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Abstract

Objectives: To develop, refine and score a novel patient-reported outcome (PRO) instrument
to assess the severity and impact of Raynaud’s phenomenon (RP) in systemic sclerosis (SSc).

Methods: The Assessment of Systemic sclerosis-associated RAynaud’s Phenomenon (ASRAP)
guestionnaire items were developed with patient insight partner support and grounded in
the lived patient experience of SSc-RP. ASRAP items underwent formal qualitative
assessment and linguistic testing. An international multi-centre study was undertaken to
field-test the preliminary ASRAP questionnaire.

Results: A preliminary 37-item ASRAP questionnaire was supplemented with 2 additional
items following expert review to enhance content coverage before undergoing formal
linguistic testing to optimize readability. Patient cognitive debriefing interviews were
undertaken to enhance comprehension, ambiguity, cognitive difficulty, relevance and
content coverage of both the ASRAP items and instructions. We enrolled 438 SSc patients
from UK and US scleroderma centers over two consecutive winters. Factor analysis with item
response theory (IRT) was undertaken to remove redundant and poorly fitting items. The
retained 27-item long-form ASRAP questionnaire was calibrated and scored using the graded
response model (GRM). A fixed 10-item short-form ASRAP was developed using computerized
adaptive testing simulations.

Conclusion: The ASRAP questionnaire has been developed with extensive SSc patient input,
with items grounded in the lived experience of SSc-RP to ensure strong content validity, with
afocus on how patients ‘feel’ and “function’. An advanced psychometric approach with expert
input has removed redundant and/or poorly fitting items, without eroding content validity.
Long and short-form ASRAP questionnaires have been calibrated and scored to permit formal

validation.

Word count: 250
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Introduction

Raynaud’s phenomenon (RP) is the commonest disease manifestation of systemic sclerosis
(SSc) (1). SSc-RP is a major cause of disease-related morbidity and ranked highly by patients
in terms of severity and impact (2-4). SSc-RP symptoms include ischaemic pain, sensory
impairment (numbness/tingling/ burning) and impaired finger function. The unpleasant
physical symptoms of SSc-RP lead to emotional distress, often aggravated by feelings of body
image dissatisfaction and embarrassment related to marked digital discolouration (2, 3).
People living with SSc adapt to avoid and ameliorate symptoms of RP, although the need to
avoid cold exposure itself impacts on social and work participation; often necessitating the

support of others (2, 3).

The episodic and uniquely personalised experience of SSc-RP has led to a reliance upon
patient-reported outcome (PRO) instruments to capture how patients feel and function with
respect to SSc-RP. For over 20 years, the majority of clinical trials in SSc-RP have utilised diary-
based approaches to capture the frequency and aggregate duration of SSc-RP attacks,
alongside a daily assessment of the severity and impact of RP symptoms using 11-point
numeric rating or visual analogue scale (VAS); the Raynaud’s Condition Score (RCS) (5, 6). A
large number of therapeutic interventions have been tested in clinical trials of SSc-RP but
establishing treatment efficacy has been challenging and there are currently no FDA-
approved medications for SSc-RP (7). Meta-analyses have indicated that the net benefit of
treatments such as calcium channel blockers (CCBs) and phosphodiesterase V inhibitors

(PDEVi) on existing clinical trial endpoints are either absent, or modest at best (8, 9).

SSc patients were not involved in the development of the RCS diary (10). Concerns have been
raised by SSc patients and experts about the RCS diary, whose focus on RP attack
frequency/duration does not take into consideration the significant efforts adopted by
patients to avoid and ameliorate attacks, or the evolution of RP symptoms that appears to
manifest with progression of the obliterative microangiopathy of SSc (10-13). A number of
important patient experiences of SSc-RP such as emotional impact of SSc-RP are not fully
captured by RCS diary parameters (3). Against this backdrop, a multi-center collaborative

effort has been undertaken to develop a new PRO derived from patient experience. Here we
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report the development, refinement and scoring of the Assessment of Systemic sclerosis-
associated RAynaud’s Phenomenon (ASRAP) questionnaire; a novel PRO instrument for

capturing the impact and severity of SSc-RP.

Methods

Conceptual framework and development of item pool
The ASRAP questionnaire was developed under the auspices of the Scleroderma Clinical Trials
Consortium (SCTC) Vascular Working Group. The agreed conceptual framework was to devise

a novel PRO instrument that captured the severity and impact of SSc-RP.

A preliminary item-bank of 37 candidate items were devised with patient insight partner
support (JW and JDP), to capture the themes and sub-themes comprising the lived experience
of SSc-RP identified in an earlier international multicentre qualitative research study of SSc-
RP and comprehensive scoping review (2, 3). The ASRAP items were devised to capture
domains comprising ‘physical symptoms’ (n=10), ‘emotional distress’ (n=8), ‘impact on daily
life’ (n=6), ‘exacerbating factors’ (n=5), ‘self-management’ (n=4), ‘adaptation’ (n=2) and
‘uncertainty’ (n=2) (2, 3). Where possible, the language used in quotations from patients in
the earlier qualitative work was used in item wording. Item response options were designed
to conform with standards developed for the Patient-Reported Outcome Information System
(PROMIS) initiative with response levels best suited for item response theory (IRT) modelling
(14-16). A recall time frame of the past 7 days was agreed amongst SSc experts and patients

to optimise feasibility and utility in clinical trial setting.

Qualitative item review

Iterative modification of the ASRAP instructions and preliminary 37 items was undertaken
with input from 4 SSc experts (JDP, RTD, LAS and DK) to ensure item wording, recall period
and response options were simple, understandable, relevant to specific domain concepts and
conformed to internationally agreed standards (14-16). Two additional items were proposed
following expert review to enhance content coverage (one concerning average duration of a

typical RP attack and another concerning emotional impact of SSc-RP limiting usual activity).
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Linguistic evaluation of the 39-item preliminary ASRAP questionnaire was undertaken using
the Simple Measure of Gobbledygook (SMOG) to ensure the ASRAP items were concise and
simply worded (to achieve a readability age of <14 years). SMOG assessment led to item

modification of 11 items (Supplementary Table 1).

Cognitive de-briefing interviews were held with English-speaking SSc patients (n=7) in both the
US and UK to evaluate patient perceptions regarding the language, comprehensibility,
ambiguity, cognitive difficulty, relevance and content coverage of the items (16). The
interviews lasted approximately 90 minutes with a scheduled comfort break and three subjects
began the de-briefing interview on item 20 to ensure interview fatigue did not impact on
responses. Cognitive debriefing also sought to ensure the ASRAP items met accepted criteria
for optimal translatability into non-English languages. A scripted interview, incorporating
standard probes, was devised to elicit patient feedback on comprehension, memory retrieval
process, item structure (stem, recall period and response options), response processing and
overall ASRAP format (content coverage and length of questionnaire); with an opportunity to
propose new items if necessary. Interviews were audio-recorded and transcribed for future
verification. Cognitive debriefing interviews led to modification of 15 items and changes to
format and structure of the ASRAP questionnaire instructions (Table 1). No new items were
proposed. An item tracking matrix was devised to document modifications throughout the item
development process (Supplementary Table 2). The ASRAP questionnaire was then deemed

ready for field testing.

Cross-sectional calibration study

The international multicentre ASRAP cross-sectional calibration study enrolled English-
speaking SSc patients from seven UK (Bath, London and Manchester) and US (Pittsburgh,
Johns Hopskins, Michigan and Salt Lake City) scleroderma centres during two consecutive
winters (defined as November-March, between February 2019-March 2020). For calibration
purposes, we recruited patients from the-aferementioned-scleroderma centres in beth-the
US and UK. Our original enrolment plan was to enrol a convenience sample of 500 SSc

patients; to ensure a sample size sufficient for advanced psychometric analysis (see later).
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The study had research ethics committee approval at each UK and US site (available on

request) and conducted in accordance with the principles of the Declaration of Helsinki.

Eligibility and study procedures

All patients were aged 218 years, fulfilled the American College of Rheumatology/European
League Against Rheumatism classification criteria for SSc (17) and had good comprehension
of written/spoken English. Pregnant people were excluded and subjects whose vasodilator
medication had not been stable within the previous 4 weeks. All patients provided informed
written consent. All participants completed the provisional 39-item ASRAP questionnaire.
Relevant patient demographics and clinical phenotype were captured using a clinician case-

report form.

Statistical analysis

A 2-step approach to analysis was undertaken.

Factor Analysis

The initial analyses involved descriptive statistics of each ASRAP item. Although our ASRAP
guestionnaire items were designed to capture 7 domains deemed relevant to patients’ SSc-
RP experience, we made no assumptions regarding the most appropriate factor structure for
the 39 ASRAP items. It was not assumed the 39 ASRAP items would form a single underlying
dimension that covered the broad-ranging patient experience of SSc-RP. Therefore, our goal
was to identify the best performing items representing the robust underlying traits, and to

document sufficient uni-dimensionality to allow us to proceed with IRT analyses.

First, we inspected frequency distributions of individual items for sparse cells. We then
investigated dimensionality by dividing the sample randomly into two equally sized (or
replace with similarly sized) sub-samples, one for exploratory factor analysis (unweighted
least squares, EFA) and the second for confirmatory factor analysis (CFA). Both EFA and CFA

were conducted using Mplus 6.2 with promax rotation (18). In the CFA, the items were treated
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as categorical variables, and the robust weighted least squares (WLSMV) estimator was used.
Scree plots, eigenvalues, and factor loadings were examined. We examined the ratio of
eigenvalues in EFA and the relative proportion of variance accounted for by the factors
extracted. We also carefully assessed the size of factor loadings in both EFA and CFA and the
information values for individual items from the IRT models. Items with low factor loadings
<0.5 and/or low item discrimination parameter estimates (a<1.0) were considered for

removal.

Item Response Theory Analysis

The most commonly used IRT model for polytomous items (i.e., items with three or more
ordinal response categories) is the two-parameter graded response model (GRM) (19) . The
GRM has a slope parameter and n - 1 threshold parameters for each item, where n is the
number of response categories (five in the present analyses). The slope parameter measures
item discrimination, i.e., how well the item differentiates between higher vs lower levels of
severity (or © in IRT terms). Useful items have large slope parameters. Threshold parameters
measure item difficulty, i.e., the ease vs difficulty of endorsing different response options for
an item. For example, the first threshold parameter for an item tells us where along the ©
scale of impact and severity of Raynaud’s symptoms a respondent is more likely to endorse
one response option over another e.g. “a little bit” rather than “not at all”. Items were

calibrated using IRTPRO v. 2.1 (20).

Local dependency (LD) marginal Chi square analyses identified redundant items due to high

local dependency (residual correlations) with other items and were removed.

Differential item functioning (DIF) occurs when characteristics such as age, gender, or
ethnicity, which may seem extraneous to the assessment of the construct under
consideration, actually do affect the measurement of the construct. An item functions
differentially if the item is more (or less) discriminating or more (or less) difficult to endorse
in one group compared with a reference group (e.g. women versus men) when the different
subgroups have been matched on the latent variable under investigation. We conducted DIF

analyses for both uniform (difficulty) and nonuniform (discrimination) DIF on the basis of age
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(median split, age<=60 vs. age>60), birth year (odd vs. even birth year) and location (UK vs.
US). We focused on these variables because the relevant comparison groups were adequately
represented. The DIF procedure, the IRT likelihood ratio method was used and items were

considered for removal if they showed significant DIF (p<.01) (21).

Fixed Short Form Development

When computerized adaptive testing (CAT) is not available, a static short form is a useful tool.
A short-form version of the ASRAP questionnaire was also desirable for use in clinical practice
or as a secondary endpoint in SSc clinical trials. After the ASRAP items were calibrated using
IRT, we developed fixed short form based on computerized adaptive testing (CAT)
simulations. We used four criteria to rank order ASRAP items: discrimination parameters, the
percentage of times the item would have been selected in a simulated CAT using the
calibration sample, expected information under the standard normal distribution with a mean
of zero and SD of one, and expected information under a normal distribution with a larger SD
(i.e., a mean of zero and SD of 1.5). The CAT simulations were performed using the Firestar

program (22) .

Once the final ASRAP items were calibrated, each participant was scored (i.e., theta scores
derived from IRT calibration) for both the full bank and the fixed short form. A lookup table
was created to build the connection between the raw scores and the corresponding theta
scores for both the long-form and short-form ASRAP questionnaires. Internal consistency
between the long-form and short-form ASRAP questionnaires was evaluated using Pearson’s

correlation coefficient-.

Results

Study population

Four hundred and thirty-eight SSc subjects were enrolled at UK (n=238) and US (n=200) sites,
with full ASRAP completion (no missing item responses) on 421 subjects (96.1%), indicating
strong feasibility within the target patient population. Enrolment was suspended in early

March 2020, before achieving our planned sample size, due to the impact of Covid-19 on
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clinical services and the perceived potential impact of lockdown restrictions of movement on
cold exposure and SSc-RP severity. Our subsequent analyses confirmed the sample size was

sufficient to undertake our planned objectives.

The clinical phenotype of the enrolled study population conformed to expected distributions
with respect to sex (79.8% female), ethnicity (86.5% white), disease subset (59.4%, 34.7% and
5.9% for limited, diffuse and sine scleroderma respectively), age (mean 58.9 years, SD 12.4),
disease duration (15.4 years (SD 12.1) since RP-onset and 11.8 (SD 9.7) since first non-RP
symptom of SSc), clinical features and autoantibody specificities; confirming this was a
representative cohort of SSc patients (Table 1). There were only 19 (4.5%) current smokers

(36.6% prior smokers).

Factor Analysis

Prior to factor analysis, we examined the frequencies of each of 39 ASRAP items for sparse
cell. There were no items with response categories having less than 5 observations enabling
all 39 items to be included in the factor analysis (and suggesting no significant floor or ceiling
effects for individual items). The sample was split randomly for EFA (n=202) and CFA (n=219).
The first two eigenvalues were 21.58 and 3.08 with a ratio of 7.0, which is a strong indication
of single underlying trait. The 2-factor solution appeared to distinguish domains of SSc-RP
with respect to ‘physical symptoms’ and ‘emotional distress’. For EFA, we compared the 1-
factor and 2-factor solutions and the 1-factor solution provided a better fitting and a clinical
meaningful construct. The majority of items had a factor loading larger than .450 (with 36 of
39 ASRAP items with factor loadings larger than .80). Three items (items 30, 31, and 33) had
factor loadings between 0.415 and 0.443 and were removed from further analysis. We then
used the CFA sample to confirm the 36-item 1-factor structure identified in EFA. The factor
loadings on all 36 items were above 0.54 and the fit indices were all excellent or acceptable
with a Standardized Root Mean Square Residual (SRMR) of 0.08, and a Confirmatory Factor
Index (CFI) of 0.92, except for a Root Mean Square Error of Approximation (RMSEA) of 0.11

(just above the desired range of .08).

IRT calibrations
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The 36 items retained from factor analysis were calibrated using IRT graded response model.
Item Discrimination parameters ranged from 1.18 to 3.62 (Figure 2), except one item (item
34) with a marginal item discrimination parameter estimate of 1.06, which was removed at

this stage.

Redundant items
Only 14 potentially redundant pairs showed high local dependency (residual correlations)
with other items. Using LD marginal chi square (>10 indicates redundancy), six individual

items (items 2, 5, 10, 25, 29, and 38) were removed (supplementary Table 3).

Model fit assessment

Four items (9, 10, 27, and 38) exhibited suboptimal model fit; 2 of which had already been
removed due to item redundancy. For the other 2 items, one was removed (item 27) and one
retained due to perceived important content validity (item 9, frequency of SSc-RP attacks).
We inspected the individual item information curves for the remaining 28 items which all

contributed meaningful information.

Unanticipated differential item functioning

The IRT likelihood ratio test did not flag any age-related DIF items, but found three location-
related DIF items (items 2, 5 and 35) which indicated responses between US and UK
respondents differed without explanation. One item (item 35) was subsequently removed

(the others having already been identified for removal during earlier steps).

Summary of retained ASRAP items

After the above refining steps, the final ASRAP item bank retained 27 items. A summary of
the steps leading to the removal of redundant and/or poorly fitting items is
prsenetedpresented in Table 2. The parameter estimates are of the 27 retained long-form
ASRAP items is presented in Table 3. Figure 3 displays the test information curve for the 27-
item long-form ASRAP questionnaire and its corresponding standard error. A standard error
of .30 corresponds approximately to a classical reliability of .90. The effective range of

measurement for this final 27-item ASRAP item bank was estimated at -1.8 to +2.8 SDs. A
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scoring platform is under development to connect the raw score with the corresponding IRT

theta score for the long-form ASRAP questionnaire (available through SCTC website).

Fixed item selection to create the ASRAP-short form (ASRAP-SF)

To develop the fixed short form, we rank ordered all 27 items on four criteria: discrimination
parameter estimates, the percentage of items the item being selected in a simulated CAT
based on the calibration sample, expected information under the standard normal
distribution (mean =0, SD=1), and expected information under a normal distribution with a
wider standard deviation (SD=1.5). For CAT simulations, we set the minimum number of items
to 8 and the maximum number of items to the full bank. We selected top 8 items based on
the convergence of the four psychometric criteria. In addition, we added 2 items based on
content importance to build the 10-item fixed short form (pain during attacks and effect on
personal/private life)). The correlation of this 10-item short form theta scores and the full
bank theta scores was 0.98. To facilitate the usage of this short form, a scoring platform is
under development to connect the raw score with the corresponding IRT theta score

(available through SCTC website).

Discussion

We have developed a novel PRO instrument for assessing the severity and impact of SSc-RP.
The ASRAP questionnaire has been devised and tested with direct input from SSc patients
throughout the process, combined with an international consortium of SSc experts to achieve
the goal of fully capturing the patient lived experience of SSc-RP. The ASRAP questionnaire
could play an important role as a clinical trial endpoint in future therapeutic trials of SSc-RP,
pending reporting of construct validity, reliabilityreliability, and responsiveness testing. From
the outset, we aimed to develop a novel PRO instrument that would capture the severity and
impact of SSc-RP, with a specific focus on the impact of RP on how people with SSc ‘feel’ and
‘function’, which are vital pre-requisites for instruments evaluated by regulatory bodies when

considering marketing authorisation of therapeutic interventions.
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In this preliminary study, we have demonstrated strong content validity and feasibility of the
novel ASRAP questionnaire. The items of the ASRAP questionnaire benefit from being
grounded in themes and subthemes identified in our preparatory work to understand the
patient experience of SSc-RP across diverse UK and US patient populations (2, 3). Unlike
existing PRO instruments devoted to assessing SSc-RP, the items were developed with patient
insight partner support, and where possible we utilised the wording of quotations obtained
from our underpinning qualitative research (3, 10). To further strengthen content validity and
comprehension, we undertook formal linguistic testing and cognitive de-briefing interviews
within the target patient population at UK and US sites. This item testing has ensured the
ASRAP questionnaire is comprehensible within different countries, minimizes ambiguity and
meets accepted criteria for optimal translatability into non-English languages. Feasibility has
been confirmed by the high completion rate of the ASRAP questionnaire (>96%). The items

have performed well with no discernible floor or ceiling effects.

We have refined and tested the ASRAP questionnaire in the largest study of SSc-RP
undertaken to date, having enrolled 438 patients with SSc from 7 English-speaking SSc units
in the UK and US. We have taken a data driven approach to refining and scoring the ASRAP
guestionnaire based on factor analysis and IRT graded response modelling. Factor analyses
have confirmed a strong single underlying trait and clinically meaningful construct of SSc-RP.
We have undertaken a data driven approach to removing redundant or poorly fitting items,
only retaining items (n=1) when SSc experts considered the content validity to be jeopardised
by their removal. Of the 13 potentially problematic items, we were reassured to find that
7/12 of the removed items were identified as problematic across 2 or more domains of our
2-stage analysis. We have confidence that each of the remaining 27-item long form ASRAP
guestionnaire capture the broad-ranging lived experiences of SSc-RP in a concise but
comprehensive manner. The development of a 10-item short form questionnaire, meanwhile,
will provide a much-needed tool to capture the severity and impact of SSc-RP (and therapeutic
response) in routine clinical practice. The 2-week prospective RCS diary has not easily
permitted the capture of practice-based evidence on SSc-RP severity and treatment response,
but the retrospective (1 week recall period) nature of the ASRAP questionnaire will provide a

valuable opportunity to do so in future. The ASRAP questionnaire also captures important
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experiences of SSc-RP that are not assessed using instruments such as the RCS diary
parameters such as ‘emotional distress’, ‘impact on daily life’, ‘exacerbating factors’, ‘self-
management’ and ‘adaptation’. The ASRAP captures information on RP attack frequency but
could be used alongside traditional diary-based approaches for more fully assessing SSc-RP
attack characteristics if necessary. The paradigm of RP ‘attacks’ is relevant to the patient
experience of SSc-RP, although some patients have reported difficulty distinguishing RP
attacks from background digital ischaemic symptoms (3, 13, 23). Symptoms of SSc-RP appear
to evolve with greater disease duration with some patients identifying with a paradigm of
more persistent digital ischaemic symptoms (12). Assessment of SSc-RP attack frequency and
duration also fails to consider the severity of individual attacks and/or the considerable efforts
taken by patients with SSc to avoid and ameliorate RP symptoms when they occur (2, 3, 11).
Whilst, single-item global RP severity instruments such as the RCS attempt to capture the
multifaceted nature of RP, they provide little insight into the factors influencing their score.
The ASRAP questionnaire shall allow a more nuanced assessment of RP severity and impact
and future modifications may allow post-hoc analyses to examine the determinants and
impact of therapeutic intervention on specific aspects of the lived experience of SSc-RP. The
present report has focussed on the development and refinement of the ASRAP questionnaire.
Analyses reporting the construct validity, reliability and responsiveness of the long and short-

form ASRAP questionnaires shall be reported separately.

Conclusions

The ASRAP questionnaire is a novel PRO instrument for assessing the severity and impact of
SSc-RP. Significant patient participation in the development and refinement of the ASRAP
guestionnaire has ensured strong content validity and feasibility. Further work is underway
to examine the construct validity, reliabilityreliability, and responsiveness of the long and
short-form ASRAP questionnaires to enable these instruments to be applied in both clinical

trials and routine clinical practice for assessing SSc-RP severity.
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Tables and Figures

Figure 1. Conceptual map of the major themes and sub-themes comprising the patient
experience of Raynaud’s phenomenon in systemic sclerosis
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Table 1. Summary of modifications made to ASRAP items following formal cognitive de-

briefing interviews

Item number or
| change

Original item wording/formatting

New item wording/format change

Strengthen focus on
7-day recall period by
changing wording of
instructions at the
start of each section.

Considering your Raynaud’s attacks
over the last 7 days

(presented in lower case bold)

In the PAST 7 DAYS...

(shortened with ‘past 7 days’
presented in capital letters, in bold
and underlined using largest font
possible)

9 How often have you experienced On average, how often have you

attacks of Raynaud’s symptoms? experienced attacks of
Raynaud’s symptoms?

10 On average, how much total time On average, how much total time
have you spent each day per day have you experienced
experiencing attacks of Raynaud’s attacks of Raynaud’s symptoms?
symptoms?

11 Response option 4: ‘10-20 minutes’ | Change response option 4 to ‘10-25
Response option 5: ‘Over 30 minutes’
minutes’ Change response option 5 to ‘over

25 minutes’

12 Raynaud’s symptoms have made me | Raynaud’s symptoms have made me
upset/tearful tearful

14 Raynaud’s symptoms have made me | Raynaud’s symptoms have made me
Annoyed/frustrated frustrated

18 Raynaud’s symptoms have caused Raynaud’s symptoms have made me
low mood /made me depressed sad/depressed

23 Raynaud’s symptoms have made Raynaud’s symptoms have made
social events / doing sport difficult social events / doing exercise

difficult

27 | have been able to reduce (control) | | have been able to reduce (control)
the intensity my Raynaud’s the intensity of my Raynaud’s
symptoms? symptoms?

28-32 ‘This activity not undertaken’ Move ‘This activity not undertaken’
currently on far left of response response option column to the far
options right

28 Going inside a grocery store / super- | Being inside a grocery store / super-
market has caused Raynaud’s market has caused Raynaud’s
symptoms symptoms

31 and 32 Inadvertent consideration of being Switch positions of items 31 and 32
indoors by one subject

34 | have used hand warmers/put my | have used techniques (e.g. hand
hands in warm water to control/ warmers/putting hands in warm
manage Raynaud’s symptoms water/sitting on hands) to control/

manage Raynaud’s symptoms’

39 Changes to my normal routine have | A change in my normal routine has

caused me to worry about possible
worsening of Raynaud’s
symptoms

caused me to worry about possible
worsening of my Raynaud’s
symptoms
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Figure 2. Examples of Item Discrimination Parameter estimates for ASRAP items 1 and 2.

a values >1.0 are satisfactory
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Table 2. Summary of item removal from preliminary ASRAP questionnaire

Factor Analysis IRT Analysis

Item Local DIF-
Exploratory/Confirmatorya parameter [DependencyModel Fit |[Location

Final
appraisal

Item 6-7 X RETAIN
Item 8
Item 9 X RETAIN
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Table 3. Parameter estimates for the 27-item long-form ASRAP questionnaire

) Final Calibration
Item Original a b: b, bs b,
ASRAP item
number
1 ASRAP_1 * 2.39 -1.3 -0.33 0.36 1.25
2 ASRAP_3 1.78 -1.31 -0.37 0.41 1.47
3 ASRAP_4 2.09 -0.92 -0.2 0.39 1.31
4 ASRAP_6 1.96 -2.5 -1.32 -0.7 0.46
5 ASRAP_7 1.7 -2.37 -1.37 -0.56 0.47
6 ASRAP_8 * 2.92 -1.3 -0.47 0.26 0.84
7 ASRAP_9 1.42 -2.46 -0.09 1.17 2.25
8 ASRAP_11 1.23 -2.7 -1.19 0.11 1.67
9 ASRAP_12 2.74 0.42 0.97 1.41 1.98
10 ASRAP_13 * 3.71 -0.37 0.42 0.92 1.46
11 ASRAP_14 * 3.81 -0.71 0.08 0.55 1.2
12 ASRAP_15 * 3.51 -0.14 0.44 0.98 1.56
13 ASRAP_16 * 34 0.44 0.99 1.57 1.98
14 ASRAP_17 1.83 0.25 1.14 1.75 2.21
15 ASRAP_18 2.66 0.16 0.99 1.51 2.14
16 ASRAP_19 * 3.76 -0.5 0.27 0.81 1.36
17 ASRAP_20 2.23 0.53 1.23 1.82 2.77
18 ASRAP_21 2.6 -0.76 0.15 0.67 1.48
19 ASRAP_ 22 * 3.41 -0.55 0.29 0.93 1.55
20 ASRAP_23 * 3.26 -0.28 0.52 1 1.64
21 ASRAP_24 2.81 -0.11 0.51 0.97 1.58
22 ASRAP_26 * 2.84 -0.11 0.55 1.18 1.71
23 ASRAP_28 1.12 -2.36 -1.53 -0.3 0.78
24 ASRAP_32 1.43 -2.72 -1.17 0.06 2.93
25 ASRAP_36 2.47 -1.33 -0.62 0.4 1.31
26 ASRAP_37 2.63 -0.7 0.03 0.69 1.64
27 ASRAP_39 2.52 -0.05 0.54 1.22 2.04

Note: items with * are the final 10-item fixed short-form ASRAP questionnaire items
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Figure 3. Test information of the 27-item long-form ASRAP questionnaire

A standard error of .30 corresponds approximately to a classical reliability of .90. The
effective range of measurement for this final 27-item ASRAP item bank is estimated at -1.8

to +2.8 SDs.

Group 1. Total Information Curve

Total Information
Joll3 pEDUETS

0 + 0.0
3 2 1 i} 1 2 3
Thets
——— Total Information ===== Standard Eror

Development and refinement of the ASRAP questionnaire

23



Supplementary Material 1. The provisional 39-item ASRAP questionnaire

Supplementary Material 2. Results of item modification following linguistic testing

Supplementary Material 3. Item tracking matrix detailing patient feedback and item
modification following cognitive de-briefing interviews at UK and US sites

Supplementary Table 1. Local Dependency Marginal Chi Square analysis to remove
redundant items

Values >10.0 indicate redundancy. Decisions to remove items were based on LD Chi sqare

values, content validity and frequency of item pairing. Iltems were retained if it was felt
content validity jeopardised by removal.

Local Dependency LD CHI- | Decision following expert review (plus details of
Item Pairs SQUARE | item content and
value

ASRAP_1 | ASRAP_2 12.3 | Remove item 2 (physical symptom of numbness
caused by RP)

ASRAP_1 | ASRAP_3 10.3

ASRAP_2 | ASRAP_3 26.9

ASRAP_3 | ASRAP_5 12.6 | Remove item 5 (physical symptom of burning
sensation caused by RP)

ASRAP_3 | ASRAP_6 10.2

ASRAP_4 | ASRAP_5 11.7

ASRAP_6 | ASRAP_7 19.8 | Retain both items (feeling cold and colour
changes)

ASRAP_9 | ASRAP_10 27.4 | Remove item 10 (estimated aggregate time spent
in SSc-RP attacks)

ASRAP_9 | ASRAP_11 12.1

ASRAP_10 | ASRAP_11 39.6

ASRAP_25 | ASRAP_26 25.7 | Remove item 25 (Impact of RP on home/family
life)

ASRAP_28 | ASRAP_29 17.3 | Remove item 29 (impact of household activities
on RP e.g. washing vegetables)

ASRAP_36 | ASRAP_37 11.1 | Retain both (both adaptation items capturing
doing things differently and seeking help from
others)

ASRAP_38 | ASRAP_39 19.3 | Remove item 38 (concerns around future health)
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