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Abstract
Background: Trials of disease-modifying therapies (DMTs) for multiple sclerosis (MS) often include
patients with minimal disability. Patient-reported outcome instruments used in these trials have often
not captured physical and psychological treatment effects concomitant with observed clinical benefits.
Objective: To examine whether the Multiple Sclerosis Impact Scale-29 (MSIS-29) captures changes in
the impact of MS in a sample of patients enrolled in the Phase 3 ASCLEPIOS studies (ofatumumab vs.
teriflunomide).
Methods: Measurement properties (i.e. item fit, reliability, and targeting) of the MSIS-29 were analyzed
using Rasch measurement theory (RMT) in data from two phase 3 ofatumumab clinical trials including
patients with relapsing-remitting or secondary progressive MS (N= 1882). Targeting of the MSIS-29
items to the patient population was explored within groups categorized by Expanded Disability Status
Scale (EDSS) scores.
Results:Under RMT analyses, both the Physical and Psychological Impact scales of the MSIS-29 were not
appropriately targeted to the overall sample of patients. In particular, 49% and 30% of patients with an
EDSS score ≤ 2.5 had fewer physical and psychological impacts, respectively, than would typically be
captured by these MSIS-29 items compared to patients with EDSS scores of ≥ 3.
Conclusion: The MSIS-29 is commonly used to evaluate the patient-reported physical and psychological
impact of MS. However, it may be limited in evaluating changes associated with DMTs in patients with
minimal disability.

Keywords: Disability, disease-modifying therapy, Multiple Sclerosis Impact Scale-29, multiple sclerosis,
patient-reported outcomes, physical impact, psychological impact, psychometric analysis, Rasch
measurement theory

Date received: 21 February 2023; accepted: 30 August 2023

Introduction
Multiple sclerosis (MS) is a chronic, immune-
mediated disease of the central nervous system
characterized by inflammation, demyelination and
axonal/neuronal destruction, ultimately leading to
severe disability.1 Initiation of disease-modifying
therapies (DMTs) earlier in the course of the disease
is increasingly being considered to prevent disability

accrual.2–4 Therefore, new DMT clinical trials
should use outcome measures sensitive to disability
progression in recently diagnosed patients, who are
likely to demonstrate limited functional impairments,
reflected in lower Expanded Disability Status Scale
(EDSS) scores. Disease progression in such patients
may be episodic or tenuous and may not be detected
by standard clinical outcome assessments included
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in clinical trials. These changes could be captured by
patient-reported outcome (PRO) instruments that
assess the impact of the disease on patients’ daily
lives. However, in clinical trials, DMTs have repeat-
edly failed to show benefits for MS on PRO end-
points.5–8 At best, as for cladribine9 or
ocrelizumab10 clinical trials showed marginal positive
impacts for some PRO domains. But the results were
not confirmed in an independent study.11 This could
plausibly mean that either DMTs have no direct
patient-reported physical and psychological benefits,
or there is a limitation in the instrument used for
measurement of impact in this patient population.

The Multiple Sclerosis Impact Scale-29 (MSIS-29) is
a PRO instrument that has been used as an outcome
measure in at least 34 MS clinical trials and was
designed to assess the physical and psychological
impact of MS.12 MSIS-29 scores were collected in
the phase 3 ASCLEPIOS I and II trials and it was
observed that there was a discordance between the
clinical and imaging outcomes, including disability
progression, and the ability of the MSIS-29 instru-
ment to accurately capture associated changes in the
impact of MS.13

Several studies have evaluated the psychometric
properties of the MSIS-29 in different clinical
research settings.14–16 Most of the supportive evi-
dence for MSIS-29 is based on traditional psychomet-
ric methods (classical test theory). It is now widely
established that modern psychometric approaches
(e.g. Rasch measurement theory [RMT]) provide a
more systematic approach to appraising PRO instru-
ment content.16 Applying RMT to MSIS-29 data
highlighted some potential limitations, in particular
the inability of MSIS-29 to adequately capture the
impact of MS on patients with minimal disability.16

Cleanthous et al.17 recently explored the reconceptua-
lization of the MSIS-29 scale using RMT analysis,
which resulted in a three-scale structure:
“Symptoms,” “General Limitations,” and
“Psychological Impact.” The revised structure
showed some improvement in the measurement prop-
erties of the MSIS-29. However, the poor coverage of
patients with minimal disability levels was not fully
resolved.

The present study examined the ability of the
MSIS-29 to appropriately capture the impact of MS
in a sample of patients with relapsing-remitting MS
(RRMS) and secondary progressive MS (SPMS)
from the ASCLEPIOS I/II phase 3 clinical trials,
with a particualr focus on the ability of the MSIS-29

to appropriately capture the impact of MS in patients
with minimal disability (EDSS score ≤ 2.5; i.e.,
patients with mild disability in one of the seven func-
tional systems (FS) or minimal disability in two).

Material and methods

Patient sample (ASCLEPIOS I and II studies)
Data from the randomized, double-blind, double-
dummy, active comparator-controlled, parallel-group,
multi-center, phase 3 ASCLEPIOS I and II studies
investigating the efficacy, safety, and tolerability of
subcutaneous ofatumumab versus oral teriflunomide
in patients with relapsing forms of MS were used
(detailed design and results of the ASCLEPIOS I
and II studies have been published elsewhere18; for
demographic and clinical characteristics at baseline,
see Table 1). In brief, inclusion criteria consisted of
adult relapsing MS patients aged between 18 and 55
years with active disease (RRMS or SPMS with an
EDSS score of 0.5–5.5). Diagnosis of MS was
defined according to the 2010 revised McDonald cri-
teria19; RRMS was defined as recurrent acute exacer-
bations of neurologic dysfunction (relapses) followed
by full or partial recovery; SPMS was defined as con-
tinuous worsening of disability that occurs independ-
ently of relapses.20 Treatment duration varied for
individual patients, with a maximal duration of 30
months (2.5 years) for each patient. The two studies
were identically designed and conducted simultan-
eously, providing the rationale for using pooled data
to conduct the psychometric analyses.

Quantitative analyses
The MSIS-29 was developed based on interviews of
patients with RRMS, primary progressive MS, and
SPMS, expert opinion, and literature review.12 It
includes 29 self-administered items originally
grouped into two broad domains: Physical Impact
(20 items) and Psychological Impact (nine items).
Responses to questions about the impact of MS on
different aspects of daily life are collected using a
4-point scale ranging from “not at all” (1) to
“extremely” (4). The score obtained for each of the
two scales by summing the responses to the individual
items is linearly converted to a 0 to 100 range, where
100 indicates greater impact of MS.

In the ASCLEPIOS studies, the MSIS-29 question-
naire was collected at screening, baseline, and post-
baseline visits at months 6, 12, 18, and 24. The
MSIS-29 was also collected at the EOS visit and in
case of treatment discontinuation (the end of treat-
ment visit). Responses to the MSIS-29 items were
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described in subgroups of patients defined by their
Expanded Disability Status Scale (EDSS) score.

RMT analyses were conducted with all visits com-
bined (“stacked” data), without consideration for
treatment groups. The MSIS-29 physical impact and
psychological impact item sets were analyzed separ-
ately, as specified in the original instrument. RMT
analyses were also performed using the alternative
three-scale structure.16

Measurement properties from the RMT analysis, that
is, fit to the Rasch model and reliability, were exam-
ined for each item set before focusing the interpret-
ation on the targeting of the item set to the patient
sample.16 Item fit was assessed based on ordering of
item response options (i.e. ordering of item thresh-
olds)21 and comparison of observed and expected
responses using statistical indices (standardized fit
residuals, using the range − 2.5 to+ 2.5 to character-
ize adequate fit,16 and chi-square tests) and graphical

examination of the item characteristic curve.22

Reliability was assessed using the Person separation
index (PSI),23 interpreted as follows: < 0.70, unsatis-
factory; 0.70–0.79, modest; 0.80–0.89, adequate;
0.90 −1.00, good reliability.24 The targeting of the
MSIS-29 item sets to the patient sample was exam-
ined by comparing the distribution of the estimates
from the Rasch model for the patients and items.
The main question of interest was whether the
MSIS-29 item parameters adequately cover the part
of the continuum corresponding to patients with a
limited impact of MS.

Additionally, the distribution of the patient sample
corresponding to the impact of MS resulting from
the RMT analysis was described according to EDSS
categories to illustrate how well the impact of MS
was captured by the MSIS-29 items in patients with
different levels of functioning, with a particular
focus on patients with an EDSS score ≤ 2.5 (i.e.
patients with mild disability in one of the seven FS

Table 1. Summary of the demographic and clinical characteristics (baseline visit, pooled data from the
ASCLEPIOS I and II trials, N= 1882).

Parameter
Total
N= 1882

EDSS ≤
2.5 N= 932

Female, n (%) 1273 (67.6%) 628 (67.4%)
Male, n (%) 609 (32.4%) 304 (32.6%)
Age, mean (SD) 38 (9) 36 (9)
Age, n (%)
18–30 years 442 (23.5%) 294 (31.5%)
31–40 years 651 (34.6%) 346 (37.1%)
41–55 years 785 (41.7%) 290 (31.1%)
> 55 years 4 (0.2%) 2 (0.2%)

Region, n (%)
Eastern Europe 558 (29.6%) 258 (27.7%)
Western Europe 416 (22.1%) 235 (25.2%)
North America and Australia 426 (22.6%) 197 (21.1%)
Others 482 (25.6%) 242 (26.0%)

EDSS groups, n (%)
Normal neurological examination (EDSS= 0) 44 (2.3%)
Lower EDSS scores (1≤EDSS score≤ 2.5) 888 (47.2%)
Intermediate EDSS scores (3≤EDSS score≤ 4.5) 747 (39.7%)
Severe disability (5≤EDSS score≤ 5.5) 185 (9.8%)
Very severe disability (EDSS score≥ 6) 17 (0.9%)
Missing 1 (0.1%)

Type of MS at study entry, n (%)
RRMS 1774 (94.3%) 930 (99.8%)
Active SPMS 108 (5.7%) 2 (0.2%)

EDSS: Expanded Disability Status Scale; MS: multiple sclerosis; RRMS: relapsing-remitting MS; SPMS: secondary
progressive MS; SD: standard deviation.
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or minimal disability in two). The distribution of
patients reporting a given level of impact across
each of the MSIS-29 items was also depicted graphic-
ally using heatmaps.

Analyses were performed using RUMM 2030 software
(RUMMLaboratory, Perth, Australia) for RMT analysis
and SAS v9.4 (SAS Institute Inc., Cary, NJ, USA) for
data preparation and all other analyses.

Results

Sample description
Briefly, ASCLEPIOS I and II included a total of 1882
patients (mean age across both trials was 38 years,
68% were female [Table 1]). Most were from Europe
(Eastern Europe, 30%; Western Europe, 22%) or from
North America and Australia (23%). Most patients
had RRMS (94%) and 6% had SPMS. Almost half of
the patients (49.5%) had normal neurological examin-
ation or minimal-to-no disability (EDSS score ≤ 2.5)
at baseline. The change from baseline in MSIS-29
scores for the ofatumumab and teriflunomide groups
over the course of the pooled ASCLEPIOS I and II
trials are presented in Supplemental Material 1.

Item responses at pooled visits were described within
subgroups of patients defined by EDSS score
(Table 2). These subgroups were used in the subse-
quent RMT analyses by EDSS score and heatmaps.
A total of 8609 assessments of the MSIS-29 were per-
formed over the course of the two studies and were
included in the analyses.

Physical impact domain

Distribution of responses to MSIS-29 physical impact
items. The distribution of responses to the MSIS-29
physical impact items according to EDSS score is

presented in Figure 1. In patients with EDSS score
≥ 3, the response to most items typically indicated at
least “a little” impact of MS. In patients with an
EDSS score ≤ 2.5, the most frequent response reported
no impact for any of the physical impact items. The only
items for which > 40% of patients with minimal disabil-
ity levels (EDSS score ≤ 2.5) reported “a little” impact
were “Doing physically demanding tasks,” “Problems
with balance,” and “Heavy arms or legs.”

RMT analysis of MSIS-29 physical impact domain.
The RMT analysis of the MSIS-29 physical impact
domain in the overall sample showed mixed results.
All items had correctly ordered thresholds, indicating
that the response categories worked as intended
(Figure 2(b)) and the scale had good reliability (PSI
= 0.91). However, examination of the item fit
showed observed responses to these items were not
always aligned with predicted model outcomes; in
fact there were deviations from the Rasch model for
most items (standardized fit residuals outside of the
−2.5/2.5 range and significant chi-square statistics
[Supplemental Material 2]).

When considering the coverage of the physical impact
continuum, very few “item thresholds” were distribu-
ted at the lower, left-hand end of the continuum
(Figure 2(b) and (c)). The items with the lowest esti-
mated first “threshold” (corresponding to the shift
between “no impact” and “a little impact”), indicating
the mildest physical impact captured by the MSIS-29,
were for being “a little limited” in “doing physically
demanding tasks,” and being “a little bothered” by
“problems with balance,” “heavy arms or legs,”
“taking longer to do things,” or “being clumsy.” In
contrast, a substantial proportion of the patient
sample was distributed toward this end of the con-
tinuum (Figure 2(a)): > 20% of the patient sample
had lower physical impact than would typically be

Table 2. Subgroups of patients defined by EDSS score.

EDSS groups
n (%)

Total
N (%)

Pooled visits
N (%)

Normal neurological examination (EDSS= 0) 44 (2.3%) 266 (2.1%)
Lower EDSS scores (1≤EDSS score≤ 2.5) 888 (47.2%) 3927 (45.6%)
Intermediate EDSS scores (3≤EDSS score≤ 4.5) 747 (39.7%) 3027 (35%)
Severe disability (5≤EDSS score≤ 5.5) 185 (9.8%) 690 (8.0%)
Very severe disability (EDSS score≥ 6) 17 (0.9%) 287 (3.3%)
Missing 1 (0.1%) 412 (4.8%)

Baseline visit. Total MS patients, N= 1882, and total pooled data points from two trails, N= 8609.
EDSS: Expanded Disability Status Scale.

Multiple Sclerosis Journal—Experimental, Translational and Clinical

4 www.sagepub.com/msjetc

https://journals.sagepub.com/doi/suppl/10.1177/20552173231201422
https://journals.sagepub.com/doi/suppl/10.1177/20552173231201422


captured by any of the MSIS-29 items. As expected,
the small number of items adequate for low levels
of physical impact led to substantial uncertainty asso-
ciated with measurement of this portion of the con-
tinuum (Figure 2(d)).

Distribution of MSIS-29 physical impact measures
according to EDSS score. A plot of the distribution
of the patient sample over the physical impact con-
tinuum from the RMT analysis in the subgroups of
patients defined by baseline EDSS score was highly
skewed toward very low levels of impact in patients
with an EDSS score ≤ 2.5 (Figure 3). Almost half
(49%) of patients with an EDSS score ≤ 2.5 had
lower physical impact than would typically be cap-
tured by any of the MSIS-29 items. The physical
impact of patients with EDSS scores of ≥ 3 aligned
much better with the MSIS-29 items.

Psychological impact domain

Distribution of responses to MSIS-29 psychological
impact items. Similar to the physical impact
domain, a clear difference was observed in the distri-
bution of responses to the psychological impact items
depending on EDSS score (Figure 4). Patients with an
EDSS score ≥ 3 typically reported at least “a little
impact” for most psychological impact items,
whereas the most frequent response reported by
patients with EDSS score ≤ 2.5 was “no impact” for
all psychological impact domain items. However, a
higher proportion of patients with minimal disability

levels (EDSS score ≤ 2.5) reported some psycho-
logical impact across all items than was reported for
physical impact items.

RMT analysis of MSIS-29 psychological impact
domain. The RMT analysis of the MSIS-29 psycho-
logical impact domain in the overall sample showed
mixed results. All items had correctly ordered thresh-
olds, indicating that the response categories worked as
intended (Figure 5(b)) and the scale had adequate reli-
ability (PSI= 0.86). Similar to the physical impact
analysis, observed responses to these items were not
always aligned with predicted model outcomes and
the item fit showed deviations from the Rasch
model for most items (standardized fit residuals
outside of the −2.5/2.5 range and significant chi-
square statistics [Supplemental Material 3]).

Only a few psychological impact item thresholds
were estimated at the lower end of the continuum
(Figure 5(b) and (c)). The lowest estimated first
thresholds (corresponding to the shift between “no
impact” and a “little impact”) were for being “a
little bothered” by “feeling mentally fatigued,”
“being irritable,” “having problems concentrating,”
“worries related to MS,” “feeling anxious,” or
“feeling unwell.” Nonetheless, almost 30% of the
patient sample had lower psychological impact than
would be typically captured by any MSIS-29 item
(Figure 5(a)). Again, and as expected, the small
numbers of items adequate for low levels of psycho-
logical impact resulted in substantial uncertainty

Figure 1. Heatmap of the responses to Multiple Sclerosis Impact Scale-29 (MSIS-29) “Physical Impact” domain items
(pooled visits, pooled data from two trials, N= 8197). Each cell of the map shows the percentage of patients that reported a
given level of impact (column) for a given item (row), with darker fill colors indicating higher percentages.
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associated with the measurement of this portion of the
continuum (Figure 5(d)).

Distribution of MSIS-29 psychological impact
measures according to EDSS score. Similar to
results for the physical impact measures, there is a

clear mismatch between the psychological impact of
patients with low EDSS scores (≤ 2.5) and
MSIS-29 items (Figure 6): > 40% of the subgroup of
patients with an EDSS score ≤ 2.5 had lower psycho-
logical impact than would typically be captured by
any of the MSIS-29 items. However, the

Figure 2. Results of Rasch measurement theory analysis of the Multiple Sclerosis Impact Scale-29 (MSIS-29) “Physical
Impact” domain (pooled visits, pooled data from two trials, N= 8389): (a) distribution of estimated parameters for each
individual MSIS-29 assessment over the continuum of physical impact; (b) MSIS-29 item threshold map, presenting the
most probable response to each item along the continuum of physical impact; (c) distribution of estimated MSIS-29 item
thresholds over the continuum of physical impact; (d) standard error associated with individual MSIS-29 assessment over the
continuum of physical impact. The same X-axis is shared by all graphs to allow direct comparison between panels; and
defines the continuum of psychological impact measured by the MSIS-29 domain as estimated by the Rasch model. It is
expressed in “logits” (the unit of the Rasch model) and ranges from lower psychological impact on the left to higher
psychological impact on the right.
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psychological impact of patients with an EDSS scores
≥ 3 aligned much better with the MSIS-29 items.

Alternative three-scale structure
The RMT analysis of the alternative three-scale struc-
ture (symptoms, psychological impact, and general
limitations) did not show significantly improved
results compared with the original structure in terms
of coverage of the low-impact end of the measured
continuums (Supplemental Materials 4 to 6). For all
three modified scales, no MSIS-29 items were
located on the portion of the continuum

corresponding to low impact, where a substantial pro-
portion of the patient sample was distributed.

Discussion
RMT analyses of the MSIS-29 data from
ASCLEPIOS I and II highlighted the limitations of
the MSIS-29 instrument to capture the impact of
MS in minimally disabled patients. Only a few
MSIS-29 items (i.e. being “a little bothered” not
being able to perform physically demanding tasks,
by troubles with balance, or by mental fatigue)
appeared to adequately capture the physical or

Figure 3. Distribution of estimated parameter for each MSIS-29 “Physical Impact” assessment within EDSS score (pink
bars) and of estimated MSIS-29 item thresholds (blue bars) over the same metric of physical impact from the Rasch model
(pooled visits, pooled data from two trials, N= 7977). The same X-axis is shared by all graphs to allow direct comparison
between panels; and defines the continuum of psychological impact measured by the MSIS-29 domain as estimated by the
Rasch model. It is expressed in “logits” (the unit of the Rasch model) and ranges from lower psychological impact on the left
to higher psychological impact on the right.
MSIS-29: Multiple Sclerosis Impact Scale-29; EDSS, EDSS: Expanded Disability Status Scale.
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psychological impact of MS relevant to patients with
low EDSS scores.

Cleanthous et al.17 aimed to document the measure-
ment properties of the MSIS-29 and explore possible
different scoring of the MSIS-29. The analysis we
present was similar as we also explore the measure-
ment properties of the MSIS-29. However, the previ-
ous research did not explore the relationship of the
MSIS-29 with the EDSS level, which is a central to
our research, and therefore constitutes a clear added
value to previous analyses

The Cleanhouse et al.17 analysis represents a previous
application of the Rasch model that demonstrated
mistargeting of MSIS-29 physical impact and psycho-
logical impact scales to an RRMS clinical trial
sample. In ASCLEPIOS I and II, the mistargeting of
the MSIS-29 items was primarily observed in sub-
groups of patients with minimal disability levels
(EDSS scores ≤ 2.5). This confirmed the different
manifestation of the physical and psychological
impact of MS in these patients versus those with
more debilitating MS. This difference may be in the
degree (milder impact that cannot be captured by
the questions as worded in the MSIS-29) or in the
nature of the impact (different areas of daily life
impacted or impact taking a different form). The
measurement of the impact of MS by the MSIS-29
in patients with minimal disability levels is therefore
probably incomplete and associated with much uncer-
tainty. In this context, the assessment of the impact of
MS in minimally disabled patients needs to be
reconsidered.

An alternative domain structure for the MSIS-29 has
been proposed17 with the intent of improving the psy-
chometric performance. However, these modifica-
tions do not address the measurement of the impact
of MS in patients with no-to-mild disability. It
should be noted these data were not adjusted for
sample size; therefore, the resulting chi-square
should be interpreted in the context of a large
sample size. Further research is required to gain a
better understanding of the daily experience of
patients with lower EDSS scores. It would be import-
ant to identify the specific areas of their lives impacted
and the manifestation of this impact. This would
allow the generation of a set of patient-reported
items targeted to this subgroup of patients. These
items could be used as a standalone measure targeting
patients with MS and limited functional impairment.
The items could also be used jointly with the
MSIS-29, providing wider coverage of the impact of
MS over different stages of the disease if a broader
population is considered. Such a “bolt-on” strategy
was recently applied to address similar issues in
other PRO instruments used in MS.25,26

Despite the superiority of ofatumumab over teriflu-
nomide on reducing the risk of relapses and disabil-
ity progression in ASCLEPIOS I/II—outcomes
which directly affect quality of life—the MSIS-29
did not demonstrate a clinically meaningful differ-
ence between the treatment arms. Demonstration of
a treatment benefit in this context requires instru-
ments able to detect subtle changes in the experience
of patients whose functional status is minimally
impaired.

Figure 4. Heatmap of the responses to Multiple Sclerosis Impact Scale-29 (MSIS-29) “Psychological Impact” domain items
(pooled visits, pooled data from two trials, N= 8197). Each cell of the map shows the percentage of patients that reported a
given level of impact (column) for a given item (row), with darker fill colors indicating higher percentages.

Multiple Sclerosis Journal—Experimental, Translational and Clinical

8 www.sagepub.com/msjetc



Our analyses of the MSIS-29 offer a possible explan-
ation for the absence of conclusive PRO results in MS
clinical trials. The lack of items capturing the impact
of MS in patients experiencing lower disability levels
can be explained by the development process of the
MSIS-29. Historically, the items in the MSIS-29
final version were selected using data from a postal
survey of a random sample of members of the
Multiple Sclerosis Society of Great Britain and
Northern Ireland around the year 2000.12 Limited
information is available to characterize this sample
(e.g. no EDSS was collected). The inclusion criteria
of the ASCLEPIOS trials were based on the
McDonald criteria revised in 2010. It is therefore

reasonable to assume that the MSIS-29 development
sample included mostly patients experiencing
greater levels of disability. In such a sample, the
items relevant to patients with the least functional
impairment were likely not endorsed by the majority
of the sample and may have shown lower correlations
than the items more targeted to the majority of the
sample. With this approach, it is likely that the
items reflecting the least impact of MS were not
included in the instrument. This approach was appro-
priate for the original intended use of MSIS-29 in a
broad MS population under the diagnostic criteria of
the time, but not fully for a population recruited
under revised diagnostic criteria that emphasize the

Figure 5. Results of Rasch measurement theory analysis of the Multiple Sclerosis Impact Scale-29 (MSIS-29)
“Psychological Impact” domain (pooled visits, pooled data from two trials, N= 8375): (a) distribution of estimated
parameters for each individual MSIS-29 assessment over the continuum of psychological impact; (b) MSIS-29 item
threshold map, presenting the most probable response to each item along the continuum of psychological impact; (c)
distribution of estimated MSIS-29 item thresholds over the continuum of psychological impact; (d) standard error associated
with individual MSIS-29 assessment over the continuum of psychological impact. The same X-axis is shared by all graphs to
allow direct comparison between panels; and defines the continuum of psychological impact measured by the MSIS-29
domain as estimated by the Rasch model. It is expressed in “logits” (the unit of the Rasch model) and ranges from lower
psychological impact on the left to higher psychological impact on the right.
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need for early treatment. It is worth noting that our
analysis is limited to cross-sectional data and that a
future analysis on the longitudinal changes in the
MSIS-29 in the ASCLEPOIS trial population may
offer insights into the effect of noise on the outcome
measure and strengthen the demonstration of the lim-
itations of the MSIS-29.

In MS research, PROs are used as outcome mea-
sures,16,27,28 however it is worth noting that, similarly
to the development of the MSIS-29, the majority of
PROs used in MS research were developed within
populations that are majorly different from the

average MS population. Moreover, due to progress
in the MS treatment landscape, and the earlier pre-
scription of DMTs, the course of clinical worsening
in the majority of MS patients has changed since
most PROs used in MS clinical trials were devel-
oped.29 A PRO measure more aligned with recent
diagnostic criteria and reflecting a paradigm centered
on early treatment would provide a more accurate
demonstration of the benefits of DMTs. In fact, the
specific nature of DMTs warrants critically revisiting
how their efficacy in terms of PROs should be inves-
tigated in MS clinical trials, going beyond the mere
question of the outcome measure to be used. More

Figure 6. Distribution of estimated parameter for each MSIS-29 “Psychological impact” assessment within EDSS score
(pink bars) and of estimated MSIS-29 item thresholds (blue bars) over the same metric of psychological impact from the
Rasch model (pooled visits, pooled data from two trials, N= 7963). The same X-axis is shared by all graphs to allow direct
comparison between panels; and defines the continuum of psychological impact measured by the MSIS-29 domain as
estimated by the Rasch model. It is expressed in “logits”, the unit of the Rasch model and ranges from lower psychological
impact on the left to higher psychological impact on the right.
MSIS-29: Multiple Sclerosis Impact Scale-29; EDSS, EDSS: Expanded Disability Status Scale.
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specifically, identifying well-defined PRO objectives,
including the identification of the patient-relevant
concepts that should be primarily targeted, is recom-
mended as good practice for clinical trial protocol
development,30 guiding the specification of PRO esti-
mands,31 and statistical analysis of PRO endpoints.32

As further advances in the identification and treatment
of MS are made, the conceptualization of the impact
of MS in minimally disabled patients will be a funda-
mental step towards demonstrating successful PRO
benefits in future DMT trials.
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