiety and/or depression, n (%)

Yes 262 (31.1%) 80 (31.5%) 119 (30.6%) 57 (29.8%) 6 (75.0%)
No 580 (68.9%) 174 (68.5%) 270 (69.4%) 134 (70.2%) <5

Received respite care for exhaustion, n (%)

Yes 385 (45.7%) 135 (53.1%) 172 (44.2%) 77 (40.3%) <5
No 457 (54.3%) 119 (46.9%) 217 (55.8%) 114 (59.7%) 7 (87.5%)

Received counselling, n (%)

Yes 307 (36.5%) 73 (28.7%) 165 (42.4%) 69 (36.1%) 0
No 535 (63.5%) 181 (71.3%) 224 (57.6%) 122 (63.9%) 8 (100.0%)

Existing medical condition has worsened, n (%)

Yes 30 (3.6%) 7 (2.8%) 17 (4.4%) 6 (3.1%) 0
No 812 (96.4%) 247 (97.2%) 372 (95.6%) 185 (96.9%) 8 (100.0%)

Other, n (%)

Yes 533 (63.3%) 160 (63.0%) 238 (61.2%) 133 (69.6%) <5
No 309 (36.7%) 94 (37.0%) 151 (38.8%) 58 (30.4%) 6 (75.0%)

Received physiotherapy for an injury associated with lifting / transferring, n (%)

Yes 385 (45.7%) 135 (53.1%) 172 (44.2%) 77 (40.3%) <5
No 457 (54.3%) 119 (46.9%) 217 (55.8%) 114 (59.7%) 7 (87.5%)
Non-respondents 120 31 34 50 <5

Note: Cells with fewer than 5 responses are masked using < 5 for privacy standards. SMA = spinal muscular atrophy.
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Table 5
Caregiver Strain Index: overall and by self-reported SMA type of person cared for

Characteristics, n (%) Caregiver respondents By SMA type of patient cared for
who responded ‘yes’ ∗ (N = 962) Type I Type II Type III Unknown

(n = 285) (n = 423) (n = 241) (n = 9)

Sleep is disturbed (n = 951) 674 (70.9%) 187 (66.1%) 338 (80.3%) 143 (59.8%) 6 (75.0%)
It is inconvenient (n = 949) 518 (54.6%) 148 (52.3%) 241 (57.5%) 121 (50.6%) 8 (100.0%)
It is a physical strain (n = 950) 611 (64.3%) 164 (58.0%) 308 (73.2%) 132 (55.5%) 7 (87.5%)
It is confining (n = 949) 497 (52.4%) 131 (46.5%) 241 (57.4%) 119 (49.8%) 6 (75.0%)
There have been family adjustments (n = 945) 508 (53.8%) 130 (46.1%) 242 (57.9%) 129 (54.4%) 7 (87.5%)
There have been changes in personal plans (n = 950) 733 (77.2%) 203 (71.7%) 318 (75.7%) 205 (85.8%) 7 (87.5%)
There have been other demands on my time (n = 949) 551 (58.1%) 150 (53.0%) 262 (62.4%) 131 (55.0%) 8 (100.0%)
There have been emotional adjustments (n = 950) 471 (49.6%) 123 (43.5%) 243 (57.7%) 98 (41.2%) 7 (87.5%)
Some behaviour is upsetting (n = 949) 433 (45.6%) 124 (44.0%) 196 (46.7%) 106 (44.4%) 7 (87.5%)
It is upsetting to find the person has changed 471 (49.9%) 123 (43.6%) 225 (53.7%) 116 (49.4%) 7 (100.0%)

so much from his/her former self (n = 943)
There have been work adjustments (n = 947) 668 (70.5%) 161 (57.3%) 306 (73.0%) 193 (80.8%) 8 (100.0%)
It is a financial strain (n = 948) 576 (60.8%) 154 (54.4%) 274 (65.2%) 141 (59.5%) 7 (87.5%)
Feeling completely overwhelmed (n = 950) 451 (47.5%) 129 (45.7%) 214 (50.8%) 103 (43.1%) 5 (62.5%)
∗ Each item is in response to a prompt at the beginning of the section “Here is a list of things that other people have found to be difficult in
helping out after somebody comes home from the hospital. Would you please tell me whether any of these apply to you?” Note: Cells with
fewer than 5 responses are masked using < 5 for privacy standards. SMA = spinal muscular atrophy.

unpaid leave off work or give up their job completely
(data not shown).

Caregiver-related burden
When asked a series of questions regarding the

impact of caregiving on their own health (Table 4),
31.1% (262/842) of caregiver survey respondents
reported taking medications for anxiety and/or
depression, 45.7% (385/842) reported receiving
respite care for exhaustion, 36.5% (307/842) reported
that they had received counseling, 45.7% (385/842)
reported that they had received physiotherapy for an
injury associated with lifting/transferring the patient
and 63.3% (533/842) reported other impacts on their
health. A higher percentage of caregivers for persons
with SMA type I received respite care for exhaustion
compared to those caring for persons with type II or
type III. In contrast, a higher percentage of caregivers
for those with type II and type III received counselling
compared to caregivers of persons with SMA type I.

Caregiver strain index
As shown in Table 5, for each domain of the

CSI, nearly half or more of the caregiver survey res-
pondents indicated strain. The domains with the high-
est percentage of caregivers indicating strain were:
changes in personal plans (77.2%), sleep being dis-
turbed (70.9%), and there being work adjustments
(70.5%). The overall mean CSI score was 7.5 (SD:
3.3), with a score of 7 or higher indicating high stress
and burden. The mean CSI score varied by the type
of SMA the person cared for had: type I was 6.8 (SD:

2.7), type II was 8.1 (SD: 3.0), type III was 7.3 (SD:
3.9).

Quality of life (EQ-5D-5L)
When asked to rate their quality of life using the

EQ-5D-5L, most caregivers reported that they did
not have any trouble with their own mobility (74.2%,
706/952), self-care (75.3%, 717/952), or their usual
activities (69.3%, 660/952), and most caregivers
reported having no pain or discomfort (62.3%, 593/
952) (data not shown). However, most caregivers
(65.2%, 621/962) experienced at least some degree
of anxiety or depression, which was higher in care-
givers of persons with SMA type I (74.2%) and type II
(69.3%) compared to patients with type III (46.2%).

The mean EQ-VAS score among caregivers was
81.8 (SD: 13.3), and was relatively consistent despite
their patient’s SMA type, ranging from 79.6 (SD:
12.5) among caregivers caring for someone with type
I to 83.0 (SD: 13.3) among those caring for someone
with type III. The mean health utility index among
all caregiver survey respondents was 0.84 (SD: 0.17;
data not shown).

DISCUSSION

Canadian patients with SMA and their caregivers
reported significant health and economic burdens
associated with this disease. Our study confirms sub-
stantial use of healthcare resources, with notable
differences in the pattern of use by SMA type. Most
(96.8%) Canadian patients with SMA reported visit-
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Table 6
Indirect cost values reported among identified SMA publications

Study Country Year data Definition Type of indirect Indirect
reference collected of SMA costs included cost results∗

(and types) and reported

Current Canada 2020 Patients or caregivers – Home modification – Home modification median
study self-reporting spending ever expenditure ever, overall: $12,800

genetically confirmed – Assistive device spending ◦ SMA type I: $6,100
SMA via online survey in the past year ◦ SMA type II and SMA type III: $15,000

–Personal, out-of-pocket spend on – Assistive device median expenditure
allied health professional services in the last year, overall: $4,500
related to SMA in the past year – Personal, out-of-pocket spend on allied

– Travel and accommodation spending professional health services in past
relating to SMA appointments 12 months, overall: $6,800
in the past year – Travel and accommodation median

spend in the last year, overall: $1,200
◦ SMA type I: $2,105
◦ SMA type II: $1,000
◦ SMA type III: $1,000

Klug 2016 Germany 2013, Cross Patients with a – Overall mean annual indirect Overall mean annual indirect
sectional genetically confirmed COI added up to D 15,845 per patient COI: $24,566 per patient
study SMA (types I to III) – The overall mean total COI – Overall mean total COI

were identified via was estimated at D 70,566/y per patient. estimate: $109,397/y per patient
the German SMA – The most relevant disease – Most relevant disease burden for
patient registry burden was found in SMA I SMA type 1 ($167,131/y per patient),

(D 107,807/y per patient) with a SMA type II ($139,939/y per patient),
decrease towards SMA II (D 90,267/y) SMA type III ($81,291/y per patient)
and SMA III (D 52,440/y) and a
significant difference for SMA
I and II compared to SMA III (p < 0.05)

Lopez-Bastida Spain 2015, Cross Children or adolescents – Average annual cost associated with – Average annual cost associated
2016 sectional and diagnosed with SMA SMA reached D 33,721 (SD: 38,700) with SMA: $52,275

retrospective and their main caregiver; ◦ The family caregiving costs represented ◦ Family caregiving costs: $32,753
study (costs: patients with SMA were the largest component reaching
(D , 2014)) classified into three types D 21,127 (62.7% of the total

based on age at disease cost of the illness in Spain).
onset and the clinical
severity of the disease,
as defined by the
International SMA
Consortium

∗ Conversion to CAD (where applicable) was calculated using the exchange rate available on November 23rd 2020. COI = cost of illness, ICD-9-CM = International Classification of Diseases,
Ninth revision, Clinical Modification; SD = standard deviation, SMA = spinal muscular atrophy.
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ing an outpatient clinic at least once annually, while
76.8% reported at least one annual visit to a hospital.
Outpatient visits were stratified by SMA type, with
approximately 80% of patients with type II or type
III reporting at least one annual outpatient visit com-
pared to 65.1% of patients with type I. It was unclear
from the question if patient survey respondents vie-
wed visits to hospital outpatient clinics (such as mul-
tidisciplinary neuromuscular clinics) as outpatient
visits, since patients with SMA type I did report more
frequent hospital visits compared to patients with
other SMA types. Since patients with SMA type I are
typically younger, and multidisciplinary clinics are
often located at pediatric hospitals or rehabilitation
centres, it is possible that the lower number of outpa-
tient visits and relatively higher number of hospital
visits may reflect the physical location of these clin-
ics. Adults with SMA, in contrast, may be followed
at private outpatient clinics or outpatient rehabilita-
tion centres. To this point, the trend differed for the
number of hospital visits, where 62.6% of patients
with SMA type I reported visiting the hospital two
or more times in the past year compared to 37.8% of
those with type II and 26.2% of those with type III.
Although 41.7% of patient survey respondents had
not visited an emergency department in the last year,
of those who had, 90.4% were patients with type I
(n = 208), reflecting the trend towards younger age
and potential for higher medical fragility in the more
severe type of SMA.

This study showed a significant financial burden
on patients, including home modifications (median
spend of $12,800 [IQR: $6,800–20,000] ever),
allied health professional services (median spend
of $6,800 [IQR: $3,900–13,000] in the past year),
assistive devices (median spend of $4,500 [IQR:
$1,587–$11,000] in the past year), as well as travel
and accommodation for SMA-related treatments
(median spend of $1,200 [IQR: $600–$3,100] in the
past year), some of which were paid out-of-pocket
despite also receiving funding from other sources.
The lower spending on home modifications in those
with type I SMA relative to those with type II or
type III SMA may be because type I patients are usu-
ally infants with a shortened lifespan, and therefore,
home modifications are less frequently undertaken.
When SMA is untreated, the mean survival is 8 to
10–1/2 months of age, with most patients having a
life expectancy of less than 2 years [34, 35].

Quality of life among patients with SMA was
assessed using the EQ-5D-5L in this study. At least
some degree of problem was observed across each

of the domains, and the results were aligned with
anticipated motor abilities based on SMA type and
age.

Our findings build on existing literature that has
demonstrated substantial direct and indirect costs
among patients with SMA, along with the significant
impact on quality of life for both individuals with
SMA and caregivers of individuals with SMA.

An Australian study used semi-structured inter-
views to understand the financial, opportunity and
psychosocial costs among caregivers to patients with
SMA type II and III [24]. The authors reported
that along with substantial direct healthcare costs,
caregivers noted indirect costs related to impeded
opportunities for employment and career develop-
ment as well as increased mental health burdens
[24].

A German study evaluated the economic bur-
den and disease-specific health-related quality of life
(HRQoL) of SMA [18]. This cross-sectional study of
189 patients with SMA type I, II, and III reported an
overall mean direct cost of illness of D 54,721/year
per patient and an overall mean indirect cost of ill-
ness of D 15,845/year per patient [18]. This amount
is greater than our cohort that reported a mean total
cost for assistive devices and home modifications
totaling $13,397 CAD and $19,570 CAD, respec-
tively. In the German study, the authors noted that
self-rated (or proxy-rated) HRQoL scores increased
from SMA type I to III [18]. This trend was similar to
the improvement in EQ-5D-5L observed in Canadian
patients (or their adult proxy) in our study, which also
showed an increase from SMA type I to III.

A Spanish study reported high costs of illness
(direct and indirect costs) and decreased quality of
life for patients with SMA and their caregivers [26].
That study reported average annual costs per patient
of D 33,721 (D 10,882 in direct healthcare costs and
D 22,839 in direct non-healthcare costs) [26]. Among
patients with SMA, the mean score on the EQ-5D
VAS was 54.09 (SD: 26.30) compared to 69.10 (SD:
21.96) among caregivers [26]. The mean EQ-5D VAS
score in the Spanish study [26] was slightly lower than
what was observed in this current study (patient: 62.9
[SD: 19.3]; caregiver: 81.8 [SD: 13.3]). See Table 6
for a tabular summary of the current study findings
and the two aforementioned studies that report indi-
rect costs associated with SMA, converted to CAD
for comparison.

A Dutch study of adults with SMA reported that
patients had a lower physical quality of life, but nor-
mal mental quality of life, when compared with a ref-
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erence population from the Netherlands [36]. Patients
with milder, later onset disease who reported feelings
of anxiety and depression were at risk of experiencing
reduced mental quality of life [36]. In a Dutch survey
of mothers of home-living patients with SMA [25],
three-quarters of mothers perceived a high caregiver
burden, while a separate Dutch study [37] reported
caregivers of cancer patients had a higher rate of
disrupted activity schedules which placed them at
a higher risk of developing depressive symptoms.
Among our caregiver survey respondents, 77.2%
reported the need to make changes in their personal
plans and activities within the last 12 months, which
was the most common response in our assessment of
caregiver strain followed by disrupted sleep (70.9%).

A study of HRQoL from the Czech Republic of
children and adolescents with SMA, as well as their
parents, reported that both patients and parents had a
lower quality of life compared to patients with SMA
living in the United States [27]. The authors hypoth-
esized that the lower quality of life may have been
attributed to economic factors and a lack of social
support [27]. Although there is some variability in
results between existing studies and our current study,
it is generally reported that patients with SMA and
their caregivers experience significant health and eco-
nomic burdens.

In line with what has been reported in the medical
literature, caregiver-related burden was demonstrated
in several sections of our survey, including the amount
of unpaid care required by the patient, the impact of
caring for a person with SMA on the caregiver’s own
health, caregiver strain, as well as quality of life.

In each domain, almost half or more of caregivers
responding to the CSI indicated strain. The domains
with the highest percentage of caregivers indicating
strain were reported for changes in personal plans,
sleep being disturbed, and there being work adjust-
ments. In our study, the mean CSI score was 7.5 (SD:
3.3) which was very similar to a CSI score of 8.1 in a
Dutch study of caregivers [25]. The CSI in our study
did vary by the type of SMA of the person cared for:
type I was 6.8 (SD: 2.7), type II was 8.1 (SD: 3.0),
type III was 7.3 (SD: 3.9). The CSI evaluates sev-
eral different aspects of caregiver burden, including
physical burden, time investment, emotional health,
and financial pressure [25]. As such, the higher CSI
scores for caregivers of persons with SMA type II or
type III could be due to the relatively longer lifespan
of these individuals. Many persons with SMA type
II and type III survive into adulthood [3, 4, 38, 39],
and would therefore require comprehensive care over

a longer period of time compared to individuals with
SMA type I who have a life expectancy of less than
two years [3, 4, 38, 39].

The economic burden of SMA is significant, but
it has largely been evaluated in the United States
and Europe. Droege et al. (2020) evaluated the
healthcare resource utilization and costs for patients
with SMA who were treated with nusinersen in the
United States [40]. Patients with SMA type I treated
with nusinersen reported lower total mean healthcare
costs compared to those without nusinersen treatment
($92,618 USD vs. $137,627 USD per-patient-
per-year, excluding nusinersen-related costs) [40].
A different trend was observed among patients
with other types of SMA, where those receiving
nusinersen treatment reporting higher total mean
healthcare costs compared to those not treated with
nusinersen ($76,371 USD vs. $49,175 USD, exclud-
ing nusinersen-related costs) [40]. A retrospective
analysis of pediatric and adult patients with SMA
in the United States reported higher mean health-
care costs among patients under two years of age
($159,227 USD vs. $64,490 USD per-patient-per-
year) [40, 41]. In Germany, the mean direct costs for
patients with SMA were found to be 14 times higher
compared to average healthcare spending [18, 42].
Our study provides context for understanding the sig-
nificant economic burden on patients with SMA and
their caregivers in Canada.

As a larger number of patients than anticipated
reported having been prescribed one or more of the
therapies available for SMA, and it was implausi-
ble that such a high proportion of patients would
have received these medications through a clinical
trial or sought care internationally, we hypothe-
sized that some patient survey respondents may
have misinterpreted this question pertaining to med-
ication use, since only nusinersen was approved
by Health Canada at the time the questionnaire
was administered. To confirm this hypothesis, we
conducted a post-hoc analysis on demographic char-
acteristics, costs, and quality of life for a subset of
patients (n = 442) that had indicated: 1) they had been
prescribed nusinersen but not risdiplam or onasemno-
gene abeparvovec or; 2) that they had not been
prescribed any of the medications. The post-hoc anal-
ysis of this subset showed comparable results to
the full cohort of patient survey respondents. The
subset did report lower median expenditure for assis-
tive devices (e.g., $2,200 for the subset compared
to $4,500 for the larger cohort) but a higher median
expenditure for home modifications ($13,750 for the
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subset compared to $12,800 for the full cohort). The
authors feel that the potential misinterpretation of
the treatment question does not appear to influence
answers in any other domain in the questionnaire. The
post-hoc data analysis is provided (see Supplemen-
tary Materials).

This study has several strengths, including the fact
it addresses a significant knowledge gap regarding
the impact of SMA on Canadian patients and care-
givers, since both pediatric and adult patients, as well
as their caregivers, were surveyed, and several aspects
of disease burden were measured.

In spite of the strengths of our study, there were
several limitations to note. Since the survey relied
on self-reported data, it was not possible to verify
that all patient survey respondents were indeed
genetically-confirmed to have 5q-linked SMA as they
had indicated in the survey response. In the caregiver
survey, the questionnaire asked the type of SMA, but
did not ask whether the person they cared for had 5q-
linked SMA. It was also not possible to confirm the
patient SMA type as reported by patients, proxies,
or caregivers. Similarly, it was not possible to verify
if all unpaid caregivers did indeed care for individu-
als with SMA. Since identifying information was not
collected from the participants (e.g., name, address,
date of birth), it was not feasible to link patient and
caregiver responses, nor was it possible to determine
whether the same participant had completed the sur-
vey more than once, or if two caregivers for the same
patient (e.g., mother and father) had both completed
the survey. The $50 CAD gift card incentive to com-
plete the survey may have created a paradigm where
some survey respondents may have been bots or bal-
lot box stuffers, completing the survey more than
once to obtain this reward, or completing the survey
even if they did not themselves have SMA or care for
someone with SMA. The approach to identify and
exclude potential fraudulent survey respondents was
intended to address this, but it may not have captured
all instances of bots or ballot box stuffing, particu-
larly if the repeat surveys were completed through
different internet provider (IP) addresses (e.g., work
and home).

Second, like all surveys, this study is subject
to potential biases involving recollection and self-
reporting, such as recall bias and response bias.
Recall bias should be noted as a limitation, and some
questions may have been misconstrued or misun-
derstood. One such example was noted where most
patient survey respondents who self-reported to have
SMA type I indicated that they were non-ambulatory

(65.5%), while a small proportion reported only a
slight problem (3.8%) or no problem (4.2%) with
mobility (Supplemental Table 1). We interpreted this
as patients either perceiving their SMA type to be
different from the historical typing system (since
patients with SMA type I would not be predicted to
sit or walk) or potentially a misinterpretation of the
survey question. “Mobility” can also be interpreted
as mobilizing using an assistive device such as an
electronic wheelchair which might lead to a different
response. One other explanation is the early effects
of disease-modifying therapy altering the natural his-
tory of SMA, since nusinersen had been available
for three years prior to the completion of this sur-
vey and may also have been associated with some
SMA type I patients achieving motor outcomes that
would not have otherwise been predicted. The EQ-5D
was used to assess quality of life among all individ-
uals with SMA. While the EQ-5D-5L proxy version
is validated for adult populations, a large portion of
the patient sample were under 18 and the domains
captured may be less valid for infants and young chil-
dren. Response bias is an important consideration,
particularly regarding demand characteristics. That
is, survey respondents may alter their responses or
behavior because they know they are part of a study.
In this study, it is noted within the informed con-
sent form that the study is sponsored by Hoffmann-La
Roche Limited, which could influence responses, par-
ticularly in regard to treatment-related questions. Due
to the survey distribution method and the anonymous
nature of the survey respondents, it was challenging
to implement additional verification steps to avoid
any potential response biases. Other, non-anonymous
or non-incentivized approaches to the survey study
design could be considered in the future.

Third, the number of patient survey respondents
indicating having “been prescribed” various disease-
modifying therapies for SMA (e.g., nusinersen,
risdiplam or onasemnogene abeparvovec) was higher
than expected. The number of patients indicating that
they had been prescribed risdiplam or onasemno-
gene abeparvovec was not plausible, as neither of
these therapies were approved for use in Canada at
the time of questionnaire completion. As such, it is
possible that patient survey respondents may have
misinterpreted “been prescribed” as having “been
recommended” each medication, or possibly as being
related to awareness of whether they would want to
have the medication prescribed. Another possibil-
ity may have been that patient survey respondents
answered in a positive manner in the hope that
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they might have been selected for a clinical trial or
increased the likelihood of clinically accessing these
treatments. To assess if this effect was isolated to this
question, we performed a post-hoc sensitivity analy-
sis of the data, including only patients who stated that
they had received no treatment, or nusinersen only.
With this post-hoc sensitivity analysis, there was no
meaningful change in the study results, strengthen-
ing the argument that it was this specific question
that was misinterpreted and not an attempt to influ-
ence study responses on the part of a subset of patient
survey respondents. It was also reassuring that while
the treatment responses were implausible, the other
responses were consistent with other published stud-
ies relating to SMA quality of life and burden.

Finally, it should also be noted that for all patients
under the age of majority (either 18 or 19 years of age,
depending on the province of residence) the surveys
were proxy-completed by an adult caregiver. Among
adults with SMA, 84.9% of patients completed the
surveys themselves. Though there may be some con-
cern regarding parent or caregiver-proxy responses,
given that most questions pertained to objective mea-
sures (e.g., healthcare resource use, expenses, travel
time) we believe there would be minimal bias from
proxy-completed surveys [43]. While quality of life
was assessed using the validated, proxy-version of
the EQ-5D-5L, we acknowledge that proxy responses
may vary from what the patient may have responded
for these more subjective measures, as has been
demonstrated in previous studies [44].

CONCLUSION

SMA affects the quality of life of individuals dia-
gnosed with the disease and their caregivers as
measured by the EQ-5D-5L. Other impacts include
reduced attendance at work or school, increased sup-
ports required for work or school, substantial SMA-
related healthcare resource utilization and travel for
appointments, along with costs associated with living
adaptations and assistive devices.

Unpaid caregivers for individuals with SMA report
significant caregiving-related burden, as demon-
strated by the number of caregivers reporting changes
in personal plans, disturbed sleep, and adjustments
to work using the CSI. Other aspects of caregivers’
health reported to have been impacted by caregiving
for a person with SMA included receiving respite care
for exhaustion and undergoing physiotherapy for an
injury associated with lifting/transferring the patient.

Until recently, the management of SMA was foc-
used upon optimizing respiratory, orthopedic, rehabi-
litation, and nutritional care [40, 45, 46]. In Decem-
ber 2016, the Food and Drug Administration (FDA)
in the United States approved nusinersen, the first
disease-modifying therapy for SMA [40, 42], which
was subsequently approved by Health Canada in
2017 [19]. In 2019, the FDA approved the first gene
replacement therapy, onasemnogene abeparvovec,
for children with SMA under two years old, which
was approved by Health Canada in late 2020, after
completion of this survey [47, 48]. Most recently, in
August 2020, the FDA approved risdiplam for chil-
dren with SMA over two months old and this therapy
is currently under review by Health Canada [23, 49].
These emerging treatment modalities are changing
the management, outcomes, and costs associated with
SMA. The full impact of these treatments upon dis-
ease burden and quality of life for Canadian patients
with SMA will not become apparent for several years
to come. As such, it would be beneficial to conduct
a similar study in the future to evaluate the changing
landscape of SMA management, healthcare costs and
utilization for Canadian patients with SMA as well
as their caregivers.

To minimize the burden on patients with SMA
and their caregivers, more research is needed to imp-
rove SMA-associated healthcare services and ther-
apies, specifically in the Canadian context. This is
particularly important given the recent approval of
nusinersen and onasemnogene abeparvovec in Can-
ada and the reality that one additional disease-mod-
ifying therapy is currently under review for approval
at the present time.
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