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Abstract.
BACKGROUND: Spinal Muscular Atrophy (SMA) is a hereditary neuromuscular disease with an estimated prevalence of
1/10 000 births. SMA is increasingly recognized as a multi-system disease with a need to study additional under-recognized
health domains such as quality of life, fatigue, bulbar function, respiratory function, and independence.
OBJECTIVE: Identify and assess reported evidence from the literature investigating Patient Reported Outcome Measures
(PROMs) in adults with SMA. Develop a novel method drawing from network theory to graphically depict the literature,
PROMs, and supporting psychometric evidence.
METHODS: A scoping review was completed following PRISM-ScR, COSMIN and JBI scoping review guidelines. Liter-
ature investigating PROMs in adult SMA or neuromuscular disease was identified from peer-reviewed and grey databases.
A network graph was derived from extracted data.
RESULTS: 5292 articles were retrieved, 81 articles met inclusion criteria; corresponding to 31 unique PROMs. Only
two PROMs were developed specifically for SMA. Few PROMs covered multiple domains of health. Most PROMs were
incompletely validated, focusing on concurrent validity, and few assessed responsiveness or internal consistency.
CONCLUSIONS: PROMs are emerging tools for monitoring and assessing adults with SMA. Despite their potential benefits,
additional validation studies should be completed prior to their use for clinical decision-making. Network graphics may
represent a technique to aid in the visualization of evidence supporting a scoping review.

Keywords: Review, muscular atrophy, spinal, patient reported outcome measures, patient outcome assessment, rehabilitation,
neuromuscular disease, reproducibility of results, health status, psychological tests, neurodegenerative diseases

INTRODUCTION

Understanding the many impacts of disease is
essential to providing optimal patient care [1, 2].
One of the many tools available for clinicians and
researchers to objectively quantify patient expe-
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riences are Patient Reported Outcome Measures
(PROM). PROMs are defined by the Canadian Insti-
tute for Health Information (CIHI) as measurement
instruments which are completed by patients, and
which obtain information on aspects of the patients’
health status relevant to domains such as quality of
life, symptoms, function, pain, and physical, mental
or social health [3]. PROMs are known to be valuable
tools capable of capturing patient changes which may
otherwise be missed [1, 2, 4–6]. PROMs are rapidly
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being studied and implemented in areas of medicine
including oncology, orthopedics, mental health, and
chronic disease management [1, 2, 7–9]. PROMs
are also being required by regulatory agencies [10].
PROMs prompt self-reflection from the patient and
provide patients with an opportunity to raise concerns
with clinicians, and may improve clinician awareness
of the breadth of patient challenges [4]. Despite their
utility, a major challenge to the uptake of PROMs is
limited clinician exposure [2]. Secondly, there may
be limited existing literature investigating PROMs in
the population of interest [6]. PROMs used in other
populations have often been incompletely studied or
have limited literature to support their use [4–6, 11,
12]. Understanding the status of the body of literature
of PROMs within the population of interest is impor-
tant when considering the inclusion of PROMs into
standard clinical monitoring and assessment prac-
tices. For a PROM to be useful, it must be valid,
responsive, reliable, and reflective of the patient expe-
rience [11, 13–16]. Incorporating PROMs with strong
supporting evidence into routine clinical practice can
improve the understanding of how medical treatments
impact patients, and can inform future designs of
clinical trials with more clinically meaningful data
capture [1, 5].

Spinal Muscular Atrophy (SMA) is a hereditary
neuromuscular disease with an estimated prevalence
of 1/10 000 to 1/11 000 births [17, 18]. SMA is
characterized by the progressive loss of lower motor
neurons, leading to several symptoms including pro-
gressive flaccid paralysis [19]. There are at least
33 causative genes identified [20]. 95% of SMA is
due to a mutation in the Survival of Motor Neu-
ron 1 (SMN1) gene [17]. A homologue of SMN1,
SMN2, modulates the clinical severity of SMA by
producing a low-functioning form of the SMN pro-
tein [20]. The copy number of SMN2 generally
correlates to the types of SMA described clinically
[20, 21].

In 2018, a landmark randomized clinical trial, Mer-
curi et al. 2018, was published, beginning a shift in
the therapeutic landscape of SMA, which has now
expanded to multiple therapeutic options for individ-
uals with SMA [22, 23]. Despite these therapeutic
advances, most clinical trials have been conducted
in a pediatric SMA population. It is continued to be
debated whether adults with SMA are receiving sig-
nificant benefits from these treatments which often
come with a high financial cost [24]. A key com-
ponent to advancing this discussion is the ability of
PROMs to capture alternative but valid and mean-

ingful outcomes which more closely align with the
patient experience [23, 24].

Patients, clinicians, and researchers are increas-
ingly recognizing SMA as a multi-system disease
and the need to study neglected outcomes such as
fatigue, bulbar function, communication, respiratory
function, and functional independence [13, 23–29].
The need for additional outcomes has arisen as a
result of patient reported changes in function which
were not captured by standard monitoring [5, 13,
23, 24, 26–30]. Despite this increased recognition,
most studies have continued to rely on traditional
measures, and few have incorporated PROMs into
research designs [31]. Two previous reviews included
PROMs available for use in SMA, although neither
review focused on adults or PROMs in particular, and
neither included validation data [13, 32].

A scoping review and network visualization was
conducted with the purpose of investigating, charac-
terizing, and visualizing currently existing PROMs
which have been used in adult SMA and similar neu-
romuscular diseases (NMD). In addition, the review
sought to describe the current trends of use and
domains of function being evaluated to highlight
areas where further research is needed. This review
was not intended to evaluate or select an optimal
PROM for use in adult SMA.

MATERIALS AND METHODS

Review & Search Methodology

This review utilized a scoping methodology to
assess available literature examining PROMs in
adult SMA. To improve the transparency, reporting,
and applicability of the review; the Joanna Briggs
Institute (JBI) scoping review, PRISMA-ScR, and
COSMIN guidelines were followed [14, 33, 34]. The
PRISMA-ScR and JBI guidelines both aim to stan-
dardize the reporting and methods of scoping reviews
[34, 35] while the COSMIN guidelines pertain specif-
ically to systematic reviews of PROMs; however, it
was felt that many of the COSMIN guidelines were
valid for the purposes of this review [14]. There is no
previously published protocol for this scoping review.

For inclusion, PROMs had to meet the definition
set by the CIHI, and had to be used in an adult SMA
or similar NMD population [3]. Given the similarity
in disease profile and in monitoring and manage-
ment, a study which used an NMD population that
included SMA was also determined to be appropriate
to include in this review. In the case where minimal
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validation data was available for a PROM, an alterna-
tive population could be included, provided all other
inclusion criteria were met. As a result, the inclu-
sion criteria required that articles must have evaluated
PROMs which were:

1. Studied in an adult SMA, NMD population OR
be in an alternative population in the instance
where there is limited validation data available;

2. Completed by the patient (and/or option for
caregiver to complete);

3. Informed on aspects of the patients’ health sta-
tus;

4. Relevant to domains such as quality of life, dis-
ease symptoms, function, pain, physical health,
mental health or social health.

Included PROMs must have been used in an article
which was published during or after 2016. The date of
publication requirement was determined to represent
the modern therapeutic, monitoring and assessment
practices of researchers and clinicians. Prior to 2016,
most studies focused on physical function and out-
come measure sensitivity to change, and alternative
non-motor endpoints were not strongly considered
until after therapeutic options were being introduced
for clinical use [20]. Original PROM sources were
also included in the review when available. PROM
characteristics included in the review were forms
of validity, reliability, responsiveness, Rasch analy-
sis, and others (e.g., time to completion, number of
questions, previous use in clinical trials, proprietary
status).

If inclusion criteria were met, any type of study
including experimental, observational or review was
considered. Grey literature could also be included if
inclusion criteria were met. Articles unavailable in
English were excluded. Support from institutional
libraries (Horizon Health Network, Dalhousie Uni-
versity, and University of New Brunswick) and/or
contacting article authors was used to locate any
remaining full-text articles, published data, or if
additional data was required. If full text articles or
necessary data continued to be unable to be obtained,
the article was then excluded.

The search strategy utilized PubMed, Google
Scholar, Scopus, Embase, Web of Science, and grey
literature to identify articles. Medical Subject Head-
ing (MeSH) keywords were used when available. For
non-MeSH databases, permutations of both MeSH
and synonym keywords were used to ensure opti-
mal database querying (Fig. 1). In the instance where
a search produced an excessively large number of

Fig. 1. Search Terms.

results due to database search algorithms, results were
reviewed until there were consistently no longer any
relevant articles identified.

The literature search was completed in June 2021.
Search results were initially screened (JS) before
being imported into Zotero and cataloged by database
of origin if inclusion criteria were felt to be met
[36]. After initial screening, all abstracts were then
reviewed and further categorized based on PROMs
used. Full text articles were then reviewed for
inclusion criteria, and data was extracted to a com-
prehensive PROMs Table (Supplementary Table 1).
During the full text review, forward and backward ref-
erence searching was used to identify any additional
articles which were not captured during the initial
search.

Data Extraction

This review extracted various psychometric prop-
erties of included PROMs as recommended by
COSMIN [14]. COSMIN further recommended the
evaluation of psychometric properties; however,
the intention of this review was not to evalu-
ate or determine an optimal PROM, but instead
to compile the available evidence to inform clin-
icians and researchers. Hence, the COSMIN risk
of bias checklist, Quality Criteria, and GRADE
assessments were not applied as part of this study
[14].

Measures of internal consistency, reliability, mea-
surement error, responsiveness, and Rasch analysis
were extracted. Internal Consistency (IC) describes
how well several items in a scale vary together in a
sample [37]. IC is often measured with Cronbach’s
Alpha, or Pearson’s Correlation Coefficient (PCC)
[14]. Reliability refers to the repeatability of a mea-
sure over various conditions [37, 38]. Three types of
reliability were extracted for this review: test-retest
reliability (TRT), inter-rater reliability, and intra-
rater reliability. Reliability is typically reported with
PCC, or Intraclass Correlation Coefficient (ICC).TRT
reliability measures the stability of responses over
time with the same respondents. Inter-rater reliability
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assesses the stability between two raters at one point
in time, while intra-rater reliability assesses the sta-
bility between instances of rating by one rater at one
point in time. Concurrent Validity (CV) is a measure
of how well the scale measures the underlying latent
construct by comparison to a gold standard test [37].
CV is measured with PCC or Spearman’s Ranked
Correlation (SCC). Responsiveness is a measure of
the sensitivity for a scale to detect changes [39].
The most common methods to measure responsive-
ness include the T-statistic, Effect Size (ES), Guyatt’s
Responsiveness Statistic, and standardized response
mean (SRM) [40]. Other forms of responsiveness
are in relation to clinically important changes (i.e.,
Minimal clinically important difference [MCID]), or
expected variance due to measurement error (i.e.,
standard error of measurement [SEM], and minimally
detectable change [MDC]). Lastly, Rasch Analysis
is a scale assessment technique that examines the
extent that observed data are in accordance to a
Rasch model. Rasch Analysis seeks to optimize the
validity and simplicity of a measure [41–43]. Com-
bined, these psychometric properties can be used to
describe how well a particular PROM reflects an
underlying construct, if the PROM is able to detect
changes, and how much error occurs during its use
[14, 44].

Additionally, other basic PROM characteristics
were extracted when available (e.g., number of Items,
time to completion, option for caregiver completion,
proprietary status). Six domains of function were
created by grouping together themes previously iden-
tified as important in persons with SMA by Mongiovi
et al. and Osmanovic et al. [28, 45]. The themes were
grouped into the following domains:

1. Physical Function: Assessing aspects of physi-
cal function and mobility;

2. Mental Health & Cognition: Assessing aspects
of emotional or mental health, social roles, and
cognition;

3. Fatigue: Assessing aspects of Fatigue, tiredness
or sleep status;

4. Communication & Speech: Assessing aspects of
Bulbar function, speech, communication, and
sight;

5. Pain: Assessing pain of any type;
6. Systemic Issues: Assessing any other signs of

systemic illness, or which provided a chance
to capture aspects which were otherwise not
covered.

For a PROM to be marked as assessing a domain,
the PROM must have addressed at least one aspect
of function held within that domain as defined
above.

Graphical Network Visualization of PROMs

A novel method of visualizing a literature review
was built by creating an adjacency matrix from
derived from the comprehensive PROMs Table
(Supplementary Table 1), prior to being import-
ing into R for creation with igraph, ggraph, and
ggplot2 packages [46–50]. The layout algorithm
stress was selected as it best visualized the relation-
ships between PROMs, characteristics, and articles.
The stress algorithm is a widely used technique which
seeks to minimize the stress function [51]. Central-
ity, a measure of relative importance, was calculated
using the Katz centrality method [52, 53]. The size
of nodes represents centrality, while node shapes
represent each of the patient populations when appli-
cable. Lastly, node colour represents the type of node
(e.g., article vs PROM vs characteristic). The network
graphic examines the relationships between support-
ing evidence of measures, how evidence evaluated
PROMs, and how PROMs evaluate patients based
upon domain.

The threshold to determine a relationship existed
for the network graph was any mention of the
topic directly (e.g., physical function domain must
have included some question pertaining to physical
function, while concurrent validity must have been
evaluated by some means within the study). This
threshold was chosen to recognize that there is no
well-defined standard of assessment for most mea-
sure characteristics. Therefore, the network graphic
allows for the recognition that each of these studies
have different methodologies and evaluated charac-
teristics and domains with variable methods.

Statistical Analysis

Through the compiled PROMs table, descriptive
statistics (e.g., sum, mean, minimum, maximum)
were obtained to describe the status of the literature,
frequency of PROM use, and frequency of psycho-
metric evaluation. Additional forms of descriptive
statistics were obtained through the adjacency matrix
to develop the network graph (e.g., centrality). No
hypothesis testing was completed during this review.
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Fig. 2. Flowchart of review methods.

RESULTS

Search Results

There were 5292 total articles identified through
the review process (Fig. 2). 5288 were found through
scholarly databases, and an additional 4 grey liter-
ature articles were identified through non-academic
databases. 115 articles met inclusion criteria prior to
abstract review. After abstract review, 30 articles were
excluded. During the full text review, forward and
backward searching revealed an additional 45 articles
meeting criteria. After full text review of all remain-
ing articles, a further 49 articles were excluded after
determining that they failed to meet inclusion criteria.
In total, 81 articles were included in the final review
and subsequent synthesis.

Of the 81 articles included in the final review, 77
were peer-reviewed articles and 4 were grey literature
(Fig. 3, Table 1). 32 articles were original sources
that were the first instance of publication of a PROM,
while 55 articles directly evaluated PROMs. Of the 4
grey literature articles, each was an original PROM
source from the general population. 46 articles evalu-
ated psychometric data, with some articles assessing
more than one aspect of psychometrics. Most studies

Table 1
Population Breakdown by Article Type

Population
Article Type Total (n) SMA NMD Rehabiliation General

Total 81 21 21 6 33
Peer-Reviewwd 77 21 21 6 29

Articles
Grey Literatue 4 0 0 0 4
Original Source 32 2 3 3 24
Psychometric 46 14 18 5 9

Evaluation

evaluated concurrent validity (37) and internal con-
sistency (22). Fewer evaluated test-retest reliability
(17) or responsiveness (9) (Fig. 4).

PROM Results

A total of 26 PROMs were initially identified.
5 were subsequently excluded for failing to meet
inclusion criteria. An additional 10 were identified
through forward and backward reference searching.
31 PROMs are included in the final review and syn-
thesis (Supplementary Table 1).

Most PROMs evaluated domains of Physical Func-
tion (25, 80%), Mental Health and Cognition, (21,
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Fig. 3. Population breakdown.

67%), and Fatigue (17, 54%). Fewer evaluated Com-
munication and Speech (13, 42%), Pain (11, 35%) or
Systemic Issues (9, 29%) (Fig. 4). Only 7 PROMs
could evaluate all domains of function. All included
PROMs were administered through an interview with
the patient. 3 PROMs had a caregiver (or proxy)
administration option validated. 87% of PROMs were
available without cost. The Activity Limitation Mea-
sure (ACTIVILIM), Quality of Life – Neuromuscular
Disorders (QoL-NMD), and the Egen Klassifikation
2 (EK2) each had a completed Rasch analysis in either
an SMA or NMD population. Only the SMA Indepen-
dence Scale (SMAIS-ULM) and SMA-Health Index
(SMA-HI) were developed specifically for SMA, all
remaining PROMs were originally developed for a
broader population and were re-purposed to fit an
SMA population.

The most frequently cited PROMs were the Short
Form 36 (SF-36) [14], Patient Reported Outcome
Measurement Information System (PROMIS) [11],

and Fatigue Severity Scale (FSS) [10] (Fig. 5). Across
all PROMs, there was an average of 5 articles per
PROM. The maximum number of studies evaluat-
ing a particular PROM was 14 (SF-36), and the least
was 1 (Self-care in Motor Neuron Disease Index
[SCNMD]). Most studies evaluated 2 PROMs (mean
of 1.90) at once. While 3 reviews were identified
investigating outcome measures in an NMD or SMA
population, none focused on adult SMA or PROMs
in SMA.

Network results

The network graph and visualization of the
evidence (Fig. 6) demonstrates the relationships
between articles, PROMs, and characteristics visu-
ally. The network consists of 123 nodes which include
each article, PROM, characteristic, and domain of
function. The nodes are connected by 379 edges rep-
resenting each relationship connection nodes.

Fig. 4. Spider chart of psychometrics & domain of function.
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Fig. 5. Article Count Bar Chart.
SF-36 - Short-Form 36; PROMIS – Patient Reported Outcomes Measurement Information System; FSS – Fatigue Severity Score; ACTIVILIM
– Activity Limitation Measure; BI – Barthel Index; EK2 – Egen Klassification 2; SMAFRS – Spinal Muscular Atrophy Functional Rating
Scale; USER-P – Utrecht Scale for Evaluation of Rehabilitation Participation; FIM – Functional Independence Measure; EUROQOL –
EUROQOL 5D/5L Measure; NHP – Nottingham Health Profile; CDRS – Connor Davidson Resiliency Scale 10; SMA-HI – Spinal Muscular
Atrophy Health Index; SMAIS – Spinal Muscular Atrophy Independence Scale; RSES – Rosenberg Self-Esteem Scale; QOLNMD – Quality
of Life Neuromuscular Disorders; SWLS – Satisfaction with Life Scale; HUI – Health Utility Index 3; GAS – Goal Attainment Scale; DUKE –
Duke Health Profile; WPAIQ – Work Productivity and Activity Impairment Questionnaire; INQOL – Individualized Neuromuscular Quality
of Life Questionnaire; NMDIP – Neuromuscular Disease Impact Profile; SIP-68 – Sickness Impact Profile 68; GSES – General Self Efficacy
Scale; CIS – Checklist of Individual Strength; MFI – Multidimensional Fatigue Inventory; NEADL – Nottingham Extended Activities of
Daily Living Scale; SCNMD – Self-Care in Motor Neuron Disease Index.

There are two central groupings of nodes, the first
is the measure characteristic grouping, and the second
is the domain of function grouping. Both groups are
a function of two levels of data being represented
within the graph. The measure characteristic group
holds the article level data and their accompanying
psychometric characteristics. The domain of function
group holds the PROM level data, which also includes
psychometrics and domains of function. The PROMs
themselves are found to be interspersed throughout
the network based upon their connectivity to both
groups.

DISCUSSION

Interpreting the network graphic

The network graphic (Fig. 6) provides a visual rep-
resentation of the status of the literature examining
PROMs in adult SMA. The network graphic shows
that there are a smaller number of PROMs which are
most connected to other nodes; these PROMs (SF-36,
USER-P, FSS, FIM, EK2, ACTIVLIM, SMAFRS)
are situated in between both groups. The PROMs
which are in the periphery, are new and upcoming, are
rarely used, or have relatively little evidence to sup-

port their use. The peripheral PROMs may represent
an opportunity for further research studies, as there
is likely much that the literature does not know about
their use in an adult SMA population. By utilizing
both the network graphic (Fig. 6), and the compre-
hensive PROMs table (Supplementary Table 1), one
can visually assess the level of support of PROMs
and status of the literature and review the extracted
objective evidence from each article.

The current role of PROMs for adults with SMA

PROMs for adults with SMA is a rapidly evolving
area due to the therapeutic advances and the rec-
ognized importance of PROMs in capturing patient
experiences. With a total of 31 identified PROMs,
the number of available PROMs is quickly growing.
Most currently existing PROMs target physical func-
tion (80%), while few PROMs can capture aspects
of every domain. This result is expected as the focus
of research in SMA has traditionally been focused
on physical function, with only recent recognition of
additional impacts of the disease. Few PROMs eval-
uate domains of sexual function, speech, and other
systemic issues, despite evidence supporting their
importance [28, 45]. New PROMs should seek to fur-
ther incorporate poorly captured domains. In pursuit
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Fig. 6. Network graph.

of developing an optimal PROM in adult SMA, it is
important to maintain open communication with all
healthcare stakeholders, and to continue to critically
assess emerging psychometric and clinical evidence
so that PROMs may continue to adapt into the “fit-for-
purpose” role required of them by patients, clinicians,
and researchers [5].

Many of the identified PROMs are not well estab-
lished or validated, with the most used PROMs
continuing to have gaps in psychometric evi-
dence. Most PROMs have been repurposed to fit
an SMA population due to the traditional moni-
toring environment not requiring measures to be
particularly responsive, and instead were used to

broadly categorize function. PROMs like the SF-36,
WHOQOL-BREF, and the Functional Independence
Measure (FIM) are frequently used and well sup-
ported by psychometric evidence, but it is possible
that their content validity is sub-optimal in adult
SMA due to their general intended use. These mea-
sures may be able to discriminate between adults with
SMA, but it is largely unknown if they will be respon-
sive to the subtle changes in function which have
become particularly important in the modern thera-
peutic era [24]. Most PROMs evaluate a portion of the
domains of assessment, but only 7 could evaluate all
domains. Included in this group, are the PROMIS and
NEUROQOL scales which are modular PROMs that
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have many subscales available for use. Of the PROMs
capable of measuring all domains of assessment,
only the SMA-HI and the NMDIP were specific to
NMD, with the remaining 5 PROMs being applied to
SMA and/or NMD but developed for a more general
population.

There is a tendency for articles to focus on con-
current validity (Fig. 4), rather than other equally
important measures of validity, reliability, or respon-
siveness. This focus on concurrent validity may lead
to an over-estimation of the true level of validation
that a PROM has achieved in the adult SMA pop-
ulation. Additional study of other forms of validity,
responsiveness, and reliability will provide more in-
depth understanding of how PROMs capture patient
experiences.

One of the most used PROMs is the SMAFRS
which was initially developed from the Amyotrophic
Lateral Sclerosis Functional Rating Scale (ALSFRS)
and WeeFIM protocol to facilitate discrimination
of SMA disease severity based upon SMN2 copy
number [54]. Despite the original intentions of the
SMAFRS, it has quickly become a standard tool in
in assessing function, appearing in multiple recom-
mendations, and clinical studies [25, 55–57]. Despite
its widespread use, the SMAFRS continues to have
limited validation and psychometric data supporting
its use, and unlike its relative the ALSFRS, does not
include assessment of speaking or respiratory func-
tion.

Having strong psychometric evidence is important
to establish how a PROM will react in a research
setting. Without this evidence, there is an increased
risk of committing Type I and/or Type II errors when
using PROMs which are not comprehensively val-
idated [58]. To remedy this risk in an adult SMA
population, thorough investigation of PROMs should
be undertaken prior to their implementation in clinical
decision-making [6].

What’s next for PROMs?

Newly developed PROMs specific to SMA may
provide a solution to the current patchwork quilt
of validation and utilization. New upcoming mea-
sures such as the SMA-HI, ACTIVLIM, and the
SMAIS may represent the next generation of PROMs
in adult SMA, despite a current lack of valida-
tion data [59–61]. All three were developed for
SMA or NMD to monitor disease progression in the
new therapeutic environments and were intention-

ally developed to optimize validity, reliability, and
responsiveness. Since the completion of this review,
the SMAIS and NEUROQOL have had further val-
idation studies completed in an SMA population
[61, 62].

Further validation efforts may become more
challenging owing to the changing therapeutic envi-
ronment with increasing numbers of persons with
SMA receiving disease-modifying treatments which
will require careful study design and patient selec-
tion. The careful design, development, and validation
of PROMs in SMA, in collaboration with persons
with lived experience, will maximize the likelihood
of producing a sensitive, valid, and repeatable mea-
sure which is reflective of the patient’s experience.
If these upcoming measures can continue to show
promising validation data, be easily interpretable and
implementable for clinicians, and can be incorporated
into research studies, they may be an important part
of the future in assessing and monitoring adults with
SMA.

Another key factor for encouraging the uptake of
new, robust PROMs is to be accessible by both the
research and clinical communities. If PROMs are
unable to be located, understood, or affordable; they
will not be widely adopted.

PROMs represent an opportunity to provide valid,
responsive, and repeatable data that is both compre-
hensive and reflective of the experiences of persons
with SMA [5, 11, 13–16]. With further investiga-
tion, currently existing PROMs may be found to
be appropriate for use or it may be possible that
stitching together the best properties of currently
existing PROMs may lead to new measures which
better capture a person’s ability, while still being
strongly supported by psychometric evidence. Until a
robust PROM becomes available, it is important to be
cautious when relying upon PROMs to draw signif-
icant conclusions until it is understood how PROMs
capture the information which is most important to
patients and clinicians.

Limitations

This review falls between a scoping review and a
systematic review as the body of literature investigat-
ing PROMs in adult SMA populations continues to be
relatively small. It is likely that this review included
most of the available relevant literature. In the future,
as the amount of literature increases, a more robust
systematic review and meta-analysis may be war-
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ranted which adheres strictly to COSMIN guidelines
and seeks to determine which PROM is best sup-
ported. If a systematic review was completed today,
there would be a risk of introducing a ‘search sat-
isficing’ bias due to the finding that most PROMs
do not have a complete validation available [63].
This bias could inadvertently lead to inappropriate
PROM selection, particularly when the PROMs with
most evidence are known to be imperfect. When a
sufficient body of evidence exists, an international
consensus guideline, systematic review, or an alter-
native approach to harmonize and unify PROMs used
for adults with SMA would be highly desirable and
clinically valuable. Another limitation of this study
is that there was only one person (JS) who conducted
the initial review. Optimally there would be two or
more reviewers; However, due to there being only
one reviewer, it is likely that the review criteria were
more consistently applied across all articles because
of only one interpretation of the criteria.

The network graphic and characteristics are both
optimistic estimates of the relationships and evidence
of PROMs. It is likely that PROMs are less robustly
supported, or incompletely cover domains of function
than described by the network graphic. It is argued
that despite this, it is reasonable as this review did not
seek to evaluate the quality of articles identified or
comprehensiveness of domains of function. Further-
more, there is no saturation of data, and despite the
optimistic estimate many gaps in evidence remained.
It is possible that some PROMs do not adequately
assess the domains of function, or that the methodol-
ogy used to validate the PROM was inappropriate
for reasons of introduced bias, poor study design,
or others. Future research should seek to evaluate
the comprehensiveness of PROMs to cover various
domains of function.

Conclusion

This review sought to outline the status of the lit-
erature on PROMs in adult SMA. This review can be
used to support the development and refinement of
further research, and the clinical implementation of
PROMs. A variety of PROMs already exist, but few
are robustly researched or comprehensive in scope.
New PROMs are being developed but most have not
yet come to maturity and have not yet been widely
adopted or translated to practice. As new PROMs
become available, it is important to continue to eval-
uate and validate the evidence to understand both

their theoretical and practical value in monitoring and
assessing adults with SMA.
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