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Summary

Background Patient-reported outcome measures (PROMs) aimed at assessing people
with systemic sclerosis (SSc) have rarely involved the target population in the
item- and domain-generation stage of the instrument construction.
Objectives To develop a new PROM assessing activities and participation in people
with SSc.
Methods A provisional International Classification of Functioning, Disability and
Health (ICF)-based 65-item questionnaire previously developed from interviews
of people with SSc was sent by email to all patients followed in the internal med-
icine department of Cochin hospital (n = 184) and enrolled in the Scleroderma
Patient-centered Intervention Network Cohort. Items were reduced according to
their metric properties. Dimensional structure of the questionnaire was assessed
by principal component analysis, convergent and divergent validities by Spear-
man’s rank correlation coefficient, internal consistency by Cronbach’s a, and reli-
ability by a test–retest method using the intraclass correlation coefficient (ICC)
and Bland–Altman analysis.
Results Overall, 113 of 184 patients (61�4%) completed the provisional question-
naire. The item-reduction process resulted in a 17-item questionnaire, the Cochin
17-item Scleroderma Functional scale (CSF-17). Principal component analysis
extracted two dimensions: 10 items related to mobility (CSF-17 section A) and
seven items related to general tasks (CSF-17 section B). We observed convergent
validity of the CSF-17 total score with global activity limitation, pain, depression
and aesthetic burden, and divergent validity with anxiety. Cronbach’s a was 0�94
for section A and 0�95 for section B. ICC (n = 25 patients) was 0�92 for the CSF-17
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total score. Bland–Altman analysis did not reveal a systematic trend for the test–
retest.
Conclusions The CSF-17 is a new PROM assessing activities and participation specif-
ically in people with SSc. Its content and construct validities are very high.

What is already known about this topic?

• In the earliest stages of construction patient-reported outcomes (PROMs) for people

with systemic sclerosis (SSc) rarely involve the target population.

• Instruments able to capture the specific needs of people with SSc in terms of activi-

ties and participation are lacking.

What does this study add?

• The Cochin 17-item Scleroderma Functional Scale (CSF-17) is a new PROM assess-

ing global activities and participation specifically in people with SSc.

• Patients’ perspectives were prioritized at all stages of construction.

What are the clinical implications of this work?

• The CSF-17 could be used in clinical practice and research to assess the efficacy of

complex multidisciplinary interventions targeting activity limitations and participa-

tion restriction in people with SSc.

Systemic sclerosis (SSc) is a rare autoimmune disease charac-

terized by collagen deposition in skin and internal organs and

vascular hyperreactivity. Two subsets of SSc are reported,

based on the extent of skin involvement, each with a different

prognosis: limited cutaneous SSc (lcSSc) and diffuse cutaneous

SSc (dcSSc).1,2 With improvement in patient care, survival

rates have increased. However, SSc remains a disabling condi-

tion and impairs patients’ health-related quality of life

(HRQoL) and functioning,3,4 as defined by the World Health

Organization (WHO) in the International Classification of

Functioning, Disability and Health (ICF).

Guidelines regarding assessment of people with SSc have

shifted from recommendations of quantifying organ damage

to recommendations of measuring ‘functioning’. These recom-

mendations refer to ‘physical functioning’ rather than to func-

tioning as defined by WHO. Therefore, most patient-reported

outcome measures (PROMs) [e.g. pain Numeric Rating Scale

(NRS), Health Assessment Questionnaire (HAQ)5 or Medical

Outcomes Study 12-item Short Form (MOS SF-12)6–8] cover

selected aspects of the whole individual’s experience of SSc

and disregard others such as activities and participation.9 Some

PROMs have been designed to assess activities and participa-

tion in people with SSc.4,10–12 However, development of these

instruments did not fully follow current guidelines.13–15 As

reviewed by Pauling and colleagues, only seven of 13 PROMs

(53�8%) aiming at assessing people with SSc involved the tar-

get population in the item- and domain-generation stage of

the instrument construction.12,16–23

We aimed to develop a new PROM assessing activities and

participation in people with SSc, using an original ICF-based

patient-centred self-administered 65-item provisional ques-

tionnaire24 and prioritizing people’s perspectives at all stages

of instrument construction.

The study is registered on ClinicalTrials.gov (NCT01848

418). Our study protocol was approved by our Institutional

Review Board (CPP Île-de-France I). Patients from the Sclero-

derma Patient-centered Intervention Network (SPIN) Cohort

gave their written informed consent to participate in the

online cohort study and received an electronic note to inform

them about the specific additional research question addressed

in the present study. There was no patient and public involve-

ment in the coproduction of the present research.

Patients and methods

Study design overview

An original 65-item self-administered questionnaire was devel-

oped within the ICF conceptual framework and served as a

provisional questionnaire.24 It was sent via email to partici-

pants enrolled in the SPIN Cohort,25 followed up for item

reduction and assessment of psychometric properties, at the

internal medicine department of Cochin hospital.

Provisional questionnaire

Development of the provisional ICF-based 65-item question-

naire has been reported.24 In a previous study,24 we devel-

oped a comprehensive ICF core set for SSc. Meaningful

concepts were collected using data source triangulation from
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patients, experts and literature, and linked to the best-

matching ICF domains in accordance with prespecified stan-

dardized linking rules.26 To collect concepts from patients,

we used a qualitative approach with focus group interviews

of 18 patients followed up in a French tertiary care centre

(Cochin Hospital, Paris, France) from October 2012 to June

2013. Inclusion criteria were ≥ 18 years of age and a diag-

nosis of SSc according to the 2013 American College of

Rheumatology (ACR) criteria and/or European League

Against Rheumatism (EULAR) criteria (File S1, Appendix 1;

see Supporting Information). Patients generated 50 ICF cate-

gories belonging to the ‘activity and participation’ domain.

These categories were translated into understandable ques-

tions by a trained sociologist of the French ICF research

branch, who double checked with the reviewer who linked

collected concepts to corresponding ICF categories, so that

ICF categories and derived questions were consistent. A total

of 65 questions composed our provisional questionnaire

(File S1, Appendix 2). Participants in the present study

were invited to report problems on the comprehensibility

of the provisional questions in free text.

Participants

Participants were recruited from the SPIN Cohort.25 The SPIN

Cohort is an online international cohort of patients with SSc that

started enrolment in 2014. Eligibility criteria are patients ≥ 18

years of age classified as having SSc according to the 2013 ACR

criteria and/or EULAR criteria applied by a physician expert in

SSc. For the present study, we included only French patients who

were enrolled in SPIN through the internal medicine department

of Cochin hospital, because our provisional questionnaire was

developed in French. To improve the completion rates, one inves-

tigator contacted each patient by email every 10 days. If the

patient did not complete the questionnaire after four emails, she

contacted the patient once by phone. If she failed to reach the

patient or if the patient did not complete the questionnaire within

10 days after phone contact, the patient was considered a nonre-

spondent (File S1, Appendix 3; see Supporting Information).27

Statistical analyses and sample size calculation

Statistical analyses were performed using ad hoc routines imple-

mented in R version 3�3�1 software.28 Categorical data were

summarized by numbers and percentages, and continuous data

by means and SDs. Quantitative variables were compared

between two groups by the nonparametric Wilcoxon–Mann–
Whitney test, and qualitative variables by Fisher’s exact test.

Correlations between two quantitative variables were evaluated

using the nonparametric Spearman’s rank correlation coefficient

test. All tests were two sided. A P-value < 0�01 was considered

as significant. In order to evaluate the structural validity of our

questionnaire and its internal consistency and reproducibility, at

least twice as many patients as the total number of items was

needed.29 Therefore, we sought to enrol 165 patients.

Psychometric properties of the questionnaire

Patients completed the provisional questionnaire and other

PROMs. Firstly, there were five activity limitation scales: (i)

McMaster Toronto Arthritis Patient Preference Disability Ques-

tionnaire (MACTAR) ranging from 0 to 30;30,31 (ii) HAQ

ranging from 0 to 3;5 (iii) scleroderma HAQ (sHAQ) ranging

from 0 to 3;4 (iv) Cochin Hand Function Scale (CHFS) rang-

ing from 0 to 90;10,11 and (v) Mouth Handicap in Systemic

Sclerosis scale (MHISS) ranging from 0 to 48.12 Higher scores

indicated higher activity limitation.

Secondly, there was one HRQoL scale: MOS SF-12, with its

two components, the physical component score (PCS) ranging

from 9�95 to 70�02 and the mental component score (MCS)

ranging from 5�89 to 71�97,6–8 with higher scores indicating

better HRQoL. Finally, there were three impairment scales: (i)

Hospital Anxiety and Depression Scale (HADS) subscales for

anxiety (HADSa) and depression (HADSd) ranging from 0 to

21;32 (ii) NRS for pain ranging from 0 to 10; and (iii) NRS

for aesthetic burden ranging from 0 to 10. Higher scores indi-

cated higher impairment.

We limited the number of PROMs in order to reduce the

burden of the survey and to avoid a too time-consuming

participation for patients. The Patient Acceptable Symptom

State (PASS) was assessed using a specific anchoring ques-

tion: ‘Taking into account all you have to do during your

daily life, your level of pain and your functional impair-

ment, do you consider that your current state is accept-

able?’, with a ‘yes’ or ‘no’ answer.33 The PASS was defined

as the 75th percentile of the score of a PROM in the group

of patients who answered ‘yes’ to the anchoring question,34

and its 95% confidence interval (CI) was assessed by boot-

strap resampling. The Wilcoxon signed-rank test was used

to compare measurements for qualitative variables among

groups.

Reduction of items

To avoid nonresponse bias and irrelevant items,35 we used

patients’ perspectives to reduce the number of items. We

removed items with a response rate < 90%.36 To avoid floor

and ceiling effects, we removed items for which more than

50% of the respondents had an extreme value (0 or 10).37 To

avoid redundancy, and after consensus between investigators,9

we removed items with an interitem Spearman’s rank correla-

tion coefficient > 0�80.38 This step was the only one of the

CSF-17 development that did not involve patients.

Dimensional structure of the questionnaire

To assess the uni- or multidimensional character of the new

questionnaire, we carried out a principal component analysis.

Factors with an eigenvalue > 1 were retained.39,40 Using the

Psych R package, we further performed an exploratory

factor analysis to determine which items belonged to which

dimension.41
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External validity

We hypothesized that our questionnaire would be highly cor-

related with questionnaires assessing activity limitation (HAQ,

sHAQ, MACTAR, CHFS and MHISS) or impairments associated

with activity limitation (MOS SF-12 PCS and pain NRS) and

weakly to moderately correlated with questionnaires assessing

symptoms of anxiety and depression (HADSa, HADSd and

MOS-SF12 MCS) and aesthetic burden (aesthetic burden

NRS).10,12 Spearman’s rank correlation coefficient (q) was cal-
culated. Correlation was considered weak if q < 0�35, moder-

ate if 0�35 ≤ q < 0�50 and high if q ≥ 0�50.42 We did not

prespecify hypotheses concerning correlations with mean dis-

ease duration, because based on literature and our own expe-

rience, these are inconsistent.

Internal consistency

To verify that all items of the new questionnaire assessed the

same concept, we calculated Cronbach’s a.43 The 95% CI was

assessed by bootstrap resampling. Cronbach’s a was consid-

ered acceptable if > 0�70.44

Test–retest reliability and agreement

An independent sample of 75 French patients with SSc of the

SPIN Cohort, who were ‘nonrespondents’ in the first step or

recently included, were invited to complete the new question-

naire twice with at least a 1-week interval. To assess reliabil-

ity, we used the intraclass correlation coefficient (ICC)45 and

Bland–Altman analysis.46 An ICC was considered acceptable if

> 0�7.47 Although we did not assess whether participants were

stable in the interim period, given the chronic nature of SSc

we assumed it unlikely that participants’ health status and/or

treatments would change within the interim period.

Results

Participants

From February to March 2018, 113 of 184 patients (61�4%)
completed at least one questionnaire. Of those 113 patients,

109 (96�4%) completed the provisional questionnaire, and 85

(75�2%) at least another questionnaire. Among respondents,

102 of 113 (90�3%) were women, 41 (36�3%) had dcSSc and

68 (60�2%) lcSSc. Mean age � SD was 56�0 � 14�6 years,

and mean disease duration 9�9 � 7�4 years (Table 1). Partici-

pants did not report any problems with the comprehensibility

of the provisional questions.

Reduction of items

Of 65 items, 24 (37%) had a completion rate < 90%, 27 of

65 (42%) a floor effect and 0 of 65 (0%) a ceiling effect (File

S1, Appendix 4; see Supporting Information), leaving 27 of

65 items in the questionnaire. Of these 27 items, 10 (37%)

were redundant, with an interitem Spearman’s rank correlation

coefficient ≥ 0�80, and were removed (File S1, Appendix 5).

Dimensional structure of the questionnaire

Exploratory analysis extracted two factors with eigenvalues of

10�6 and 1�9 explaining 59% and 11% of the variance, respec-

tively (Figure 1). This result was confirmed by exploratory fac-

tor analysis (File S1, Appendix 6; see Supporting Information).

Cochin 17-item Scleroderma Functional scale

The final questionnaire was named the Cochin 17-item Sclero-

derma Functional scale (CSF-17). It included 17 items dis-

tributed in two sections: section A (10 items, factor 1) assessing

mobility, and section B (7 items, factor 2) assessing general

tasks and demands. The French original version of the question-

naire is presented in Appendix 7 (File S1; see Supporting Infor-

mation), and a provisional English version in Table 2. Full

validation and transcultural adaptation are currently ongoing.

Sections were named after the ICF domains to which their items

mostly belonged. Because our scale assessed activities and limi-

tations, we chose that the minimal score for an item (i.e. 0)

would correspond to absence of activity limitations and/or par-

ticipation restriction and the maximal score (i.e. 10) to maximal

activity limitations and/or participation restriction. The score of

each section is the sum of the scores for each item: section A’s

score ranges from 0 to 100 and section B’s score ranges from 0

to 70. The total score for the CSF-17 was defined as the sum of

the scores for each section and ranges from 0 (no limitation) to

170 (maximal limitation).

External validity

External validity was calculated for each dimension. Sections A

and B, respectively, of the CSF-17 showed high correlation

with the HAQ (q = 0�84 and q = 0�63), sHAQ (q = 0�85 and

q = 0�70), MACTAR (q = 0�50 and q = 0�54), CHFS (q = 0�74
and q = 0�58), MIHSS (q = 0�67 and q = 0�55), MOS-SF12

physical component score (q = –0�83 and q = –0�58) and pain

NRS (q = 0�66 and q = 0�60), and weak to moderate correla-

tion with the HADSa subscale (q = 0�27 and q = 0�49) and

MOS-SF12 mental component score (q = �0�04 and q =
�0�38). Sections A and B of the CSF-17 also showed high cor-

relation with the HADSd subscale (q = 0�50 and q = 0�75) and
aesthetic burden NRS (q = 0�53 and q = 0�54), respectively.
Sections A and B of the CSF-17 showed moderate to high cor-

relation with all eight domains of the HAQ (Table 3).

Internal consistency

Cronbach’s a was 0�94 (95% CI 0�92–0�96) for section A and

0�95 (95% CI 0�93–0�96) for section B. Correlation between

each item and the CSF-17 score was high for all items and ran-

ged from 0�72 to 0�87 for section A and from 0�76 to 0�88 for

section B (File S1, Appendix 8; see Supporting Information).
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Table 1 Demographic and clinical data of respondents

All dcSSc lcSSc Unspecified subset
P-valueaTotal, n (%) 113 41 (36�3) 68 (60�2) 4 (3�5)

Women, n/N (%) 102/113 (90�3) 35/41 (85�4) 63/68 (92�6) 4/4 (100�0) –
Age (years), mean � SD 56�0 � 14�6 53�4 � 12�5 57�6 � 15�7 56�8 � 16�2 –
Duration of the disease (years), mean � SD 9�9 � 7�4 9�3 � 6�3 10�3 � 8�0 6�5 � 3�1 –
Body mass index (kg m-²), mean � SD 23�2 � 4�8b 23�1 � 5�2 23�2 � 4�7 NA –
Sclerodactyly, n/N (%) 84/109 (77�1) 37/41 (90�2) 47/67 (70�1) 3/4 (75�0) –
Digital ulcer, n/N (%) 45/110 (40�9) 22/41 (53�7) 23/68 (33�8) 0/4 (0�0) –
Telangiectasias, n/N (%) 69/109 (63�3) 20/40 (50�0) 48/68 (70�6) 3/4 (75�0) –
Stiffness of small joints (finger, wrist), n/N (%) 35/107 (32�7) 18/40 (45�0) 16/66 (24�2) 1/4 (25�0) –
Stiffness of large joints (elbow, hip, knee, ankle), n/N (%) 22/106 (20�8) 13/40 (32�5) 9/65 (13�8) 0/4 (0�0) –
Gastrointestinal tract distal involvement, n/N (%) 33/109 (30�3) 9/41 (22�0) 24/67 (35�8) 0/4 (0�0) –
Pulmonary fibrosis, n/N (%) 47/110 (42�7) 25/41 (61�0) 22/68 (32�4) 0/4 (0�0) –
Pulmonary arterial hypertension, n/N (%) 7/110 (6�4) 4/41 (9�8) 3/68 (4�4) 0/4 (0�0) –
Scleroderma renal crisis, n/N (%) 6/110 (5�5) 4/41 (9�8) 2/68 (2�9) 0/4 (0�0) –
HAQ (0–3), mean � SD 1�1 � 0�8c 1�4 � 0�8j 0�8 � 0�6o 1�8 � 0�4w 0�001
sHAQ (0–3), mean � SD 1�00 � 0�7c 1�1 � 0�8j 0�9 � 0�6o 2�0 � 0�5w 0�135
MACTAR (0–30), mean � SD 16�8 � 8�9d 19�3 � 7�2k 15�7 � 9�5p 7�0x 0�148
CHFS (0–90), mean � SD 18�0 � 18�7e 26�5 � 10�2j 12�0 � 13�8q 46�0 � 43�8w 0�001
MHISS (0–48), mean � SD 19�0 � 12�5f 24�7 � 12�7l 15�2 � 11�1r 21�5 � 10�6w 0�004
MOS SF 12 PCS (9�95–70�02), mean � SD 37�3 � 10�5g 33�2 � 9�5m 40�7 � 9�9s 23�0 � 2�3w 0�004
MOS SF 12 MCS (5�89–71�97), mean � SD 43�3 � 12�0g 44�6 � 12�1m 42�4 � 12�0s 43�2 � 18�4w 0�574
HADS anxiety subscale (0–21), mean � SD 7�9 � 4�4h 7�8 � 4�7m 8�0 � 4�3t 9�5 � 2�1w 0�903
HADS depression subscale (0–21), mean � SD 6�2 � 4�4h 7�4 � 4�9m 5�4 � 3�9t 7�5 � 5�0w 0�032
Pain NRS (0–10), mean � SD 4�5 � 3�0i 5�0 � 2�6n 4�1 � 3�2u 8�5 � 2�1w 0�493
Aesthetic burden NRS (0–10), mean � SD 4�2 � 3�3f 5�0 � 3�2n 3�7 � 3�1v 5�0 � 7�1w 0�393

CHFS, Cochin Hand Function Scale; dcSSc, diffuse cutaneous systemic sclerosis; HADS, Hospital Anxiety and Depression Scale; HAQ, Health

Assessment Questionnaire; lcSSc, limited cutaneous SSc; MACTAR, McMaster Toronto Arthritis Patient Preference Questionnaire; MHISS,

Mouth Handicap in Systemic Sclerosis scale; MOS SF-12 PCS, Medical Outcomes Study 12-item Short Form Physical Component Score; MOS

SF-12 MCS, Medical Outcomes Study 12-item Short Form Mental Component Score; NA, not available; NRS, Numeric Rating Scale; sHAQ,

scleroderma Health Assessment Questionnaire. aComparisons between dcSSc and lcSSc groups at baseline were not prespecified but were per-

formed for self-administered questionnaires upon reviewer’s request using a Student’s t-test. bn = 110; cn = 79; dn = 65; en = 89; fn = 80;
gn = 77; hn = 71; in = 82; jn = 33; kn = 28; ln = 31; mn = 30; nn = 32; on = 44; pn = 38; qn = 54; rn = 47; sn = 45; tn = 40; un = 48;
vn = 46; wn = 2; xn = 1 (no SD available). A P-value < 0�01 was considered significant.
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Figure 1 Principal component analysis of the

Cochin 17-item Scleroderma Functional scale

(CSF-17).
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Test–retest reliability

From May to June 2018, 34 of 75 patients (45�3%) completed

the CSF-17, and 25 of these 34 (73�5%) also completed the retest,

with mean interval � SD 14�2 � 6�8 days (File S1, Appendix 9;

see Supporting Information). ICC (n = 25) was 0�92 (95% CI

0�83–0�96) for the CSF-17 total score, 0�90 (95% CI 0�79–0�95)
for section A and 0�94 (95% CI 0�85–0�97) for section B (File S1,

Appendix 10). The Bland–Altman analysis showed no systematic

trend. Mean difference was �4�2 (95% CI –34�1 to 25�7) for the
CSF-17 total score, –2�6 (95% CI –22�8 to 17�1) for section A and

�1�7 (95% CI �13�8 to 10�6) for section B (Figure 2).

CSF-17 score and patient acceptable symptom state

Across all patients, mean score � SD was 42�3 � 38�4 for the

CSF-17 total score, 25�5 � 24�0 for section A and 16�8 � 17�1
for section B. Section A score was lower in patients with lcSSc

compared with dcSSc. Section B score did not differ between

patients with lcSSc and dcSSc (Table 4). There were no significant

correlations between mean disease duration and CSF-17 section

A, section B and total score (q = 0�05, q = 0�10 and q = 0�08,
respectively). Overall, 40 of 106 patients (37�7%) considered

their state as acceptable according to the anchor. PASS (95% CI)

was 31�0 (18�5–37�0) for the CSF-17 total score, 21�3 (14�3–
24�0) for section A and 9�3 (5�0–12�0) for section B (Table 4).

Discussion

The CSF-17 is a new self-administered questionnaire assessing

activities and participation in people with SSc. The CSF-17 has

two dimensions. The first dimension includes 10 items related

to mobility: five of 10 items relate to upper limb mobility (1,

4, 5, 6, 10), three of 10 to general mobility (2, 3, 9) and

two of 10 to lower limb mobility (7, 8). The second dimen-

sion includes seven items related to cognitive functions and

complex tasks, which we assume were related to the chronic

aspects of the disease. While literature and experts usually

focus on hand- and mouth-specific activity limitation, general

and lower limb mobility was also limited in patients with SSc.

This result is consistent with our previous finding that general

mobility and walking were the most frequent patient-per-

ceived activity limitation, and reported in 34�3%30 and

54�6%31 of people with SSc, respectively.

We confirmed our hypotheses regarding external validity of

the CSF-17, except for a convergent correlation with symp-

toms of depression and aesthetic burden. The convergent

Table 2 Provisional English translation of the Cochin 17-item

Scleroderma Functional scale

Because of my systemic sclerosis, I feel limited in the following
daily activities:

Section A. Mobility
1 Writing with a pen or a pencil
2 Changing my body position
3 Standing up alone
4 Lifting and carrying objects in my hands even when moving
5 Manipulating small objects using my fingers and hands
6 Moving arms (raise, flex, extend)
7 Walking
8 Running
9 Using public transportation (bus, metro, tramway)
10 Tinkering, gardening, feeding and taking care of my

domestic animals
Section B. General tasks and demands
11 Learning new things
12 Focusing my attention
13 Solving problems of daily life
14 Undertaking a complex task requiring several steps
15 Managing my own activity level
16 Handling stress and other psychological demands
17 Handling responsibilities in my personal and professional life

Note: the items were originally formulated in French.

Table 3 Cochin 17-item Scleroderma Functional scale convergent and

divergent validities

Section A Section B

nq P-value q P-value

Convergent validity: │q│> 0�50
sHAQ 0�85 < 0�0001 0�70 < 0�0001 76

HAQ 0�84 < 0�0001 0�63 < 0�0001 76

HAQ Domain 1 0�59 < 0�0001 0�48 < 0�0001 76

HAQ Domain 2 0�59 < 0�0001 0�46 < 0�0001 76

HAQ Domain 3 0�60 < 0�0001 0�52 < 0�0001 76

HAQ Domain 4 0�71 < 0�0001 0�48 < 0�0001 76

HAQ Domain 5 0�64 < 0�0001 0�39 < 0�001 76

HAQ Domain 6 0�80 < 0�0001 0�60 < 0�0001 76

HAQ Domain 7 0�41 < 0�001 0�42 < 0�001 76

HAQ Domain 8 0�82 < 0�0001 0�54 < 0�0001 76

MACTAR 0�50 < 0�0001 0�54 < 0�0001 63

CHFS 0�74 < 0�0001 0�58 < 0�0001 70

MHISS 0�67 < 0�0001 0�55 < 0�0001 70

MOS SF-12 PCS –0�83 < 0�0001 –0�58 < 0�0001 64

Pain NRS 0�66 < 0�0001 0�60 < 0�0001 75

HADS depression

subscale

0�50a < 0�0001 0�75a < 0�0001 62

Aesthetic burden NRS 0�53a < 0�0001 0�54a < 0�0001 74

Divergent validity: │q│< 0�50
HADS anxiety

subscale

0�27 < 0�05 0�49 < 0�0001 64

Disease

duration

0�21 0�04 0�18 0�09 94

MOS SF-12

MCS

–0�04 0�77 –0�38 < 0�01 64

CHFS, Cochin Hand Function Scale; HADS, Hospital Anxiety and

Depression Scale; HAQ, Health Assessment Questionnaire; MAC-

TAR, McMaster Toronto Arthritis Patient Preference Question-

naire; MHISS, Mouth Handicap in Systemic Sclerosis scale; MOS

SF-12 PCS, Medical Outcomes Study 12-item Short Form Physical

Component Score; MOS SF-12 MCS, Medical Outcomes Study

12-item Short Form Mental Component Score; NRS, Numeric

Rating Scale; sHAQ, scleroderma Health Assessment Question-

naire. aUnexpected correlation.
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correlation with symptoms of depression might be explained

by items related to psychological demands and socioprofes-

sional interactions of the CSF-17. Mobility and aesthetic bur-

den might be correlated with depression.48 Therefore, the

correlation between aesthetic burden and mobility could be

biased. Because the ICF conceptual framework does not con-

tain items related to aesthetic burden, this might explain its

resurgence through other dimensions. Even though we con-

firmed the convergent correlation of the CSF-17 and the MAC-

TAR, it was the lowest correlation coefficient of all

instruments for both dimensions of the CSF-17. This result is

consistent with our previous finding that the MACTAR weakly

correlates with other PROMs and adds nonredundant and rele-

vant information to other scores.30,31

Overall reliability of the CSF-17 was promising: Cronbach’s

a coefficients were very high, indicating that all items within

each dimension referred to the same concept, and ICCs were

also high, ≥ 0�75. Further, Bland–Altman analysis did not

reveal a systematic trend for the test–retest, suggesting that the

CSF-17 is a repeatable measure.

The CSF-17 total score was higher in patients with dcSSc

compared with patients with lcSSc, suggesting the CSF-17 has

the ability to capture higher levels of global activity limitation

in patients with more severe disease. Because evaluating the

clinical significance of a PROM can be challenging,9,49 we also

estimated PASS thresholds of the CSF-17 total, section A and B

scores. Our estimates could be useful in interpreting the clini-

cal relevance of the CSF-17 in clinical practice and trials.

Our study has limitations. We enrolled French participants

only, and our sample size was small. However, there is little

guidance on sample size calculations for questionnaire devel-

opment.50 Some patients found our internet survey burden-

some and invasive. Among those who provided an

explanation for not participating in the survey, six expressed

tiredness of online surveys, two could not use a computer,

two preferred to answer the survey by phone, one during a

face-to-face meeting, and one refused to answer because

‘questionnaires never reflect what [she experiences] in daily

life’. This highlights limitations of internet-based surveys,

including selection bias of individuals sufficiently motivated
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Figure 2 Bland–Altman plots (n = 25): (a) Cochin 17-item Scleroderma Functional scale (CSF-17) total score; (b) CSF-17 section A score; (c)

CSF-17 section B score.

Table 4 Cochin 17-item Scleroderma Functional scale (CSF-17) scores and patient acceptable symptom state estimates

CSF-17 scores

All dcSSc lcSSc
P-valuean = 106 n = 41 n = 65

CSF-17 total, mean � SD 47�3 � 38�5 60�3 � 39�7b 37�9 � 34�9c < 0�01
CSF-17 section A, mean � SD 29�8 � 24�9 39�3 � 25�8d 23�1 � 22�1e < 0�01
CSF-17 section B, mean � SD 17�9 � 17�3 21�8 � 18�7f 15�3 � 15�8g < 0�10
CSF-17 patient acceptable symptom state estimates

All dcSSc lcSSc
n = 40h n = 13 n = 26

PASS total, 75th percentile (95% CI) 31�0 (18�5–37�0) 24 (20�0–62�0) 31�8 (14�0–45�0)
PASS section A, 75th percentile (95% CI) 21�3 (14�3–24�0) 22 (14�9–29�0) 20�3 (10�0–34�0)
PASS section B, 75th percentile (95% CI) 9�3 (5�0–12�0) 11 (3�0–30�0) 9 (4�3–12�0)

CI, confidence interval; dcSSc, diffuse cutaneous systemic sclerosis; lcSSc, limited cutaneous SSc; PASS, Patient Acceptable Symptom State.
aNonparametric Wilcoxon–Mann–Whitney Test; bn = 37; cn = 51; dn = 37; en = 53; fn = 38; gn = 56; hIncluding one patient with no infor-

mation about the disease subset.
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and computer-skilled, and a partial transfer of the research

burden to participants.51,52 All participants enrolled in the

SPIN Cohort were followed up in tertiary care centres and

might not be representative of the French population with

SSc. Comparing antinuclear antibody-based disease subsets for

the CSF-17 score could have added relevant information.

However, we did not collect antinuclear antibody status. We

did not assess whether participants were able to distinguish

between 11 response options. We did not have indications

they were not, and did not find a systematic trend of response

pattern for any of the 17 questions and two domains (File S1,

Appendix 11; see Supporting Information). Finally, we col-

lected data during the winter of 2018, which could have led

to an overestimation of the CSF-17 score.

In summary, the CSF-17 is a new self-administered ques-

tionnaire designed to assess SSc-specific global activity limita-

tion and participation restriction. Its content validity and

psychometric properties are very high. We have planned to

use the international SPIN cohort as a platform for additional

external validation.

Acknowledgments

The authors thank URC-CIC Paris Descartes Necker/Cochin for

implementation, monitoring, and data management.

References

1 Dumoitier N, Lofek S, Mouthon L. Pathophysiology of systemic

sclerosis: state of the art in 2014. Presse Med 2014; 43:e267–78.
2 Tamby MC, Chanseaud Y, Guillevin L, Mouthon L. New insights

into the pathogenesis of systemic sclerosis. Autoimmun Rev 2003;
2:152–7.

3 Clements PJ. Systemic sclerosis (scleroderma) and related disor-
ders: clinical aspects. Bailli�ere’s Best Pract Res Clin Rheumatol 2000;

14:1–16.
4 Steen VD, Medsger TA Jr. The value of the Health Assessment

Questionnaire and special patient-generated scales to demonstrate

change in systemic sclerosis patients over time. Arthritis Rheum
1997; 40:1984–91.

5 Poole JL, Steen VD. The use of the Health Assessment Question-
naire (HAQ) to determine physical disability in systemic sclerosis.

Arthritis Care Res 1991; 4:27–31.
6 Bousquet J, Knani J, Dhivert H et al. Quality of life in asthma. I.

Internal consistency and validity of the SF-36 questionnaire. Am J
Respir Crit Care Med 1994; 149:371–5.

7 Brazier JE, Harper R, Jones NM et al. Validating the SF-36 health
survey questionnaire: new outcome measure for primary care. BMJ

1992; 305:160–4.
8 Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health

Survey: construction of scales and preliminary tests of reliability
and validity. Med Care 1996; 34:220–33.

9 Daste C, Rannou F, Mouthon L et al. Patient acceptable symptom
state and minimal clinically important difference for patient-

reported outcomes in systemic sclerosis: a secondary analysis of a
randomized controlled trial comparing personalized physical ther-

apy to usual care. Semin Arthritis Rheum 2019; 48:694–700.
10 Rannou F, Poiraudeau S, B�erezn�e A et al. Assessing disability and

quality of life in systemic sclerosis: construct validities of the
Cochin Hand Function Scale, Health Assessment Questionnaire

(HAQ), Systemic Sclerosis HAQ, and Medical Outcomes Study 36-
Item Short Form Health Survey. Arthritis Rheum 2007; 57:94–102.

11 Nguyen C, B�erezn�e A, Mestre-Stanislas C et al. Changes over time and

responsiveness of the Cochin Hand Function Scale and Mouth Handicap
in Systemic Sclerosis scale in patients with systemic sclerosis: a prospec-

tive observational study. Am J Phys Med Rehabil 2016; 95:e189–e97.

12 Mouthon L, Rannou F, B�erezn�e A et al. Development and validation of

a scale for mouth handicap in systemic sclerosis: the Mouth Handicap
in Systemic Sclerosis scale. Ann Rheum Dis 2007; 66:1651–5.

13 U.S. Department of Health and Human Services, FDA Center for

Drug Evaluation and Research, Center for Biologics Evaluation and
Research, Center for Devices and Radiological Health. Guidance for

industry: patient-reported outcome measures: use in medical pro-
duct development to support labeling claims: draft guidance. Health

Qual Life Outcomes 2006; 4:79.

14 Speight J, Barendse SM. FDA guidance on patient reported out-
comes. BMJ 2010; 340:c2921.

15 Prinsen CAC, Mokkink LB, Bouter LM et al. COSMIN guideline for

systematic reviews of patient-reported outcome measures. Qual Life

Res 2018; 27:1147–57.

16 Pauling JD, Frech TM, Domsic RT, Hudson M. Patient participation
in patient-reported outcome instrument development in systemic

sclerosis. Clin Exp Rheumatol 2017; 35 (Suppl. 106):184–92.

17 Silman A, Akesson A, Newman J et al. Assessment of functional
ability in patients with scleroderma: a proposed new disability

assessment instrument. J Rheumatol 1998; 25:79–83.

18 Kallen MA, Mayes MD, Kriseman YL et al. The symptom burden
index: development and initial findings from use with patients

with systemic sclerosis. J Rheumatol 2010; 37:1692–8.

19 Suarez-Almazor ME, Kallen MA, Roundtree AK, Mayes M. Disease
and symptom burden in systemic sclerosis: a patient perspective. J

Rheumatol 2007; 34:1718–26.
20 Ruof J, Br€uhlmann P, Michel BA, Stucki G. Development and vali-

dation of a self-administered systemic sclerosis questionnaire

(SySQ). Rheumatology (Oxford) 1999; 38:535–42.
21 Ostoji�c P, Damjanov N. The scleroderma Assessment Questionnaire

(SAQ). A new self-assessment questionnaire for evaluation of dis-
ease status in patients with systemic sclerosis. Z Rheumatol 2006;

65:168–75.
22 Khanna D, Furst DE, Wong WK et al. Reliability, validity, and min-

imally important differences of the SF-6D in systemic sclerosis.
Qual Life Res 2007; 16:1083–92.

23 Khanna D, Hays RD, Maranian P et al. Reliability and validity of
the University of California, Los Angeles Scleroderma Clinical Trial

Consortium Gastrointestinal Tract Instrument. Arthritis Rheum 2009;
61:1257–63.

24 Papelard A, Daste C, Alami S et al. Construction of an ICF core set
and ICF-based questionnaire assessing activities and participation

in patients with systemic sclerosis. Rheumatology (Oxford) 2019;
58:2260–72.

25 Kwakkenbos L, Jewett LR, Baron M et al. The Scleroderma Patient-
centered Intervention Network (SPIN) Cohort: protocol for a

cohort multiple randomised controlled trial (cmRCT) design to
support trials of psychosocial and rehabilitation interventions in a

rare disease context. BMJ Open 2013; 3:pii:e003563.
26 Cieza A, Geyh S, Chatterji S et al. ICF linking rules: an update based

on lessons learned. J Rehabil Med 2005; 37:212–18.
27 Eysenbach G. Improving the quality of Web surveys: the Checklist

for Reporting Results of Internet E-Surveys (CHERRIES). J Med Inter-
net Res 2004; 6:e34.

28 R Core Team. R: A Language and Environment for Statistical Computing.
Vienna, Austria: R Foundation for Statistical Computing. Available

at: www.r-project.org/ (last accessed 18 February 2020).

© 2020 British Association of DermatologistsBritish Journal of Dermatology (2020)

8 PROM to assess activities and participation in people with SSc, C. Daste et al.

http://www.r-project.org/


29 Anthoine E, Moret L, Regnault A et al. Sample size used to validate
a scale: a review of publications on newly-developed patient

reported outcomes measures. Health Qual Life Outcomes 2014;
12:176.

30 Nguyen C, Mouthon L, Mestre-Stanislas C et al. Sensitivity to
change in systemic sclerosis of the McMaster-Toronto Arthritis

Patient Preference Disability Questionnaire (MACTAR): shift in
patient priorities over time. J Rheumatol 2010; 37:359–64.

31 Mouthon L, Rannou F, B�erezn�e A et al. Patient preference disability
questionnaire in systemic sclerosis: a cross-sectional survey. Arthritis

Rheum 2008; 59:968–73.
32 Nguyen C, Ranque B, Baubet T et al. Clinical, functional and

health-related quality of life correlates of clinically significant

symptoms of anxiety and depression in patients with systemic
sclerosis: a cross-sectional survey. PLOS ONE 2014; 9:e90484.

33 Tubach F, Ravaud P, Beaton D et al. Minimal clinically important
improvement and patient acceptable symptom state for subjective

outcome measures in rheumatic disorders. J Rheumatol 2007;
34:1188–93.

34 Tubach F, Ravaud P, Martin-Mola E et al. Minimum clinically
important improvement and patient acceptable symptom state in

pain and function in rheumatoid arthritis, ankylosing spondylitis,
chronic back pain, hand osteoarthritis, and hip and knee

osteoarthritis: results from a prospective multinational study.
Arthritis Care Res (Hoboken) 2012; 64:1699–707.

35 Falissard B. Analysis of Questionnaire Data with R. Chapter 7: Principles
for the validation of a composite score analysis of questionnaire

data with R. New York: Chapman and Hall/CRC, 2011.
36 Biemer PP, Lyberg LE. Introduction to Survey Quality. 3.6: Reducing

nonresponse bias. Hoboken, NJ: John Wiley & Sons, Inc., 2003.
37 Cramer D, Howitt D. The SAGE Dictionary of Statistics: A Practical Resource

for Students in the Social Sciences. London: SAGE Publications Ltd, 2004.
38 Falissard B. Mesurer la Subjectivit�e en Sant�e: Perspective M�ethodologique et

Statistique. 3: Construire un instrument de mesure subjective. Issy
les Moulineaux: Elsevier Masson, 2008.

39 Costello AB, Osborne JW. Best practices in exploratory factor anal-
ysis: four recommendations for getting the most from your analy-

sis. Pract Assess Res Evaluation 2005; 10:1–9.
40 Cattell RB. The scree test for the number of factors. Multivar Behav

Res 1966; 1:245–76.

41 Revelle WR. psych: Procedures for Personality and Psychological
research 2017. Available at: www.scholars.northwestern.edu/en/

publications/psych-procedures-for-personality-and-psychological-
research (last accessed 20 February 2020).

42 Juniper EF, Guyatt GH, Jaeschke R. How to develop and validate a
new health-related quality of life instrument. In: Quality of life and

Pharmacoeconomics in Clinical Trials (Spilker B, ed.), 2nd edn. Philadel-
phia: Lippincott-Raven, 1996.

43 Bland JM, Altman DG. Cronbach’s alpha. BMJ 1997; 314:572.
44 Cicchetti DV. Guidelines, criteria, and rules of thumb for evaluat-

ing normed and standardized assessment instrument in psychol-

ogy. Psychol Assess 1994; 6:284–90.
45 Marx RG, Menezes A, Horovitz L et al. A comparison of two time

intervals for test–retest reliability of health status instruments. J Clin
Epidemiol 2003; 56:730–5.

46 Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet 1986;

1:307–10.
47 Streiner DL, Norman GR. Health Measurement Scales: A Practical Guide to

Their Development and Use. Oxford: Oxford University Press, 2008.
48 Jewett LR, Malcarne VL, Kwakkenbos L et al. Development and vali-

dation of the Body Concealment Scale for Scleroderma. Arthritis Care
Res (Hoboken) 2016; 68:1158–65.

49 Crosby RD, Kolotkin RL, Williams GR. Defining clinically mean-
ingful change in health-related quality of life. J Clin Epidemiol 2003;

56:395–407.
50 Rouquette A, Falissard B. Sample size requirements for the internal val-

idation of psychiatric scales. Int J Methods Psychiatr Res 2011; 20:235–49.
51 Tingling P, Parent M, Wade MR. Extending the capabilities of

Internet-based research: lessons from the field. Internet Res 2003;
13:223–35.

52 Marks L, Power E. Using technology to address recruitment issues
in the clinical trial process. Trends Biotechnol 2002; 20:105–9.

Supporting Information

Additional Supporting Information may be found in the online

version of this article at the publisher’s website:

File S1 Appendices 1–11.

© 2020 British Association of Dermatologists British Journal of Dermatology (2020)

PROM to assess activities and participation in people with SSc, C. Daste et al. 9

http://www.scholars.northwestern.edu/en/publications/psych-procedures-for-personality-and-psychological-research
http://www.scholars.northwestern.edu/en/publications/psych-procedures-for-personality-and-psychological-research
http://www.scholars.northwestern.edu/en/publications/psych-procedures-for-personality-and-psychological-research

