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Abstract.

Background: Limited qualitative data exist on the symptoms and impacts of spinal muscular atrophy (SMA) experienced
by ambulant individuals. An ambulant module of the SMA Independence Scale (SMAIS) was developed to quantify the
assistance required to perform everyday mobility-related activities.

Objective: The objective of this study was to develop a patient-centered module that provides key insights into what constitutes
independence for ambulant and near-ambulant individuals with SMA.

Methods: A stepwise, mixed-method approach was used. Semi-structured interviews were conducted in three waves with
individuals with SMA and caregivers of children with SMA who were ambulant or near-ambulant (can walk > 5 steps
with support). Wave 1 interviews (n=20) focused on concept elicitation. Wave 2 and 3 interviews (n= 15, both) involved
completion and cognitive debriefing of items generated based on Wave 1 interviews. Therapeutic area experts were consulted
throughout all key steps of the study. In particular, feedback was provided for item refinement and response option decisions.
A macro-level preliminary, exploratory analysis, using Rasch Measurement Theory (RMT), provided insight on measurement
properties.

Results: Wave 1 resulted in 42 mobility and 11 instrumental activity of daily living iADL) items. During Wave 2, participants
defined independence as completing a task with supportive aids but without help from another person, leading to item
refinement and modifications to the response scale. Lack of conceptual relevance and ceiling effects led to the removal of
all iADL items after Wave 2, and 41 mobility items were tested in Wave 3. Final exploratory RMT and item refinement to
reduce overlap led to a 27-item set related to mobility tasks.
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AL7 1TW, UK. E-mail: hannah.staunton @roche.com.
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Conclusions: Our study provides preliminary support for using the 27-item SMAIS—Ambulatory Module for ambulant or
near-ambulant individuals with SMA. Larger-scale analyses to further assess the psychometric properties of the scale are

warranted.

MeSH Keywords: Spinal muscular atrophy, patient-reported outcome measures, psychometrics, activities of daily living

INTRODUCTION

Spinal muscular atrophy (SMA) is a genetic, pro-
gressive neuromuscular disease that leads to muscle
weakness, loss of motor function and reduced life
expectancy [1, 2]. SMA is caused by biallelic muta-
tions of the survival of motor neuron 1 (SMNI) gene.
Although a second paralogous SMN gene (SMN2)
exists, the levels of functional SMN protein pro-
duced by SMN2 are inadequate to compensate for
the lack of SMNI [3], which results in reduced lev-
els of the SMN protein and subsequent motor neuron
loss [4]. SMA is traditionally classified into five types
(Types 0—4) based on age at disease onset and max-
imum motor function achieved [5]. Neonates with
prenatal-onset SMA (Type 0) do not achieve motor
milestones and rarely survive past 6 months of age [5].
Type 1 SMA is the most common form of the disease
with symptoms occurring during the first 6 months
of life. Without treatment, infants with Type 1 SMA
rarely live past 2 years of age. Type 2 SMA mani-
fests between 6 and 18 months of age. Patients can
sit independently, but never walk and 70% are alive
at 25 years of age [5, 6]. For Type 3 SMA, symp-
toms will typically appear after 18 months of age.
Patients will achieve independent ambulation, but
some will lose this ability over time [2, 5]. Adult-
onset or Type 4 SMA is the mildest form of the
disease and loss of ambulation may not occur until
the fifth decade of life, if at all [5, 6]. Three disease-
modifying therapies (DMTs) are currently available
for the treatment of SMA. These therapies include ris-
diplam (EVRYSDI®), an orally administered small
molecule SMN2 pre-mRNA splicing modifier that
increases functional levels of SMN protein; nusin-
ersen (SPINRAZA®), an antisense oligonucleotide
designed to modify pre-mRNA splicing of SMN2
given by intrathecal injection; and onasemnogene
abeparvovec (ZOLGENSMA®), an intravenously
administered adeno-associated virus vector-based
gene therapy [7]. Onasemnogene abeparvovec is
approved for individuals with SMA <2 years of age,
and risdiplam and nusinersen are approved for pedi-
atric and adult patients with SMA [8-11].

Previous research has highlighted that for individ-
uals with Type 2 and non-ambulant Type 3 SMA,

symptoms can ultimately impact an individual’s abil-
ity to perform daily activities independently such
as eating, dressing, bathing, cleaning, shopping,
using technology (i.e. computer keyboard or phone),
working or attending school [12, 13]. Functional
outcome measures (i.e. the Hammersmith Func-
tional Motor Scale — Expanded, the 32-item Motor
Function Measure, and the 6-minute Walk Test)
are clinician-reported outcome and performance-
outcome scales that assess motor function ability
over time by measuring the patient’s ability to com-
plete the items/activities. They were not designed
to capture the amount of independence individuals
with SMA have when performing activities of daily
living (ADLs) [14-16]. Similarly, existing patient-
or observer-reported outcome measures (i.e. Assess-
ment of Caregiver Experience in Neuromuscular
Disease or the Pediatric Evaluation of Disability
Inventory-Computerized Adaptive Testing) assess
patient-relevant concepts associated with everyday
activities and mobility; however, they do not assess
independence nor the level of assistance required to
complete activities but include content for a broad
range of abilities [17, 18].

With the approval of three DMTs, the natural his-
tory of SMA is changing, with individuals stabilizing
or achieving new motor abilities. In addition, with
the evolution of classical phenotypes of SMA, cur-
rent clinical care guidelines are shifting from the
traditional SMA disease classification towards clas-
sification by functional status (non-sitters, sitters,
walkers) [19, 20]. Treated individuals with SMA and
their families describe changes in ADLs that have
historically not been fully captured by existing per-
formance outcome measures [21, 22]. For this reason,
the SMA Independence Scale—Upper Limb Module
(SMAIS-ULM) was developed to measure the level
of independence individuals with Type 2 or non-
ambulant Type 3 SMA have when performing such
activities [12]. For ambulant individuals, there is a
paucity of literature describing their lived experience
and no scales that solely assess the level of assistance
needed for activities that are relevant to this popu-
lation. To this end, we describe the findings from a
mixed-method study with the goal of developing an
ambulatory module for the SMAIS (SMAIS—-Amb)
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suitable for use in future clinical trials and real-world
settings to support the assessment of potential treat-
ment benefit in ambulant or near-ambulant patients.

MATERIALS AND METHODS

Sample and recruitment

This study consisted of a non-interventional,
descriptive design that involved three waves of par-
ticipant interviews and a cross-sectional quantitative
analysis conducted in the USA (Fig. 1). The total
recruitment target was 50 participants, with 20 par-
ticipants in Wave 1 and 15 participants in Waves 2
and 3 each. Participants with SMA were included
in the study if they were aged 12-60 years with
a genetic diagnosis of SMA and had an ambulant
(defined as able to walk >5 steps without sup-
port) or near-ambulant (defined as able to walk
> 5 steps with support) self-reported mobility sta-
tus. Caregivers were only included in the study if
they were > 18 years of age and were the primary
caregiver of an ambulant or near-ambulant individ-
ual with SMA aged 2-12 years. Participants with
SMA were excluded if they had a significant speech
impairment. Participants with SMA and caregivers
were excluded from the study if they had signifi-
cant cognitive impairment, hearing difficulty, visual
impairment, and/or severe psychopathology. Partic-
ipants with SMA or caregivers with insufficient
knowledge of the English language that could inter-
fere with their ability to provide written consent and
complete an interview were further excluded. Partic-
ipants with SMA or caregivers who had no access
to the internet were also excluded, given the online
nature of the study. Participant eligibility was deter-
mined by self-report based on review of the study
advertisement (Supplementary Document 1), which
included the aforementioned inclusion and exclusion
criteria, and was verified by a researcher from Modus
during a screening call.

1095

Participants (both individuals with SMA and care-
givers) were primarily identified using a general
advertisement e-mail that was circulated to the
US members of Cure SMA, a patient advocacy
group. Members were provided a small description
of the study and invited to contact Modus Out-
comes staff to participate in the study. Additional
recruitment assistance was provided by an agency
called Global Perspectives. Eligible participants and
caregivers were invited to complete an electronic
informed consent form. Pediatric participants aged
12-17 years were invited to complete an electronic
assent form with their caregivers, who were also
required to complete an electronic informed consent
form. Individuals subsequently provided background
demographic and clinical information. To ensure
that there was not any recruitment overlap between
Global Perspectives and participants who responded
to the Cure SMA advertisement, eligible patient
details following signature of the informed consent
form were provided to Modus Outcomes who, fol-
lowing receipt of relevant demographic and clinical
information, then scheduled and conducted the inter-
views. The Copernicus institutional review board
reviewed and approved study materials (approval
number #20201874) in advance of implementing
study-related procedures. Two protocol amendments
were submitted to the institutional review board fol-
lowing the first and second waves of interviews
(approval number #27937362.1) in order to provide
the refined item content for the interviews.

Therapeutic area experts (TAEs)

An expert panel was consulted throughout the
study and comprised a group of three clinical TAEs as
well as an expert researcher from a patient advocacy
organization. The TAEs reviewed all study materials
and provided feedback on the interpretation of results
and decisions on subsequent steps at the completion
of each interview wave.

| Wave 2

I ::a—v;c;) Item I (n=15)
A generation CE and CD
CE interviews | interviews

Time frame: 5 months

leading to item

Mixed
methods and
interim Wave 3 Preliminary
analysis (= 15) SMAIS-Amb
CD interviews module scale

refinement

Time frame: 2 months

Fig. 1. A mixed-method approach was used to develop the SMAIS-Amb scale. CE=concept elicitation; CD =cognitive debriefing;
RMT =Rasch Measurement Theory; SMAIS—Amb = Spinal Muscular Atrophy Independence Scale Ambulatory Module.
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Study conduct

Interviews

Three rounds of semi-structured interviews were
conducted remotely via telephone throughout the
course of this study. There was a period of 5 months
between the end of Wave 1 and the start of Wave 2,
and 2 months between the end of Wave 2 and the start
of Wave 3. Interviewers attended training, provided
by Modus Outcomes, to review the objectives and
general flow of the interviews and ensure consistent
data quality (Supplementary Document 2). All inter-
views lasted approximately 60 minutes, were audio
recorded, transcribed and entered into ATLAS.ti, a
software package that is designed to facilitate the
storage, coding and analysis of qualitative data [23].

Wave 1 concept elicitation (CE) interviews and
saturation analysis

Participants engaged in CE interviews, which
aimed to explore or elicit the level of support needed
when carrying out ADLs. The results from Wave 1
CE interviews were also used to develop a concep-
tual model (CM), which embodied all information
relevant to the ambulatory symptom and impact expe-
rience of SMA.

Item generation

The CM developed from Wave 1 CE interviews
was used to inform the generation of the first set of
items included in the SMAIS—Amb. Item generation
followed construction principles and was developed
using an iterative process with the TAEs [24, 25].
The items were created using the same language
used by the interview participants as much as possi-
ble; however, they were adjusted to maintain brevity
and minimize semantic overlap. Additionally, the
accompanying response scale was initially developed
to align with the three-level independence response
scale of the SMAIS-ULM, which was defined as 0 (‘I
cannot do this at all without help’); 1 (‘I need some
help’); and 2 (‘I do not need help’). A ‘not applicable’
response option was also available (12).

Wave 2 and 3 CE and cognitive debriefing (CD)
interviews

In line with Wave 1 interviews, Waves 2 and 3
started with a CE section, although shorter, and were
subsequently followed with CD of the items gener-
ated from the first wave of interviews. Participants
were asked to verbalize their thoughts using the ‘think
aloud’ process on items newly generated from Wave 2

or Wave 3 interviews. Once CD was complete, par-
ticipant feedback was compiled into summary tables.
The summary tables included participant comments
and responses for each item and a list of issues related
to the understanding of the item content or retrieval
of information. In addition, feedback was compiled
on the instructions, format and layout of the SMAIS—
Amb.

Interview analysis

All interviews were audio recorded and the digital
files transcribed verbatim. The interview transcripts
were analyzed by Modus Outcomes Research staff
using detailed line-by-line open and inductive coding
using ATLAS.ti software [23]. Coding was tailored to
key concepts of interest in this study such as indepen-
dence or level of assistance needed when individuals
with SMA completed ADLs. All coding and analy-
ses were conducted in English following each wave
of interviews and guided by a coding guidance doc-
ument that included guidelines for the generation of
open codes and a predetermined list of codes or place-
holder codes for the cognitive debriefing analyses,
which included identifying participant understand-
ing and the relevance of item content. For the Wave 1
CE interviews, saturation analysis was conducted
sequentially in four groups of five interviews to deter-
mine how much new information on the participants’
experiences was obtained in each group of inter-
views. If important new concepts were to arise in
the last group of interviews, additional interviews
would have been considered to ensure all the relevant
concepts were elicited [26]. For Wave 2 and 3 CD
interviews, the coding was structured where possi-
ble and reflected participant comments and feedback
on the items in relation to the issues reviewed such
as, relevance, clarity, conceptual overlap and ease of
completion.

Preliminary and exploratory quantitative
analysis

In parallel to Wave 3, a macro-level exploratory
quantitative analysis using Rasch Measurement The-
ory (RMT) was conducted to provide early insight on
the measurement properties of the newly generated
items [27]. Areas of interest included the comprehen-
siveness and targeting of the item set, the item quality,
and the uniqueness as well as appropriateness of the
response scale. Participants with SMA and caregivers
(N =25 target) completed the SMAIS—Amb through
a secure web application [28]. Participants previously
recruited in Waves 1 and 2 were re-invited to partici-
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pate to increase the sample of participants completing
the version of the item set debriefed in Wave 3 and
allow for the preliminary and exploratory quantita-
tive analysis to be finalized. Item-person targeting,
person-separation, item-misfit and local dependence
analyses were performed to assess the extent to which
the observed data ‘fit’ the predictions of the Rasch
model.

RESULTS

Wave 1 results

Participants with SMA and caregiver
demographics

A total of 20 participants were recruited for
Wave 1 interviews (Table 1). Fourteen participants
with SMA > 12 years of age were included in Wave 1
(eight ambulant and six near-ambulant). Ages of par-
ticipants with SMA ranged from 13-58 years with a
mean age of 38 years and a mean age at diagnosis
of 12 years. The majority of participants with SMA
were female (64%) and White Caucasian (86%).

Six individuals were caregivers of children with
SMA (three children were ambulant and three chil-
dren were near-ambulant). Caregiver ages ranged
from 29-88 years with a mean age of 44 years. The
majority of caregivers were female (67%) and White
Caucasian (71%). Caregivers cared for children aged
2-8 years with a mean age of 4 years and a mean age
at diagnosis of 1.5 years. In both the ambulant and
near-ambulant groups, the level of assistance the indi-
vidual with SMA needed was variable depending on
the location where the activity was being performed.

CE section of interviews and saturation analysis
During the CE interviews, the level of inde-
pendence or support ambulant or near-ambulant
individuals required was explored. A CM (Fig. 2)
was created from the CE interviews and included 86
concepts elicited. The content and structure of the
CM were finalized following feedback from clin-
ical TAEs. Four primary domains emerged within
the CM: symptoms, motor performance, impacts and
disease management; these primary domains were
further divided into 19 subdomains. The symptoms
domain was comprised of neuromuscular, sensory,
physical fatigue and physical weakness subdomains.
Subdomains within the motor performance domain
included overall mobility, walking, upper limb, bal-
ance, and bulbar and neck issues. Concepts ranged
from ‘rolling over’ to ‘running/jumping’, reflecting

the different degrees of challenges in relation to
mobility and lower limb performance. Additionally,
the breadth of challenges was further reflected in the
upper limb subdomain, with items that ranged from
‘squeezing’ to ‘carrying objects’.

The impacts domain was divided into six sub-
domains. Three of the impacts subdomains were
related to issues associated with different activi-
ties: ADLs, instrumental ADLs (1IADLs), and social
and leisure activities. ADLs were related to the six
essential activities linked to someone’s independence
(i.e. ‘self-feeding’, ‘bathing/showering’, ‘dressing’,
‘personal hygiene’, ‘moving around home’ and
‘toileting’). The iADLs included more complex
activities related to the ability to live indepen-
dently in the community (a full list of iADLs
can be found in Supplementary Table 2) [29]. The
third subdomain included social as well as leisure
activities (including ‘hobbies/playing’, ‘socializing’
and ‘sports/physical exercise’). Outside of these
ADLs, participants discussed impacts on physical
(‘“falling/tripping’), psychological (‘worry/anxiety’)
and professional well-being (‘school/work’).

The fourth and final domain, disease man-
agement, comprised four subdomains related to
planning/avoiding, adaptations, symptom manage-
ment and support.

The degree to which concepts included in the
CM were consistently reported as challenges by the
participants was explored. As expected, some par-
ticipants did not experience difficulty with most of
the motor performance and activities concepts, which
demonstrated the different levels of disease severity,
ambulatory status and motor performance challenges
within the sample. For example, all concepts were
found to be associated with no difficulty in the bul-
bar and neck subdomain for at least one participant.
Similarly, for concepts in the upper limb subdomain,
a relatively higher ratio was associated with no dif-
ficulty for at least one participant compared with the
mobility subdomain. This is in line with the clinical
expectation that these concepts are less relevant for
individuals with greater motor function ability. How-
ever, some differences were identified at the unique
concept level that reflect age and functioning dif-
ferences. For instance, within the bulbar and neck
subdomain, two concepts, ‘speech’ and ‘swallowing’,
were reported as more relevant in the near-ambulant
group, which is more likely to be an issue for weaker
individuals. Concepts of ‘crawling’, ‘self-feeding’,
‘speech’ and ‘swallowing’ were only reflected in
the caregiver group which could reflect their rele-
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Table 1
Demographics of individuals with SMA and caregivers in Wave 1?
Participant demographics Individuals with SMA: Caregivers of child/children with
Wave 1 (n=14) SMA:P Wave 1 (n=6)
Age (years)
Mean age (SD), range 38 (15), 13-58 44 (22), 29-88
Mean age at diagnosis (SD), range 12 (11), 2-35 -
Mean diagnosis duration (SD), range 26 (15), 6-56 -
Gender, n (%)
Male 5(36) 2(33)
Female 9 (64) 4(67)
Caregiver relationship, n (%)
Mother - 4(67)
Father - 1(17)
Grandparent - 1(17)
Ethnicity, n (%)
White Caucasian 12 (86) 4(67)
Asian - 1(17)
Biracial 1(7) -
Hispanic 1(7) -
Latino - 1(17)
Employment, n (%)
Part time 321 1(17)
Retired 3(21) 1(17)
Full time 3(21) 4(67)
Unemployed 2 (14) -
School 2(14) -
Unable to work due to disability 1(7) -
Education, n (%)
Secondary/High school 2 (14) -
Technical or Vocational degree 1(7) 1(17)
College degree 9 (64) 1(17)
Graduate degree 2 (14) 4(67)
Children with SMA (years)
Mean age (SD), range - 4.0 (2.0), 2.0-8.0
Mean age at diagnosis (SD), range - 1.5(0.8),0.3-3.0
Mean diagnosis duration (SD), range - 2.5(1.3),0.84.2
Gender of child with SMA, n (%)
Male - 3(43)
Female - 4(57)
Self- or caregiver-reported ambulatory status, n
Ambulant® 8 4
Near-ambulant® 6 3
Self- or caregiver-reported level of assistance needed, n (%) In the home Out of the home In the home Out of the home
I/They cannot do any activities without help 0 0 0 1(14)
I/They need a lot of help 0 4(29) 4.(57) 2(29)
I/They need a moderate amount of help 3(21) 3(21) 1(14) 3(43)
I/They need a little bit of help 8 (57) 6 (43) 1(14) 0
I/They do not need any help 3(21) 1(7) 1(14) 1(14)

2A sample of n =25 participants were included in the RMT analysis, and their demographics are available in Supplementary Table 1. These
participants included 11 Wave 3 participants (four Wave 3 participants could not be included as they completed the item set with the initial
version of the response options) plus 14 participants who were previously interviewed in Waves 1 and 2. PDemographics included are for
the seven children with SMA who the caregivers cared for. “Ambulant is defined as individuals with SMA who can walk > 5 steps without
support. Near-ambulant is defined as individuals with SMA who can walk > 5 steps with support (holding a stable object with one or both
hands). RMT =Rasch Measurement Theory; SD = standard deviation; SMA = spinal muscular atrophy.

vance to younger individuals with SMA and their A saturation analysis was conducted at the concept
developmental stage. These concepts are more com- level of the model when CE was completed. Results
monly affected in younger individuals with more from the saturation analysis indicated that the 20
severe forms of the disease, such as Type 1 or Type 2 interviews in Wave 1 produced a comprehensive set of

SMA. concepts related to the patient experience of ambulant
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SMA who can walk > 5 steps without support (ambulant group 1). Near-ambulant is defined as individuals with SMA who can walk > 5 steps
with support (holding a stable object with one or both hands, ambulant group 2). SMA = spinal muscular atrophy.

and near-ambulant individuals with SMA, with 72
out of the 86 unique concepts being identified within
the first group of five transcripts. Bulbar and neck
motor performance was identified in the third tran-
script group for the first time. The final group of five
transcripts did not identify concepts linked to an addi-
tional domain but rather three new concepts linked to
bulbar and neck and upper limb issues, which were
added. Based on the consistency of the findings, no
further interviews were deemed necessary.

Item generation

Items were generated in relation to motor
performance, specifically mobility and walking sub-
domains, and impacts with concepts relating to
activities (Supplementary Table 2). The frame of
reference of ‘needing help’ and response scale struc-
ture were initially developed to be in line with the
SMAIS-ULM (i.e. ‘I do not need help’, ‘I need
some help’, ‘I cannot do this at all without help’ and
‘not applicable’). However, the physical impact con-
cepts ‘falling and tripping’ were excluded as items
because they did not match the target concept of inter-

est or align with the frame of reference of ‘needing
help’.

CE findings indicated that many ambulant or near-
ambulant individuals with SMA could master the
tasks described in this item set without necessarily
needing the help of another person. Therefore, to bet-
ter reflect the patient experience and mitigate a ceiling
effect, the instructions on ‘help’ were expanded to
refer to help as “The amount of assistance you need
from another person or from a supportive aid (e.g. a
handrail, walking stick, mobility scooter, etc.)’ (Sup-
plementary Table 3). Furthermore, a checklist of 13
supportive aids was developed to capture the range of
assistive aids and devices participants reported using
(Supplementary Table 4). The checklist was to be
completed alongside the new items.

The resulting item set moving into the Wave 2 inter-
views of the study for testing comprised 42 mobility
and 11 iADL items utilizing the SMAIS-ULM
response option scale [12]. To capture the iterations of
the SMAIS—Amb, a matrix was created that included
the initial item, changes to the item and the final item
(Supplementary Table 2).
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Wave 2 results

Participants with SMA and caregiver
demographics

A total of 15 new participants were recruited for
the Wave 2 interviews (Table 2). Seven participants
with SMA > 12 years of age were included in Wave 2
(six ambulant and one near-ambulant). Ages of par-
ticipants with SMA ranged from 22-58 years, with
a mean age of 40 years and a mean age at diagnosis

of 16 years. All of the participants with SMA were
White Caucasian females.

Eight individuals were caregivers of children with
SMA (four children were ambulant and four chil-
dren were near-ambulant). Caregiver ages ranged
from 31-43 years with a mean age of 37 years. The
majority of caregivers were female (88%) and White
Caucasian (75%). Caregivers cared for children aged
2-10 years, with a mean age of 5 years and a mean
age at diagnosis of 2 years.

Demographics of individuals with SMA and caregivers in Wave 2

Participant demographics

Individuals with SMA:

Caregivers of child/children with

Age (years)
Mean age (SD), range
Mean age at diagnosis (SD), range
Mean diagnosis duration (SD), range
Gender, n (%)
Male
Female
Caregiver relationship, n (%)
Mother
Father
Ethnicity, n (%)
White Caucasian
Asian
Hispanic
Employment, n (%)
Retired
Full time
Homemaker
Disabled and able to work part time
Education, n (%)
Secondary/High school
Technical or Vocational degree
College degree
Some graduate work
Graduate degree
Children with SMA (years)
Mean age (SD), range
Mean age at diagnosis (SD), range
Mean diagnosis duration (SD), range
Gender of child with SMA, n (%)
Male
Female
Self- or caregiver-reported ambulatory status, n
Ambulant®
Near-ambulant®

Wave 2 (n=17) SMA:* Wave 2 (n=28)
40 (16), 22-58 37 (4),31-43
16 (12), 1-31 -
24 (13), 8-39 -
- 1(12)
7 (100) 7 (88)
- 7 (88)
- 1(12)
7 (100) 6 (75)

- 1(12)

- 1(12)
1(14) -

3(43) 5(62)
2(29) 337
1(14) -
1(14) -

- 1(12)
2(29) 337
1(14) -

3 (43) 4(50)

- 5.0 (3.0), 2.0-10.0

_ 2.0 (2.0), 0.0-5.0

- 4.0 (3.0), 1.0-8.0

- 337

- 5(62)

6 4

1 4

Self- or caregiver-reported level of assistance needed, n (%) In the home Out of the home In the home Out of the home

I/They cannot do any activities without help 0 1(14) 0 3@37)
I/They need a lot of help 0 0 337 2(25)
I/They need a moderate amount of help 1(14) 1(14) 2 (25) 2 (25)
I/They need a little bit of help 4(57) 4(57) 337 0

I/They do not need any help 2 (29) 1(14) 0 1(12)

2Demographics included are for the eight children with SMA who the caregivers cared for. ® Ambulant is defined as individuals with SMA
who can walk > 5 steps without support. Near-ambulant is defined as individuals with SMA who can walk > 5 steps with support (holding
a stable object with one or both hands). SD = standard deviation; SMA = spinal muscular atrophy.
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CE section of interviews

CE interviews in Wave 2 focused on both the CM as
well as on the exploration of the participants’ defini-
tion of help and independence. The CE section of the
Wave 2 interviews indicated that the CM of ambulant
and near-ambulant patient experience did not need to
expand significantly. The only change was the addi-
tion of ‘dancing’, an example of a social and leisure
activity impacted by SMA.

In terms of the definitions of help and indepen-
dence, there was a consensus amongst participants to
include the use of supportive aids within the broader
construct of independence. If the individual with
SMA was able to accomplish a task by themselves
using an aid but without the help of another person,
this was considered independent to them. For exam-
ple, “My definition of independent would be being
able to use an assistive device, but not necessarily
need the assistance of another person” (individual
with SMA — ambulant). Additionally, types of sup-
portive aids used were elicited. Each aid was endorsed
by at least three participants, suggesting that all
supportive aids listed were relevant to individuals
with SMA. An ‘other’ option was also added that
allowed participants to include any aid not listed. This
response was chosen least, confirming the compre-
hensiveness of the list.

CD section of interviews

Item-level feedback on the mobility items

Forty-two mobility and 11 iADL items scored on
the SMAIS-ULM response scale were presented.
During the CD section of the Wave 2 interview,
participants with SMA and caregivers considered
the mobility-item set, which included activities per-
formed both in and out of the home, generally
relevant. ‘Walk on a slippery surface’ was chosen
as the most relevant item (n=4), whereas ‘getting
out of the shower’ and ‘step off a bus/train’ were
most frequently reported as the least relevant item
(n=4 each). Three items were flagged as unclear
over 10 times: ‘step onto a bus/train’ (n=15), ‘step
off a bus/train’ (n=13) and ‘walk in an unfamiliar
place/environment’ (n=10). “Walk up a single step
indoors” was most frequently chosen to be removed
(n=2), and another 11 items were suggested to be
removed at least once (Supplementary Table 2).

Several item combinations overlapped in terms
of the underlying concepts that were assessed. Par-
ticipants (n=9) most frequently reported that ‘step
up on a curb’ conceptually overlapped (n=9) with

the inverse of ‘step down off a curb’. However,
six participants considered these two items to be
conceptually different. Participants with SMA and
caregivers also provided feedback that determined
which items within each item combination were the
most difficult/relevant. For example, ‘getting off of
the toilet’ was reported as more difficult than ‘getting
on the toilet’ (n=11). Eleven concepts were sug-
gested as missing from the item set including items
related to ‘dressing oneself’, and items related to
‘walking up an incline or decline’ were most fre-
quently suggested (n=2, each). The remaining nine
items suggested as missing were raised by one par-
ticipant each.

Item-level feedback on the iADL items
Comparatively, participants considered the 11
iADL-item set less relevant than the mobility
item set. Four items, ‘standing while preparing
meals/cooking’, ‘cleaning the house’, ‘mowing the
lawn’ and ‘going shopping for groceries’ were cho-
sen as the most relevant items, relative to the other
item in the pair, on one occasion each despite their
association with an adult/older age group. ‘Tidying
up or putting things/toys away’ was most frequently
reported as unclear (n=3) since this activity was
dependent on the height of an item, situation or size.
‘Setting the table’ was the only item suggested to
be removed by two participants. Items related to the
amount of weight one can lift and operating a motor
vehicle were suggested as missing (n=1 each).

Instruction and response option feedback

Feedback on the SMAIS—Amb instructions and
response options was also elicited. When participants
were asked about the instructions of the item sets
(Supplementary Table 3), they challenged the idea
that using a supportive aid would limit someone’s
independence. Participants generally considered help
as that from another person and not from a support-
ive aid (Fig. 3A). Participants were asked to provide
alternative suggestions regarding the frame of ref-
erence. The most frequent suggestion (n=4) was to
switch to a difficulty frame of reference, meaning the
response options would be based on how challenging
one perceives a specific task.

Descriptive data and endorsement frequencies
Examination of the endorsement frequency (as
defined as the proportion of respondents who selected
one response option over another), and findings of the
mobility-item set showed a good spread of response
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(A)

“‘Most people with disabilities consider
that, when you’re using your disability
aids, you’re being independent and
therefore, you would say | don’t need
help because I'd have an aid to make
me independent.”

Individual with SMA — ambulant (Wave 2)

B)
“Okay, so to me independence means that
they can do it without any help from you. That
they're able to just be on their own.”
INTERVIEWER: Okay. Would that include the
use of aids to be independent if that makes
sense? “Yes. So that they use the aids so
that they can independently do the things
that they need to do.”
Caregiver of individual with SMA — ambulant
(Wave 3)

“l guess without using another person
would still be independent to me.

I can independently still get out of a
chair because | use my arms is my
stance on it. | guess | could still
independently pick something up off a
floor, whether | bend the way I do or
use one of those grabbers.”

Individual with SMA - ambulant (Wave 2)

A

“So, being able to add that, with aids, lets

me know exactly what you're wanting from
me. Assistance would mean anything
outside of he [him] being able to use his own
body to achieve the goal. So, if he needs

to hold a hand. If he needs to, you know,

hold a surface or furniture, an aid of any

kind, that's what I'd consider assistance.”
Caregiver of individual with SMA —

ambulant (Wave 3)

H. Staunton et al. / Development of the SMAIS-Ambulatory Module

“I'm a little bit concerned that anybody
who's taking this would think in a simifar
way that | am — that a supportive aid,
such as a wheelchair or a scooter, is
not necessarily something that
impedes independence.”

Individual with SMA — ambulant (Wave 2)

“l feel like people with SMA are very
independent in their own way, and | really
like how you've added with no aids versus
with aids, because without clarification of
that, | feel like when | use my cane and
I'm walking somewhere, | am very
independent. So, being able to add
that, with aids, lets me know exactly
what you're wanting from me.”
Individual with SMA — ambulant (Wave 3)

Fig. 3. Participant quotes describing what independence means: (A) Instructions and participant quotes from Wave 2. Wave 2 instructions for
individuals with SMA: “We would like to learn about your level of independence for doing daily activities. Please select the option that best
describes the amount of assistance you need from another person or from a supportive aid (e.g. a handrail, walking stick, mobility scooter,
etc) to perform each activity. Please think about the past 7 days and pick only one answer per activity”?. (B) Instructions and participant
quotes from Wave 3. Wave 3 instructions for individuals with SMA: “We would like to learn about your level of independence. Please select
the option that best describes the amount of assistance that you need to perform each activity. Please think about the past 7 days and pick
only one answer per activity. If the question is not relevant (e.g. you do not have a bath in your house), please choose the ‘not applicable’
response option”>% *Wave 2 instructions for caregivers were identical. PResponse options in Wave 2 included: 1. ‘I do not need help’; 2. ‘I
need some help’; 3. ‘I cannot do this at all without help’; 4. ‘Not applicable’. Wave 3 instructions for caregivers were identical. 4Response
options in Wave 3 included: 1. ‘Independent with no aids’; 2. ‘Independent with aids’; 3. ‘Require(s) a little help from another person’; 4.
‘Require(s) a lot of help from another person’; 5. ‘Cannot do this at all’; and 6. ‘Not applicable’. SMA = spinal muscular atrophy.

option endorsement. Out of 42 items, three (‘turn
over in bed’, ‘sit up from lying down’ and ‘sit down
into a chair’) displayed skewness to the ceiling of
the scale (‘I do not need help’) with endorsement
frequencies > 80%. Noitems had aggregated endorse-
ment frequencies < 10%. The ambulant group more
frequently endorsed the ceiling categories (‘I do not
need help’) versus the near-ambulant group who more
frequently endorsed the floor categories (‘I cannot do
this at all without help’). The iADL items were more
skewed towards the ceiling. Two of 11 iADL items
(‘making your bed’ and ‘setting the table’) had 100%
endorsement in the ‘I do not need help’ category.

Item refinement

Wave 2 results were presented and discussed at
an expert panel with TAEs. The response option
continuum was expanded to reflect the participants’
perception of independence with or without the use of
supportive aids, while remaining consistent with the
SMAIS-ULM concept of interest that related to the
level of help needed for ADLs. The instructions were
updated to refer to help as ‘the amount of assistance

you need to perform each activity’ and reference to
help ‘from another person or supportive aid’ was
removed (Supplementary Table 3). The instructions
were further updated to guide respondents on the use
of the ‘not applicable’ option in situations that were
not relevant or age appropriate to ensure consistent
use of this response option. A selection of mobility-
item sets was removed (n =4) or modified (n=3) due
to poor performance and participant feedback (Sup-
plementary Table 2). Three additional mobility items,
‘standing in the shower’ and ‘walking up/down an
incline’, were added after the concepts were sug-
gested as missing by participants and endorsed by
the TAEs. No changes were made to this list of sup-
portive aids. Lastly, a decision was made to remove
the iADL-item set given the perceived lack of rele-
vance and ceiling effect observed during the Wave 2
interviews (Supplementary Table 2).

Wave 3 results
Participants with SMA and caregiver demographics

A total of 15 new participants were recruited for
the Wave 3 interviews (Table 3). Three participants
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Table 3
Demographics of individuals with SMA and caregivers in Wave 3

Individuals with SMA:

Participant demographics Caregivers of child/children with

Wave 3 (n=3) SMA:* Wave 3 (n=12)

Age (years)

Mean age (SD), range 37 (15), 19-56 36 (5), 3044

Mean age at diagnosis (SD), range 8 (10), 0-23 -

Mean diagnosis duration (SD), range 29 (7), 19-35 -
Gender, n (%)

Male 1(33) 2 (16)

Female 2(67) 10 (84)
Caregiver relationship, n (%)

Mother - 10 (84)

Father - 2 (16)
Ethnicity, n (%)

White Caucasian 3 (100) 10 (84)

Asian - 1(8)

Biracial - 1(8)
Employment, n (%)

Retired 1(33) -

Full time - 7 (58)

Unemployed - -

Homemaker - 5(42)

Disabled and able to work part time 1(33) -

Student 1(33) -
Education, n (%)
Secondary/High school 1(33) -
Some college 1(33) 1(8)
College degree - 4(34)
Graduate degree 1(33) 7 (58)
Children with SMA (years)

Mean age (SD), range - 4.0 (3.0), 2.0-8.0

Mean age at diagnosis (SD), range - 1.0 (1.0), 0.0-3.0

Mean diagnosis duration (SD), range - 3.0 (1.0), 0.0-6.0
Gender of child with SMA, n (%)

Male - 9 (75)

Female - 3(25)
Self- or caregiver-reported ambulatory status, n

Ambulant® 2 8

Near-ambulant® 1 4
Self- or caregiver-reported level of assistance needed, n (%) Inthe home Out of the home In the home Out of the home
I/They cannot do any activities without help 0 0 1(8) 1(8)
I/They need a lot of help 0 0 3(25) 3(25)
I/They need a moderate amount of help 1(33) 1(33) 3(25) 4 (33)
I/They need a little bit of help 1(33) 2(67) 4 (33) 3(25)
I/They do not need any help 1(33) 0 1(8) 1(8)

2Demographics included are for the 12 children with SMA who the caregivers cared for. PAmbulant is defined as individuals with SMA
who can walk > 5 steps without support. Near-ambulant is defined as individuals with SMA who can walk > 5 steps with support (holding
a stable object with one or both hands). SD = standard deviation; SMA = spinal muscular atrophy.

with SMA > 12 years of age were included in Wave 3
(two ambulant and one near-ambulant). Ages of par-
ticipants with SMA ranged from 19-56 years, with
a mean age of 37 years and a mean age at diagnosis
of 8 years. All participants with SMA were White
Caucasian (two females and one male).

Twelve individuals were caregivers of children
with SMA (eight children were ambulant and four
children were near-ambulant). Caregiver ages ranged
from 30-44 years with a mean age of 36 years. The

majority of caregivers were female (84%) and White
Caucasian (84%). Caregivers cared for children aged
2-8 years, with a mean age of 4 years and mean age
at diagnosis of 1 year.

CD section of interviews

Item-level feedback on the mobility items
The feedback indicated that the majority of items
were considered relevant to the sample. Specifi-
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cally, ‘walk from room to room’ was chosen most
frequently as the most relevant item (n=7). ‘Sit
down into a high/raised chair’ was chosen most fre-
quently (n=5) as the least relevant item, suggesting
this activity was not applicable to the correspond-
ing participants. Participants flagged a few items
as ambiguous and requested further clarity. These
included details on ‘height of bed’, ‘starting posi-
tion when picking something up’ and ‘getting out
of car seat vs a car’. In total, 20 items were sug-
gested to be removed mostly on either one or two
occasions; however, two items were most frequently
suggested for removal on four separate occasions;
‘walk on an uneven surface outside’ and ‘walk on a
slippery surface’ (n=4).

Several item combinations were considered to be
overlapping in terms of concepts. The most fre-
quently reported overlap was between ‘getting in the
bath’ and ‘getting out of the bath’ (n=8). The second
most frequently reported overlapping item pair was
‘walk on an uneven surface outside’ and ‘walk on
an unstable surface outside’ (n=7). However, these
two items were suggested to be conceptually differ-
ent by more participants (n=10). Thus, there was
conflicting feedback on concepts being conceptually
different. Participant feedback relating to overlapping
items resulted in the removal of 13 mobility items in
Wave 3 (Supplementary Table 2).

Sixteen concepts were suggested as missing from
the debriefed item set in Wave 3, which included
‘feeding yourself’, ‘swimming’, ‘dressing yourself’,
‘falls’ and ‘running’. Two of the most frequently
reported missing items, ‘feeding yourself’ (n=4)and
‘dressing yourself’ (n=2), are both included in the
SMAIS-ULM. ‘Falls’ and ‘running’ had previously
been disregarded as they did not correspond to the
frame of reference of needing help.

Instruction and response option feedback

During Wave 3, participants were positive about
expanding the frame of reference to include ‘inde-
pendent with no aids’ or ‘independent with aids’
and separately having response options relating to
‘requiring help from another person’, commenting
that this better reflected their perception of indepen-
dence (Fig. 3B, Supplementary Table 3). Following
additional participant (n=4) feedback, the response
option ‘require(s) help from another person’ was sep-
arated into two options for additional testing in the
subsequent interviews: ‘requires a little help from
another person’ and ‘requires a lot of help from
another person’. When the participants were asked for

their preference between the two options, the major-
ity (n=10/15) preferred the response options where
help was split between ‘a little’ and ‘a lot’.

Despite endorsement of the expanded definition
of independence to include supportive aids and help
separately, two issues were identified. Firstly, par-
ticipants indicated that the range of supportive aids
and their associated level of independence may not
apply to all response options, such as wheelchairs for
walking a long distance. Secondly, some participants
indicated confusion over the term ‘aid’, and whether
this included another person/the caregiver. To miti-
gate this concern, there was a suggestion to add the
term ‘device’ for clarification purposes.

Descriptive data and endorsement frequencies
Examination of endorsement frequencies of the
refined mobility-item set indicated a better spread
of response endorsement. Only 1/41 items (‘sit up
from lying in bed’) displayed skewness to the ceil-
ing of the scale, with endorsement frequencies > 80%
(i.e. selecting ‘I do not need help’). Three items
(‘turn over in bed’, ‘sit up from lying down’ and
‘bend over to pick up something’) had aggregated
endorsement frequencies < 10%, which could indi-
cate some issues with the participants’ discrimination
between the five available response options. Overall,
the ambulant group had a higher endorsement to the
ceiling categories compared with the near-ambulant
group, who had a higher endorsement to the floor
categories, thereby following expected patterns.

Preliminary and exploratory macro-level RMT
analysis

A preliminary and exploratory RMT analysis was
conducted at the end of Wave 3. A total of 25 partic-
ipants from Wave 1 (n=3 ambulant and n=3 near-
ambulant), Wave 2 (n=6 ambulant and n =23 near-
ambulant) and Wave 3 (n=7 ambulant and n=3
near-ambulant) were included in the RMT analysis
(Supplementary Table 1). While sample sizes as low
as n=30 are considered sufficient for a small-scale
RMT analysis [30], the quantitative RMT findings
presented in this study are preliminary and will need
to be further assessed and confirmed at a later stage.
Given the exploratory nature of this macro-level anal-
ysis, no decisions were made for the content of the
SMAIS-Amb scale simply on the basis of quantita-
tive findings. Disordered thresholds were observed
based on the five-level response options. Therefore,
for the purposes of the RMT analysis, the five-level
response options were collapsed into four levels as
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Preliminary and exploratory RMT summary findings

Measurement properties

Wave 3 mobility Wave 3 mobility reduced

(41 items) item set (27 items)
Targeting: how adequate is the scale-to-sample targeting?* 88% 88%
Response thresholds: do the response categories work as intended?” 41% 48%
Item fit: to what extent do the items work together to define a single measurement 93% 100%
construct?®
Item dependency: to what extent are the items locally independent?? 105/820 item pairs 30/351 item pairs
PSI: are participants in the sample separated by the scale items (with/without 0.96/0.98 0.96/0.97

extremes)?®

Higher percentages indicate better findings. *Estimated using the percentage of individual sample measurements (n =40 in Wave 1 and n=39
in Wave 2) covered by the scale range. "Estimated based on the percentage of items displaying ordered response thresholds following the
collapsing of the ‘a little” and ‘a lot of help’ response options. “Estimated based on the percentage of items displaying significant chi-square
estimates suggesting item misfit. {Number of item pairs that are locally dependent based on > 0.3 residual correlations indicating > 9% shared
variance. °PSI was reported on a scale from 0—1; 0 = all error; 1 =no error. PSI = person separation index; RMT = Rasch Measurement Theory.

the options of ‘requires a little help from another per-
son’ and ‘requires a lot of help from another person’,
which were the closest conceptually, were merged to
increase precision in the interpretation of findings.
The collapsed four-level, 41-item response option
pattern decreased disordering and increased precision
in the measurement estimates but did not resolve the
disordering (Table 4). The scale-to-sample targeting
was reasonable (Table 4) but the sample size limited
confidence in this result. Item thresholds ranged from
—3.44 10 3.99 logits, and person estimates ranged from
—5.85 to 2.89 logits (mean 0.92, 88% coverage).
Following input from the TAEs, ‘in/out’ and
‘up/down’ item pairs were reduced to limit con-
ceptual overlap. It was further decided to remove
the ‘getting into a car’ item, which was raised by
participants, and was subsequently agreed by TAEs
to be an ambiguous item of poor quality and fit.
Thus, the resulting 27-item set was re-examined,
and scale-to-sample targeting remained reasonable
(Table 4). Although the small-scale RMT analysis
was exploratory and preliminary in nature, these
findings did not identify any early risk in the mea-
surement properties of the reduced 27-item scale.
However, these findings will need to be assessed in a
large-scale psychometric validation study for confir-
mation. The issues on the response option ordering
were consistent. There were instances where category
probability curves indicated ordered endorsement
for each response category (Supplementary Fig-
ure 1A) versus other category probability curves that
showed disordered response category endorsement
(Supplementary Figure 1B). Item fit and dependency
marginally improved. The reliability and person sep-
aration index were excellent in both item sets, with
item dependency markedly reduced (Table 4). Hence,

the appropriateness of moving forward with the
reduced item set with less conceptual overlap in con-
tent was confirmed.

Final item refinement of the provisional
SMAIS-Amb

Wave 3 results were presented and discussed at a
TAE meeting. There was consensus among the TAEs
on the improvement of the response scale and revised
frame of reference of independence that included the
use of supportive aids and help from another per-
son separately. Given the small sample size from the
RMT analyses, interpreting the extent of the quan-
titative issues with the response scale was limited,;
therefore, a future quantitative robust psychometric
study is needed. This was particularly limited in the
case of the ‘requires a little help from another per-
son’ and ‘requires a lot of help from another person’
response options which were qualitatively and clini-
cally endorsed as being separate.

Furthermore, despite the consensus amongst par-
ticipants on the notion of independence, including the
use of supportive aids, the ‘independent with aids’
response option was confounded by the notion that
not all supportive aids offer the same level of sup-
port. For example, a rail to help someone get onto
the toilet likely denotes a higher level of function
compared with the help of another person. However,
more profound weakness may result in needing an
aid such as a rising toilet, which would indicate the
need for more help than offered by another person. As
the qualitative data supported this gradation of levels
of help, no changes were suggested at this stage in
relation to these response options as a larger dataset
and further psychometric analyses would be required
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to confirm any revisions. There was agreement on
the improved relevance and comprehensiveness of
the item set and its potential to discriminate between
ambulatory versus near-ambulatory status.

To resolve any ambiguity or inconsistency of
response in relation to the walking items (i.e. with
participants responding based on their use of a
wheelchair), the word ‘walk’ was bolded in each item.
Issues on item clarity (qualitative) and item quality/fit
(quantitative) were considered.

DISCUSSION

This work adds to the limited patient-centered
research in higher-functioning individuals with SMA
and introduces comparative patient- and caregiver-
centric insights in relation to an individual’s
ambulatory status and level of independence [31].
Building on a previous study [12], the 27-item
SMAIS—Amb provides the possibility of measuring
independence and the level of assistance required to
complete everyday lower limb-related mobility tasks
in ambulant patients. Developed in conjunction with
individuals with SMA, caregivers, a patient advocacy
group and clinical TAEs, the SMAIS—Amb fills an
important measurement gap for ambulant individu-
als. The concept of independence and the meaning
of independence to participants with SMA and care-
givers were carefully considered. Reflecting on the
participants’ feedback regarding their perception of
independence, which included the use of supportive
aids, the SMAIS—Amb response options were refined
to ensure the continuum of independence was appro-
priately captured.

Compared with existing patient- and observer-
reported outcome scales in SMA [17, 18], the
SMAIS—-Amb focuses on independence as the con-
cept of interest and hence builds on the existing
measurement scales available. Concepts identified
in concept elicitation were not tested for satura-
tion per group (ambulant versus near-ambulant) but
rather on the total sample. It is important to con-
sider that although concepts may have only arisen
in the near-ambulant or ambulant group in this sam-
ple, some individuals may still experience difficulties
with these motor functions in a real-world setting
(Fig. 2). The SMAIS-Amb is intended for use in
clinical trials and potentially in clinics evaluating cur-
rent treatments in order to allow for the detection
of therapy-related changes in mobility-related tasks
over time. Maintaining independence when complet-

ing activities is critical to both individuals with SMA
and their families [32-34]. This measure provides
SMA researchers with an important additional assess-
ment in their toolbox for studies evaluating patients
with SMA who are ambulant or near-ambulant. The
SMAIS-Amb complements the SMAIS-ULM and
is intended as a separate but related module such
that a broad range of everyday tasks from upper- to
lower-limb-related items can be assessed in a clin-
ical trial via these two assessments. Much like the
SMAIS-ULM, which was used in the SUNFISH
trial (NCT02908685) to measure upper limb motor
performance in non-ambulant individuals [12], the
SMAIS—Amb can be used in conjunction with gross
motor function scales. These motor function scales
include the 32-item Motor Function Measure [35],
Hammersmith Functional Motor Scale — Expanded
[14], Revised Hammersmith Scale [36] and 6-minute
Walk Test [15] as well as quality-of-life scales [37]
to provide the perspectives of more ambulant patients
and caregivers on the level of independence demon-
strated when completing everyday mobility related
activities. Future studies should examine how data
from existing clinician/performance and patient- and
caregiver-reported outcome measures, such as the
SMAIS—-Amb, can be combined to help improve
clinical understanding of objective and subjective
changes.

Although this study offers unique insight into the
perspective of independence for ambulant and near-
ambulant individuals with SMA, there were some
limitations. Recruitment and screening were based on
self-reports of ambulatory status, did not allow for a
clinically defined sample and resulted in instances
of potentially variable ambulation. Information on
participant health literacy, socioeconomic represen-
tation, and present and prior SMA DMTs was not
collected; thus, participant representativeness regard-
ing these factors is unknown. The overall study
sample was not ethnically diverse, such that 86% of
participants with SMA in Wave 1 and 100% of par-
ticipants with SMA in Waves 2 and 3 were White
Caucasian, and all interviews were conducted in the
USA, which also may bias results. Furthermore, SMA
is arare disease, and flexibility was necessary to fulfill
recruitment. Through the efforts of patient advo-
cacy group outreach, the study population had an
adequate sample for qualitative research, and con-
ceptual saturation was achieved. However, the RMT
analysis was exploratory and due to the small study
size, requires replication in a larger dataset. Impor-
tantly, the findings of the RMT should be interpreted
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in the context of the small sample size, as studies
have reported more frequent instances of items with
mis-ordered parameters when sample sizes were < 50
[38]. Finally, the concept of falls and tripping arose
as missing in the first and last set of interviews and
although not explicitly matching the frame of refer-
ence of needing help, additional outcome measures
assessing this concept (used in conjunction with the
SMAIS-Amb) would be important for future studies
to consider.

The primary focus of this study was on the qual-
itative development of the SMAIS—Amb scale and
corresponding content validity of the scale. In the
future, including patients with SMA or caregivers
of individuals with SMA as part of the expert panel
may help provide additional insights into the content
of the SMAIS—Amb scale. Furthermore, larger-scale
studies will need to be designed for quantitative
analyses to further inform the final item content of
the SMAIS—Amb, as conceptual overlap, disordered
response options and redundancy issues were reduced
but not resolved. Longitudinal studies to assess
patients’ independence over time may be useful in
informing subsequent versions of the SMAIS—Amb.
A better understanding of whether the minimum age
for the SMAIS—Amb scale should be raised in future
versions is also necessary as it may not be appro-
priate for caregivers to report on all activities on
behalf of patients as young as 2 years of age. Finally,
it will be important to validate the SMAIS-Amb
cross-culturally and in low-to-middle income coun-
tries where access to supportive aids may be variable,
and to understand the SMAIS-Amb’s relationship
with the SMAIS-ULM.

With the increasing number of patients receiv-
ing DMTs worldwide, it is important to capture
how treatment impacts independence, particularly
in higher-functioning individuals with SMA who
are ambulant or near-ambulant. The SMAIS—-Amb
introduces a mobility-item set with concepts of
specific relevance to this patient population. How-
ever, the scale presented in this original research
is provisional and requires further psychometric
testing. The SMAIS-Amb will be made available
in the future once additional validation has been
conducted. This work adds to the limited patient-
centered research in higher-functioning ambulant
and near-ambulant individuals with SMA and intro-
duces patient- and caregiver-centered insights into an
individual’s level of independence when completing
everyday mobility-related activities in and out of the
home.
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