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Abstract

Background.—In persons with multiple sclerosis (MS), the Expanded Disability Status Scale
(EDSS) is the criterion standard for assessing disability, but its in-person nature constrains patient
participation in research and clinical assessments.

Objective.—To develop and validate a scalable, electronic, unsupervised patient-reported EDSS
(ePR-EDSS) that would capture MS-related disability across the spectrum of severity.

Methods.—We enrolled 136 adult MS patients, split into a preliminary testing Cohort 1 (n=50),
and a validation Cohort 2 (n=86), which was evenly distributed across EDSS groups. Each patient
completed an ePR-EDSS either immediately before or after a MS clinician’s Neurostatus EDSS
evaluation.
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Results.—In Cohort 2, mean age was 50.6 years (range 26-80) and median EDSS was 3.5
(IQR 1.5, 5.5). The ePR-EDSS and EDSS agreed within 1-point for 86% of examinations; kappa
for agreement within 1-point was 0.85 (p<0.001). The correlation coefficient between the two
measures was 0.91 (<0.001).

Discussion.—The ePR-EDSS was highly correlated with EDSS, with good agreement even at
lower EDSS levels. For clinical care, the ePR-EDSS could enable the longitudinal monitoring of a
patient’s disability. For research, it provides a valid and rapid measure across the entire spectrum
of disability and permits broader participation with fewer in-person assessments.

Keywords
Multiple sclerosis; patient reported outcome measures; eHealth; disability

INTRODUCTION

The Expanded Disability Status Scale (EDSS), originally developed by Kurtzkel, has long
been an accepted standard for summarizing and quantifying neurologic disability due to
multiple sclerosis (MS). Despite this acceptance, however, this scale has undergone many
modifications since its introduction as the DSS in the 1950s.2 In fact, over time, investigators
have sought to modify even its “expanded” version® in order to make the scale more
“objective”. The culmination of this process (so far) is the Neurostatus EDSS (NS-EDSS),
which is now widely utilized to assess disability in MS clinical trials.2 For example, the
original (1982) description of EDSS=4.5 states that “the patient must be able to walk
without aid or rest for some 300 meters and to work a full day in a position of average
difficulty. The patient is up and about most of the day, but some limitation of full activity
separates this from step 4.0”. In the NS-EDSS, such descriptions have been changed to
exclude the functional requirements for activities of daily life and to make the ambulation
distance requirements more explicit. In addition, both scores require that these abilities

be observed. There is no doubt that changes such as these have made the EDSS a more
objective measure. Whether these modifications have improved the scale, however, is less
clear. For example, characterizing someone as “fully ambulatory” because they can walk
unaided for 500 meters down a hallway, which has handrails on both sides for safety,
misrepresents the disability of a patient who, because of instability, requires a cane whenever
they are outside the home and relies on furniture when inside. Moreover, the original EDSS
estimates (albeit subjectively) a patient’s integrated function over time. By contrast, the
NS-EDSS represents the measured function of a patient by a particular investigator, on

a particular day, at a particular time and does this for a disease that is characterized by

wide fluctuations in its clinical manifestations depending upon factors such as the specific
day, the time of day, the ambient temperature, and the presence or absence of intercurrent
iliness. Regardless of any such concerns over what is being measured by each of these
modified versions of the EDSS scale, however, all of these instruments require an in-person
assessment and all suffer from having high inter- and intra-rater variability, especially at

the lower disability levels.3 In addition, in large clinical trials, it is usually not feasible to
perform in-person evaluations more frequently than once every three months. This limitation
would be even greater for any population-based survey of MS in the community.

Mult Scler. Author manuscript; available in PMC 2022 August 01.
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As a result, there has been considerable interest in developing valid instruments to measure
patient-reported functioning and disability.#=8 Thus, an electronically-administered patient-
reported EDSS (ePR-EDSS) that is valid across a wide EDSS range could, potentially,
decrease utilization of resources and personnel time, permit the more frequent assessment
of disability status during clinical trials, increase patient access to MS clinical research
and, perhaps, also provide a more reliable and stable measure of function over time. We
began with the first-reported PR-EDSS (Goodin, 1998°), which was validated against the
Kurtzke EDSS; because the NS-EDSS is now widely utilized and experience with this scale
is so well established, any PR-EDSS for now needs to be validated by using this measure
as the nominal “gold standard”. We applied principles of human-centered design® 10 to
iteratively refine the original Goodin questionnaire into an online freely accessible ePR-
EDSS, that could be performed in an unsupervised fashion. We specifically sought to
improve performance in individual cerebral and brainstem functional system scores (FS),
and then to validate the ePR-EDSS using the measured NS-EDSS across a wide disability
range.

METHODS

Participants

This study included 136 adults (ages 18-80 years) with a diagnosis of MS (by 2017
International Panel criteria)!! or clinically isolated syndrome. Each participant was recruited
either from the UCSF longitudinal Expression Proteomics Imaging Clinical (EPIC) study
or from the UCSF Multiple Sclerosis and Neuroinflammation Center (February 2018 —
January 2020).12 Patients presenting for an annual research evaluation or a routine clinical
follow up (which included an NS-EDSS examination by an MS neurologist previously
trained and certified in NS-EDSS) were invited to participate. At the time of the visit, each
participant completed the ePR-EDSS on a tablet. Of 138 individuals invited, 136 agreed

to participate and two declined because of time constraints. To avoid potential recall or
anchoring biases from undergoing a recent in-person neurological examination, participants
randomly completed the ePR-EDSS questionnaire either before or after the examination (84
before and 52 after). The delay between the two evaluations was less than 4 hours in 98.5%
of cases, and within 24 hours for 2 cases (1.5%).

ePR-EDSS

Development: 3 phases.—An instrument initially developed by Goodin® was iteratively
revised using principles of human-centered design. During the first phase (December
2015-June 2016), because of limitations in the previous assessment of “cerebral” and
“brainstem” functional system, questions relating to these functional systems were added to
the written questionnaire, and this new version was pilot-tested in 20 participants. Examples
of changes include adding questions about hearing and swallowing to the questionnaire,
which contributed to brainstem FS scoring; and making response options to questions about
bladder/bowel and cerebral functions more detailed (vs. leaving the patient to determine
whether symptoms were “mild” or “moderate”). During the second phase (September 2016-
June 2017), stakeholder input was obtained through a series of interviews (18 individuals
with MS, 4 MS clinicians) and focus groups. Focus groups (3 sessions, each with 3—

Mult Scler. Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Romeo et al.

Page 4

8 participants with MS, including members of support groups, both for MS generally
and also, more specifically, for African-Americans and Hispanic-Americans with MS)
were conducted between January and June 2017. A health literacy expert (JP) reviewed
language and user experience. Important suggestions from stakeholders included developing
a screening page to avoid providing detailed responses for a functional system in which
there was no impairment. The instrument was revised based on stakeholder input and

the questionnaire was then converted to an openly-available MS BioScreen computerized
platform (a Ruby on Rails application; openmshioscreen.ucsf.edu), which permits MS
patients to track their care and disease status.13 The original scoring algorithm developed
by Goodin® was also iteratively revised to match the changes in the questions. The final
algorithm was automated so that patients’ responses to questions automatically generate
FS and global ePR-EDSS scores online, requiring no human intervention. All code of the
customized-program was based on the specifications and logic developed by the authors
(DSG, RB, and WFS). The third phase consisted of iterative testing with two cohorts.

Initially, (Cohort 1, n=50, June 2017 to January 2018), 50 adults with MS completed the
ePR-EDSS questionnaire that began with screening questions addressing each functional
system. Affirmative answers to screening questions for a particular system prompted
additional detailed questions, whereas negative answers allowed the participant to “screen
out” for that system. Based on participant feedback and statistical analyses, both the logic
of the program and wording of the questions were further adjusted. Implementation of
screening questions had led to a systematic bias in calculating lower ePR-EDSS scores
relative to the NS-EDSS in Cohort 1. Additional modifications included reducing the
influence of self-reported hearing impairment on brainstem scores; using a “must use pads”
rubric to capture more accurately bowel/bladder dysfunction; and a re-wording of the motor
fatigability rubric to exclude generalized fatigue.

For the final validation (Cohort 2), 86 adults with MS completed the final version of the
ePR-EDSS that removed the functional system screening page tested in Cohort 1. These
subjects were block-enrolled to ensure that there were approximately 20 participants in

each NS-EDSS category of: [0-1.5], [2-3.5], [4-5.5] and [6.0+]. Because some participants’
NS-EDSS had changed between their prior clinical visit and the validation visit, enrollment
was increased to 86 so that each of the 4 NS-EDSS categories had at least 20 subjects at the
time of the validation visit.

The final ePR-EDSS version includes 23 questions, takes between 7-12 minutes to
complete (based on time measured for Cohort 2 participants), and can be accessed at
https://openmsbioscreen.ucsf.edu/predss/about. Participants were provided no instructions
other than instructions included in the actual instrument; a study coordinator remained in the
room solely to address technical issues (e.g. with the online form or tablet) should they arise.

Statistical Analysis

Analyses were completed to describe demographic and disease characteristics of Cohorts
1 and 2, to determine agreement between ePR-EDSS and NS-EDSS scores, and to assess
sources of variability in the score differences. To quantitatively compare these two measures,

Mult Scler. Author manuscript; available in PMC 2022 August 01.
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we used the kappa statistic and the Spearman’s rank correlation coefficient.3 As sensitivity
analyses, we adjusted for age, sex and education. Data were analyzed using R 3.6.0.

IRB Approval
This study was approved by the UCSF Institutional Review Board (IRB# 15-18362).

RESULTS

Participants

A total of 136 participants participated in this study (Testing Cohorts 1 and 2). Their
mean age was 50.4 years (range 26-80), 69.9% of participants were women, and 91.2%
were Caucasian-American. Mean disease duration was 15.9 years and median NS-EDSS
was 2.8 (range 0-8). At the time of assessment, the majority of participants (66.2%) had
a relapsing course; 28.7% were progressive and 5.1% were classified as having clinically
isolated syndrome (n=2) or a yet- unclear disease course (n=5). In addition, 73.5% were
on a disease modifying therapy for MS (12.5% self-injectable, 26.5% oral, and 34.6% by
infusion), as shown in Table 1.

Agreement

We first sought to determine whether agreement between NS-EDSS and ePR-EDSS was
sufficient to enable interchangeability during data collection and/or comparison between
datasets, as previously articulated.3 Because of our development strategy, as expected,
Cohort 2 outperformed Cohort 1 in terms of agreement between ePR-EDSS and NS-EDSS
(Table 2). Therefore, as planned, Cohort 2 was used for comparisons between ePR-EDSS
and NS-EDSS. The mean absolute difference between ePR-EDSS and NS-EDSS was

0.67, and there was an agreement within 1 point for 86.0% of all examinations. When

we restricted the analysis to the participants with NS-EDSS below 6.0 (n=66), a sample
more representative of MS trial participants, 83.3% of examinations were within 1 point

of agreement. A Bland-Altman plot (Figure 1), which presents the differences between ePR-
EDSS and NS-EDSS, revealed a mean difference of 0.12, and showed increasing agreement
with increasing EDSS. The difference between the 95% limits of agreement was 3.63, which
is greater than the cutoff for clinically significant change in NS-EDSS, as defined for most
current randomized clinical trials of MS therapies® (i.e., a 1-point change for an EDSS of 5.0
or less and a 0.5-point change otherwise).

The kappa statistic was 0.24 for complete agreement between the two scales (p< 0.001) and
0.85 for agreement within 1 point (p<0.001). The intra-class correlation coefficient for the
overall scores in Cohort 2 was 0.90 (p<0.001). For individual functional systems, complete
agreement was highest for the brainstem score (55.8%) and lowest for the sensory score
(31.4%). In sensitivity analyses adjusted for NS-EDSS, the absolute difference between
ePR-EDSS and NS-EDSS was not significantly related to age, sex, disease duration, years
of education, or the timepoint at which the ePR-EDSS tool was assessed (before/after
neurological exam). MS phenotype, however, did show a significant relationship with the
magnitude of absolute disagreement between ePR-EDSS and NS-EDSS; a progressive

Mult Scler. Author manuscript; available in PMC 2022 August 01.
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(vs. relapsing) MS phenotype was associated with greater absolute disagreement, in either
direction (B = 0.48, p = 0.012) (Supplementary Figure 1).

Finally, we determined whether the correlation between ePR-EDSS and EDSS was high
enough to enable substitution of an ePR-EDSS for Neurostatus EDSS throughout data
collection for a given study. The Spearman’s rank correlation coefficient for the overall
scores was 0.91 (p<0.001, Figure 2), and for individual functional systems was highest for
pyramidal, bowel and bladder, and cerebral scores (Table 3).

DISCUSSION

In this study, we have developed and validated an online, openly-available ePR-EDSS. This
instrument iteratively incorporated participant perspectives to shorten the tool and to avoid
suggesting to patients with early MS and low disability the possibility of certain unfavorable
outcomes. These changes were then tested and the final ePR-EDSS was improved by the
iterative amendments, with 86% of assessments having agreement between ePR-EDSS and
NS-EDSS that was within 1-point.

The ePR-EDSS is unique compared to other published tools - it can be accessed and
performed by the patient without any supervision, is freely and openly available, has built-in
logic to calculate functional system and total scores, and is validated over a wide NS-EDSS
range. Previously, both patient-reported and examiner-administered instruments have also
demonstrated a similarly greater variability at lower levels of disability (i.e. EDSS <5.5)3:14,
Although the test-retest reliability of the NS-EDSS is unknown for this low-disability
sub-group, a recent study comparing different formats of examiner-administered NS-EDSS
reported high inter-rater inconsistencies on many of the functional systems scores, which
ultimately determine the NS-EDSS score.14 Clearly, also, the high degree of correlation
between ePR-EDSS and NS-EDSS (0.91) in our cohort was driven, to a large extent, by
data at the extremes of disability. Consequently, further validation of the ePR-EDSS for
individuals within the disability range of 1.0-5.5, including both a consideration of the
sensitivity to change over time and a determination of the comparative validity of the ePR-
EDSS and the NS-EDSS, would be very useful. Moreover, the greater discrepancy noted in
progressive patients (after adjusting for EDSS itself) suggests that physicians and patients
differ in how they assess the “invisible” symptoms, which many MS patients experience.
For example, a recently published “self-reported disability status scale”, based entirely on
mobility, patients often over-estimated their disability compared to physician-assessment.1®

Discrepancies such as these between any patient-reported scale and the NS-EDSS (including
discrepancies in the estimated FS scores) are only to be expected. Indeed, all patient-
reported outcomes, including the ePR-EDSS, are intended to (and likely do) capture overall
function around the time that the scale is administered. Thus, for example, when queried,
patients typically report how they have been functioning in general, and not how they are
functioning at any particular moment in time. In this sense, the ePR-EDSS is more like

the original EDSS (1982) in that its measures will integrate a patient’s abilities over some
period of time — even though both of these scales capture the patient’s, rather than the

Mult Scler. Author manuscript; available in PMC 2022 August 01.
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clinician’s, evaluation of these abilities. Presumably, both the ePR-EDSS and the NS-EDSS
would be able to capture changes over time although, which is the more reliable, remains

to be determined. Also, patients will almost certainly report events differently than they are
measured by the NS-EDSS. One important source of disagreement, of course, is the fact that
clinicians may be under-recognizing and therefore under-scoring the severity of symptoms
that they cannot observe directly and for which they may not use consistent, granular,
codified questions to elicit response. This could explain discrepancies between the patients
and clinicians, for example, in the bowel/bladder FS, or the cerebral FS when it includes
fatigue. In fact, it is common that patients’ reported scores are higher than clinicians’.14
There are other sources of heterogeneity related to the scales themselves. As an example,
deficits in proprioceptive functions (e.g., joint position, joint movement, and vibratory
senses) will, typically, not be perceived by patients as sensory loss. Rather, if these deficits
are perceived at all, they will likely be reported as problems with balance, coordination,
and/or ambulation. Therefore, any PR-EDSS intended to be validated against the NS-EDSS
will need to incorporate algorithms to convert, logically, a patient’s answers to specific
questions into predicted functional systems and overall scores to be compared with the
measured NS-EDSS. For this reason, both the initial PR-EDSS® and the current ePR-EDSS
included such scoring. To address the rare and possibly inevitable cases where there will be
a significant discrepancy between the two scores (exemplified by one outlier in our study
with a measured NS-EDSS of 4.5 but an ePR-EDSS score of 0.0), incorporating additional
patient-generated data, such as step count measured using a commercial accelerometer,16
could provide additional objective information about the patient’s true ambulatory activity.
Consequently, it seems likely that no PR-EDSS instrument can be used interchangeably with
the NS-EDSS.2 Moreover, which of these instruments provides the best (i.e., most valid)
measure of “true” disability cannot be decided without an actual “gold standard”. Moreover,
in MS clinical trials, because predictive validity is more important than concurrent validity,
to actually compare these two measures, as discussed above, will require longitudinal
assessment.17-19 Further, its performance at the time of clinical change, such as a relapse,
should be evaluated.

Limitations in the development and testing of ePR-EDSS include selection of a convenience
cohort rather than a population-based cohort. Thus, although our study population included
patients with all disability levels and, despite the inclusion of more diverse sets of patients
in the development of the ePR-EDSS, the validation cohort we actually used was quite
homogeneous with respect to its racial and ethnic composition. In addition, the predictive
validity of the both ePR-EDSS and NS-EDSS will need to be established, longitudinally, by
their correlation with long-term function using, as gold-standard, “hard” disability outcomes
such as unremitting EDSS>6.0, unremitting need for a wheel chair, or death due MS-related
morbidity.17-19

Nevertheless, there are several clear advantages to the ePR-EDSS. First, it is highly
correlated with the NS-EDSS, which, currently, is the standard assessment tool. Therefore,
although it is not interchangeable with the NS-EDSS, it could be used as a screening tool
for clinical trial recruitment potentially helping to identify prospective participants who
might qualify for any study, which is using the NS-EDSS as an entry criterion. Second,

it could also be used as a convenient way to monitor a patient’s function longitudinally

Mult Scler. Author manuscript; available in PMC 2022 August 01.
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(perhaps monthly or every few months) and, thereby, to identify any changes that might
occur. Third, administration of the ePR-EDSS does not require input from, or participation
by, medically-trained personnel and is therefore less costly. Fourth, disability status can

be assessed much more frequently during the course of any clinical trial and, perhaps,

this will provide a more reliable measure of function over time. And, finally, using the
ePR-EDSS may allow more MS patients, over a broader geographical range and having
greater ethnic diversity, to participate in MS clinical research (including longitudinal studies)
by reducing the onerous time-commitments that are currently required by these studies.
There is a promising and expanding plethora of digital tools being deployed to evaluate and
monitor patient function over time, offering a more naturalistic and continuous picture of
patient function and activity.2% However, until one agreed-upon composite snapshot emerges
of overall patient functional status, the research community remains tethered to the EDSS
and its associated measures (PR-EDSS?, tele-EDSS 21).

Consequently, valid PR-EDSS measures offer considerable promise as a means to enhance
clinical research. In addition, our findings have practical implications for the clinical setting,
in which time-pressures often preclude a full NS-EDSS assessment. This would not only
save time but also allow in-person encounters to focus on counseling and shared decision-
making and improve, thereby, the quality of clinical care that our MS patients receive.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. Bland-Altman Plot for the differences found between the ePR-EDSS and NS-EDSS
measures.

The blue and red lines respectively indicate the upper- and lower-limits of agreement (-1.7,
1.9).

The Dot-dash is drawn at the mean of the difference between the ePR-EDSS and NS-EDSS
measures (+0.12).
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FIGURE 2. Correlation between ePR-EDSS and NS-EDSS in 86 adults with MS.
The point size indicates the number of observations at each coordinate; the dashed line is

drawn at perfect ePR-EDSS—NS-EDSS agreement.
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