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Abstract

Background and objectives: Facioscapulohumeral muscular dystrophy (FHSD) is a de-
bilitating inherited muscle disease for which various therapeutic strategies are being
investigated. Thus far, little attention has been given in FSHD to the development of
scientifically sound outcome measures fulfilling regulatory authority requirements. The
aim of this study was to design a patient-reported Rasch-built interval scale on activity
and participation for FSHD.

Methods: A pre-phase FSHD-Rasch-built overall disability scale (pre-FSHD-RODS; con-
sisting of 159 activity/participation items), based on the World Health Organization inter-
national classification of disease-related functional consequences was completed by 762
FSHD patients (Netherlands: n = 171; UK: n = 287; United States: n = 221; France: n = 52;
Australia: n = 32). A proportion of the patient cohort completed it twice (n = 230; interval
2-4 weeks; reliability studies). The pre-FSHD-RODS was subjected to Rasch analyses to
create a model fulfilling its requirements. Validity studies were performed through cor-
relation with the motor function measure.

Results: The pre-FSHD-RODS did not meet the Rasch model expectations. Based on
determinants such as misfit statistics and misfit residuals, differential item functioning,
and local dependency, we systematically removed items until a final 38-inquiry (originat-
ing from 32 items; six items split) FSHD-RODS was constructed achieving Rasch model
expectations. Adequate test-retest reliability and (cross-cultural and external) validity
scores were obtained.

Conclusions: The FSHD-RODS is a disease-specific interval measure suitable for detect-
ing activity and participation restrictions in patients with FSHD with good item/person
reliability and validity scores. The use of this scale is recommended in the near future, to
determine the functional deterioration slope in FSHD per year as a preparation for the

upcoming clinical intervention trials in FSHD.
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INTRODUCTION

Facioscapulohumeral muscular dystrophy (FSHD) is an inherited
muscle disorder that is characterized by slowly progressive muscle
weakness and wasting of facial and shoulder girdle muscles and, in
later stages, the trunk and leg muscles [1]. Currently there is no cure
or pharmacological treatment available for FSHD, but since the dis-
covery of its (epi)genetic mechanism, various therapeutic strategies
are being investigated [2]. Multiple pharmaceutical companies have
active drug development programs for FSHD, clinical trials are cur-
rently ongoing and more are expected to be initiated within the next
few years [3,4].

Especially for late-phase clinical trials on FSHD, there is now an
urgent need for clinical outcome measures that indicate how a patient
‘feels, functions or survives’ [5]. The need for patient-relevant out-
come measures has been emphasized both by the US Food and Drug
Administration (FDA) and the European Medicines Agency (EMA)
and by the international FSHD research community [3,6-8]. Thus
far, limited attention has been given in FSHD to the development
of scientifically sound outcome measures fulfilling regulatory au-
thority requirements, with the focus on patient-reported outcomes.
To date only one patient-reported disease-specific ordinal scale is
available that measures the FSHD disease burden (the FSHD-health
index) and a disease-specific physician-reported functional outcome
measure is under further development (the FSHD-composite out-
come measure) [3,9-11]. More generic outcome measures, even the
ones designed to measure patients with neuromuscular disorders,
are often not optimally suited to measure FSHD patients. For exam-
ple, for the motor function measure (MFM), an examiner-reported
scale that assesses severity of motor deficits, was shown to have a
large ceiling effect in FSHD and showed a lack of items to adequately
capture various degrees of motor deficits across the entire severity
spectrum [12-14].

Additionally, nearly all available outcome measures are ordinal
scales which provide a systemic ordering instead of a numerical
value. Consequently, these scales are not suited for parametric sta-
tistical testing and pose a risk of misinterpreting clinical trial results
[15,16]. To overcome the shortcomings of ordinal scales, techniques
such as Rasch modeling can be used to create interval scales [17].

To fill the gap of clinical outcome measures for (late-phase) clin-
ical trials in FSHD [10], the primary aim of this paper was to present
the development of a Rasch-built overall disability scale (RODS) spe-
cifically designed for patients with FSHD and to examine its scien-
tific soundness [18,19].

METHODS
Patients, eligibility and ethical approval
A total of 762 patients with FSHD were recruited between 2015

and 2018. Dutch patients were recruited at the Department of
Neurology of the Radboud University Medical Center, Nijmegen,

the Netherlands, as part of a large observational cohort study
(FSHD-FOCUS study) [20,21]. UK, US and French patients were
recruited through the respective national FSHD registries [9,22-
24]. Australian patients were recruited through the neuromuscular
clinic of the Concord Hospital Medical Center, Concord, Australia.
Eligibility was based on the following criteria: age 18 years and
older, genetically confirmed FSHD and written informed consent
before study enrollment. Basic characteristics such as age, sex, and
country of origin were collected. This study was conducted accord-
ing to the principles of the Declaration of Helsinki (version October
2013) and in accordance with the Medical Research Involving
Human Subjects Act (WMO). The local medical ethics committee
in the Netherlands (CMO region Arnhem-Nijmegen) approved the

study protocol.

Questionnaire development

As previously reported, published standardized requirements for
scale development were applied to create the FSHD disease-specific
activity and participation scale [18,19,25].

The pre-phase FSHD-RODS questionnaire was composed
of a list of 146 previously selected items from the World Health
Organization International Classification of Functioning, Disability
and Health (WHO-ICF) item list including items both on activities
and participation [25-27]. Another 13 items were added by the
FSHD experts from the Dutch study team, which were expected
to be relevant specifically for FSHD patients, for example, items
relating to facial functioning. This resulted in a pre-phase total of
159 activity and participation items, scoring each item as "0" un-
able to perform, "1" able to perform, but with difficulty, or "2" easily
performed, without difficulty [25]. An item was scored "3" if it was
not applicable to the patient and coded as “missing” for the scale

development.

Additional outcome measure

The Dutch patients completed the MFM [28]. This is a 32-item instru-
ment that assesses the severity of the motor deficit in neuromuscu-
lar disorders and was validated in a cohort of patients with a variety
of neuromuscular disorders including FSHD. Items are scored from
0 to 3, with higher scores reflecting better clinical health. For this
study, we used the MFM sum score of ordinal values for the external
construct convergent validity of the final FSHD-RODS.

Assessment procedure

Standardized written instructions were given to patients to com-
plete the pre-FSHD-RODS. In case clarification was required, pa-
tients could contact the researchers by email. In brief: patients
were instructed that the answers given to each item should solely
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be related to the possible impact of their FSHD, rather than an-
other concomitant disease (e.g., arthritis). Patients were also in-
structed that there are no right or wrong answers, but it is how
they feel that is important. In case of any doubt completing a
task, the patient is requested to choose an answer that reflects
the best of his/her personal performance ability related to the
FSHD. In case an item is not relevant to the situation (e.g., “| never
dance”), the patient is requested to choose an answer to the best
of his/her personal judgment of being able or not to perform such
an item. “Not applicable” should be used only in exceptional cases
when the patient has a real problem choosing any of the other
options. If the patient uses a device (e.g., adapted cutlery or a
walking device) to complete an item, the patient is requested to
score “possible to perform, but with difficulty” when being able
to execute. In case the patient was not able to complete a task,
even with the help of a device, the patient is instructed to score
“impossible to perform”.

Dutch and UK patients were requested to complete the pre-
FSHD-RODS questionnaire twice (test-retest study; interval
2-4 weeks). The MFM (for external validity of the final FSHD-RODS)

was completed once by the Dutch patients.

Rasch analyses

The pre-phase FSHD-RODS was subjected to the Rasch
Unidimensional Measurement Model (RUMM2030 software) to
determine whether model expectations would be met [29,30].
Numerous educational papers on Rasch have been described
[17,31], including one for the neurology community [25]. In brief,
the Rasch technique enables the transition of obtained ordinal
scores to interval scores. Analyses were performed to obtain a
final constructed FSHD specific scale (FSHD-RODS) that would
fulfill Rasch model expectations, such as proper fit statistical prop-
erties, no differential item functioning, no disordered thresholds,
unidimensionality, and no local dependency [17,31,32]. The Partial
Credit Model was set as the default. For the purposes of the pre-
sent study, the following person factors were introduced as part of
the scale's construction: age categories (<50 years, 50 to 65 years,
>65 years (~equally distributed), sex (female vs. male), and country
(the Netherlands vs. the United Kingdom vs. the United States vs.
France vs. Australia).

To test for unidimensionality the independent t-test approach
was used [33]. In this approach, two sets of items are determined
from a principal component analysis of residuals.

If the scale is unidimensional, any subset of items within
the scale should provide the same estimate of person ability.
Therefore, person estimates are derived from and compared be-
tween the two most divergent sets of items using a series of t-
tests. If the number of significant t-tests at the 0.05-level is below
5%, or the lower bound of a binomial 95% confidence interval (Cl)
of the observed proportion overlaps 5%, the scale would show
unidimensionality.

Reliability and validity studies

Internal reliability of the final FSHD-RODS was examined by deter-
mining the person separation index (PSI), which should preferably be
>0.9 for clinical proper discriminatory ability [32].

Test-retest reliability studies (items' hierarchy locations and pa-
tients' ability locations [Logits]) were also performed through graph
analyses determining the consistency of the final scale created
using 95% Cls [34]. Reliability was estimated through linear regres-
sion studies (expressed as R?). External validity of the final FSHD-
RODS was determined through correlation with the MFM sum
scores [14]. Further analyses were undertaken using Stata 13.0 for
Windows. The p value was adjusted throughout the analyses and, if

needed, Bonferroni multiple testing corrections were applied [35].

RESULTS
Study population and data quality control

Initially, 762 records on 159 items were available. Through data quality
control, using an arbitrarily taken cut-off of >10% missing scores on
the pre-FSHD-RODS records, we omitted 13 items and 48 persons'
records. In addition, two items were omitted based on low face valid-
ity, leaving 144 items and 714 patient records for further investiga-
tions. The mean (standard deviation [SD]; range) age was 54.4 (15.1;
18-87) years and there were 372 women (49%) in the cohort. A total
of 153 of the patients (21.4%) were from the Netherlands, 268 (37.5%)
were from the United Kingdom, 45 (6.3%) were from France, 32 were
from Australia (4.5%), and 216 were from the United States (30.3%).
For the external validity studies, only the Dutch data were available.

For the reliability studies, a total of 230 records were available.

Initial Rasch analyses on the pre-phase FSHD-RODS

The pre-phase 144-item FSHD-RODS did not meet Rasch model re-
quirements. The item fit (mean fit residuals -0.535, SD = 2.470) and
person fit (mean fit residuals -0.143, SD = 1.681) residual statistics
deviated substantially from model expectations, as was the case for
the item-trait interaction, which showed a significant chi-square
probability (p < 0.00001), thus, with no invariance. In addition, a
proportion of 0.13 of the t-tests fell outside the +1.96 range, indi-

cating multidimensionality. No item showed disordered thresholds.
Data handling of the pre-phase FSHD-RODS to fit
Rasch modeling

Step 1

Throughout the following steps, the class intervals were continu-
ously checked for their magnitude appropriateness. A total of 57 items
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demonstrated misfit statistics and/or fit residuals exceeding +2.5 and were

removed stepwise (87 items remaining). No patient records were removed.

Step 2

A total of 13 items showed cross-cultural misfit (uniform differential
item functioning on country) and eight items showed uniform dif-
ferential item functioning on sex. These 21 items were systemati-
cally evaluated: that is, each item was checked regarding its location
on the ruler as well as its corresponding characteristic curve (item
characteristic curve [ICC]) in relation to the projected class intervals
(evaluating possible proper, under- or overdiscrimination) to deter-
mine whether the item could be removed without affecting the item
and corresponding threshold distribution continuum of the model
under construct. These 21 items were removed stepwise (66 items
remaining; some examples of item bias are provided in Figure S1).

Step 3

Various significant correlations were seen between item residuals.
All pairs of items with a correlation 20.30 were evaluated starting
with the highest correlations (>0.7, >0.6, .... up to >0.30). Of each
item set, the item demonstrating the least relevance in relation to
the generally known clinical FSHD picture or the most over- or un-
derdiscrimination on its ICC was removed. Eventually, a total of 22
items were removed one by one (44 items remaining). Additionally,
four items showing less clinical face validity (e.g., the ability to shake
out table cloth) were removed (40 items remaining).

Step 4

Statistics were improving, but needed further adjustments. We sub-
sequently lowered the p value for the fit residuals to 0.01, enabling

eight more items to be additionally removed (32 items remaining).
Summary statistics improved (items' mean fit residuals: -0.362, SD
= 1.153 and persons' mean fit residuals: -0.241, SD = 0.841, chi-
squared item-trait interaction: p = 0.05).

Step 5

Five items (ability to run, jump, dance, walk outdoors >1 km, and
ability to walk in the dunes) showed uniform differential item func-
tioning on age. Particularly patients younger than 50 years deviated
significantly from the other two age categories (Figure 1). Taking the
items' and corresponding thresholds' distribution into account, we
concluded that the location of these five items was important enough
for a more adequate item distribution pattern. Hence, these items
were not omitted, but splitting these items was taken into account.
Since RUMM2030 software does not enable examination for unidi-
mensionality after having split an item, we examined this entity be-
fore splitting any item. Two subsets of items were formed (four most
positively loaded vs. four most negatively loaded) and an acceptable
trend towards unidimensionality was obtained through first prin-
cipal components analyses (independent t-tests between the two
groups of items: proportion of significant t-tests 0.06 [95% Cl 0.04-
0.08]; see also Table 1). Subsequently, these abovementioned five
items were split based on item bias on age categories (for all items:
patients aged <50 years experienced these items as being easier to
execute compared to patients aged 250 years). Additionally, item 31
(ability to dance) for patients aged up to 50 years was split based
on sex into item;,<50 years, males versus item,,<50 years, females
(32 items still remaining, but now with 38 corresponding inquiries).
Finally, we succeeded in constructing the FSHD-specific Rasch-built
overall disability scale (FSHD-RODS; 38 inquiries originating from
32 remaining items) that acceptably met Rasch model expectations
(item fit residuals: mean -0.389, SD = 0.940; person fit residuals:
mean -0.231, SD = 0.788; item~-trait chi-square: p value = 0.31, de-
grees of freedom: 342; Figure 2), except for three significant residual
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FIGURE 1 Item characteristic curve (ICC; grey line) for item 19 (ability to jump) as an example of item bias on factor age. ICC for item 19
(jump) showing uniform differential item functioning on age. The graph shows how patients aged <50 years (blue line) find this item easier to
execute compared to the other two age categories (red [50 to 65 years] and green [>65 years] lines). Based on these findings, this item was
split into item, ;<50 years versus item,,>50 years [Colour figure can be viewed at wileyonlinelibrary.com]
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TABLE 1 Rasch analysis findings during the construction of the activity and participation scale for patients with facioscapulohumeral

muscular dystrophy

Analysis
l Item Fit Residuals Person Fit Residuals Item-trait Chi2-probability

Unidimensionality
number Mean SD Mean SD DF p PSI t-tests (95% CI)®
1 -0.535 2.470 -0.143 1.681 1296 <0.000001 0.99 0.13(0.12-0.15)
20 -0.290 1.346 -0.312 1.355 1008 <0.000001 0.99 0.31(0.30-0.33)
30 -0.156 1.127 -0.305 1.244 828 <0.000001 0.99 0.14 (0.12-0.15)
40 -0.182 1.028 -0.298 1.131 621 <0.000001 0.98 0.14 (0.12-0.15)
50 -0.337 1.210 -0.235 0.921 396 0.0001 0.98 0.09 (0.07-0.10)
59 -0.362 1.153 -0.241 0.841 306 0.05 0.97 0.06 (0.04-0.08)
62 (Final) -0.389 0.940 -0.231 0.788 342 0.31 0.98 Unable to test?

Abbreviations: Cl, confidence interval; DF, degrees of freedom; PSI, person separation index; SD, standard deviation.

@Unable to test for unidimensionality in RUMM2030 after splitting an item.

bProportion of significant t-tests.

correlations being still present. However, for maintaining a more ap-
propriate item and corresponding threshold distribution, we decided
to keep these items in the model. The item “ability to fill in a form”
turned out to be the easiest item to execute, while “ability to run and
being 50 years or older” was the most difficult item to accomplish
(Figure 2). The item difficulty ranged from -4.023 to 4.304 Logits.
Patient location ranged from -7.668 to 6.962. Two of the 714 pa-
tients (0.3%) showed a floor effect and 47 (6.6%) showed a ceiling
effect on the final model.

Validity and reliability studies

The final 32-item (38 inquiries) FSHD-RODS demonstrated good
discriminative validity when correlated with the MFM (Figure 3;
Spearman's correlation coefficient 0.86). A seemingly smaller ceiling
effect was seen with the FSHD-RODS when compared to the MFM
sum scores. Internal reliability for the final FSHD-RODS was robust
(PSI: 0.97). Also, excellent test-retest reliability scores were obtained
for item hierarchy and patient abilities (Figure 4). The final FSHD-
RODS is presented in Table 2.

DISCUSSION

This paper presents a patient-reported Rasch-built activity and par-
ticipation interval scale specifically designed for patients with faci-
oscapulohumeral muscular dystrophy, the FSHD-RODS. The final
FSHD-RODS demonstrated adequate discriminatory validity and
reliability scores including cross-cultural validity. It is easy to use and
can be completed in a matter of only minutes.

Most of the currently used clinical outcome measures in research
on FSHD have serious limitations. Nearly all outcome measures are
ordinal-based measures. Ordinal scales allow a rank order, but have
unequal intervals between scores and provide nonlinear results [16].
Consequently, when using sum scores from multiple items the whole

may not equal the sum of the parts [36]. Ordinal scores are not suited
for parametric statistical testing and conclusions from clinical stud-
ies based on ordinal-based outcome measures should be interpreted
with great caution [37]. The Rasch-built FSHD-RODS provides an
interval scale, indicating that the differences between points on the
scale are measurable and equal, which enables parametric testing
and comparison of changes throughout the scale [15].

Another shortcoming of most existing outcome measures is
that they are not capable of measuring the entire disease spectrum
and/or cannot properly differentiate between patients with differ-
ent levels of functioning. It was shown that this is the case for the
MFM [12-14], and similar results have been described for ordinal
outcomes measures developed through the classical test theory in
other neuromuscular disorders, like the Muscular Impairment Rating
Scale (MIRS) staging for myotonic dystrophy type 1 [27,38].

Over the past years, drug regulatory agencies such as the FDA
(United States) and the EMA (European Union) have emphasized
their preference for the use of patient-relevant and preferably
patient-reported outcome measures as primary outcomes for phase
Il clinical trials [39,40]. FSHD comprises more than just muscle
weakness and outcome measures should not be focused on mea-
sures of impairment only. Multiple studies have shown that factors
such as mobility, pain, physical activity level, the ability to carry out
activities, and social participation are important determinants of the
disease burden in FSHD and other neuromuscular diseases [41-45].
Because an improvement or decline in muscle strength has no intrin-
sic meaning in the absence of correlation to the disease burden or
quality of life, we chose to develop a more clinically meaningful out-
come measure focused on activities and participation. A next step in
the clinimetric evaluation of the FSHD-RODS that is currently being
undertaken is to assess its responsiveness in longitudinal studies.
However, how responsiveness should be assessed should be pre-
defined by the scientific FSHD community. Two commonly used
options include relying on p-value-driven responsiveness or on a
predefined arbitrarily chosen cut-off for the scale of interest. The
first option, in particular, disregards whether the difference found
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FIGURE 2 Facioscapulohumeral
muscular dystrophy specific Rasch-built
overall disability scale (FSHD-RODS) with
32 items. (a) Distribution of activity and
participation assessment (ability location)
of 714 patients with FSHD, assessed with
the final FSHD-RODS. A total of 0.3% of
the patients demonstrated a floor effect
and 6.6% demonstrated a ceiling effect
(maximum scores). (b) Threshold map of
the final 32 items (38 inquiries) as part

of the FSHD-RODS. The map shows the
expected response for each item related
to the ability of the patients using FSHD-
RODS. The easiest item was "able to fill
in a form", the most difficult item was
"able to run" for males 50 years and older.
Zero logit is set as the average of item
difficulty and patient ability. This means
that a patient with a mean score would
be able to clean the refrigerator (this item
requires -0.457 logits) easily and would
have a higher probability of being able

to perform the easier tasks (these having
a lower logit location score); conversely,
this patient will have a higher chance of
experiencing extra difficulty with the
more difficult tasks and will most probably
fail on these. (c) Graph demonstrating
the relationship between the overall raw
sum scores (vertical axis: ranging from

0 to 64: 32 items, maximum score per
item is 2: 32 x 2 = 64) with the Rasch-
obtained corresponding interval scores
(in logits; horizontal axis) showing the
typical S-shape pattern. In essence, this
graph shows the transformation of raw
ordinal-based scores to interval Rasch-
based values. Three S-shape figures are
being presented with minor differences.
(d) Graph showing the location of the 64
thresholds in the final FSHD-RODS (32
items, three response options, meaning
two thresholds per item) [Colour figure
can be viewed at wileyonlinelibrary.com]
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associations were obtained between the two outcome measures
(Spearman correlation coefficient 0.86)

has any clinical relevance. Therefore, a third option may be preferred
that is based on the concept of minimum clinically important differ-
ences, taking into account the varying personally obtained standard
errors through Rasch analyses, as has been done for other Rasch-
built scales [38,46,47].

There are some limitations to this study that should be ad-
dressed. In the final Rasch-built interval scale three items had sig-
nificant residual correlations. Leaving these items in resulted in a
better distribution of items and corresponding thresholds. We also
tested the model without these items and it still fulfilled the Rasch
model expectations, but with a less optimal threshold spectrum and
therefore we decided to keep these items in. Cross-cultural valida-
tion was tested for five different countries. The FSHD-RODS should

be used with caution in other countries and cultures until further
cross-cultural validation has been performed [48,49].

Finally, the FSHD research community should aim to standard-
ize the use of various outcome measures at the different levels of
assessing outcome [50]. Additionally, the definition used for as-
sessment of responsiveness could be determined. Lessons could be
learned from previous efforts taken by other study groups in various
neuromuscular disorders [46,51].

The FSHD-RODS is a patient-reported disease-specific in-
terval measure suitable for detecting activity and participation
restrictions in patients with FSHD. Longitudinal studies are cur-
rently ongoing to determine the functional deterioration slope in
FSHD as preparation for the upcoming clinical intervention trials
in FSHD.
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TABLE 2 Final 32-item
facioscapulohumeral muscular dystrophy
specific Rasch-built overall disability scale

Able to
Unable to perform, but Easily performed,
perform with difficulty without difficulty

Are you able to: 0 1 2

Fill in a form

Open a door with a key
Peel an apple/orange
Clip your finger nails
Pick up a small object
Button a shirt/blouse
Slice vegetables

Wash your lower body

NV 0N o hAWN e

Dress your lower body

=
o

Sit down from a standing
position

11 Take a shower

12 Put laundry in the washing
machine

13 Get out of a car
14 Catch an object, e.g. a ball

15 Remain standing for a short
period of time, e.g. max 15
minutes

16 Bend forward and pick
something up

17 Clean the fridge

18 Clean the bottom of a kitchen
cupboard

19 Mop a floor

20 Kick a ball

21 Carry a tray

22 Stand up from lying down
23 Get in or out of a bath

24 Stand on one leg

25 Move a table

26 Stand up from a squatting
position

27 Carry and put down a heavy
object

28 Dance
29 Walk through the dunes

30 Walk outdoors, for more than

0.6 mile (1 km)
31 Jump
32 Run

Note: The final 32-item facioscapulohumeral muscular dystrophy specific Rasch-built overall
disability scale (FSHD-RODS) is presented that fulfilled all Rasch model expectations. The easiest
item was found to be ability to fill in a form, and the most difficult was ability to run (for 50 years
and older). Note: the presented raw scores in the Table should be transformed to interval scores
(available on request) for proper application, and permission to use this scale should be obtained
through the authors. An instruction manual is also available to standardize and promote proper
interpretation of the items (also available on request).
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