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ABSTRACT

Objectives. PROMIS-29 is a generic
health-related quality of life instru-
ment. Our objective was to assess the
reliability, construct validity, and re-
sponsiveness to change of PROMIS-29
in systemic sclerosis-associated inter-
stitial lung disease (SSc-ILD).
Methods. Seventy-three participants
with SSc-ILD were administered pa-
tient reported outcomes (PROs) at
baseline and follow-up visits which
included PROMIS-29 and other meas-
ures of generic health, dyspnea, and
cough instruments. We assessed inter-
nal consistency reliability using Cron-
bach’s a, an alpha of = 0.70 was con-
sidered satisfactory. We assessed the
responsiveness to change using linear
regression models.

Results. Mean age of participants was
51.9 years and mean disease duration
was 7.9 years after first non-Raynaud’s
symptom. Of the 73 participants, 56.2%
were classified as diffuse SSc and 26%
limited SSc. The baseline (mean + SD)
FVC % predicted was 73.9+15.5 with
a DLCO % predicted of 57.7+21.1;
95.9% had fibrotic NSIP pattern on
HRCT. PROMIS-29 scores were 0.2 to
0.9 SD below the US population. Cron-
bach’s a reliability was acceptable for
all domains (ranged from 0.77 to 0.98).
All scales showed statistically signifi-
cant correlations with hypothesised
PROMIS-29 domains (p<0.05 for all
comparisons). PROMIS-29 showed
none-to-small discriminatory ability
in comparison with physiologic meas-
ures (FVC and DLCO). There was no
significant relationship between the
change in FVC versus the change in
PROMIS-29 measures over time.
Conclusion. PROMIS-29 has ad-
equate reliability and construct valid-
ity for evaluation in SSc-ILD. It has

moderate-to-large correlations with
other PROs. The PROMIS-29 domains
were not found to change over time in
this cohort, likely due to stable nature
of the observational cohort.

Introduction

Systemic sclerosis (SSc) is a chronic
multisystem autoimmune disease char-
acterised by vascular and immune dys-
function, leading to skin and internal
organ fibrosis (1). Systemic sclerosis-
associated interstitial lung disease
(SSc-ILD) is responsible for up to 30%
of mortality in patients with SSc (2-4).
ILD may be found on high-resolution
computed tomography (HRCT) in ap-
proximately 90% of patients with SSc
(5) and 40-75% will exhibit changes in
pulmonary function tests (PFTs) (6) at
the time of diagnosis. The prognosis of
SSc-ILD is highly variable, depending
on the HRCT pattern and histologic
subtypes; however, the presence of
SSc-ILD has a great impact on health-
related quality of life, which can be as-
sessed using patient reported outcome
measures (PROs) (7).

Patient Reported Outcome Measures
Information System (PROMIS-29) is
part of a National Institutes of Health
(NIH) roadmap designed to improve
the reporting and quantification of
PROs (8). PROMIS-29 is a generic
health-related quality of life (HRQOL)
measure designed to assess 8 distinct
clinically important domains: physical
function, anxiety, depression, ability to
participate in social roles, sleep distur-
bances, pain interference, pain intensi-
ty, and fatigue. In a single-centre study
PROMIS-29 domains were found to
have construct validity against legacy
instruments in SSc (9). In another SSc
cohort, PROMIS-29 domains had a
moderate-to-high degree of correla-
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tions vs. FACIT-Dyspnea and legacy
instruments (10, 11).

We administered the PROMIS-29 and
a battery of other PROs (that capture
generic HRQOL, dyspnea, and cough)
in an observational cohort of SSc-ILD.
We sought to assess internal consisten-
cy and test-retest reliability, construct
validity, and responsiveness to change
of the PROMIS-29 in SSc-ILD.

Methods

In an ongoing prospective longitudinal
cohort of SSc-ILD at the University of
Michigan (UM), 73 participants com-
pleted PROMIS-29 at baseline and
follow-up visits and formed the cohort
for current analysis. All eligible pa-
tients were approached in the Sclero-
derma and CTD-ILD (connective tis-
sue diseases-associated interstitial lung
disease) clinics and invited to partici-
pate in the SSc-ILD cohort. All study
participants signed an IRB-approved
informed consent form, after verifying
that they were 18 years of age or older,
met the 2013 ACR/EULAR classifica-
tion criteria for SSc (12), and had pres-
ence of ILD on HRCT defined by the
presence of bilateral, subpleural, lower
lobe predominant distribution of either:
(i) reticular and/or ground glass opac-
ity, with or without traction bronchiec-
tasis, or (ii) honeycombing with the ab-
sence of a pattern that is predominantly
nodular, cystic, peribroncho-vascular/
central or upper lung predominant,
mosaic attenuation, or consolidation.
Patients were excluded from the study
if FEV /FVC was less than 0.70, sug-
gestive of significant obstructive lung
disease.

Participants were administered PROs
endorsed by the OMERACT CTD-ILD
Working Group in 2015 (13). These
included the SF-36, the Saint George
Respiratory Questionnaire (SGRQ),
the Leicester Cough Questionnaire
(LCQ), a global visual analogue scale
(VAS) for overall severity by the pa-
tient, the Dyspnea 12, and the Modified
Medical Research Counsel Dyspnea
Scale (MMRCDS). We also captured
the PFT and HRCT during the initial
visit at UM and analysed SSc serolo-
gies. For participants who consented at
subsequent visits for the cohort, the se-
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rologies and HRCT data were captured
based on chart review; PFTs were per-
formed at every visit in the clinic and
were generally obtained on the same
day as PROs.

Outcome measures

Patient-reported outcomes

— Generic measures

PROMIS-29 version 2: Patient Reported
Outcome Measures Information Sys-
tem (PROMIS) profile instruments are
a collection of short forms used to as-
sess the complete state of physical, so-
cial and mental health. PROMIS Profile
instruments contain items from seven
PROMIS domains; depression, anxiety,
physical function, pain interference, fa-
tigue, sleep disturbance, and ability to
participate in social roles and activities.
The PROMIS-29 Version 2.0 used in
this study is a 29-item survey that assess-
es each of the seven domains with four
questions each. In addition, PROMIS-29
version 2.0 includes numeric rating scale
(NRS) for pain intensity.

For this study, response pattern scores
were calculated through the online
Assessment Center Scoring Service
(http://www.healthmeasures.net/im-
ages/promis/manuals/PROMIS_Pro-
file_Scoring_Manual.pdf).

The PROMIS-29 is standardised using
a T-score metric where 50 represents
the mean of the US general population
(standard deviation = 10.) For each
domain, a higher T-score represents
greater magnitude of the trait being
measured. For depression, anxiety, fa-
tigue, pain interference, pain intensity,
and sleep disturbance, a higher score
represents higher impact of disease.
For physical function and social role,
higher scores represent better func-
tioning.

SF-36 version 2 is a generic health
status measure consisting of 36 items
assessing 8 domains, summarised
into Physical Component Summary
(PCS) and Mental Component Sum-
mary (MCS) scores. The SF-36 has
been tested in the general population,
and the norm score (50) can be used
in comparison with other populations.
The SF-36 has been established as
the ‘gold standard’ PRO and has been
validated in multiple diseases (14, 15).

Higher scores indicate better health.
We have incorporated the standard
version of the SF-36 V2 that has been
evaluated in SSc-ILD (16).

Cough-specific measure

Leicester Cough Questionnaire is a
disease-specific HRQOL with 19 pa-
tient-derived items relating to chronic
cough, and has been previously vali-
dated in patients with ILD. Partici-
pants are directed to assign a value
from a 7-point Likert scale, from 1
to 7. The LCQ is separated into three
distinct domains: physical, psycho-
logical, and social. Higher scores
indicate better health (scores range
from 3-21) (17).

Dyspnea-specific measures

St. George’s Respiratory Question-
naire is a 50-item tool originally used
to assess the HRQOL in patients with
chronic obstructive pulmonary dis-
ease. Scores are calculated from three
domains: symptoms, activities, and
impact. Scores range from 0-100, with
100 indicating more severe limitations
due to disease. We have recently vali-
dated this in SSc-ILD (7).

Dyspnea 12 is a 12-item instrument
assessing impact of dyspnea. Scores
range from 0-36, with higher scores
indicating more severe disease impact.
Dyspnea-12 has shown adequate reli-
ability and validity in SSc-ILD (18).
Modified medical research council
dyspnea scale (MMRCDS) is a dysp-
nea-specific scale which assigns a
grade of dyspnea severity from 1 to 5
based on level of activity or ability, in
order to assess the extent of disability
due to breathlessness (19).

Global measure

Patient global assessment for disease
severity (20) was assessed using a sin-
gle-item 100-mm visual analogue scale
(VAS), scored 0—100, with higher scores
representing greater disease severity.

Physiologic measure

Pulmonary function tests (PFTs)

PFTs were performed according to
the recommendations of the American
Thoracic Society (ATS)?V. Values for
forced vital capacity (FVC), total lung
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capacity (TLC), forced expiratory vol-
ume in 1 second (FEV)), and diffusing
capacity of the lung for carbon monox-
ide (DLCO) were determined, reported
as percent predicted, and compared
with predicted values.

Autoantibodies

Participants had serologies as part of
clinical care, including the immuno-
fluorescence anti-nuclear antibodies
(IF-ANA), extractable nuclear anti-
gens including: anti-Smith antibody,
anti-centromere antibody, anti-topoi-
somerase-1 ab, Anti-Ro ab, anti-RNP
ab, and anti-RNA polymerase III done
using multi-bead ELISA and confirmed
by immunodiffusion, as needed.

Statistical analysis

The internal consistency reliability
was assessed using Cronbach’s o, with
a score of =0.70 considered satisfac-
tory (22). Intra-class correlations were
calculated using linear mixed effects
models with a random subject effect to
assess test-retest reliability for a 15-pa-
tient convenience sample with repeated
PROMIS-29 scores within 30 days.
Pearson’s correlation was used to as-
sess the strength of association between
PROMIS-29 domains and other meas-
ures. We hypothesised large correla-
tion coefficients (=0.37) (23) between
PROMIS-29 domains and patient
global assessment VAS. In addition, we
hypothesised that domains measuring
similar constructs will have large corre-
lation coefficients. These include the (i)
PROMIS-29 Physical Function domain
with the SF-36 Physical Function do-
main, the SF-36 Role Function domain,
the LCQ Physical domain, SGRQ Im-
pacts and Activity domains, the Dysp-
nea 12, and MMRC; (ii)) PROMIS-29
ability to participate in Social Roles
domain with the SF-36 Social domain,
the LCQ Social domain, and SGRQ
Impacts domain; (iii) PROMIS-29
Anxiety and Depression domains with
the SF-36 Role Function (emotional)
domain, the LCQ Psychological do-
main, the SGRQ Impacts domain; (iv)
the Dyspnea 12, PROMIS-29 Fatigue
domain with the SF-36 Fatigue domain,
the SGRQ Activity domain, Dyspnea
12, and MMRC; and (v) PROMIS-29
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Pain Interference domain with the SF-
36 Pain domain, and the Sleep Distur-
bance section will correlate with the
Dyspnea 12.

We also assessed the PROMIS-29 do-
mains’ potential to differentiate mild
restrictive lung disease vs. moderate-
to-severe restrictive lung disease using
the following indicators for severity:
(i) FVC = 70% vs. <70%, (ii) TLC =
70% vs. <70%, (iii) DLCO < 57% vs. =
57% (where 57% is the median value),
and (iv) patient global severity <46 vs.
>46 (where 46 is the median value).
We used Student’s #-test for continuous
variables and the Chi-square test for
categorical variables.

Change in PROMIS-29 outcomes were
calculated as the difference between
PROMIS-29 domains at baseline and at
6-, 12-, and 18-months. A linear mixed
effects model with a random subject
effect and fixed effects for the change
in FVC (from baseline to 6-, 12-, and
18-months), the month, and the interac-
tion between change in FVC and month
was used to determine if there was a
relationship between change in FVC
and change in PROMIS-29, and if that
relationship changed over time. Models
were adjusted by baseline PROMIS-29
scores. p-values <0.05 were considered
statistically significant for all analyses
and no adjustment was made for mul-
tiple testing.

Results

Baseline characteristics

Of 73 participants, 59 (80.8%) were
female, and 63 (86.3%) participants re-
ported their race as White. The mean
age (mean = SD) of participants was
51.9+11.8 years, with mean disease
duration of 7.9+8.3 after first non-
Raynaud’s symptom (Table I); 41 par-
ticipants had disease duration of <7
years. Thirty-two (41%) participants
had cough several/most days of the
week based on SGRQ. The majority of
participants (56.2%) were classified as
diffuse cutaneous SSc, 26% as limited
cutaneous, 8.2% overlap, and 4.1%
sine scleroderma. The mean FVC%
was 73.9%, mean DLCO was 57.7%,
and HRCT patterns for ILD were pre-
dominantly fibrotic NSIP (95.9%) with
4.1% showing UIP pattern (Table I).

Table I. Baseline characteristics of partici-
pants.

(n=73)
Age (years), mean (SD) 51.9 (11.8)
Female Sex, n (%) 59 (80.8)
Race, n (%)
White 63 (86.3)
Black 6 (8.2)
Other 4 (5.5)
Ethnicity, n (%)
Hispanic 7 (9.6)
Non-Hispanic 65 (89.0)
Unknown 1 4.0)
Type of Systemic Sclerosis, n (%)
Diffuse Cutaneous 41 (56.2)
Limited Cutaneous 19 (26.0)
Sine Scleroderma 3 4.1)
Overlap with Scleroderma 6 (8.2)

Disease duration (years), mean (SD)
After First Non-Raynaud’s Symptoms 7.9 (8.3)
After First Raynaud’s Symptoms 109 (11.0)

After ILD Diagnosis 47 (14)
mRSS, mean (SD) 9.7 (10.2)
Autoantibodies, n (%)

Anti-Nuclear Antibody (ANA) 62 (84.9)
Anti-Smith (Anti-Sm) 12 (16.4)
Anti-centromere 3 4.1
Anti-topoisimerase-1 21 (28.8)
Anti-RNA polymerase 3 11 (15.1)
Anti-Ro 12 (164)

Anti-U1 ribonucleoprotein (RNP) 10 (15.2)

ILD Pattern on HRCT, n (%)

NSIP 959 (70.0)
uUIp 4.1 (3.0)
PFT values, %predicted, mean (SD)

FVC % 739 (15.5)
TLC % 39.7 (52.8)
DLCO % 57.7 (21.1)
mRSS: Modified Rodnan skin score

ILD:  Interstitial lung disease

NSIP: Non-specific interstitial pneumonia
UIP:  Usual interstitial pneumonia

PFT:  Pulmonary function test

FVC: Forced vital capacity

TLC: Total lung capacity

DLCO: Diffusing capacity of the lungs for
carbon monoxide
HRCT: High resolution computed tomography

Descriptive statistics of PROs

Scores for PROMIS-29 domains
were 0.1+SD (Depression) to 0.9+SD
(Physical function) below that of the
US general population. SF-36 showed
similar findings, with the average score
for each domain below the US general
population 0.2 SD (Mental health) to
1.5 SD (Physical function). The LCQ
showed a total average score of 17.5,
indicating a mild level of cough in par-
ticipants. The total SGRQ question-

S-51



Reliability, construct validity, and responsiveness to change of PROMIS-29 in SSc-ILD / C.J. Fisher et al.

naire had an average total score of 32.6
(Table II).

Internal consistency reliability
Cronbach’s a for all PROMIS-29 do-
mains was >0.70, with a minimum
value of 0.91 (anxiety domain) and a
maximum value of 0.98 (Pain Interfer-
ence domain). Cronbach’s o for the
other questionnaires, SF-36, SGRQ,
and LCQ, also showed values =0.70,
suggesting acceptable reliability in
SSc-ILD (Table II).

Test-retest reliability

Intra-class correlations ranged from
0.58 (pain) to 0.89 (depression) (Table
IV). Test-retest shows consistency over
time for most domains, with 0.70 reli-
ability for anxiety, depression, fatigue,
and sleep disturbance.

Construct validity

1. Hypothesised correlation
coefficients between PROMIS-29
domains and PROs

All PROMIS-29 domains met our a
priori hypotheses of correlation coeffi-
cient of =0.37, except for LCQ Psycho-
logical, with a correlation coefficient
of 0.05 with PROMIS-29 Depression
domain, and -0.07 with PROMIS-29
Anxiety domain. LCQ Social had a co-
efficient of 0.20 with the PROMIS-29
Social domain. (Table III). We explored
if the poor coefficient correlations be-
tween the LCQ domains may be due to
lack of cough in our cohort. We further
analysed the data in participants (41%
of the cohort) who reported cough on
several/most days of the week. In this
subgroup, we again did not find larger
correlation coefficients between hy-
pothesised LCQ domains and PROMIS
domains (data not shown). Other corre-
lation coefficients are shown in Tables
IIT and I'V.

2. Discriminative validity

PROMIS-29 domains were unable to
discriminate between restrictive lung
disease (p=0.05 for all comparisons).
More participants with mild/moderate
restrictive lung disease with an FVC
>70% (n=45), and TLC =70% (n=70)
were observed in our cohort compared
to severe restrictive lung disease FVC
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Table II. Baseline scores and internal consistency reliability for study participants.

Evaluation Scores % Cronbach’s  Test-Retest
(n=73) Alpha
PROMIS-29 (n=73), mean (SD)
Physical function? 414 (8.1) 0.92 0.65
Social role? 459 (8.2) 0.95 0.65
Anxiety' 52.5 (9.6) 091 0.85
Depression! 512 (11.0) 0.96 0.89
Fatigue' 564 (104) 0.94 0.87
Pain Interference' 559 (11.0) 0.98 0.58
Sleep Disturbance! 529 (11.0) 0.92 0.8
Pain' 35 (2.7) NA ND
SF-36 (n=61), mean (SD)
PF (Physical function) 352 (12.5) 0.93 ND
MH (Mental health) 479 (10.6) 0.82 ND
Role Function (Physical) 374 (12.4) 0.96 ND
Role Function (Emotional) 419 (13.5) 0.95 ND
Social 414 (11.6) 0.87 ND
Energy/fatigue 41.1 (11.7) 0.83 ND
Pain 434 (12.8) 0.93 ND
General health 363 (12.3) 0.89 ND
SF-36 PCS, Mean+ SD 359 (12.7) NA ND
SF-36 MCS, Mean+ SD 46.6 (11.3) NA ND
Leicester Cough Questionnaire (n=70), mean (SD)
Physical 5.6 (1.0) 0.78 ND
Psychological 6.0 (1.0) 0.77 ND
Social 59 (1.1) 091 ND
LCQ total 17.5 (3.1) 0.95 ND
SGRQ (n=69), mean (SD)
Symptom score 304 (20.8) 0.79 ND
Activity score 52.1 (27.3) 091 ND
Impact score 22.1 (17.8) 0.87 ND
Total score 32.6 (19.0) 0.94 ND
Dyspnea 12 (n=70), mean (SD) 8.2 (9.3) 0.97 ND
MMRCDS (n=62), mean (SD) 2.2 (0.9 NA ND
VAS patient global assessment (n=61), mean (SD) 48.6 (28.2) NA ND

*Large correlation coefficient (=0.37).

PROMIS-29: Patient Reported Outcome Measures Information System, scored from 0-100.

Pain: Intensity scale from 0-10.

SF-36: Short Form 36, scored from 0-100.

LCQ: Leicester Cough Questionnaire, scored from 3-21.

SGRQ: Saint George Respiratory Questionnaire, scored from 0-100.

Dyspnea 12: Scored from 0-36.

MMRCDS: Modified Medical Research Counsel Dyspnea Scale, scored from 1-5.
VAS: Patient Global Assessment for Disease Severity, Visual Analogue Scale.

<70% (n=28). Thirty-four participants
had a DLCO =< Median, and 57 par-
ticipants had DLCO = Median (Table
V). PROMIS-29 Physical Function
(p=0.004), Pain Interference (p=0.015),
and Pain Intensity (p=0.001) domains
were able to discriminate patient global
assessment VAS at p<0.05.

3. Responsiveness to change

For all PROMIS-29 outcomes, there
was no significant relationship between
the change in FVC% and the change in
PROMIS-29 domains over time. Addi-
tionally, this relationship was not sig-

nificantly different depending on study
month (interaction p-value >0.05 for
all measures).

The results of the linear regression of
PROMIS measures based on groupings
of FVC% and DLCO% measures also
indicated there was no significant dif-
ference in the 6-month change of any
PROMIS-29 between FVC (assessed
at 5% change), DLCO (assessed at
10% change), or TLC (assessed at 5%
change). This is probably explained
by our small sample size and the short
follow up period. In addition, we had
a largely stable cohort over time, with
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mean (SD) FVC% change in this cohort
being 0.64% (5.38%), -1.28% (7.30%)
and 1.16% (5.92%) at 6 months, 12
months, and 18 months respectively.

Discussion

SSc-ILD is one of leading causes of
mortality in patients with SSc. Current
management of SSc-ILD includes ag-
gressive screening and treatment with
immunosuppressive agents (24, 25).
Although clinicians are focused on
physiological and radiological meas-
ures to make a decision on severity of
the underlying ILD, it is also important
to capture how the patient feels and
functions (26) as PROs can comple-
ment objective measures and aid in
treatment decisions.

In this single-centre cohort of SSc-ILD,
we demonstrated that the PROMIS-29
has acceptable reliability and construct
validity in SSc-ILD. We were not able
to show that PROMIS-29 domains are
responsive to change in SSc-ILD, large-
ly due to stable nature of the cohort. In
addition, we confirmed the detrimental
impact of SSc-ILD on HRQOL.

Our study supports the findings report-
ed in previous studies that PROMIS-29
have construct validity in SSc (10,
11). Hinchcliff er al. (10) assessed
PROMIS-29 in SSc, though without
distinguishing participants with or
without ILD. We assume that some of
the participants enrolled in that study
had ILD, given the mean FVC % predi-
cated was 78.5 and DLCO % predicat-
ed was 65.6. The baseline demograph-
ics in Hinchcliff ez al. and our study
had similar mean age groups (51.9
years vs. 51.1 years) (current cohort vs.
Hinchcliff), but more females enrolled
in our study (81% vs. 61%), as well
as participants with dcSSc (56.2% vs.
45.2%), similar disease onset from first
non-Raynaud’s symptom (7.9 vs. 7.2).
Higher scores among PROMIS-29 do-
mains were observed in our study when
compared to Hinchcliff et al. in the
following domains (current cohort vs.
Hinchcliff): anxiety: 52.5 vs. 50.3; de-
pression: 51.2 vs. 49 4; fatigue: 56.4 vs.
51.8; sleep disturbance: 52.9 vs. 52.0;
and pain interference: 55.9 vs. 55.1.
Lower scores compared to Hinchcliff
et al. were found in the following do-
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Table III. Correlation coefficients for hypothesised domains of PROMIS-29 vs. other

PROs.
PROMIS-29 Domains Hypothesised Correlation
coefficients
Physical function SF-36 Physical Function 0.89*
SF-36 Role Function (Physical) 0.67*
LCQ Physical 0.36*
SGRQ Impacts -0.68*
SGRQ Activity -0.84*
Dyspnea 12 -0.57*
MMRC -0.70*
VAS -0.56*
Social role SF-36 Social 0.75*
LCQ Social 0.20
SGRQ Impact -0.61*
VAS -0.40*
Anxiety SF-36 Role Function (Emotional) -0.74*
LCQ Psychological -0.07
SGRQ Impacts 0.54*
Dyspnea 12 0.55*
VAS 0.34
Depression SF-36 Role Function (Emotional) -0.70*
LCQ Psychological 0.05
SGRQ Impacts 0.38*
Dyspnea 12 0.39*
VAS 0.34*
Fatigue SF-36 Energy/Fatigue -0.83*
SGRQ Activity 0.56*
Dyspnea 12 0.44*
MMRC 0.50*
VAS 0.43*
Pain interference SF-36 Pain -0.90*
VAS 0.51*
Pain intensity SF-36 Pain -0.92*
VAS 0.62*
Sleep disturbance Dyspnea 12 0.40*
VAS 0.39*

*Large correlation coefficient (=0.37).

PROMIS-29: Patient reported outcome measures information system, scored from 0-100.

Pain: Intensity scale from 0-10.

SF-36: Short form 36, scored from 0-100.

LCQ: Leicester cough questionnaire, scored from 3-21.

SGRQ: Saint George respiratory questionnaire, scored from 0-100.

Dyspnea 12: Scored from 0-36.

MMRCDS: Modified medical research counsel dyspnea scale, scored from 1-5.
VAS Patient Global Assessment for Disease Severity, Visual Analogue Scale.

mains: physical function: 41.4 vs. 46.7;
social role: 45.9 vs. 48 4.

In this study, all PROMIS-29 domains
had large correlation coefficients
(>0.37) with hypothesised PROs, ex-
cept for the LCQ domains, and provides
construct validity for the PROMIS-29
domains in SSc-ILD. There was a lack
of large hypothesised correlations with
the cough-specific instrument, the
LCQ. We explored if the relationship
between LCQ domains and partici-
pants who reported cough on majority

of days had larger coefficients (41% of
the cohort) but that was not the case. It
is likely that cough is not a major com-
ponent of impact on generic HRQOL in
SSc-ILD (27).

The baseline PROMIS-29 domains were
unable to discriminate between mild vs.
moderate-to-severe pulmonary physiol-
ogy (FVC%, TLC%, or DLCO%). In
addition, longitudinal assessment of
FVC% in this cohort failed to show an
association with PROMIS-29 domains.
We assume that this observation may

S-53



Reliability, construct validity, and responsiveness to change of PROMIS-29 in SSc-ILD / C.J. Fisher et al.

Table IV. Correlation coefficients between PROMIS-29 and other HRQOL measures.

Correlation SF-36 SF-36 SF-36 SF-36 SF-36 SF-36 SF-36 SF-36 SF-36 SF-36 Dysp.| LCQ LCQ LCQ LCQ MMRC|SGRQ SGRQ SGRQ SGRQ| FVC |DLCO|VAS
Analysis Qol PF MH RE-P RF-E E/F Pain GH Social PCS MCS | 12 PH PS SC  Total | DS SS AS IS  Total | % %
Scales predic- predic-|

ted ted
PROMIS-29
Physical Function 0.89* 0.33* 0.67* 0.42%* 0.56% 0.60* 0.77* 0.56* 0.85% 0.27*%-0.57*% 0.36* 021 0.26% 0.29%-0.70*|-0.49* -0.84* -0.68* -0.79* 0.15 | 0.19 |-0.56*
PROMIS-29
Social Role 0.70* 0.46* 0.74* 0.60* 0.71* 0.66* 0.69* 0.75% 0.73* 0.55%-0.53*% 0.27* 0.15 02 0.22 |-0.49*%|-0.34* -0.69* -0.61* -0.67* 0.14 | 0.05 |-0.40*
PROMIS-29
Anxiety -0.53% -0.74* -0.43* -0.75% -0.53* -0.59* -0.59* -0.65* -0.42* -0.78*% 0.55*%-0.14 -0.07 -0.06 -0.09 | 0.37% 0.27* 0.56* 0.54* 0.56*-0.06 = 0.01 |0.34*
PROMIS-29
Depression -0.55%  -0.7*% -0.41% -0.77* -0.43* -0.61* -0.56* -0.56* -0.42* -0.71* 0.39*% 0.02 005 005 004 | 027% 0.1  0.5% 0.38* 042%-0.10  -0.09 |0.34*
PROMIS-29
Fatigue -0.64* -0.54* -0.73% -0.65% -0.83% -0.64* -0.64* -0.70* -0.67* -0.64* 044*/-022 -0.12 -0.14 -0.16 | 0.40*| 0.28* 0.56* 0.49* 0.54*% 0.18 | 0.04 |0.43*
PROMIS-29
Pain Interference -0.60* -0.41%* -0.60%* -0.57% -0.52% -0.9% -0.60* -0.68* -0.71* -0.47* 0.42*%-0.18 -0.11 -0.16 -0.16 | 0.33*%| 0.29% 0.52* 0.42* 0.49% 0.00 | 0.09 |0.51*
PROMIS-29
Sleep Disturbance -0.40* -0.63* -0.46* -0.51* -0.55% -0.57* -0.52% -0.62* -0.44* -0.62*% 0.40%-0.32%* -0.23 -0.23 -0.27% 0.26%| 0.37* 0.35% 0.44* 044*%-0.11 | -0.09 |0.39*

*Large Correlation Coefficient (=0.37).

PROMIS-29: Patient Reported Outcome Measures Information System, scored from 0-100.

SF-36: Short Form 36, scored from 0-100.

LCQ: Leicester Cough Questionnaire, scored from 3-21.

SGRQ: Saint George Respiratory Questionnaire, scored from 0-100.

Dysp. 12: Dyspnea 12, Scored from 0-36.

MMRCDS: Modified Medical Research Counsel Dyspnea Scale, scored from 1-5.
VAS: Patient Global Assessment for Disease Severity, Visual Analogue Scale.

Table V. Relationship between the PROMIS-29 Domains vs. PFTs and Patient Global Assessment on the Visual Analogue Scale.

PROMIS-29 Scores  All (N=73) Disease FVC category TLC category DLCO category VAS Category
durations7  FVC<70 FVC>70  p-value TLC<70 TLC>70  p-value DLCO<57 DLCO>57 p-value VAS=<46 VAS>46 p-value
(N=41) (N=28) (N=45) (N=32) (N=16) (N=34) (N=31) (N=31) (N=30)
Physical function, 414 (8.1) 414 (79) 402 (7.5) 422 84) 031 424 (8.1) 433 (79) 0722 412 (78) 416 (89) 0851 44.1 (88) 382 (6.6) 0.004*
mean (SD)
Anxiety, 525 (9.6) 529 (9.7) 539 (100) 51.6 (94) 0313 498 (90) 534 (9.8) 0219 518 (10.0) 53.6 (9.0) 0441 527 (87) 540 (10.1) 0.584
mean (SD)
Depression, 512 (11.0) 520 (114) 529 (11.9) 50.1 (104) 0.303 49.6 (9.8) 50.7 (13.8) 0.741 50.5 (11.3) 524 (11.0) 0.503 50.7 (11.2) 53.5 (11.3) 0.342
Mean (SD)
Fatigue, mean (SD) 564 (104) 565 (9.9) 546 (9.3) 57.6 (109) 0225 549 (8.7) 570 (11.5) 048 558 (8.7) 57.8 (11.5) 0425 557 (11.1) 59.1 (8.5) 0.177
Pain interference, ~ 559 (11.0) 554 (11.8) 55.5 (12.2) 56.2 (10.3) 0.813 539 (9.8) 57.3 (10.8) 0282 539 (10.1) 582 (11.3) 0.113 532 (10.4) 599 (10.4) 0.015*
mean (SD)
Sleep, mean (SD) 529 (9.7) 527 83) 547 (83) 51.8 (104) 0215 53.0 (8.8) 510 (93) 0481 540 (83) 527 (92) 0546 513 (9.1) 547 (7.6) 0.122
Social, mean (SD) 459 (8.2) 456 (8.6) 44.6 (8.1) 46.8 (8.3) 0275 476 (6.9) 452 (89) 032 463 (7.1) 452 (8.8) 0579 463 (85 442 (7.0) 0299
Pain intensity (SD) 3.5 (2.7) 34 27 33 (3.0) 36 (26) 0629 29 (27) 3.6 (24) 0365 29 (27) 42 (26) 005*% 24 (2.1) 47 (2.8) 0.001*

*Statistically significant (p-value <0.05).

PROMIS-29: Patient reported outcome measures information system, scored from 0-100.

SF-36: Short Form 36, scored from 0-100.

LCO: Leicester Cough Questionnaire, scored from 3-21.

SGRQ: Saint George Respiratory Questionnaire, scored from 0-100.

Dyspnea 12: Scored from 0-36.

MMRCDS:  Modified Medical Research Counsel Dyspnea Scale, scored from 1-5.
VAS: Patient Global Assessment for Disease Severity, Visual Analogue Scale.

be due to a small sample size or due
to the lack of an association between
PROMIS-29 domains and physiologi-
cal measures. In the Scleroderma Lung
Study-I, a randomised controlled trial
of daily oral cyclophosphamide vs. pla-
cebo, SF-36 Mental Component Sum-
mary domain was able to differentiate
between mild vs. moderate-to-severe
restrictive FVC% and physical sum-
mary score was able to differentiate
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between DLCO% categories <57 and
>57 (16). More participants in our cur-
rent cohort had mild impaired lung
mechanics (as this was not a controlled
trial that enriched for more severe dis-
ease), reflecting less clinical symptoms
such as cough and shortness of breath.
This made discrimination between the 2
groups more difficult.

Test-retest reliability also showed
stability of the cohort, except in the

PROMIS-29 domains Pain Interfer-
ence, Physical Function, and Social
Roles, which may indicate that higher
levels of pain, which can be variable,
affects physical and social aspects
of patient HRQOL. This relationship
may be related to a lack of reliability
of the domain in ILD, and should be
evaluated further in future studies. Like
PROMIS-29 domains, SF-36 domains
were unable to differentiate between
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mild vs. moderate-to-severe pulmo-
nary physiology (data not shown) and
may be related to lack of sensitivity
of generic HRQOL for milder disease.
PROMIS-29 was able to differenti-
ate the global severity of the disease
by VAS with statistically significant
changes in Physical Function and Pain
Interference domains (p<0.05).

Our study has many strengths. First,
this study reports from a prospective
longitudinal cohort carefully designed
to assess overall impact of SSc-ILD
based on OMERACT CTD-ILD work-
ing group (13). Second, we show con-
struct validity with hypothesised PROs
that were endorsed in a consensus-
based exercise with pulmonologists,
rheumatologists, and patient partners
for SSc-ILD. Third, this is the first
study to examine PROMIS-29 along
with generic and symptom-specific in-
struments and physiologic measures in
SSc-ILD. The broad set of variables al-
lowed us to assess construct validity of
PROMIS-29 domains along with other
patient-reported instruments and physi-
ological measures in SSc-ILD.
However, our study is not without limi-
tations. We did not account for multiple
testing in our cohort. Our data should
be considered hypothesis-generating,
and needs to be confirmed in another
cohort. Our goal when calculating the
correlation coefficients was to exam-
ine direction and magnitude, and not
to test statistical significance. Due to
the single-centre cohort design, our
analysis is limited by a small sample
size. PROMIS-29 should be tested in
a larger cohort, in order to account for
non-significant findings that may have
been due to the small sample size. Al-
though University of Michigan thoracic
radiologists read all HRCTs, we did
not quantify the degree of total lung in-
volvement for this analysis. Since this
is an observational trial and participants
are administered PROs during their vis-
it, some missing data is inevitable.

In conclusion, the PROMIS-29 was
found to have acceptable internal con-
sistency reliability and construct va-
lidity in participants with SSc-ILD.
PROMIS-29 was not able to discrimi-
nate between physiologic measures and
was not responsive to change, likely re-

Clinical and Experimental Rheumatology 2019

lated to the stable nature of the overall
cohort or insensitivity of a generic PRO
to capture milder changes over time.
Further work is needed in ongoing clini-
cal trials in SSc-ILD where PROMIS-29
has been incorporated as an outcome
measure to assess the discriminative
ability of PROMIS-29 domains in dif-
ferentiating categories of restrictive
lung disease and change over time with
treatment in an enriched cohort.
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