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Validation of a new glucocorticoid-specific Patient-
Reported Outcome Questionnaire (the Steroid PRO)

Susan Bridgewater,"* Mwidimi Ndosi

"2 Jill Dawson, Pamela Richards, "2

Christine Silverthorne, > Emma Dures, "% Susan M. Goodman,* Catherine Hill,>®

Sarah L. Mackie,” Joanna C. Robson @ "2

ABSTRACT

Objectives Glucocorticoids used in the treatment of
inflammatory rheumatic conditions can impact on health-
related quality of life. An underpinning qualitative study
developed a long-list of candidate items for a treatment-
specific patient-reported outcome (PRO) measure. The
objective of this paper is to determine scale structure and
psychometric properties of the Steroid PRO.

Methods A cross-sectional survey of adults from

the UK, USA, Australia and New Zealand, taking
glucocorticoids for a rheumatic disease. Initial survey
collected demographics, clinical information, 40 Steroid
PRO candidate items and EuroQol-5 Dimensions- 5
levels (EQ-5D-5L). Follow-up, 3—5days later, collected
Steroid PRO candidate items and a condition-change
(‘transition’) question. Analysis included Rasch
measurement model, exploratory factor analysis (EFA),
and hypothesis testing for discriminative validity,
convergence validity and test—retest reliability.

Results Total responses 946: UK n=743 (79%); USA
n=139 (15%); Australia/New Zealand n=64 (7%); mean
age 57.6 (SD=13.6); 833 (88%) women. Participants
with inflammatory arthritis n=197 (21%), connective
tissue disease and/or vasculitis n=402 (42%), giant

cell arteritis and/or polymyalgia rheumatica n=347
(37%). Twenty-five items were removed due to lack

of fit to Rasch model. Of the remaining items, EFA
suggested four subscales: Social impact (4 items);
Impact on appearance (3 items); Psychological impact (5
items); Treatment concerns (3 items). Rasch modelling
supported a four-subscale structure and total score,
confirming construct validity and reliability. Hypothesis
testing confirmed discriminant and convergence validity.
Intraclass correlation coefficient (total score) was 0.809
demonstrating excellent (test—retest) reliability.
Conclusions The Steroid PRO is a 15-item, valid and
reliable scale for measuring the impact of glucocorticoid
therapy in people with rheumatic diseases.

INTRODUCTION

Systemic glucocorticoids (GCs) are a class of steroid
widely used in the autoimmune rheumatic diseases,
to treat inflammatory arthritis, systemic vasculitis,
connective tissue diseases and the crystal arthropa-
thies. GCs are key in the management of life- and
organ-threatening rheumatic diseases, but they have
wide-ranging adverse effects which are of concern
to patients and clinicians.' # Adverse effects include
depression, anxiety, weight gain, skin thinning,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Glucocorticoids are widely used in treatment of
the inflammatory rheumatic diseases but can
impact on patients’ health-related quality of life
(HRQol).

WHAT THIS STUDY ADDS

= This study determined the final scale structure
and validates a treatment-specific patient-
reported outcome measure for the impact of
glucocorticoids from the patient perspective—
the Steroid PRO.

= The Steroid PRO provides consistent measures
of HRQoL across patients with different
demographics, rheumatic diseases and taking
different doses of glucocorticoids.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The Steroid PRO is a validated outcome
measure for use in clinical trials to capture
the impact of glucocorticoids from the patient
perspective.

= The Steroid PRO may also be used in clinical
practice to aid understanding, communication
and shared decision making between patients
and their clinicians.

insomnia, and risk of diabetes, osteoporosis, infec-
tion and cardiovascular disease.’

The international Outcome Measures in Rheuma-
tology Glucocorticoid Working Group comprising
patients, clinicians and methodologists in outcome
measurement have identified the need for a patient-
reported outcome (PRO) to measure glucocorti-
coid impact in clinical trials and practice.* A 2010
European Alliance of Associations for Rheuma-
tology working group has previously highlighted
differences in patients’ and clinicians’ judgement
of harm in relation to glucocorticoids, and recom-
mended incorporation of the patients’ perspective.’
Underpinning semistructured qualitative interviews
(n=60) have been performed with rheumatology
patients from the UK, USA and Australia, receiving
glucocorticoids (GCs) currently or within the last
2years, for a range of rheumatic conditions. The
interviews explored the impact of the medication
on their symptoms and health-related quality of life
(HRQoL).® The themes identified were: physical
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symptoms, psychological symptoms, psychological impact of
steroids, impact of steroids on participation, impact of steroids
on relationships and benefits of steroids.® These themes informed
along-form PRO measure (the draft Steroid PRO) with 40 candi-
date items, which was piloted with patient research partners
(PRPs) and cognitive interviews with patients were conducted in
the three countries.® A linguistic translatability assessment was
also performed (RWS Life Sciences). The overall study design
employed a three-phase approach consistent with recommen-
dations for best practice (Food and Drug Administration (FDA)
guidance) for development of a PRO.’

We aimed to validate the Steroid PRO, in order to assess the
impact of glucocorticoids on HRQoL in patients who are treated
with glucocorticoids for rheumatic diseases. The objectives of
this study were to determine final scale structure and measure-
ment properties of the Steroid PRO.

METHODS

Study design

This paper reports a cross-sectional validation study involving
adult participants from the UK, USA, Australia and New Zealand.
A steering committee comprising methodologists, clinicians and
PRPs oversaw the study.

A web platform (Qualtrics XM) was used to design an anony-
mous online large-scale survey to collect patient responses at two
time points. Timepoint 1 data were: (1) demographics—age, sex,
country, ethnicity, educational level; (2) clinical information—
diagnosis, glucocorticoid dose; (3) 40-candidate items for the
Steroid PRO, developed in the previous qualitative study; (4) a
generic measure of health state—EQ-5D-5L.% Participants were
given the option to receive a second (Timepoint 2) survey link
3-5 days after Timepoint 1, for test—retest reliability assessment.
Timepoint 2 data were: (1) the Steroid PRO candidate items;
(2) a condition change (‘transition’) question, “Overall, how
are you NOW (in terms of the impact steroids are having on
you) compared with 3-5 days ago (when you first answered the
questionnaire)”.

Recruitment

Adults having current treatment with oral or intravenous gluco-
corticoids for a self-reported autoimmune rheumatic condi-
tion were eligible to participate. Participation in the study was
voluntary and ethical approval was obtained from the study
Sponsor, University of the West of England, Bristol (UWE
REC Ref: HAS.21.09.011). Participants gave implied consent
by completing the survey, and at the consent stage were given
an option not to participate. Participants were recruited from
the UK, USA, Australia and New Zealand. The survey was
distributed via social media with support from patient groups,
including a link to the study for further information and to
access the survey. Study steering committee members were not
eligible to participate.

Participants were assigned a random ID number by Qualtrics
XM; this was used to link the Timepoint 1 and Timepoint 2
survey data. Participants had the right to withdraw from the
study at any time during the survey, or up to 1 month following
survey completion. To enable withdrawal requests, participants
were given their ID number to quote if they wished to withdraw.
Survey responses were excluded if the participant was aged <18
years; reported that they had not taken GCs in the last week; or
if Timepoint 1 surveys were incomplete.

Data analysis

After descriptive analysis, iterative testing with Rasch measure-
ment model and exploratory factor analysis (EFA) informed
item reduction and established structural validity, reliability
and unidimensionality of the final Steroid PRO.”'* Ttem reduc-
tion decisions were based on clinical importance, lack of fit to
the Rasch model (comparing the difference between observed
responses and values expected by the model)'® and redundancy.
Further evidence of validity of the Steroid PRO was established
with hypothesis testing, by comparing Steroid PRO scores for
participants receiving lower dose glucocorticoid (up to 10mg)
versus higher dose (>10mg) (discriminative validity); and
comparing scores of the Steroid Pro to EQ-5D-5L index (conver-
gence validity)."® Evidence of reliability was established by (1)
estimating the Steroid PRO internal consistency using the Person
Separation Index (PSI, equivalent to Cronbach’s o) and (2)
computing the intraclass correlation (ICC) between Timepoint 1
and Timepoint 2 Steroid PRO scores for patients who reported
‘no change’ in the impact of glucocorticoids on them, compared
with 3-5days previously (test-retest reliability). Furthermore,
we estimated the minimum detectable change from the SE of
measurement (SEm), obtained from the pooled SD (of the mean,
Timepoint 1 and Timepoint 2) and ICC estimates (of average
measures).”® ' All analyses were conducted using RUMM2030
(RUMM Laboratory, Perth, Australia) and IBM SPSS Statistics
V.28.0.1.1 (IBM, Armonk, New York, USA) software.

RESULTS

Recruitment

The large-scale online survey was distributed through patient
groups via email, and social media (Twitter, Facebook and Insta-
gram). The survey received 1748 initial page views, with 974
complete responses (all questionnaire items and demographics)
at Timepoint 1. Twenty-five participants were excluded due
to not having had glucocorticoids in the last week, and three
removed due to spurious reporting of multiple rheumatic
diseases. Complete responses analysed were therefore 946 at
Timepoint 1 and 447 at Timepoint 2. No participants requested
to withdraw from the study after survey completion.

Patient characteristics

Of the 946 participants with complete responses at Time-
point 1, 743 were from the UK, 139 USA and 64 Australia and
New Zealand. Their mean age was 57.6 (SD=13.6), and 833
(88.1%) were women. In terms of occupation, 364 (38.4%)
were employed, 347 (36.6%) retired, 154 (16.3%) disabled and
68 (8.2%) unemployed. The majority (616, 65%) had college/
university degree. Participants had a diagnosis of inflammatory
arthritis (n=197), connective tissue disease or vasculitis (n=402)
and giant cell arteritis and/or polymyalgia rheumatica (n=347).
Demographic characteristics are summarised in table 1. Full lists
of diseases and participant ethnicities in online supplemental
tables S1 and S2, respectively.

Validation
Of the 40 candidate questionnaire items, 14 were eliminated
due to significant deviation from the Rasch model. A further 11
items were removed for floor effects and subsequent lack of fit
to the Rasch model. The remaining 15 items had an adequate fit
to the model.

Each of the 15 items had five response categories (never=0,
rarely=1, sometimes=2, often=3and always=4), which
should reflect an ordered continuum from low to high impact
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Table 1 Survey responses at Timepoint 1; demographic
characteristics, disease groups

Table 2  Principal component analysis to determine the scale
structure

n % Items Principal components Subscale names
Completed responses 946 1 2 B 4
Country UK 743 785 10  Fatigue/tiredness 0259  0.604  0.102  0.200  Social impact
USA 139 14.7 Appearance Impact on
Australia and New Zealand 64 6.77 15 changes 0.225 0.217 0.184 0.840 appearance
Sex Women 833 88.1 » Lot
16 Clothes not fitting 0.193 0.223 0171 0.867 appearance
Men 113 12.0 ;
- — Psychological
Disease group Inflammatory arthritis 197 20.8 20 Angerfimitaon  0.675 0248 0471 0184  impact
Connective tissue disease or 402 42.5 Psychological
vasculitis 23 Anxiety 0.714 0.312 0.176 impact
Giant cell arteritis and/or 347 36.7 Psychological
p0|ymya|gia rheumatica 24 Physical agitation  0.781 0.254 0.133 impact
GCuseinlast7days  1-10 mg 696 73.6 it of thin Psychological
11-20 mg 158 16.7 26 Clarity of thinking 0.527 0.427 0.187 0.141 |PrnpahctI —
sychologica
21-30 mg 45 4.8 27 Talking too much  0.749 0107 0144  impact
31-40 mg 21 2.2 [T —
41 mg and above 19 2.0 28  Feeling upset 0.297 0.153 0.793 0.227 concerns
Age (years) 18-30 40 4.2 Treatment
31-65 611 64.6 29 Extra medications 0.169 0.193 0.821 0.200 concerns
Treatment
. =65 235 312 30  Long-term risks 0.128 0.180 0.801 0.184 concerns
Occupation Employed 371 39.2 Worrying about Impact on
Unemployed 34 3.6 31 weight 0.225 0.404 0.698  appearance
Disabled 154 16.3 Everyday Social impact
Retired 347 36.7 38  responsibilities 0.220 0.761 0.183 0.187
Being with other Social impact
H ke 4 d
°rzema erfcarer 3 36 39 people 0194 0732 0160  0.179
_ Student > 03 40 Joiningin 0229 0842 0168 0144  Social impact
Educational level No formal qualifications 37 3.9 The four subscales are illustrated by colour: Social impact (orange), Impact on appearance
School/high school 187 19.8 (blue), Psychological impact (yellow) and Treatment concerns (green).
qualifications For each item, the component demonstrating the highest loading with principal component
College/university degree, or ~ 616 65.1 analysis is shown in bold.
higher qualifications
Vocational/employment 103 10.9

related qualification

on HRQoL (from 0 to 4). However, this structure displayed
‘disordered thresholds’ meaning that participants had difficulty
to consistently discriminate between response categories. The
two first categories (‘never’ and ‘rarely’) were amalgamated to
constitute a four-category structure (never=0, sometimes=1,
often=2and always=3) which resulted in correctly ordered
thresholds and a better fit to the Rasch model; x* (df) 155.93
(135); p=0.105 and adequate internal consistency, PSI=0.877.
See Online supplemental table S3 for detailed Rasch analysis
with individual items, comparing five category and four category
response structure.

Principal component analysis suggested a structure with
four subscales within the Steroid PRO: Social impact (4 items),
Impact on appearance (3 items), Psychological impact (5 items)
and Treatment concerns (3 items). PRPs were involved in naming
the subscales (table 2).

Each of the four subscales were found to fit the Rasch model
(table 3), and construct validity of the whole scale was confirmed;
x>=47.82 (df=36), p=0.899; reliability PSI=0.757 and only 2%
of independent t-tests were significant in the Smith’s test of strict
unidirectionality (p=0.022, 95% CI 0.008 to 0.036).

Targeting of the Steroid PRO
Figure 1 presents targeting of the items to persons. Figure 1A
represents the pooled analysis of all patients, showing very good

targeting of items to different impact (HRQoL) levels. Figure 1B
represents the persons divided by the three condition groups:
Inflammatory arthritis (n=194); connective tissue diseases
(CTD) and vasculitis (n=398); and giant cell arteritis (GCA)
and polymyalgia rheumatica (PMR) (n=341). This also demon-
strated a good targeting of items across impact levels and the
disease groups.

Test of item bias (invariance)

Following fit to the Rasch model, all subscales were confirmed
to be invariant to age, gender, disease duration, glucocorti-
coid dose, disease state (active vs remission) and country (UK,
Australia, New Zealand and USA). Based on disease groups, the
Treatment concerns subscale displayed a uniform bias towards
scoring higher impact in the GCA/PMR disease group compared
with other disease groups (figure 1; online supplemental table
S4 and figure S1). No differential item functioning (DIF) adjust-
ment was necessary however, as this was shown to cancel in the
top-down purification test."

Validity with hypothesis testing

Discriminative validity

Most of the participants (n=696, 74.1%) reported to be taking
a ‘low dose’ of glucocorticoid (up to 10 mg), while 243 (25.9%)
reported to take a ‘high dose’ (over 10mg). All Steroid PRO
domain scores differed significantly between patients who self-
reported taking a ‘low dose’ versus those taking a ‘high dose’,
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Table 3  Rasch analysis with the four subscales

Subscale Location SE Fit residuals 2 df P value
Social impact -0.013 0.015 -0.346 11.035 9 0.273
Impact on appearance -0.295 0.016 0.483 11.225 9 0.261
Psychological impact 0.449 0.015 —-0.434 19.827 9 0.019
Treatment concerns —-0.141 0.017 1.183 5.736 9 0.766
Expected values for model fit -25102.5 >0.0125*

*Fit residuals are expected to be within —2.5 and 2.5 for model fit and Bonferroni-adjusted p value of >0.0125 (ie, 0.05 divided by four subscales that were tested).
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Figure 1 Person-item threshold distribution for the 15 items of the Steroid PRO (N=933). These graphs present the distribution of items: the x-
axis is the logit score representing the interval scaling of the items according to the Rasch model, with —2 being no impact and 2 being high impact
of corticosteroids. The lower part of each histogram is where individual items are located along the scale; the top part of histogram represents the
number of people and their total Steroid PRO logit score. PRO, patient-reported outcome.
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Table 4 Discriminative (known groups) validity for the four subscales of Steroid PRO

Domain (range) Low dose High dose Mean difference 95% ClI t-stat P value
Social impact (0-12) 4.822 (3.094) 5.510 (3.186) —-0.689 —1.047 to —0.233 —-2.964 0.003
Impact on appearance (0-9) 4.661 (3.129) 5.255 (3.000) —-0.594 —1.047 to -0.141 -2.576 0.010
Psychological impact (0-15) 3.484 (3.013) 3.971 (3.282) —-0.487 —0.958 to —0.016 —-2.033 0.043
Treatment concerns (0-9) 3.989 (2.724) 4.523 (2.720) -0.534 —0.932 to -0.136 -2.632 0.009
Total score (0-45) 16.940 (9.382) 19.260 (9.601) -2.318 —-3.699 to —0.937 -3.295 0.001

PRO, patient-reported outcome.

suggesting that the Steroid PRO had discriminative (known
groups) validity (table 4).

Convergence validity

The total Steroid PRO had moderate correlation with EQ-5D-5L
index (rp=—0.550; 95% CI -0.593 to —0.504). Two subscales
(Social and Psychological) had moderate correlation with
EQ-5D-5L index while the other two subscales (Appearance and
Treatment concerns) had weak correlation (table 5). Hypothesis
of convergence validity was supported.

Test—retest reliability and minimum detectable changes

A total of 447 participants returned the Timepoint 2 (retest)
Steroid PRO questionnaire. Compared with 3-5 days ago, 374
(78.4%) reported ‘no change’ in the impact of steroids; 6 (1.3%)
‘much better’; 53 (11.1%) ‘slightly better’; 42 (8.8%) slightly
worse’ and 2 (0.4%) ‘much worse’. All the 95% CI of the ICC
estimates of the domain scores at Timepoint 1 and Timepoint
2 (3-5 days later), in those whose conditions had not changed,
was between 0.751 and 0.911 indicating ‘good’ to ‘excellent’
reliability (table 6).

DISCUSSION
This study has used modern psychometric methods to develop
the Steroid PRO, the first generic measure of the impact of GC
therapy on HRQoL for patients with a rheumatic disease. The
Steroid PRO development has been underpinned by patient
involvement at every stage, including in-depth qualitative and
cognitive interviews with patients across the major rheumatic
diseases, in the UK, Australia and the USA.® The final Steroid
PRO with its four subscales (Social impact, Impact on appear-
ance, Psychological impact and Treatment concerns) has been
designed to be highly relevant to patients. Data from the Steroid
PRO were shown to have adequate fit to the Rasch measure-
ment model, confirming its construct validity, and statistical
sufficiency of the subscales and the total score,'’ ' therefore
providing accurate estimates of HRQoL due to GC therapy. The
tool can thus be used in clinical trials, or practice, as a validated
outcome measure.

The Steroid PRO items were shown to target well across
different levels of HRQoL and provide consistent measures in
patients with different personal characteristics (age, gender,

Table 5 Convergence validity with EQ-5D-5L index

Subscale (n) Correlationp 95% CI P value
Social (944) -0.593 —0.633 to —0.550 <0.001
Appearance (945) -0.347 —0.402 to —0.290 <0.001
Psychological (943) —0.463 —0.512 to —-0.411 <0.001
Treatment (944) -0.321 —0.377 to -0.262 <0.001
Total (942) —-0.550 —0.593 to —0.504 <0.001

education and occupation), cultures (UK, USA, Australia and
New Zealand) and disease groups (inflammatory arthritis,
connective tissue disease or vasculitis, and giant cell arteritis and/
or polymyalgia rheumatica).

This is the first generic patient-reported outcome measure
(PROM) for GC impact across the rheumatic diseases. The
Glucocorticoid Toxicity Index is a measure developed for
clinicians to use in the assessment of GC-specific outcomes.'®
The Steroid PRO focuses on patients’ perceptions of steroid
impact and salience which may differ from clinical outcomes
or concerns.® The Systemic Lupus Erythematosus (SLE) Steroid
Questionnaire (SSQ) is a disease-specific GC impact PROM
for SLE.' The SSQ has also been designed using robust meth-
odology, and covers similar domains, but it is tailored specifi-
cally for patients with SLE and has not been validated for use
in patients with other inflammatory rheumatic diseases. The
Steroid PRO thus addresses the need for an instrument with
broader utility across diseases.

The strengths of this study include a large sample size with
an excellent proportion of completed Timepoint 1 and Time-
point 2 responses to enable robust statistical analyses across the
three countries and three broad disease groups. Also, as the draft
items were developed from qualitative interviews with patients,®
our dataset for quantitative validation started with a set of good
items which were further improved though item reduction, thus
the Steroid PRO has high clinical relevance.

This study has three main limitations: First, recruitment
through online patient groups may introduce self-selection
and exclude patients who do not use online groups for support
or those who do not have access to technology.'"® This is an
important limitation especially considering that patients with
low health literacy are likely to experience a higher burden of
disease’ 2! and (by implication) steroid impact. Our sample
indicates we had a broad range of ages, educational levels and
employment status, although there was a high proportion of
participants with degree-level education. There were more
women who participated than men. This may reflect the under-
lying demographic distribution of the diseases themselves, which
are usually more common in women,?? or it may be related to
the recruitment method. We used several checks to protect data
quality; for example, removing records where the survey was
incomplete, or where the number or combination of diagnoses
was judged to be clinically improbable. Second, we did not test
responsiveness of the Steroid PRO as this will require a prospec-
tive study. However, given the satisfaction of the requirements
of Rasch measurement model, confirming its construct validity,
discriminative validity and reliability (also test-retest reliability),
the Steroid PRO is likely to have responsiveness, but this need
to be evaluated in future studies. Lastly, while the Steroid PRO
worked well across four cultures (UK, USA, Australia and New
Zealand), these are all English-speaking countries, therefore a
cross-cultural validation will be required if the tool is to be used
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Table 6 Test-retest reliability and minimum detectable changes

Domain (range) Icc* 95% CI P value SEm MDC,, MDC,, MDC,
Social impact (0-12) 0.809 0.775 10 0.838 <0.001 0.705 1.188 1.954 2.328
Impact on appearance (0-9) 0.887 0.861 to 0.908 <0.001 0.535 1.034 1.702 2.028
Psychological impact (0-15) 0.791 0.751 10 0.824 <0.001 0.666 1.154 1.899 2.262
Treatment concerns (0-9) 0.791 0.755 to0 0.823 <0.001 0.672 1.159 1.907 2.272
Total score (0-45) 0.891 0.865 t0 0.911 <0.001 1.572 1.773 2.916 3.475

*|CC estimates based on single-measurement, absolute-agreement, two-way mixed-effects model
MDC, minimum detectable change, calculated as MDC=SQRT(2*SEm) presented at 68%, 90% and 95% CI levels'*: SEm, standard error of measurement calculated as SEm=

Pooled SD*SQRT(1-ICC of average measures).

in other countries or for multinational comparisons. Linguistic
translatability assessment has already been performed as part
of the development of the initial candidate items, to ensure the
wording and structure of items will be suitable for formal trans-
lation in the future.®

The Steroid PRO validation has established the SEm and the
minimum detectable change, allowing an understanding of the
difference in scores that will represent a real change (beyond
measurement error). Discrimination between different HRQoL
levels can be measured at either individual or group levels using
the Steroid PRO. These parameters can be used in clinical trials
to give an estimation of proposed study sample sizes. Therefore,
the Steroid PRO will provide accurate assessment of GC impact
in clinical trials, for example, when testing targeted steroid-
sparing treatments and GC regimens.

In addition to its use as an outcome measure in clinical trials,
the Steroid PRO could be used in clinical practice to facilitate
communication between patients and clinicians about topics
of high relevance to patients,”® both in remote and in-person
consultations, and as an aid to support shared decision making
when deciding on risks or benefits of different treatment regi-
mens with individual patients.”*

Qualitative studies on the impact of GCs in non-rheumatic
conditions such as asthma and inflammatory bowel disease
reported similar themes to those observed in our underpin-
ning study (eg, impact on weight, appearance, sleep, mood and
participation).! © %78 Cross-condition validation could explore
whether the Steroid PRO may also be acceptable and effective
for use in non-rheumatic inflammatory conditions.

In conclusion, while GCs are widely used in the management
of most autoimmune and rheumatic diseases, assessing their
impact on HRQoL is important for both patients and clinicians.
The final 15-item Steroid PRO has satisfied the strictest stan-
dards of measurement, thus providing an accurate measure of
GCs impact across the rheumatic diseases.
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