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1. SUPPLEMENTARY METHODS

Main concept:

The SclerolD aims to specifically capture the global burden of disease of systemic
sclerosis (SSc) as perceived by the patients themselves. In other words, it aims to
provide an integrated and standardized overall assessment of the multiple health
dimensions affected by SSc that are most important to patients. Hence, it aims to
function similarly to the already successfully developed RAID and PsAID tools for
rheumatoid arthritis and psoriatic arthritis, respectively [1-4].

SclerolD aims to meet an unmet need in the current assessment of the patients}
disease experience in SSc. The current medical practice consists of using several
existing PROM tools, which are either generic (e.g. SF-36) or somewhat adapted for
SSc (e.g. SHAQ), or specifically focussing on one aspect of the disease (e.g. UCLA
GIT for gastrointestinal involvement). This is in general important to detail certain
aspects of the disease, but may burden the patients with lengthy and time-consuming
guestionnaires which however fail to capture the complexity of SSc. A specific, brief
but also comprehensive questionnaire could considerably improve the inclusion of the

patient perspective in clinical practice and clinical research in SSc.

We have validated the SclerolD questionnaire following the Outcome Measures in

Rheumatology (OMERACT) filter, a widely acknowledged framework for development
2
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of PROMs in Rheumatology [5]. By the OMERACT filter, a candidate outcome
measure is evaluated according to three main pillars which are represented by truth,
discrimination and feasibility [6]. Truth essentially means that the PROM measures
what it is intended to, hereby including content validity, face validity and construct
validity, which we investigated for SclerolD (as detailed in the main manuscript).
Further, discrimination refers to whether the instrument can differentiate between
situations of interest (either different states at one time or states at different times).[6]
For this, we tested SclerolD for test/retest reliability and sensitivity to change in a
clinical setting. Lastly, the feasibility of applying SclerolD in practice has been
addressed in terms of translation, practicability, concision and easiness of use.

The clinical data were collected following generally accepted EUSTAR (European
Scleroderma Trials and Research group) standards. Accordingly, detailed clinical,
laboratory and imaging data from the patientsi regular visits at the participating expert
SSc centres are collected following a standardized protocol and datasheet. This
includes yearly assessments with screening for organ involvement as well as
potentiallly additional follow-up visits, according to the treating physician [7]. The data
are systematically uploaded in a joint electronic database which undergoes periodic
guality checks.

Development of the SclerolD questionnaire

Expert investigators from each centre, representing 11 European countries, invited
one to three English-speaking patients, each with complementary disease features,
as to cover the different aspects of the disease. Only one patient per centre was
required on site, whereas the 1-2 additional patients joined via webinar/telephone
conference. Given the heterogeneity of SSc, the availability of patient research
partners for this first step was essential. Although there is no definitive need to
calculate sample size in qualitative approaches, the principle of saturation, i.e. to

reveal the full range of important perceptions, is regarded as an indicator.
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The meeting took place on two days during the EULAR congress in Rome in June
2015. Eleven patients joined on site and 13 through a telephone conference. On the
first day, the expert investigators (RD, MB, TH) presented a review of the literature on
PROMSs used in SSc to the patient research partners. The best-established and well-
known questionnaires, the SHAQ and SF-36, were used as examples. The patient
representatives thereafter suggested health dimensions on which the disease has an
important impact, according to their personal perception, using the nominal group
technique [8]. Only neutral moderating from the experts was permitted at this stage.
On day one, 66 health dimensions were collected. On the second day, these were
discussed, grouped and finally reduced to 17 candidate dimensions, which were
approved unanimously by whole group. An example: patients initially freely reported
areas in which they felt themselves affected by their SSc. The first brainstorming
exercise brought up (among others) musculoskeletal aspects like “body stiffness” and
“muscular weakness” as main issues for the patients. After a subsequent discussion
with the group, the patients felt that these would best be captured under the term “body
mobility”, understood as the general subjective perception of impaired body movement
comprising both flexibility and strength aspects. A visualization of a conceptual model
for a SclerolD PROM is given below.

Figure S1: A conceptual model for the SclerolD PROM
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Development of study materials and translation protocol

All study materials intended for patients (prioritization sheet, SclerolD questionnaire,
cohort study case report forms, CRFs) have been developed in English (RD, MB, TH,
OD). For the development of the SclerolD questionnaire, the questions and NRS
scales were constructed by the steering committee, including patient research
partners (RD, MB, TH, OD, ATK) and agreed upon by the patient representatives who
participated in the nominal group exercise in Rome (see main methods).

All study materials intended for patients (SclerolD, CRFs) were translated from English
into the local language by each centre under the supervision of the local Pl. The
standardized translation protocol, which was recommended, required that two
bilingual persons (one preferably a patient) separately translated from English into the
target language, then met and reached consensus. A third person subsequently did
the back translation from the local language to English. Finally, they all met to agree
for a final version. The Pl was advised to at least participate at this last meeting with
the translation team.

The study CRFs are provided as Annex 1.

A standardized excel template for data collection was provided to the centres. All data
were after completion sent to the lead centre. Where appropriate, queries were sent

by the steering committee (MB, RD) to the PlIs.

Selection of other PROMs as comparators for SclerolD

After literature review and discussion within the steering committee (MB, RD, OD, TH),
the following questionnaires were initially selected as potential validation instruments
for SclerolD and its constituting dimensions: SF-36, SSc-HAQ, EQ-5D, EUSTAR
activity index, Cochin Hand Function Scale, ULCA GIT 2.0, FACIT, Raynaudis
Condition Score.

Consistent with the experiences from the earlier successful EULAR projects on patient
reported outcomes (RAID, PsAID) [1-3], Pls then agreed that single dimensions of the
SclerolD questionnaire were not to be tested for concurrent validity. Instead, it was
decided that the whole SclerolD questionnaire will be validated by comparison to other
overall scores, i.e. questionnaires that evaluate the disease status of SSc patients
more broadly. These were chosen to be the SF-36, the SSc-HAQ, the EQ-5D and the

EUSTAR SSc activity index, based on the available data from the literature validating
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their use in SSc. Translations for the comparator PROMs were retrieved from the

literature, as available.

Table S1. Weighting exercise, as presented to patients
(extract from patientis baseline CRF, see Annex 1)
We want you to indicate how much your systemic sclerosis (scleroderma) impacts

your health in the following selected health dimensions, shown below.

Please distribute 100 points between the dimensions according to their impact; the
sum should be 100.

Please read all dimensions before starting to distribute your points.

You can spend your points in sets of 5. Give more points to dimensions which have
important impact and less to dimensions that are not so important. You do not have to
spend points in every area. You cannot spend more than 100 points.

Please take into account your whole disease history, not only how you feel today,

when distributing the points.

In this table, you have to distribute your 100 points between 10 domains of health:

Domain/dimension POINTS
Raynaudis Phenomenon I
Hand function 1
Pain I
Fatigue

(being tired physically, but also mental fatigue, lack of energy) 11
Upper gastrointestinal tract symptoms

(e.g. swallowing difficulties, reflux, vomiting) |
Lower gastrointestinal tract symptoms

(e.g. bloating, diarrhea, constipation, anal incontinence) 11
Limitations of life choices and activities

(e.g. social life, personal care, work) 0|
Body mobility 11
Breathlessness 1|
Digital ulcers I
TOTAL POINTS: Remember must add up to 100 points 100
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2.

Sample size considerations

For the initial group of patients who selected the main candidate health dimensions
there was no formal sample size calculation, based upon the rationale that there is no
definitive need to calculate sample size in qualitative approaches. Nonetheless, the
principle of saturation, i.e. to reveal the full range of important dimensions is regarded
as an indicator. A critical review from Yamazaki et al. identified a median sample size
of 36 (range 9-383) in 80 qualitative studies published in the 5 most influential medical
journals [9]. We also took into consideration that SSc has a wide range of clinical
phenotypes, which requires diverse patient representation. As a result, the experts
recruited SSc patients with a wide range of disease phenotypes and demographic
characteristics, and a total of 24 took part to the nominal group exercise in Rome in
2015. For comparison, the number of participants in the initial phase of the RAID and
PsAID studies for identification of candidate dimensions were 10 and 12, respectively
[1, 2]. Focus groups were reported to usually contain 6 -12 participants [10]. Hence,
we considered 24 SSc patients for the focus group to be sufficient.

For the prioritisation and weighting exercises, and for the validity study, formal power
calculations were not performed. The literature suggested that a patient population of
around 500 or more was estimated to be sufficient and we used the studies behind
PsAID and RAID as models [10]. Numbers are very similar across the three studies
[1-3].
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2. SUPPLEMENTARY RESULTS

Table S2. Clinical and demographic characteristics of the patients who

performed the prioritization step (N=108)

Variable Frequency
Age (years, median (IQR)) 53 (17)
Gender (n, %)
Female 82 (76%)
Male 25 (24%)

Disease duration* (years, median (IQR)) 10 (10)

Disease subset according to Le Roy (n, %)

Limited skin involvement 53 (49.5%)
Diffuse skin involvement 54 (50.5%)
Distribution per country (alphabetically, n)

France 9
Germany 10
Hungary 9

Italy 10
Netherlands 10

Poland 10
Romania 11

Spain 10
Sweden 7
Switzerland 12

UK 10

*time since onset of the first non-Raynaud symptom of the disease

Abbreviations: IQR, interquartile range; UK, United Kingdom.
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Performance of SclerolD by the OMERACT filter T additional results

Table S3. Number and percentage of missing values for scores in the cross-

sectional study.

Questionnaire Patients with missing items, n(%) Mean of missing items (SD)
SclerolD 10 (2.1) 3.3(3.0)
Physician Global Assessment 23 (4.9) 1.0 (0.00)
Patient Global Assessment 3(0.6) 1.0 (0.00)
SF-36 Physical component score 36 (7.6) 3.0(3.7)
SF-36 Mental component score 37 (7.8) 3.9(3.7)
EQ-5D 8(1.7) 1.8 (0.5)
HAQ-DI 12 (2.5) 8.0 (0.00)
SSc-HAQ 16 (3.4) 3.8(0.8)

Abbreviations: n, number; SD, standard deviation; SF-36, 36-ltem Short Form Survey; HAQ-DI, Health Assessment Questionnaire Disability Index; SSc-HAQ,

Systemic Sclerosis Health Assessment Questionnaire Disability Index;

The table illustrates the number (and percentage) of patients who had at least one
missing item per questionnaire and the mean number of missing items per

guestionnaire in those patients.

Imputation of missing SclerolD items

Two approaches to imputing a single missing component of SclerolD were
investigated. The first is the approach that was used for PSAID, where the missing
item of the SclerolD score is replaced by the average of the other components of the
SclerolD score of the same patient ('PsAID Imputation’). The second method imputes
the missing SclerolD item in one patient using the average value for this item across
all patients, (‘Mean Imputation'). Both methods were compared by setting one item as
missing and using both methods to impute the missing item. Results were compared
to the fitrueo SclerolD score. The difference between the imputed and true SclerolD is
measured using the mean absolute error. The table below suggests that both
approaches seem to work adequately, with the PSAID Imputation yielding slightly lower

mean absolute errors.
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Supplementary Table S4: Imputation of single SclerolD component. Mean

absolute error.

SclerolD component Mean absolute error Mean absolute error
(PsAID Imputation) (Mean Imputation)

Raynaud's phenomenon 0.27 0.29

Hand function 0.19 0.26

Pain 0.17 0.26

Fatigue 0.21 0.28

Upper gastrointestinal symptoms 0.17 0.21

Lower gastrointestinal symptoms 0.19 0.23

Life choices 0.16 0.24

Body mobility 0.14 0.21

Dyspnoea 0.17 0.20

Digital ulcers 0.23 0.18
Abbvreviations: PsAID, Psoriatic Arthritis Impact of Disease

The table illustrates the mean absolute error when any SclerolD component is imputed
by the PsAID or Mean Imputation method (see above). Given the SclerolD score range
from O to 10 and the median and interquartile range (IQR) of 3.2 (1.9-4.7), the errors
vary from 0.14 (4.3%) to 0.29 (9.1%).

10
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Figure S2. Distribution of SclerolD scores across 472 patients at baseline.
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The graphs show the distribution of final SclerolD scores amongst dcSSc (left) and
IcSSc (right) patients with the respective median and IQR.
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Table S5. Internal consistency of SclerolD analysed by Cronbach& alpha.

Health dimension Value*
Raynaud 0.87

Hand function 0.85

Pain 0.84

Fatigue 0.85

Upper GI symptoms 0.85

Lower GI symptoms 0.86

Life choices 0.84

Body mobility 0.84

Dyspnea 0.85

Digital ulcers 0.87
Cronbach's alpha 0.87

*Table gives Cronbach's alpha (last row) of
components of SclerolD, and the value of Cronbach's
alpha with individual dimension removed. For
comparison, Cronbach's alpha for SSc-HAQ was 0.88,
for HAQ 0.92, and for EQ5D 0.77.

Abbreviations: Gl, gastrointestinal.

For Cronbachis alpha, a cut-off of 0.7-0.8 usually is regarded as satisfactory, and we
interpreted values > 0.8 as strong[l1, 12]. However, acceptable levels might be
different and even lower depending on the actual study. Similarly, cut-off levels have
been provided for correlation coefficients such as Pearsonis r: i0-0.19 is regarded as
very weak, 0.2-0.39 as weak, 0.40-0.59 as moderate, 0.6-0.79 as strong and 0.8-1 as
very strong correlationd[13].

Further instruments to assess construct validity are methods that measure the
relationship between a latent trait to be measured and the items of a questionnaire,
such as principal component analysis, factor analysis or a Rasch model. We decided

to implement a confirmatory factor analysis (CFA) as we a) had assumptions

12
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concerning the possible internal structure of the questionnaire and b) thought it likely
that preconditions for a Rasch model would be violated (e.g. the a priori assumption
that all items measure the same latent trait and that correlations of items with the latent
trait are equally distributed). With missings of no more than 3% we did a complete
case analysis. The Kaiser-Maier-Olkin Measure of Sampling Adequacy was close to
1 with 0.89, Bartlett's test suggested the variables were not completely uncorrelated
(p < 0.001) and the determinant of the data regarded as a matrix was 0.019, all of
which supported a confirmatory factor analysis. Because we hypothesised that a
common latent trait might be important for all items, we tested a one factor structure
as well as a bifactor/2 factors and a bifactor/3 factors structure. For comparison,
structures with 2 and 3 factors were also evaluated. The model fit indices indicated
slightly mixed results that in general favoured a bifactor model with either 2 or 3 factors
(2 factors: hand i encompassing Raynaud's, hand function, pain and ulcers, systemic:
the remaining items; 3 factors: hand T as for the bifactor/2 factors model, GIT i lower
and upper Gl symptoms, life i the remaining items; see Supplementary Table S6 and
Supplementary Figure S3).
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Table S6. Model fit indices of the confirmatory factor analysis models.

Model Chisq DF Chisqg/DF | CFlI RMSEA SRMR AIC TLI
1 factor 236.38 |35 6.8 0.89 0.11 (0.10-0.13)* 0.06 21112.05 0.86
2 factors 15391 |34 |45 0.93 0.09 (0.07 7 0.10)* |0.05 21031.58 0.91
if 2 2.
bifactor, 2| ¢ 28 |25 20 099 |0.05(0.03 -007) |0.02 20946.44 | 0.97
factors
3 factors 92.74 32 2.9 0.97 0.06 (0.057 0.08) 0.04 20974.41 0.95
bifactor, 3 2.5
Hacton, s 1 g5 95 |25 098 |0.06(0.04i 0.08) |0.03 20958.61 | 0.96
factors
Chisq - chi-square statistic (all p < 0.05); DF i degrees of freedom; CFI - comparative fit index; RMSEA -
root mean square error of approximation; SRMR - standardized root mean square residual; AlIC - Akaike
information criterion, TLI - Tucker Lewis. * indicates RMSEA p values < 0.05.

There are rules of thumb in the literature to assess model fit with indices: large sample

sizes will almost always give significant chi-square statistics by default, therefore the

ratio of the chi-square test statistic to the degrees of freedom is calculated, where a
model fit is indicated by values smaller than 3 [14]. CFI should be > 0.9, better > 0.95
[15, 16]. RMSEA should be 0 0.6 [16], the SRMR 0 0.5 or at least 0 0.8 [16, 17]. AIC

should be as low as possible with lower values indicating better fit (no absolute cut-

offs). TLI should be 0 0.95 [16].The two bifactor models also showed the lowest local

misfit in the variance-covariance matrix of standardised residuals (bifactor/2 factors: -
0.474 to 0.542; bifactor/3 factors -0.474 to 0.640; compared to 1 factor: -0.652 to

1.805; 2 factors: -0.697 to 1.825; 3 factors: -0.677 to 0.800), see data in Annex 3.
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