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Abstract
Background:

Spinal muscular atrophy (SMA) is a genetic debilitating disease affecting approximately 10,000
individuals in the United States. Individuals with SMA frequently require caregiver support and care.
Through a partnership with Cure SMA, we surveyed caregivers of individuals with SMA <18 years of age
to understand the impact of SMA on caregivers with respect to their daily activities and health-related
quality of life (HRQoL). In addition to structured questions, a standardized HRQoL instrument, the EQ-5D-
5L and visual analogue scale, were administered.

Results:

The sample consisted of 45 unpaid caregivers of children with SMA. Of them, 22% reported that they
were sole caregivers that received no additional caregiving support and 98% were parents of an affected
individual. The majority of caregivers cared for individuals with type 2 (58%), followed by type 1 (38%)
and type 3 (4%) SMA. Sixty-four percent of the individuals with SMA were able to sit without support or
better, while 31% had some motor function and 5% reported no motor function. Across SMA types,
caregivers reported spending a median 80 hours per month managing the overall care and treatment of
the affected individual.. Most of the individuals (91%) were reported to have received nusinersen.
Caregiver time investment correlated directly with disease severity measured by both SMA type and
patient motor function level. The mean EQ-5D utility score for caregivers was 0.71 and their mean score
on the EQ-5D visual analogue scale was 76. Speci�cally, 42% of caregivers reported any inability to do
their usual activities and 73% reported any anxiety or depression.

Conclusions:

SMA negatively affects caregiver’s daily activities and HRQoL, representing a substantial burden. Disease
severity is associated with an increasing amount of time required for care and support for patients with
SMA and a decrease in a caregiver’s HRQoL. As treatments become available, evaluation of these
treatments should include effects on the family as well. 

Introduction
Spinal muscular atrophy (SMA) is a rare autosomal recessive neuromuscular disorder that results in
progressive muscle weakness and atrophy [1, 2]. The disorder manifests due to a defect and/or deletion
in the survival motor neuron 1 (SMN1) gene, resulting in low levels of the survival motor neuron (SMN)
protein [1]. A second paralogous gene, SMN2, also produces low, insu�cient levels of functional SMN
protein and the number of copies of the SMN2 gene is inversely correlated with SMA severity in most
cases [3]. As such, SMA has been a leading genetic cause of morbidity in infants and young children, with
an estimated incidence of approximately as 9.4 in 100,000 live births in the US [4].
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Note: Nusinersen was the only FDA approved treatment at the time this study was conducted, and as
such, any treatment results described herein re�ect experiences with nusinersen. 

Methods

Data Source

Survey Design
Through partnership with Cure SMA, the largest SMA patient advocacy organization in the US, a survey
was sent to 1,251 email addresses of a�liated patients and caregivers. Any patients diagnosed with type
1-4 SMA who were ≥18 years or non-professional caregivers were eligible for the study The SMA
diagnosis and disease-related information were self-reported.

The survey was developed in collaboration with Cure SMA, with reviewers providing input on the survey
questions, phrasing, and response options. Subsequently, Cure SMA directly facilitated the survey
recruitment. To recruit participants, a survey e-link was distributed through an email listserv and posted
on the Cure SMA website between January and February 2019. The survey contained 53 structured
questions, divided into multiple sections collating patient and caregiver demographics, patient health
history, treatment and care, and their experience with treatment (See Appendix – Survey).

Two sections were dedicated to collecting information on caregiver involvement in the management and
care of SMA and HRQoL to infer the impact of the disease and disease management on caregivers’ daily
activities. Speci�cally, one section concentrated on time spent on various aspects associated with the
medical management of SMA (e.g., frequency of discussion with insurers, time spent on commuting to
an infusion center, time spent on SMA-related and SMA treatment-related activities) and the other on
caregiver QoL utilizing the EQ-5D-5L (EuroQoL-5 dimension-5 level) and EQ-5D visual analogue scale
(VAS). Attributes such as treatment, the amount of the time that came from paid work, unpaid work, and
social activities (e.g., household chores, childcare, hobbies, or lifestyle activities) were included to
understand the proportion of time spent on disease management. The phrasing of the survey questions
explicitly asked about SMA medical management, however, the severity of disease, in addition to
extensive psychosocial impact, could have limited time for what would constitute normal parental care
[8]. For example, a caregiver of a patient with type 1 SMA often needs to aid with turning or positioning,
toileting, eating, etc. Therefore, the reference to time dedicated to care and management of SMA could
have included matters such as assistance with activity of daily living, as perceived relevant by survey
respondents. To minimize recall bias, the survey questions were posed with regard to speci�c recall
periods such as within a “typical month” or “today”.

In order to ascertain the caregiver time commitment with regard to SMA management, questions such as
the following were phrased as ‘in a typical month, how much time do you spend doing the following
activities related to SMA’ or ‘in a typical month, what percent of your time is spent on SMA management
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and treatment’. The time spent on SMA care was calculated by summing and averaging the total time on
various activities queried over multiple question or was provided by respondents and averaged.

The EQ-5D-5L and VAS were also administered to caregivers [17]. The EQ-5D, a simple validated
instrument developed by a multi-disciplinary group of researchers, is commonly used to assess HRQoL in
both the general population and a population with a disease [18]. The EQ-5D assesses �ve dimensions of
health: mobility, self-care, usual activities (e.g., work, study, housework, or leisure activities),
pain/discomfort, and anxiety/depression. It is also a common tool used in health economic evaluations
to calculate utility values, which capture the change of a patient or caregivers’ HRQoL, as related to a
treatment. In the EQ-5D-5L, each dimension has 5 levels: no problems, slight problems, moderate
problems, severe problems, and extreme problems [19]. The respondent results are scored ranging from 0
to 1, where 0 corresponds to death and 1 corresponds to perfect health (negative value may be possible
in certain instances). In addition, an EQ VAS records the patient’s self-rated health on a vertical scale, with
the ends labelled ‘The best health you can imagine’ and ‘The worst health you can imagine’. The EQ VAS
can be used as a quantitative measure of health outcomes that re�ects the respondent’s own judgement.
A central Institutional Review Board reviewed and approved the study.

Quality Assurance and Data Analysis
The data quality assurance and quality control included multiple steps. Various tests and skip patterns
were employed throughout the survey to ensure logical and relevant replies. Multiple researchers also
veri�ed program accuracy using test links. Further, a preliminary check of the program was conducted
after approximately 10% of the sample had been recruited to ensure accuracy.

The caregiver sample was described with respect to demographics, and other characteristics of
caregivers, as well as the demographics and clinical characterizes of the SMA patients less than 18 years
old for whom they care. Descriptive statistics were used to characterize the study data to show the point
estimate values and variability of the results. Frequencies and percentages were reported for categorical
variables as well as means, medians, and standard deviations for continuous variables. The two sub-
analyses performed were by type (type 1 vs. type 2/3), and by current motor function status (minimal
motor function, sitting/crawling, and standing/walking). The data for type 2 and 3 were pooled;
caregivers of patients with type 3 SMA were few therefore pooling allowed an assessment of the results
segmented by disease severity. Similarly, results were pooled by motor function. Results were reported for
the total sample as well as subgroups (i.e., by motor function at time of survey and by SMA type). In
some cases we grouped subgroups due to low sample size in individual groups (i.e., minimal motor
function included no function and some function). The analysis was conducted in SAS version 9.3 and R
version 3.3.

Results
Caregiver Demographics
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The caregiver sample (N = 45) was predominantly female (82%), non-Hispanic white (87%), and parents
of children with SMA (98%) [Table 1 ]. Of the respondents, 22% reported that they were sole caregivers
that received no additional caregiving support and 78% reported they received additional caregiving
support that was paid (47%) or unpaid (31%). These caregivers were dispersed across the US. Of the 45
caregivers, 18 (40%) reported full-time employment, while 17 (38%), 6 (13%), and 4 (9%) reported being
full-time caregivers, unemployed, and part-time employed, respectively. Caregivers also reported
household income, insurance status, and additional caregiver support [Table 1 ]. A third of caregivers
(33%) had private medical insurance while 18% of the caregivers reported having Medicaid. Of the 29
caregivers who reported having Medicaid for the patient, 14 (48%) reported a household income
>$50,000. Importantly, the majority of caregivers with additional paid support (15 of 21) were caring for
individuals with type 1 and 2 SMA, who were Medicaid bene�ciaries.
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Table 1
Demographic information for caregivers of individuals with

SMA
Caregiver age, yrs (SD) 37 (7)

Unpaid status, n (%) 45 (100%)

Gender of caregiver, n (%)

Female 37 (82%)

Male 8 (18%)

US region where caregiver resides, n (%)

Northeast 9 (20%)

Midwest 17 (38%)

South 12 (27%)

West 7 (16%)

Race of caregiver, n (%)

Non-Hispanic White 39 (87%)

Hispanic 1 (2%)

Black or African American 1 (2%)

Asian 3 (7%)

Mixed race/ethnicity 1 (2%)

SMA subtype of patients, n (%)

Type 1 17 (38%)

Type 2 26 (58%)

Type 3 2 (4%)

Type 4 0 (0%)

Caregiver's household income, n (%)

<$20,000 5 (11%)

$20,000 to $49,999 13 (29%)

$50,000 to $99,999 8 (18%)

≥ $100,000 18 (40%)

Prefer to not state 1 (2%)
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Caregiver age, yrs (SD) 37 (7)

Caregiver’s education, n (%)

Less than high school 1 (2%)

High school or GED equivalent 8 (18%)

Some college 11 (24)

Undergraduate degree 17 (38%)

Graduate degree 8 (18%)

Caregiver’s insurance type*, n (%)

Medicare 5 (11%)

Medicaid 24 (53%)

Private insurance (HMO) 12 (27%)

Private insurance (PPO) 21 (47%)

Other 2 (4%)

Uninsured 1 (2%)

*respondents may have selected more than one options

Patient Health History

The patients cared for ranged from < 1 to 17 years old and 51% were female. The SMA diagnosis, as
reported by the caregiver, was established in 33% of patients before 6 months of age, 56% of patients
between 6–18 months of age, and 11% of patients after they were 18 months old. Of the patients with
type 1 SMA, 14 (82%) were diagnosed before the age of 6 months and of the 26 patients with type 2, 21
(81%) were diagnosed between 6–18 months of age. Sixty-four percent of patients achieved sitting
without support or better; 31% were reported to have some motor function but were unable to sit, and 4%
reported having no motor function. At the time of the survey, 41 caregivers (91%) responded that their
SMA patients were receiving treatment with nusinersen, of which 33 (81%) had been receiving treatment
for over 1 year.

SMA Impact on Caregiver Activities of Daily Living and Time Burden

Caregivers reported spending a mean 136 hours (SD 193) or median 80 hours per month working with the
individual for whom they care (across all SMA types). Sub-analyses of monthly time spent by SMA type
and motor function status of the patient were conducted [Figure 1]. Of the median 80 hours per month,
noted above, each week caregivers reported spending a median 8 hours speci�cally managing treatment
(o�ce visits, occupational therapy, and physical therapy) with a minimum of 1 hour to a maximum of
168 hours. Forty two percent of the respondents noted speaking with their insurance provider about
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medication access or medical bills at least once a month. In the month patients received nusinersen
treatment (n = 41), caregivers reported spending a monthly average of 4 hours (SD 6) meeting with the
medical team, 4 hours (SD 9) in post procedure recovery, and 2 hours (SD 6) working with the insurance
provider. Of note, 56% of caregivers reported driving for at least one hour to receive nusinersen treatment.
Caregivers also reported in a typical month, 15% of the time spent on SMA management and treatment
came from paid work, while 85% came from unpaid work and social activities (such as household chores,
unpaid obligations, childcare, hobbies, or lifestyle activities).

SMA Impact on Caregiver’s HRQoL

Caregivers reported a mean perceived health status of 76 out of 100 (SD 17) using the EQ-5D VAS. Of the
45 respondents, 35 caregivers (78%) noted they did not have any concerns with mobility or self-care on
the EQ-5D-5L [Figure 2]. The EQ-5D utilities, ranging from 0 = dead to 1 = perfect health, representing
general preferences of HRQoL are presented in [Table 2]. The utility scores were calculated for caregivers
based on SMA type, motor function status, as well as employment status and additional caregiver
support. A lower mean caregiver HRQoL utility score of 0.61 (SD 0.28) and VAS score of 67 (SD 22) was
found for caregivers of patients with type 1 SMA compared with those caring for type 2/3 SMA patients
[0.76 (SD 0.27) and 82 (SD 10)], respectively. Similarly, the utility and VAS scores increased with improved
motor function status. Caregivers with paid support had lower mean utility scores than those with unpaid
support/no support (0.65 vs. 0.75) likely, because the majority of caregivers with additional paid support
(15 of 21) were caring for individuals with type 1 and 2 SMA.
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Table 2
EQ-5D Utility Scores

  n Mean SD Min Max

Overall 45 0.71 0.28 0.12 1

Employment Status

Employed (Full-time/Part-time) 22 0.74 0.26 0.16 1

Unemployed/Full-time caregiver 23 0.67 0.3 0.12 1

Caregiver Support

Paid Support 21 0.65 0.3 0.12 1

Unpaid support/No support 24 0.75 0.25 0.16 1

SMA Type

Type 1 17 0.61 0.28 0.15 0.86

Type 2 & 3 28 0.76 0.27 0.12 1

Motor Function Status

Minimal function 16 0.6 0.3 0.12 0.88

Sitting 21 0.7 0.26 0.15 0.88

Standing or walking 8 0.95 0.07 0.84 1

Discussion
Multiple studies have been published on the caregiver burden associated with geriatric illnesses (e.g.
Alzheimer’s Disease, Parkinson’s Disease), however there is limited data available on disease impact of
chronic pediatric diseases on caregiver HRQoL [20, 21]. Parents, who become caregivers, may confront
more challenges than those caring for geriatric patients primarily as their role is rarely voluntary [22]. The
�ndings of this survey suggest that SMA has a substantial impact on caregivers’ daily activities as well
as their HRQoL. The vast majority of the caregivers in this study were parents who reported their patients
were receiving treatment with nusinersen. In the primary study of this survey the majority of these
caregivers reported they were either ‘very’ or ‘extremely satis�ed’ with the current DMT [23]. While patients
with type 1 SMA now have improved survival and caregivers overall valued the advancement in the
treatment landscape, there continues to be a large time expenditure required in managing the treatment
and care for their SMA patients. The time burden may be attributed to multiple factors such as caregivers
working with insurance providers and managing treatment related details such as driving to a treatment
center. Treatment management may consume some portion of a caregiver’s time; however, other elements
such as equipment management, occupational and physical therapy, positioning, and transferring likely
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contribute to the majority of the time spent on managing care. The Voice of the Patient Report from Cure
SMA, details the challenges caregivers and patients face with regard to burden and the impact on their
daily lives [8].

Importantly, this study suggests that a more severe disease status, as measured by SMA type or patient
motor function, was also associated with more time spent managing patient care and lower overall
HRQoL for the caregivers. Caregivers of patients with type 1 SMA spent on average an additional 13
hours per month managing the care of their patients compared with caregivers of patients with type 2/3
SMA. Similarly, caregivers of patients with minimal function reported spending an average of 63
additional hours every month caregiving compared with caregivers of SMA patients who could stand or
walk. Although we surveyed a very heterogeneous caregiver population, our study shows a directional
trend with regard to caregiver HRQoL, patient phenotype, and motor function ability.

It is di�cult to compare these results with other chronic childhood illnesses given the progressive and
debilitating nature of SMA. While not fully analogous, Duchenne muscular dystrophy is also a rare
neuromuscular pediatric condition with considerable caregiving needs. Landfeldt et al. found a mean EQ-
5D ranged between 0.85 − 0.77 across ambulatory groups and 0.88 − 0.57 across caregivers’ rating of the
child’s health and mental status [24]. In our study, the EQ-5D utility scores reported for caregivers of type 1
SMA patients (0.61 ± 0.28) were markedly lower than for those of type 2/3 SMA patients (0.76 ± 0.27),
suggesting the additional onus felt by caregivers in tending to patients with more severe disease.
Similarly, caregivers of patients who could stand or walk reported utility scores that were near 1 (perfect
health) compared with those caring for patients with minimal motor function. Moreover, while the overall
HRQoL score for SMA caregivers was similar to the US population average, the percentage of caregivers
reporting any problem was higher in 3 dimensions [Figure 4] [25]. While it is di�cult to establish a
rationale for the caregivers who reported an inability to walk or perform activities of daily living, it is
plausible that caregivers may have potentially misinterpreted the question, these caregivers may have a
milder type of SMA themselves, or that the caregiving burden prevents them from caring for themselves.

The EQ-5D-5L methodology employed in this study has been utilized in other studies assessing caregiver
outcomes in SMA [14]. López-Bastida et al. noted a reduced HRQoL (utility score = 0.49) in caregivers of
SMA patients from a Spanish population, showing a stronger deterioration in HRQoL relative to our study
[14]. The study also similarly reported caregivers spent around 8 hours per day providing care to the
children owing to limitations caused by SMA. A Dutch study utilizing the Caregiver Strain Index (CSI) also
assessed perceived caregiver burden by mothers of SMA patients [26]. The study found 76% of mothers
had a high caregiver burden, yet 77% also maintained paid employment.

It is also worth noting that a majority of respondents reported utilizing additional caregiving; this support
was likely from another family member (unpaid) or a professional (paid). The need for additional support
suggests our study may underestimate the impact of the disease on the family and the society. A recent
health technology assessment for an SMA treatment acknowledged more than one caregiver may be
involved in the care of patients, however as the HRQoL impact remains di�cult to quantify for each
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caregiver, the �nal assessment only included one caregiver [27]. In this study, we found despite the
majority of the sample population earning >$20,000 annually, 71% of those receiving additional paid
support were also Medicaid bene�ciaries. Medicaid, typically limited to low-income people, is also
available to those with severe disabilities, such as SMA, with higher incomes to cover bene�ts such as
long term care [28]. More research is needed in this area to better understand how the disease may affect
multiple caregivers.

Furthermore, this study showed that despite reaching a higher educational threshold than the national
average, as 56% of caregivers held an undergraduate and/or graduate degree compared with the national
average of 31% in 2017 (US Census), only 40% were employed full-time [29]. Employed caregivers also
reported about 15% of the time they spent caring for their patients was time spent away from paid work.
Given the vast majority of caregivers in the survey were parents, the monthly time investment for the
management and treatment of SMA may be seen as prohibitive to maintaining full time employment.

As with any survey recall bias may be a concern, however the impact should be minimal as the questions
were formulated with speci�c timeframes (i.e., ‘in a typical month’, ‘today’, etc.). Furthermore, while we
provided the mean estimates for the data points, the large SD indicate there is much variability. Outliers
who reported the entire day (24 hours) was spent working with the individual for whom he/she cared,
skewed the results to a higher average. However, this is to be expected as each patient and family are
unique. Caregivers were responsible for patients on a spectrum, where some likely required around-the-
clock care and others maintained some level of independence.

The results of this study indicate there is plausible rationale for lost productivity and absenteeism that
are not formally assessed at present when therapies are evaluated for cost-effectiveness. The �ndings of
this study are in line with other studies that have assessed caregiver burden and stress prior to the
introduction of the disease modifying therapies [13, 14, 26]. A holistic approach to SMA care should also
include the impact on the caregiver’s quality of life.

Limitations

The caregiver impact assessed in this study only captures a fraction of the disease burden on the family
and society. For example, 78% of respondents reported receiving additional support (paid or unpaid), as
such the impact on the additional caregivers also needs to be considered. In addition, 40% of the
respondents reported being employed full time, which suggests there is signi�cant indirect cost
associated with lost productivity of unemployment or reduced productivity (absenteeism) for employed
caregivers.

This survey was distributed by an email listserv from a patient advocacy group that may limit the
generalizability of these results. The survey participants may have been more engaged with the advocacy
group and therefore potentially more likely to take time to inform the study with their responses. As part
of the survey design, caregivers of older patients (≥ 18 years old) were not recruited for this study.
Additionally, the sample size was limited to 45 caregivers and the sample may not be representative of all
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SMA caregivers. Furthermore, the survey was limited to how respondents felt at a single point in time.
While the intent of the questionnaire was to assess the time expenditure on the medical management of
SMA, the various activities speci�c to patients with SMA, namely type 1, leave patients entirely dependent
upon their caregivers. Therefore, the caregivers interpretation of the questions may have been skewed as
there is no clear cut differentiation between ‘normal’ and SMA care for these caregivers [8]. Lastly, while
most of SMA patients were receiving treatment with nusinersen, due to the small sample size and
relatively short duration of treatment, it is premature to assess the impact of treatment on caregiver
outcomes within this study. Future longitudinal studies are needed to further understand how the impact
of the disease may change as the treatment landscape continues to evolve and patient outcome continue
to improve over time.

Conclusion
This study indicates that SMA has a signi�cant impact on caregivers’ daily activities and HRQoL, leading
to potential productivity loss and indirect costs. The overall time required to care for a patient with SMA
and the support for current treatment are evidence of the disease impact on families. Family spillover
effects should therefore be considered as part of economic assessments for SMA treatments.

Abbreviations
5L 5-Level

DMT disease-modifying therapy

EQ EuroQoL

EQ-5D EuroQoL-5 Dimension

FDA Food and Drug Administration

HMO health maintenance organization

HRQoL health-related quality of life

PPO preferred provider organization

QoL quality of life

SD standard deviation

SMA Spinal Muscular Atrophy

SMN survival motor neuron
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VAS visual analogue scale
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Figures

Figure 1

Average number of caregiver hours per month spent on managing care by SMA type and current motor
function status, N=45.
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Figure 2

Caregiver EQ-5D-5L responses.

Figure 3
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Caregiver Quality of Life compared to US Norms [25].
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