The Journal of Rheumatology 2022;xx:xxxx
doi:10.3899/jrheum.211292
First Release April 152022

Measurement Properties of the Polymyalgia Rheumatica
Activity Score: A Systematic Literature Review
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ABSTRACT. Objective. To perform a COnsensus-based Standards for the selection of health Measurement INstruments

(COSMIN)-based systematic literature review of measurement properties of the Polymyalgia Rheumatica
Activity Score (PMR-AS).

Methods. PubMed, EMBASE, and CINAHL were broadly searched. English full-text articles, with (quan-
titative) data on > 5 patients with PMR using the PMR-AS were selected. Seven hypotheses for construct
validity and 3 for responsiveness, concerningassociations with erythrocyte sedimentation rate, physical func-
tion, quality of life, clinical disease states, ultrasound, and treatment response, were formulated. We assessed
the structural validity, internal consistency, reliability, and measurement error, or the hypotheses on con-
struct validity or responsiveness of the PMR-AS based on COSMIN criteria.

Results. Out of the identified 26 articles that used the PMR-AS, we were able to use 12 articles. Structural
validity, internal consistency, construct validity, and responsiveness were assessed in 1, 2, 8, and 3 articles,
respectively. Insufficient evidence was found to confirm structural validity and internal consistency. No data
were found on reliability or measurement error. Although 60% and 67% of hypotheses tested for construct
validity and responsiveness, respectively, were confirmed, there was insufficient evidence to meet criteria for
good measurement properties.

Conclusion. While there is some promising evidence for construct validity and responsiveness of the
PMR-AS, it is lacking for other properties and, overall, falls short of criteria for good measurement proper-
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ties. Therefore, further research is needed to assess its role in clinical research and care.

Key Indexing Terms: outcome assessment, outcomes, polymyalgia rheumatica, quality of life

Polymyalgia rheumatica (PMR) is an inflammatory rheumatic
disease characterized by pain and stiffness of the hip and shoulder
girdle.! Glucocorticoids (GCs), the mainstay of treatment, are
gradually tapered to control disease activity, and at the same time
try to minimize the risk of GC-related adverse events.? However,
during GC tapering, discase relapses (or flares) occur in up to
55% of patients, typically necessitating therapy intensification.*

Analogous to the Disease Activity Score in 28 joints in rheu-
matoid arthritis (RA), Leeb and Bird developed a disease activity
score for PMR: the PMR Activity Score (PMR-AS).> The
PMR-ASisacomposite score based on C-reactive protein (CRP),
pain assessed on a visual analog scale (VASp), morning stiffness
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(MS; in minutes), elevation of the upper limbs (EUL; active
shoulder abduction ranging from 0 to 3), and physician disease
activity assessed on a VAS (VASph). The PMR-AS is calculated as
follows: CRP (mg/dL) + VASp (0-10) + (MSx0.1) + EUL (0-3)
+ VASph (0-10). This outcome measure is the most frequently
used instrument for disease activity in PMR studies, with up to
40% of publications selected by Duarte et al between 2007 and
2014 using the PMR-AS. The PMR-AS is being used in several
ongoing trials. Moreover, a trial of baricitinib (Clinical Trials.gov:
NCT04027101) and abatacept (NCT03632187) are adjusting
their trial treatment based on PMR-AS values. Therefore, consid-
ering this extended use, face validity may be inferred. However,
so far, measurement properties of the PMR-AS have not been
systematically scrutinized and summarized.®

Our objective was to systematically assess the measurement
properties of the PMR-AS in available clinical studies in order to
ultimately summarize reliability and validity for future clinical
trials and clinical care.

METHODS

Guided by the COnsensus-based Standards for the selection of health
Measurement INstruments (COSMIN) taxonomy and methodology for
systematic reviews, we chose to assess internal structure (by assessing model
type, structural validity, and internal consistency), reliability (by assessing
inter- and intrarater reliability and measurement error), and validity (by
testing hypotheses for construct validity and responsiveness) of the PMR-AS

l © 2022 The Journal of Rheumatology l
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in published studies with patients with PMR.” The review protocol and an
amendment (which excluded assessment of PMR-AS-based relapse criteria)
were registered in PROSPERO (ID 187907). The Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines were
used for reporting,® as shown in Supplementary Material 1 (available from
the authors upon request).

We first formulated hypotheses to test for construct validity and respon-
siveness, as shown in detail in Supplementary Material 2 (available from the
authors upon request). To increase the relevance of these hypotheses, the team
comprised rheumatologists with both PMR and research experience (CO,
AAdB, AvdM) and researchers with experience in systematic reviews (AAdB,
CHMVAE). To test construct validity, we hypothesized that increased PMR
disease activity is generally accompanied by increased erythrocyte sedimen-
tation rate (ESR), decreased physical function, and decreased quality of life
(QOL), and therefore, the PMR-AS is (relatively) highly correlated with
these. Further, we expected patients with an ultrasound (US) indicative of
active PMR, or with clinical relapse or active disease, to have a significantly
higher PMR-AS than those without. To test responsiveness, we hypothesized
that PMR disease activity responds substantially (and quickly) to GC treat-
ment, and an increase in disease activity over time may be accompanied by
an increase in ESR or a decrease in physical function; therefore, change in
PMR-AS is moderately correlated with change in ESR and change in physical
function.

Search. PubMed/MEDLINE, EMBASE, and CINAHL were searched in
May 2020 and again in May 2021, using a search strategy with variants of
PMR (population) and PMR-AS (outcome) in title, abstract, or full text
(Supplementary Material 3, available from the authors upon request).
Further, investigator knowledge and the references of included articles
were used to scarch for additional publications. Records were stored in a
Mendeley database and duplicate records were removed.

Study selection. First, record titles and abstracts were screened by 2 independent
investigators (TEB, LEAN) using Rayyan.” Studies were eligible if they were in
English, published in a peer-reviewed journal, had a controlled or noninterven-
tional design, and included > 5 patients diagnosed with PMR discernible from
giant cell arteritis (GCA). English was chosen as the single language, as authors
are not experienced enough in other languages and the PMR-AS is predomi-
nantly used in countries using English as lingua franca. PMR diagnosis could be
based on either recognized classification criteria or clinical diagnosis.!®!»121314
To increase sensitivity, articles included by > 1 investigator, or with uncertainty
regarding eligibility, were included for the next phase.

Second, full-text articles were assessed by 2 investigators (TEB, LEAN)
and reasons for exclusion were hierarchically recorded as (1) no full text
available, (2) not available in English, (3) not presenting original data (eg,
reviews), (4) < 5 discernible PMR patients without GCA or not distin-
guishing between PMR and GCA, and (5) not using the PMR-AS as an
instrument. Disagreement was resolved through consensus. The system-
atic reviews by Duarte et al and Dejaco et al were used as an additional
check to confirm whether any relevant articles were missed.*"> We did not
apply snowballing, but we did contact authors regarding potential data on
measurement error and reliability.

Third, the same 2 investigators assessed whether internal structure,
reliability, or validity (by testing hypotheses) could be investigated with an
article based on COSMIN criteria.”'¢ Articles not providing information
or data on these properties of interest were excluded. Additionally, multiple
articles regarding the same study (data) were discussed, and articles not
providing additional data on a measurement property were excluded.

Data extraction.

Study characteristics — Standardized data extraction tables were estab-
lished a priori through discussion and were based on COSMIN recom-
mendations.” Study characteristics included design, participants (number,
inclusion and exclusion criteria), treatment, and follow-up duration. For
studies with multiple study samples (eg, multiple cohorts for a validation
study or different treatment groups in a trial) characteristics regarding cach

subsample were extracted. Study characteristics were extracted by 2 inves-
tigators (TEB, LEAN) and disagreement was resolved through discussion
and consensus.

Summary of measurement properties — Methodological quality,
measurement property results, and whether these properties met criteria for
good measurement properties were described in COSMIN-based Summary
of Measurement Properties (SOMP) tables. Methodological quality of each
study was evaluated for the property it was used to assess specifically. For
example, methodologic quality for a study used to assess construct validity
was evaluated using different criteria than a study used to assess internal
consistency. Methodologic assessment was based on the COSMIN risk of
bias checklist, which uses a 4-point rating scale (ranging from inadequate
to very good), with the lowest score corresponding to the overall quality
regarding that property.” Results of measurement properties were extracted
(eg, correlations) and evaluated according to the COSMIN criteria for good
measurement properties. Our hypotheses for construct validity and respon-
siveness are shown in more detail in Supplementary Material 2 (available
from the authors upon request).” The overall SOMP tables were evaluated
using COSMIN recommendations for good measurement properties (g,
75% of construct validity hypotheses should be met to accept construct
validity).

Statement of ethics and consent. The paper has been seen and approved by all
authors. They have given necessary attention to ensure the integrity of the
work and are all meeting the ICMJE criteria for authorship.

RESULTS

Studies included. Our search resulted in 1052 records, with 853
remaining after removal of duplicates; there were 26 articles with
a controlled or noninterventional design and using the PMR-AS
as an outcome (Figure 1).>7-%" Of note, an article by Bjérkman
et al did not use the entire PMR-AS (VASph was left out) and
was therefore excluded.”! Further, an article by Leeb et al on
PMR response criteria was included, since data regarding this
composite score could be used to assess structural validity and
internal consistency of the PMR-AS." One article not included
through the search strategy, as it did not mention the PMR-AS
in the title, abstract, or full text, but mentioned “Polymyalgia
Rheumatica Activity Score” instead, was added based on investi-
gator knowledge.

From the 26 articles using the PMR-AS, we could use 12 arti-
cles to assess measurement properties of interest.>!7-2>2425:29.3542
Eightarticles could not be used to assess measurement properties at
all. Six articles did not provide additional data regarding measure-
ment properties and were excluded. From the 2 articles by McCarthy
and colleagues, using the same study population, the publication
from 2014 was chosen because it also included additional results of
patient-reported outcome measures.”>?* From the 2 articlesby Kreiner
and colleagues, both using the same study data, the publication from
2010 was chosen due to display of treatment group results.*** From
5 articles on the TENOR (Tolerance and Efficacy of tocilizumab
iN pOlymyalgia Rheumatica) study,”***** we used the article by
Devauchelle-Pensec® due to the longitudinal display of PMR-AS
results.

Study characteristics. The 12 articles (with 12 study populations)
used to assess measurement properties were mostly prospective
(83%) and noninterventional (66%) in design (Table 1).>'7-
222425293542 Tnclusion criteria varied from clinical (rheumatol-

ogist) diagnosis to formal classification criteria based on the
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E
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« Structural validity (n=1)
+ Internal consistency (n=2)
+ Reliability (hn=0)
* Measurement error (n=0)
— + Construct validity (n=7)
+ Responsiveness (n =5 and n = 3 without TCZ)

Figure 1. PRISMA 2009 adapted flow chart. PMR-AS: Polymyalgia Rheumatica Activity Score; PRISMA:
Preferred Reporting Items for Systematic reviews and Meta-Analyses.

European Alliance of Associations for Rheumatology/American
College of Rheumatology,' Bird," Jones and Hazleman,"
Chuang,'* and Healey"? criteria. Exclusion criteria varied as well,
from solely exclusion of GCA to exclusion of a range of disease
with symptoms that may mimic PMR symptoms.

Summary of measurement properties.

Structural validity and internal consistency — Although
some evidence was found on structural validity and internal
consistency, it was insufficient based on COSMIN criteria. We
found no (theoretical) background information on internal
structure of the PMR-AS and, therefore, we could not formally
conclude whether the PMR-AS was developed as a formative or
reflective instrument.** Consequently, information on struc-
tural validity and internal consistency was assessed and summa-
rized (Table 2).

One article by Leeb et al assessed structural validity and
mentioned that the PMR-AS is a monodimensional instru-
ment.”® Unfortunately, no information was provided on how
dimensionality was assessed (eg, which kind of factor analysis

was used) and what the exact results were (eg, what the resulting
comparitive fit index was). Based on COSMIN criteria, we
therefore considered methodology inadequate and exact
(numerical) results unknown.”# Two articles, with a total of 3
study populations, assessed internal consistency, with standard-
ized Cronbach e of 0.91, 0.88, and 0.81 (Table 2).>® However,
considering that internal consistency requires consideration and
acceptable unidimensionality of each separate subscale based on
COSMIN criteria, methodological quality may be considered
doubtful, and this property may not be accepted yet.

Reliability and measurement error — No information was
available on inter- and intrarater reliability and measurement
error of the PMR-AS as a continuous measurement instrument
for disease activity.

Construct validity — Five out of 7 hypotheses concerning
construct validity could be tested, from which 3 (60%) were
confirmed with relatively limited sample sizes and adequate
overall methodological quality (Table 3). These confirmed
hypotheses included the association between the PMR-AS and
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Table 1. Study characteristics.

Author Year Review Design Participants
Population Inclusion Exclusion n  Follow-up Treatment
Duration
Chino et al® 2019 1 oT EULAR/ACR™ GCA 13 104 w TCZ + GC
Devauchelle-
Pensec et al” 2016 2 oT Chuangetal”  GCA, uncontrolled dyslipidemia, or 20 12m TCZ for 12w
cardiovascular disease; chronic infection; followed by GC
hydroxyapatite crystal disease or based on
chondrocalcinosis; severe OA of the hip PMR-AS
or shoulder; symmetrical peripheral arthritis;
active TD and drug-related myalgia
McCarthyetal® 2014 3 RE@ New; Jones  RF or ACPA, CTD, systemic infection, 25 6w 15mgGCéw
and Hazleman! abnormal CK or TSH, suspected
malignancy
Asymptomatic; RF or ACPA, CTD, systemic 35 6w <5mgGC
Jones and infection, abnormal CK or TSH,
Hazleman'! suspected malignancy
Do-Nguyen etal® 2013 RC IN] GCA 135 12m Discretion®
Cleuziou et al** 2012 5 R@ R] Mimicking diseases per R] 89 NS GC
Kreiner and Galbo™ 2010 6 RCT Chuang et al'? IST, GCA, systemic infections, 10° 2w ETN
hepatitis B/C, TB, uncontrolled DM
or HT, severe HE, other inflammatory
diseases, cancer in the past 5 years, NMD,
TD, calcium disturbance
RCT Chuang et al'? IST, GCA, systemic infections, 10° 2w Placebo
hepatitis B/C, TB, uncontrolled DM or
HT, severe HF, other inflammatory diseases,
cancer in the past 5 years, NMD, TD,
calcium disturbance
Macchionietal® 2009 7 PC RJ GCA, prior GC treatment 57 NS GC
Binard et al* 2008 5 ¢
Catanoso et al® 2007 8 oT Healey" + GCA, RA, uncontrolled DM or HT, 6 36w ETN + GC
>12m+ systemic infection, malignancies, TB
>7.5mgGC
Leeb ecal™® 2007 9 CS Bird" GCA,RA 78 NS GCt
10 RC Bird" GCA,RA 39 NS GC
Leeb & Bird® 2004 11 Ty RJ RA, shoulder capsulitis, cervical 57 24w Discretion®
spondylosis, shoulder OA, polymyositis,
thyrotoxicosis, myopathies, SLE, PAN,
dermatomyositis, multiple myeloma, occult
carcinoma, Parkinson disease
12 PC! IN] RA, shoulder capsulitis, cervical spondylosis, 24  33.6 w$ Discretion®
shoulder OA, polymyositis, thyrotoxicosis,
myopathies, SLE, PAN, dermatomyositis,
multiple myeloma, occult carcinoma,
Parkinson disease
Leeb et al” 2003 11 <
12 ¢

¢ Per discretion of investigator, rheumatologist, or treating physician. ® Displayed are the number of PMR participants, without healthy controls. < Denotes if

study uses the same study population as a previously mentioned review population. ¢ Sixty-nine out of 78 patients were treated with GC. ¢ European patient
cohort. f Lower Austrian cohort . 8 Mean follow-up duration. ACPA: anticitrullinated protein antibodies; ACR: American College of Rheumatology; CK: cre-

atine kinase; CS: cross-sectional; CTD: connective tissue disease; DM: diabetes mellitus; ETN: etanercept; EULAR: European Alliance of Associations for

Rheumatology; GC: glucocorticoids; GCA: giant cell arteritis; HF: heart failure; HT: hypertension; IST: immunosuppressive therapy; m: months; NMD:

neuromuscular disease; NS: not specified; OA: osteoarthritis; OT: open-label trial; PAN: polyarteritis nodosa; PC: prospective cohort; PMR-AS: Polymyalgia

Rheumatica Activity Score; RA: rheumaroid arthritis; RC: retrospective cohort; RCT: randomized controlled trial; RF: rheumatoid factor; RJ: per rheumatol-
ogist judgment; SLE: systemic lupus erythematosus; TB: tuberculosis; TCZ: tocilizumab; TD: thyroid disease; TSH: thyroid-stimulating hormone; w: weeks.
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Table 2. Summary of measurement properties: internal consistency and structural validity.

Author, Year Structural Validity Internal Consistency
n Methodological Result n Methodological ~ Rating
Quality Quality
Leeb & Bird, 2004° 57* Doubtful +°
24¢ Doubtful +4
Leeb etal, 2007 39 Inadequate Unknown® 39 Doubtful +f

Results (rating) are displayed as + and — and are cither in line or not in line with criteria for good measurement
properties, respectively. * Concerns the European patient cohort.® Cronbach 2 0.91. < Concerns the Lower Austrian
cohort. 4 Cronbach « 0.88. ¢ Instead of exact numerical results (eg, comparative fit index) on structural validity, the
following statement was given: “Factor analysis by principal component analysis demonstrated that the PMR-AS
constitutes a monodimensional instrument.”’* fCronbach  0.81. n: no. of participants from study that were used

to assess property; PMR-AS: Polymyalgia Rheumatica Activity Score.

physical function, QOL, and clinical disease state.>'#2022242 The
2 hypotheses that were not confirmed explored the association
between the PMR-AS and ESR, and US findings indicative of
PMR 52! As a note, we used patient data provided by Catanoso
etal to calculate correlations, although these were nonsignificant
with a sample size of only 6.*” Thus, the construct validity could
not be confirmed as the required 75% threshold for COSMIN

construct validity was not met.’

Responsiveness — All 3 hypotheses concerning responsive-
ness could be tested, and 2 (67%) were confirmed, although
sample sizes were inadequate and methodological quality
was doubtful at times (Table 4). The 2 hypotheses that were
confirmed explored the change in PMR-AS following GC treat-
ment (increase) and the association between change in PMR-AS
and physical function.>® In addition, there were 2 open-label
trials on tocilizumab,”* which could be used to explore overall

Tiable 3. Summary of measurement properties: construct validity.

Hypothesis Author, Year n Methodological Rating®
Quality

ESR, 7 > 0.60 Leeb & Bird, 2004° 53 Adequate -b
Leeb et al, 2007 78 Adequate -
Catanoso et al, 2007'* 6 Very good =
Physical function, 7, > 0.60 McCarthy et al, 2014% 60 Very good +¢
QOL, 7 > 0.60 Leeb & Bird, 2004° 53 Adequate +f
Leeb etal, 2007 78 Adequate +8
McCarthy et al, 2014 60 Very good +h
Disease states' Binard et al, 2008* 89 Very good +k
Kreiner and Galbo, 2010* 40! Very good +m
Cleuziou et al, 2012* 89 Inadequate +"
Us! Macchioni et al, 2009 44° Very good —P

* Since analyses were not performed, but data were provided, a Spearman rank correlation was calculated by the
research team (using Stata v13.1 for Windows, StataCorp). * Results are displayed as + and — and are cither in line
or not in line with criteria for good measurement properties, respectively. ® Correlation between PMR-AS and
ESR (7, = 0.48; P = 0.001).  Correlation between PMR-AS and ESR (r, = 0.38; P = 0.01). ¢ Correlation between
PMR-AS and ESR (r, = -0.23, P = 0.66; and 7 = 0.03, P = 0.96 for 0 and 6 months, respectively). ¢ Correlation
between PMR-AS and HAQ (r, = 0.68; P < 0.001). f Correlation between PMR-AS and VAS patient global (r, =
0.75; P = 0.0001). ¢ Correlation between PMR-AS and VAS patient global (r, = 0.76; P = 0.001). " Correlation
between PMR-AS and VAS QOL (7, = 0.80; P < 0.001). ' Patients with clinically defined active disease or inflam-
mation suggestive of PMR should have a significantly higher PMR-AS than patients without. ' Comparison is
between 60 and 22 first patient visits with and without a flare, respectively, and 108 and 29 overall visits with
and without a flare, respectively (with flare based on clinical judgment). *PMR-AS was significantly higher in a
flare group when compared with a group without flares (P = 0.0001). ' Comparison is between 20 patients with
PMR and 20 HCs. " PMR-AS was significantly higher in patients with active PMR, than in HCs (P < 0.0001).
" Correlation between PMR-AS and prednisone dosage change (. = 0.58; P < 0.001). ° Comparison is between
26 patients with persistent inflammation and 18 patients with no evidence of inflammation on US. ?No significant
difference was found when comparing patients with vs without persistent inflammation on US. ESR: erythrocyte
sedimentation rate; HAQ: Health Assessment Questionnaire; HC: healthy control; n: no. of participants per
study per hypothesis; PMR: polymyalgia rheumatica; PMR-AS: PMR Activity Score; QOL: quality of life; US:
ultrasound; VAS: visual analog scale.
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Table 4. Summary of measurement properties: responsiveness.

Hypothesis Author, Year n Methodological Quality ~ Rating*
GC response® Leeb & Bird, 2004° S57¢ Doubtful +4
Leeb & Bird, 2004° 24¢ Doubtful +f
Do-Nguyen ct al, 2013 135 Inadequate 2
TCZ response” Devauchelle-Pensec et al, 2016 20 Very good +
Chino etal, 2019% 13 Very good +
ESR, 7 2 0.50 Catanoso et al, 2007k 6 Very good =
Physical function, 7, > 0.50 Catanoso et al, 2007"* 6 Very good +"

* Results are displayed as + and — and are either in line or not in line with criteria for good measurement properties,
respectively.” PMR-AS should decrease by at least 70% in 50% of patients after 4 wecks of cither starting GC treat-
ment or increasing GC dose by 5 mg. © Concerning the European patient cohort. ¢ PMR-AS mean (SD) at base-
line was 27.5 (12.5) and changed to 6.0 (4.7) at week 4 in the international cohort, corresponding to an average
decrease of 78%. © Concerning the Lower Austrian cohort. f In the Lower Austrian cohort PMR-AS, mean (SD) at
baseline was 29.1 (6.5) and changed t0 9.0 (3.8) at week 4, corresponding to an average decrease of 69%. ¢ The exact
change, or percentage of change, in PMR-AS is not given. However, the article stated that 96% of patients showed
a clinical response (and 67% a complete response) and that response was generally rapid (within days or weeks).
"'The response to TCZ monotherapy was not included as a hypothesis, and therefore was assessed separately from
GC responsiveness. 'PMR-AS median (IQR) decreased from 36.6 (30.4-43.8) at baseline to 11.0 (7.9-19.3)
at week 4, corresponding to an average decrease of 70%. ' The average PMR-AS decreased from 33.3 at bascline
to 13.0 at week 4, corresponding to an average decrease of 61%. * Since analyses were not performed, but data
were provided, a Spearman rank correlation coefficient was calculated by the research team (using Stata v13.1 for
Windows; StataCorp).' Correlation between APMR-AS and AESR (7, = 0.14, P = 0.79). ™ Correlation between
APMR-AS and AHAQ (7, = 0.83; P = 0.04). ESR: erythrocyte sedimentation rate; GC: glucocorticoid; HAQ:
Health Assessment Questionnaire; n: no. of participants from study that were used to assess property; PMR-AS:
Polymyalgia Rheumatica Activity Score; TCZ: tocilizumab.

treatment responsiveness, and which further supported overall
responsiveness of the PMR-AS to treatment. The hypothesis that
was not confirmed explored the association with ESR, although
assessment of this hypothesis (and the hypothesis on association
with change in Health Assessment Questionnaire—Disability
Index [HAQ-DI]) was possible by calculating correlations with
the data of 6 patients provided by Catanoso et al.”” As an addi-
tional note, patients from the study by Do-Nguyen et al were
retrospectively included (between 1999 and 2003) prior to
publication of the PMR-AS.” However, no information was
given about this period and how potentially missing measure-
ments were handled; therefore, methodological quality was rated
inadequate. In summary, evidence to support responsiveness is
limited, as it is based on a relatively small number of studies with
small sample sizes, including some of doubtful methodological
quality.

DISCUSSION
We performed a COSMIN-based systematic review of quantita-
tive studies to assess and summarize measurement properties of
the PMR-AS. Our limited restrictions and use of articles without
measurement property assessment as a goal resulted in a range
of designs and study populations that could be used to assess
measurement properties. There is some promising evidence,
although insufficient, for construct validity and responsiveness,
but no data were found on measurement error and reliability,
and further assessment of internal structure may be necessary.
Although it is not clear from background information which
model is applicable, a formative multidimensional model may

be appropriate for the PMR-AS as an instrument for measuring
disease activity.>*®. If disease activity is measured using multiple
different constructs (eg, pain and inflammation are different
and nonexchangeable constructs), then a formative multidimen-
sional model is applicable.* A formative model may be supported
further by the statement by Leeb et al, noting that acute-phase
reactants and MS were items for disease activity independent
of pain, and consequently do not seem to be exchangeable
constructs.'” If this model is indeed applicable, then structural
validity and internal consistency are not applicable. However,
further assessment would be necessary to draw this conclusion.
There may be several reasons why some construct validity
and responsiveness hypotheses were not met, whereas others
were. Hypotheses regarding physical function, QOL, and clin-
ical disease state were confirmed, but those regarding ESR and
US were not, reflecting that items of the PMR-AS may gravi-
tate more toward symptoms, functioning, and health percep-
tion, as opposed to biological and physiological variables when
looking at the Wilson and Cleary model.® As a matter of fact,
the association between PMR-AS and physical function, as
well as between PMR-AS and QOL, seems even higher than
for some disease activity measures for other rheumatic disor-
ders.** Concerning US specifically, the criteria of Macchioni et
al for identifying persistent inflammation on US may not properly
distinguish PMR disease activity states due to limited sensitivity
and specificity."* Indeed, previous studies show a lack of correla-
tion between US and separate PMR-AS components, except
perhaps MS,#*° although comparison may be hindered due to use
of different US procedures. Further assessment of relation with
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other—particularly physiological—instruments combined with
larger study sizes for some hypotheses (eg, physical function) may
be needed to meet criteria for good measurement properties.”

Contrary to the promising validity, however, the current lack
of information regarding the reliability and measurement error
of the PMR-AS has some negative implications for current use.
For example, it may be that a previously proposed relapse crite-
rion (eg, an increase in PMR-AS of 4.2) falls outside the smallest
detectable change; thus, a relapse may not be detected or may
be incorrectly diagnosed.”' Further, information on reliability
is needed among others to determine sample size for trials based
on the PMR-AS. Some reliability studies have been performed
regarding specific items of the PMR-AS, but not for all compo-
nents and not for the PMR-AS as a whole.’* Further, Binard et
al performed a reliability study of PMR-AS relapse criteria, but
unfortunately did not assess the scale as a whole.>®

When generalizing these results on measurement properties
of the PMR-AS to clinical practice, an important note should be
made. In the development article by Leeb et al, it is noted that
the original objective of the PMR response criteria (and presum-
ably the PMR-AS thereafter), was to establish criteria that could
be used in future clinical trials.'” Consequently, a range of condi-
tions which may mimic PMR (eg, GCA, RA, osteoarthritis
[OA] and local bursitis/tendinitis) were excluded in the devel-
opmental studies by Leeb et al.>” However, these comorbidities
may be quite prevalent in the elderly PMR population, as shown
by Do-Nguyen et al in a retrospective cohort of 137 patients
with PMR, out of whom 45 had OA; these comorbidities may
interfere with PMR discase activity assessment.* Therefore,
performance of the PMR-AS in either clinical practice or trials
of a pragmatic nature may differ due to concomitant disorders
influencing PMR-AS items.

Some strengths and limitations should be noted regarding
this review process. Although a broad search strategy without
design or property filter was used, 1 article—which used more
general terms for disease activity as opposed to PMR-AS—
was not found in the search.?> Further, not all data and studies
that used the PMR-AS were usable to assess measurement
properties. A main reason studies could not be used was that
outcomes key to this review were not reported; for example,
McCarthy et al measured change in HAQ and PMR-AS but
reported no correlation between these.® Another reason
studies could not be used was that some correlations that were
reported were not anticipated when hypotheses were drafted;
for example, no hypotheses were formulated regarding fluoro-
deoxyglucose positron emission tomography scans, since their
exact role in PMR is still unclear.®® However, a broad range
of hypotheses were formulated and amended during initial
extraction of study characteristics to optimize the number of
hypotheses that could be tested. Finally, since the nature and
cut-offs of hypotheses formulated by the research team are
inherently subjective, they might be different, or less stringent,
for another team. However, to increase relevance and feasibility
of hypotheses, our research team comprised both rheumatolo-
gists with PMR research experience and researchers with experi-
ence in systematic literature reviews.

All in all, the PMR-AS shows promise as a measurement
instrument for PMR disease activity, although evidence on
certain measurement properties is still limited or absent. Further,
new measurement property validation methodologies have been
introduced since the development and initial validation of the
PMR-AS. Therefore, stepwise reassessment of reliability, validity,
and other properties not included in this review, such as inter-
pretability, may be useful to assess the potential role of PMR-AS
as an outcome for trials, as well as its applicability for clinical
treat-to-target strategies. However, considering our findings, the
PMR-AS scems the most appropriate measure for PMR disease
activity in clinical trials as of yet.
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