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Abstract
Objectives: GCA is systemic vasculitis manifesting as cranial, ocular or large vessel vasculitis. A prior qualitative study developed 40 candidate
items to assess the impact of GCA on health-related quality of life (HRQoL). This study aimed to determine final scale structure and measure-
ment properties of the GCA patient reported outcome (GCA-PRO) measure.

Methods: Cross-sectional study included UK patients with clinician-confirmed GCA. They completed 40 candidate items for the GCA-PRO at
times 1 and 2 (3 days apart), EQ-5D-5L, ICECAP-A, CAT-PROM5 and self-report of disease activity. Rasch and exploratory factor analyses in-
formed item reduction and established structural validity, reliability and unidimensionality of the final GCA-PRO. Evidence of validity was also
established with hypothesis testing (GCA-PRO vs other PRO scores, and between participants with ‘active disease’ vs those ‘in remission’) and
test–retest reliability.

Results: The study population consisted of 428 patients: mean (S.D.) age 74.2 (7.2), 285 (67%) female; 327 (76%) cranial GCA, 114 (26.6%) large
vessel vasculitis and 142 (33.2%) ocular involvement. Rasch analysis eliminated 10 candidate GCA items and informed restructuring of response
categories into four-point Likert scales. Factor analysis confirmed four domains: acute symptoms (eight items), activities of daily living (seven
items), psychological (seven items) and participation (eight items). The overall scale had adequate Rasch model fit (v2¼25.219, degrees of free-
dom¼24, P¼0.394). Convergent validity with EQ5D-5L, ICECAP-A and Cat-PROM5 was confirmed through hypothesis testing. Internal consis-
tency and test–retest reliability were excellent.

Conclusion: The final GCA-PRO is a 30-item, four-domain scale with robust evidence of validity and reliability in measuring HRQoL in people
with GCA.
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Introduction

GCA is the most common form of systemic vasculitis affecting
people over the age of 50 [1]. Granulomatous inflammation
of the medium and large extradural arteries causes narrowing
or stenosis of the temporal arteries, thoracic aorta and its
branches [2, 3]. Patients with cranial GCA present with head-
ache, jaw claudication and scalp tenderness; those with ocular
involvement either develop visual changes alongside cranial
symptoms or can present with isolated visual symptoms [4].
Large vessel vasculitis is part of the spectrum of GCA, either
presenting alongside cranial or visual symptoms or indepen-
dently with systemic features of weight loss, fevers and raised
inflammatory markers [5, 6].

Glucocorticoids (GC) have traditionally been the mainstay
of treatment for GCA but can result in a range of adverse
effects that can impact on health-related quality of life
(HRQoL) [7]. Current recommendations advise use of
glucocorticoid-sparing agents such as methotrexate, particu-
larly in relapsing cases or patients with large vessel vasculitis
[8, 9].

Patient-reported outcome measures (PROMs) capture the
impact of disease on patients’ HRQoL in clinical trials and
practice [10, 11]. Their use can be key to evaluating the

effectiveness of novel treatments in terms of patient benefit.
PROMs can be generic, e.g. the Short-Form-36 (SF-36) [12]
or Euroqol (EQ-5D-5L) [13], or disease or symptom specific
[14, 15]. Using both generic and disease specific PROMS can
be useful to ensure that the impact on HRQoL of a particular
disease is accurately measured from the patients’ perspective
[16]. In 2015, the Large Vessel Vasculitis Working Group at
the Outcome Measures in Rheumatology (OMERACT) con-
sensus conference reported that a disease-specific PROM for
GCA was required [17]. While generic PROMs have the bene-
fit of enabling comparisons across different disease groups,
they may be insensitive to disease-related factors. For example
the generic SF-36 correlates poorly with ocular involvement
in GCA, undermining its sensitivity as an outcome measure if
used alone in clinical trials [18].

Patient involvement is key at every stage of clinical research
and of critical importance in the development of patient
reported outcomes [19–21]. Research has also shown that
patients with vasculitis have different perspectives from their
clinicians in terms of what is important to their HRQoL [22].
An international steering committee including patient re-
search partners, clinicians and methodologists oversaw the
first stage development of a PROM for GCA [23]. In-depth
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Rheumatology key messages

• Giant cell arteritis and its treatment can have a negative impact on quality of life.

• A new disease-related patient-reported outcome measure, the GCA-PRO, has been validated.

• The GCA-PRO has been validated for use in clinical trials and clinical practice.
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qualitative interviews with people with GCA were completed
in the UK and Australia. Based on this underpinning work,
candidate items were developed and revised through cognitive
interviewing and piloting, resulting in a 40-item draft ques-
tionnaire [23]. The aim of this study was to determine the fi-
nal scale structure and measurement properties of the GCA
patient reported outcome (GCA-PRO) measure.

Methods
Design

A cross-sectional validation study was conducted involving
38 National Health Service (NHS) rheumatology and oph-
thalmology centres in England and Wales. A steering commit-
tee comprising patient research partners, clinicians
(rheumatology and ophthalmology), researchers, statisticians
and methodologists oversaw the running of the study includ-
ing review of all patient survey materials.

Patients

Patients were included if they had GCA confirmed by a clini-
cian (rheumatologist or ophthalmologist) and were diagnosed
within the previous 3 years or who had a flare within the pre-
vious year.

Recruitment strategy

Patients were screened for eligibility as they presented in face-
to-face or telephone clinics by research nurses and clinicians
at collaborating centres. Collaborators also reviewed their list
of GCA registry patients (the UKIVAS registry [24] and the
UK GCA Consortium [25]) for eligibility. These patients had
previously given consent to being contacted directly about fu-
ture studies in GCA.

Practical procedures

The study co-ordinator based at the Central Study Office at
the Bristol Royal Infirmary sent study packs to collaborating
centres and monitored return of completed questionnaires.
Participants were able to use an advocate when completing
the questionnaire and were asked to record this on the
questionnaire.

Each collaborating centre kept a screening log with unique
study ID numbers. They informed the study co-ordinator
when they sent out the questionnaire packs and the associated
study ID numbers. All documentation sent to participants/
returned to the Central Study Office, contained only the study
ID number with no identifiable patient details. The Central
Study Office contacted the collaborating centre when a ques-
tionnaire was returned (i.e. the participant had given implied
consent). The clinician at the collaborating centre then com-
pleted the Clinician Report Form and returned it to the
Central Study Office.

Postal survey

The survey comprised two sets of questionnaires, completed
twice, 3 days apart. Questionnaire pack A included: (i) the 40-
item GCA PROM, comprising the 40 candidate items devel-
oped and refined during the qualitative study [23]; (ii)
EuroQuol (EQ-5D-5L) [13], a short, generic measure of
health status with five different dimensions, which can be
used to compare patient states across different diseases; (ii)
the ICECAP-A [26], a five-item measure of capability for the

general adult (18þ) population; (iii) the Cat-PROM5 [27], a
five-item PROM capturing participants’ quality of eyesight
developed in people with cataracts; and (iv) patient self- as-
sessment of disease state (active/remission), flare, treatment
and demographics. The three PROMs (EQ-5D-5L [13], Cat-
PROM5 [27 and ICECAP-A [26]) were selected for hypothe-
sis testing (described in the analysis section) as they aim to
capture relevant aspects of the impact of GCA and its treat-
ment. They were selected on the advice of clinicians in rheu-
matology (J.C.R., S.M.), ophthalmology (C.G.) and medical
statistician (R.G.) and reviewed by patient research partners
(A.B. and S.S.).

Questionnaire pack B was sent with pack A but in a sepa-
rate envelope marked ‘IMPORTANT open 3 days after com-
pleting the first questionnaire’. Pack B contained the draft 40-
item GCA PROM, and a question relating to change in state:
‘Overall, how are you NOW (in terms of your GCA and any
side effects) compared with three days ago (when you first an-
swered the questionnaire)?’ Response options were ‘much bet-
ter’, ‘slightly better’, ‘no change’, ‘slightly worse’ or ‘much
worse’.

Clinician case report form

The clinician case report form contained questions regarding
patient age, date of diagnosis, type of GCA, clinical features,
diagnostic tests and treatments.

Sample size estimation

The sample size estimation was based on the draft 40-item
GCA-PRO version, each with five-point response categories.
Assuming retention of all 40 questionnaire items, meaningful
results would require 200 completed questionnaires for the
exploratory factor analysis (EFA). For a scale with polyto-
mous items (where all items share equivalent rating scale),
analysis with Rasch models would require 243 responses to
produce statistically stable measures (with the precision of 6

half a logit) [28, 29].

Statistical analysis

Data were first analysed descriptively before validation with
Rasch models and EFA. A Rasch model provides a formal
representation of fundamental measurement, and therefore fit
to the model implies construct validity, reliability (internal
consistency) and statistical sufficiency of the total score from
the scale [30–33]. EFA was used iteratively with Rasch analy-
sis to determine the underlying latent structure in the set of
items, thus determining structural validity and internal
consistency.

Each item was first tested for fit with the Rasch model, by
comparing the difference between observed responses and
expected values (null hypothesis: no significant difference be-
tween observed and values expected by the model). Fit to the
model was supported by non-significant v2 probability. Each
item was then assessed for ‘threshold’ ordering—‘threshold’
being the point between two adjacent categories where either
response is equally probable [33]. GCA-PRO items had five
response categories, reflecting an ordered continuum from
low to high (items 1–13: none¼ 0, very mild¼ 1, mild¼ 2,
moderate¼3, severe¼ 4; items 14–40: never¼ 0, rarely¼ 1,
sometimes¼ 2, often¼ 3, always¼ 4), higher magnitude cor-
responding to higher impact. To fit the Rasch model, respond-
ents with high levels of disease impact (low HRQL) would
consistently endorse high scores in the continuum. Where
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thresholds were disordered (determined graphically), suggest-
ing participants had difficulty in consistently discriminating
between response categories) [33], two adjacent categories
were collapsed to ensure correct ordering and fit to the Rasch
model. Local dependency was assessed in the correlation ma-
trix of the residuals, and locally dependent items (a correla-
tion of 60.3) [34] were highlighted and discussed for clinical
importance and possible discarding (due to redundancy) or
combining into a testlet (subscale) [35].

Item reduction decisions were based on clinical importance,
lack of fit to the Rasch model and redundancy. Retained items
were subjected to EFA with orthogonal (varimax) rotation
(null hypothesis: the observed items are not correlated).
Factors were extracted if their eigenvalue was >1. The
extracted factors (testlets) were then tested for fit with the
Rasch model, reliability (internal consistency) and invariance
to personal characteristics. Finally, the unidimensionality of
the overall scale was tested using the confirmatory principal
component analysis and t-test procedure proposed by Smith
[36], where two sets of items hypothesized to represent low
levels and high levels of disease impact are identified (based
on correlation between items and the first residual factor),
then an independent t-test is used to compare the difference in
these estimates for each person. Unidimensionality is con-
firmed if �5% of the t-tests are significant or if the lower
bound of a binomial 95% CI of the observed proportion
overlaps 5% [33, 36].

Further evidence of validity using hypothesis testing was de-
termined by (i) comparing the GCA-PRO scores with EQ-5D-
5L, ICECAP-A and Cat-PROM5 using univariable
Spearman’s correlation (RS)–convergence validity; as these
PROMs capture relevant (but not full [ICECAP-A and Cat-
PROM5] or specific [EQ-5D-5L]) impact of GCA and its
treatment on HRQoL, we hypothesized that they should have
moderate correlations with the GCA-PRO; and (ii) comparing
the GCA-PRO scores of participants reporting ‘active disease’
and those ‘in remission’ using a t-test—discriminative (known
groups) validity.

Reliability was established by assessing (i) the Person
Separation Index (PSI), which estimates the scale’s internal con-
sistency, equivalent to Cronbach’s a, only using the logit value
as opposed to the raw score in the same formulae—a minimum
value of 0.7 is acceptable for group use (with scores aggregated)
of the questionnaire and 0.85 for individual use [33]; (ii) invari-
ance (differential item functioning—DIF) of the scale, occurring
when items are biased against a subgroup of patients based on
gender, age, disease subgroups—observed scores should depend
only on latent construct being measured and not on group mem-
bership [37, 38]; (iii) test–retest reliability between time 1 (ques-
tionnaire pack A) and time 2 (questionnaire pack B) completed
3 days later, for patients who reported ‘no change’ compared
with 3 days ago—using intraclass correlation coefficient (ICC)
estimates with 95% CI, calculated using absolute-agreement,
two-way mixed-effects model [39]; and (iv) calculating the mini-
mum detectable change from the standard error of measurement
(S.E.m), obtained from the pooled standard deviation (of
the mean, time 1 and time 2) and ICC estimates (of average
measures) [40].

A P-value of 0.05 was considered significant except where
a Bonferroni adjustment was applied to account for multiple
testing, i.e. 0.05/number of tests. Analyses were conducted us-
ing IBM SPSS Statistics Version 28.0.1.1 (IBM Corp.,

Armonk, NY, USA) and RUMM2030 software (RUMM
Laboratory Pty Ltd, Perth, Australia).

Ethical approval

Ethical approval was given by the South Central—Oxford A
Research Ethics Committee (REC reference: 19/SC/0439),
Health Research Authority (HRA) and Health and Care
Research Wales (HCRW) Approval.

Results
Study sample and characteristics

Postal questionnaires were returned from 428 participants:
mean (S.D.) age of 74.2 (7.2), 285 (66.6%) female; type of
GCA: 327 (76.4%) cranial GCA, 114 (26.6%) large vessel
vasculitis and 142 (33.2%) GCA with visual involvement.
Positive diagnostic tests included temporal artery biopsy (167,
39%), temporal artery ultrasound (177, 41.4%) positron
emission tomography and computed tomography (PET-CT)
(51, 11.9%); 86 (20.1%) had a clinical diagnosis alone.
Active disease was reported in 197 (46%), and 108 partici-
pants (25%) received second-line immunosuppressants, and
34 (7.9%) anti-IL6 therapy. For full clinical and demographic
features see Table 1.

Distribution of item responses

Response rates for all items were very high, ranging 403–422
(Supplementary Fig. S1, available at Rheumatology online).
Responses were largely distributed across response categories,
although eight items had >50% of participants endorsing the
lowest (least problems/impact) category (Supplementary Fig.
S1, available at Rheumatology online). Examination of the
person–item threshold distribution showed that all items were
well targeted for people with different levels of impact on
HRQoL (Supplementary Fig. S2, available at Rheumatology
online).

Internal validity with Rasch models and factor

analysis

Initial analysis of individual items with Rasch, revealed lack
of fit in 11/40 items, which affected the overall item–person
interaction: v2 (degrees of freedom [DF]) ¼ 969.47 (240),
P< 0.001. For most items (31/40) the five-category structure
(none, very mild, mild, moderate, severe) was not working as
expected. Amalgamating the first two response categories
(‘none’ and ‘very mild’) improved the threshold ordering.
Supplementary Fig. S3 (available at Rheumatology online)
shows examples of ordered and disordered thresholds respec-
tively. Ten items were discarded due lack of fit to the model
and redundancy (Supplementary Table S1, available at
Rheumatology online). This improved the overall fit to the
model, although significant local dependency suggested multi-
dimensionality in the scale, which was explored in the itera-
tive EFA and Rasch analyses.

Initial EFA had revealed five factors within the scale (acute
symptoms, psychological, activities of daily living, sight/sta-
bility, and participation; Supplementary Table S2, available at
Rheumatology online); however, four factors were better sup-
ported by Rasch analysis, with four items from sight/stability
being redistributed to other domains, guided also, in part, by
clinical considerations. It was considered important to have
sight/stability-related items in both ‘acute symptoms’ and
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‘impact on ADL’ domains. Each factor (or ‘domain’) resulted
in satisfactory fit to the Rasch model (Table 2). The four-
domain structure comprised: acute symptoms (eight items),
activities of daily living (seven items), psychological (seven
items), and participation (eight items). This four-domain
structure addressed the local dependency, resulting in overall
scale fit to the model: v2 (DF) ¼ 37.563 (30), P¼ 0.161.
Smith’s unidimensionality test revealed the proportion of sig-
nificant t-tests to be 2.9% (95% CI: 0.8%, 5%), supporting
the unidimensionality of the overall scale.

Internal consistency

Internal consistency reliability measured by person separation
index (PSI) was high from the initial analysis (PSI¼ 0.949)
(Table 3). However, this reliability was superficially inflated
due to local dependency of items. Grouping items into respec-
tive domains after EFA, addressed the local dependency (and
lowered the artificially inflated reliability, from 0.938–0.867).
The reliability of the overall scale remained excellent
(PSI¼0.867).

The internal consistency values for each domain measured
by Cronbach’s a (also Cronbach’s a-value for each domain if
an item is deleted) are presented in Supplementary Table S3,
available at Rheumatology online. They ranged from 0.802 to
0.927 supporting the internal consistency of each domain.

Further evidence of validity with hypothesis testing

Each domain correlated at least moderately with EQ5D-5L
(RS¼ 0.638–0.786), CAT-PROM5 (RS¼ 0.433–0.550), and
ICACAP-A (RS¼ 0.493–0.740) scores, supporting evidence of
convergent validity of the GCA-PRO with the three measures
of HRQoL (Table 4).

All GCA-PRO domain scores differed significantly between
patients who self-identified as having ‘active disease’ vs ‘in

Table 1. Demographic and clinical features of survey participantsa

Feature Value

Age, mean (S.D.), years 74.21 (7.2)
�70 126 (29.4)
>70 302 (70.6)

Sex
Female 285 (66.5)
Male 135 (31.5)

Type of GCA
Cranial 327 (76.4)
Ocular 142 (33.2)
Large-vessel vasculitis 114 (26.6)
Flare-ups in the last year (n¼428), n (%) 201 (47)

Positive diagnostic test
Temporal artery biopsy 167 (39)
Temporal artery ultrasound 177 (41.4)
PET-CT 51 (11.9)
MRA 4 (0.9)
CTA 12 (2.8)
Clinical without confirmatory test 86 (20.1)
Duration of disease, median (IQR), years 2 (1–3)
Current glucocorticoid dose, median (IQR), mg 5 (2–10)

Patient assessment of disease activity
Active disease 197 (51.6)
In remission 185 (48.4)

Steroid sparing treatment
Currently 108 (25.2)
Previously 124 (29)

Tocilizumab (any other biologics)
Currently 24 (7.9)
Previously 51 (11.9)

Clinical features of survey participants
ESR �50 mm/h (prior to treatment) 215 (50.2)
CRP �10 mg/dl (prior to treatment) 362 (84.6)
New onset localized headache 363 (84.8)
Scalp or temporal artery tenderness 298 (69.6)
Transient visual loss 167 (39)
Optic neuropathy or retinal artery occlusion in
one eye

41 (9.6)

Otherwise unexplained mouth or jaw pain upon
mastication

237 (55.4)

Polymyalgia rheumatic 152 (35.5)
Certificate of sight impairment?

Yes registered as severely sight impaired (blind) 9 (2.2)
Yes registered as sight impaired (partially sighted) 7 (1.7)

Educational level
No formal qualifications 135 (34.6)
One to four GCSEs (or equivalent) 55 (14.1)
Five GCSEs (or equivalent) 47 (12.1)
Apprenticeships 20 (5.1)
Two or more A-levels or equivalent qualifications 34 (8.7)
Bachelors degree or equivalent, higher
qualifications

72 (18.5)

Other qualifications including foreign
qualifications

27 (6.9)

Employment status
Employed 27 (6.6)
Self-employed 16 (3.9)
Unemployed 3 (0.7)
Disabled 4 (1)
Retired 359 (83.9)
Carer 3 (0.7)

Ethnicity
White English/Welsh/Scottish/Northern
Irish/British

404 (94.4)

Irish 4 (0.9)
Any other White background 4 (0.9)
Indian 1 (0.2)
Mixed White and Asian 1 (0.2)

(continued)

Table 1. (continued)

Feature Value

Any other Mixed/Multiple ethnic background 1 (0.2)
Arab 1 (0.2)
Any other ethnic group 1 (0.2)
Missing 11 (2.6)

Values are n (%) except where otherwise stated.
a The inflammatory markers, clinical features and diagnostic tests were

all from time of diagnosis before start of glucocorticoid treatment to
describe the clinical presentation of participants, rather than reflecting
current disease activity. IQR: interquartile range.

Table 2. Fit statistics of the individual domains

Item Location S.E. Fit

residuals

DF v2 P-value

Acute 0.270 0.017 2.807 294.96 3.346 0.764
Activities of

daily living
�0.047 0.010 �1.969 290.59 9.336 0.156

Psychological �0.208 0.013 �0.421 297.87 4.271 0.640
Participation �0.016 0.011 �1.828 282.58 8.267 0.219
Expected values �2.5 to

2.5
>0.0125a

a Bonferroni adjusted P-value, i.e. 0.05/4¼ 0.0125. DF: degrees of
freedom.
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remission’, supporting discriminative (known groups) validity
of the GCA-PRO (Table 5).

Test–retest reliability and minimum detectable

changes

A total of 413 patients returned the time 2 (retest) GCA-PRO
questionnaire. Compared with 3 days ago, 288 (69.7%)
reported ‘no change’ in their condition; 33 (8%) ‘much bet-
ter’; 57 (13.8%) ‘slightly better’; 31 (7.5%) ‘slightly worse’;
and 4 (1%) ‘much worse’. All the 95% CI of the ICC esti-
mates of the domain scores at time 1 and time 2 (3 days later),
in those whose conditions had not changed, were between
0.932 and 0.967 indicating ‘excellent’ reliability (Table 6).

The S.E.m for the GCA-PRO domain scores ranged from
0.473 to 0.696, and for the total score was 1.392. The mini-
mum detectable changes (MDC90) for the GCA-PRO domains
ranged from 1.601 to 1.940, and for the total score was
3.271.

Calibration of an interval scale

Following fit to the model, the raw scores were mapped
against the corresponding logit-based (Rasch-transformed)
scores, and were linearly transformed to calibrate an interval
scale of the same range to allow transformation of GCA-PRO
raw scores to interval scaling when desired [41].
Supplementary Table S4 (available at Rheumatology online)
presents score transformation tables.

Descriptive statistics of the final scale

The final GCA-PRO score ranges between 0 and 90, with
zero representing no impact (good HRQoL) and 90 represent-
ing high disease impact (poor HRQoL). The GCA scores sug-
gest that the majority of the participants recorded low disease
impact, median (interquartile range) score for the overall scale
was 23 (12–38) (Supplementary Table S5, available at
Rheumatology online). This was consistent with the measures
of impact: ICECAP-A Summary 0.321 (0.141–0.461); Cat-
PROM5 Total Raw score 4 (2–8); and EQ-5D-5L, where the
majority scored level 1 (no problem) across all the five dimen-
sions (Supplementary Table S6, available at Rheumatology
online).

Discussion

Underpinned by qualitative in-depth interviews and cognitive
interviews to develop the 40 GCA-PRO candidate items [23],
this study utilized both item response and classical testing the-
ories to reduce items and determine the final scale structure.
While the qualitative study ensured that the items were com-
prehensive and comprehensible (content validity), this valida-
tion study has produced the final, 30-item GCA-PRO
supported by robust evidence of construct validity (structural
validity and validity using hypothesis testing) and reliability
(internal consistency, test–retest and measurement error) [20].

This study included patients from 38 rheumatology and
ophthalmology centres in England and Wales, with different
types of GCA (cranial, ocular and large vessel vasculitis) and
different disease activity levels. Analysis with Rasch models
showed that the GCA-PRO items were well-targeted for
patients with different levels of HRQoL, thus accurately cap-
turing the impact of GCA on patients across different severity
levels. Hypothesis testing showed that the tool worked in the
same way, for patients with active disease and in remission,
and could discriminate between these two groups. These
properties suggest that the GCA-PRO has the ability to detect
effects of novel treatments on HRQoL in people with GCA.

While generic measures of quality of life are unable to accu-
rately capture specific aspects of GCA impact, convergent valid-
ity was observed in GCA-PRO score comparisons with those of
general health status (EQ-5D-5L) [13], capability (ICECAP-A)
[26] and quality of eyesight (Cat-PROM5) [27]. All were moder-
ately correlated with the GCA-PRO, as expected, as testing true
criterion-related validity is not possible in PROMs due to lack of
a ‘gold standard’ (except when a shortened tool is compared
with its original long version) [20].

A good response rate across all items suggests that the
GCA-PRO is feasible for patients. Validation with Rasch
models justified rescoring all items from five-point to four-
point response category structure, and reduction of items
from 40 to 30. This improved the measurement properties of
the GCA-PRO and likely eases completion of the tool.

Table 3. Summary fit statistics for the overall scale

Analysis name Item mean S.D. Person mean S.D. v2 (DF) P-valuea PSI reliability

1. Initial analysis (n¼423) �0.019 3.294 �0.081 1.669 969.467 (240) <0.001 0.949
2. Rescoring items into four categories (n¼428) 0.129 2.780 �0.107 1.511 623.069 (198) <0.001 0.938
3. The four-domains (subscales) scale (n¼426) 0.139 0.891 �0.308 0.934 37.563 (30) 0.161 0.867
Expected values for fit to the Rasch model 0 1 0 1 >0.05 >0.7

a Non-significant P-value suggests adequate fit to (data do not deviate from) the Rasch model. PSI: Person Separation Index.

Table 4. Correlations between GCA-PRO scores with EQ5D-5L and

CAT-PROM5

GCA-PRO domain (range of

domain scale)

RS 95% CI P-value

Correlation with EQ5D-5L
Acute symptoms (0–24) �0.638 �0.695, �0.574 <0.001
Activities of daily living (0–21) �0.736 �0.779, �0.686 <0.001
Psychological (0–21) �0.658 �0.711, �0.597 <0.001
Participation (0–24) �0.752 �0.793, �0.704 <0.001
Total score (0–90) �0.786 �0.823, �0.741 <0.001

Correlation with CAT-PROM5
Acute symptoms (0–24) 0.542 0.464, 0.611 <0.001
Activities of daily living (0–21) 0.541 0.464, 0.610 <0.001
Psychological (0–21) 0.433 0.346, 0.512 <0.001
Participation (0–24) 0.502 0.419, 0.577 <0.001
Total score (0–90) 0.550 0.469, 0.621 <0.001

Correlation with ICECAP-A
Acute symptoms (0–24) 0.493 0.412, 0.566 <0.001
Activities of daily living (0–21) 0.603 0.535, 0.664 <0.001
Psychological (0–21) 0.604 0.537, 0.664 <0.001
Participation (0–24) 0.740 0.690, 0.784 <0.001
Total score (0–90) 0.713 0.656, 0.762 <0.001

GCA-PRO: GCA patient reported outcome; RS: Spearman’s correlation
coefficient.
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This is the first disease-specific PRO for people with GCA
that measures the impact of the disease and its treatment, de-
veloped using a robust methodology [19, 20, 42], and includ-
ing patient perspectives at each step. Patients in this
validation survey were only included if they had a clinician
confirmed diagnosis of GCA in rheumatology and ophthal-
mology departments; a high percentage had confirmatory
tests, with a clinical diagnosis alone in only 20% of patients,
reflecting current clinical practice and case mix [43]. Care
was taken to include centres across England and Wales with
sites in rheumatology and ophthalmology services to capture
a range of presentations and patient characteristics (and dif-
ferent subtypes of disease presentation), thus providing a high
level of external validity.

Key limitations of this study include, first, that it was not
possible to assess responsiveness of the GCA-PRO, which
would require a longitudinal study [44]. However, this study
established the standard error of measurement and the mini-
mum detectable difference, which are useful to understand the
change in scores that represent a real change, useful in esti-
mating study sample sizes. Future longitudinal studies should
evaluate the responsiveness of the GCA-PRO [20]. Second,
this validation study was based on UK patients, and therefore
a cross-cultural validation will be required before the tool can
be used for multinational comparisons [20].

The potential uses of the GCA-PRO are twofold. First, it
can be used as a communication tool between patients and
clinicians to aid remote and in-person consultations and sup-
port shared decision making [45, 46]. For this purpose, clini-
cians can use the GCA-PRO domains or total scale by adding
together domain scores to obtain an overall composite score.
Second, the GCA-PRO can be used as a validated outcome
measure for disease specific HRQoL in research alongside
other PROMs. The tool can work at individual and group lev-
els to discriminate between different HRQoL levels. Where a
high level of precision is required, such as in clinical trials, the
conversion table can be used to produce interval-level meas-
ures, allowing parametric analyses, provided sample size and
other conditions are sufficient.

In conclusion, this study has validated the new 30-item
GCA-PROM as a robust disease-specific measure of HRQoL
in patients with GCA. It has excellent construct validity and
reliability and can be used with confidence in clinical and re-
search contexts alongside other PROMS for people with dif-
ferent types of GCA.

Supplementary material

Supplementary material is available at Rheumatology online.
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Table 6. Test–retest reliability and minimum detectable changes

Item ICCa 95%CI P-value S.E.m MDC68 MDC90 MDC95

Acute symptoms (n¼265) 0.932 0.913, 0.947 <0.001 0.560 1.058 1.741 2.074
Activities of daily living (n¼264) 0.967 0.958, 0.974 <0.001 0.473 0.973 1.601 1.907
Psychological (n¼266) 0.941 0.923, 0.954 <0.001 0.557 1.055 1.736 2.068
Participation (n¼254) 0.949 0.936, 0.960 <0.001 0.696 1.179 1.940 2.312
Total score (n¼210) 0.974 0.964, 0.981 <0.001 1.392 1.669 2.745 3.271

a ICC estimates based on single-measurement, absolute-agreement, two-way mixed-effects model. MDC: minimum detectable change, calculated as
MDC¼ �(2� S.E.m) presented at 68%, 90% and 95% CI levels [40]; ICC: intraclass correlation coefficient; S.E.m: standard error of measurement calculated
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Table 5. Discriminative (known groups) validity for the four domains of GCA-PRO

Domain (range) Active disease, mean (S.D.) Remission, mean (S.D.) Mean difference 95% CI t-statistic P-value

Acute symptoms (0–24) (n¼364) 7.78 (4.441) 4.01 (3.298) 3.765 2.955, 4.576 9.221 <0.001
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GCA-PRO: GCA patient reported outcome.
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