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Abstract

Objective. To recommend robust and relevant measures of exercise adherence for application in the
musculoskeletal field.

Method. A systematic review of measures was conducted in two phases. Phase 1 sought to identify all
reproducible measures used to assess exercise adherence in a musculoskeletal setting. Phase 2 identified
published evidence of measurement and practical properties of identified measures. Eight databases were
searched (from inception to February 2016). Study quality was assessed against the Consensus-based
Standards for the Selection of Health Measurement Instruments guidelines. Measurement quality was
assessed against accepted standards.

Results. Phase 1: from 8511 records, 326 full-text articles were reviewed; 45 reproducible measures were
identified. Phase 2: from 2977 records, 110 full-text articles were assessed for eligibility; 10 articles
provided evidence of measurement/practical properties for just seven measures. Six were exercise ad-
herence-specific measures; one was specific to physical activity but applied as a measure of exercise
adherence. Evidence of essential measurement and practical properties was mostly limited or not avail-
able. Assessment of relevance and comprehensiveness was largely absent and there was no evidence of
patient involvement during the development or evaluation of any measure.

Conclusion. The significant methodological and quality issues encountered prevent the clear recommen-
dation of any measure; future applications should be undertaken cautiously until greater clarity of the
conceptual underpinning of each measure is provided and acceptable evidence of essential measurement
properties is established. Future research should seek to engage collaboratively with relevant stakeholders
to ensure that exercise adherence assessment is high quality, relevant and acceptable.
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Rheumatology key messages

o Current measures of exercise adherence for musculoskeletal populations are of poor quality.
o New measures of exercise adherence for musculoskeletal populations require a collaborative approach.

Introduction
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Measures of exercise adherence in musculoskeletal settings

sedentary lifestyles suggest that the disease burden will
continue to increase [4].

Exercise and physical activity (EPA) can reduce pain,
improve physical dysfunction and enhance quality of life
for individuals with MSK disorders [6-10]; clinical guide-
lines advocate EPA within long-term management strate-
gies [3, 11-13]. Physical activity is defined as any bodily
movement produced by skeletal muscle that results in
energy expenditure and includes occupational, sporting
and household activities [14]. Exercise, a subset of phys-
ical activity, is specific, structured, planned and repetitive
[14]. In this article exercise indicates therapeutic EPA
aimed at reducing MSK symptoms.

An individual’s ability to adhere to recommended ex-
ercise, defined as the extent to which a person’s behav-
iour corresponds with agreed recommendations from a
healthcare provider, is important for success [15, 16].
Patients who adhere to regular exercise are less likely
to progress to recurrent, persistent or disabling problems
[17, 18]. Increasing adherence may give greater patient
benefit than improving aspects of the intervention itself
[16]. Adherence to prescribed exercise is frequently re-
ported as <50% [19-22]. Non-adherence may negatively
impact treatment effectiveness and efficiency, thera-
peutic relationships, waiting times and cost of care
[23-25]. Numerous strategies for increasing exercise ad-
herence have been identified but their effectiveness is
uncertain and guidance for best practice does not exist
[26, 27]. Consequently, development and evaluation of
exercise adherence interventions is essential [28];
however, guidance for the assessment of exercise ad-
herence in MSK clinical trials or routine practice settings
does not exist.

There is wide variation in the assessment of exercise
adherence [29, personal communication, R. Frost,
Glasgow Caledonian University]. Where large numbers
of assessment approaches exist, structured reviews of
the quality and acceptability of different approaches are
essential to informing selection [30, 31]. This review seeks
to identify all clearly reported and reproducible measures
of exercise adherence applied in published studies of pa-
tients with MSK disorders, and to evaluate these meas-
ures against a transparent appraisal framework.

Methods

This two-phase systematic review was reported in ac-
cordance with the Preferred Reporting Iltems for
Systematic Reviews and Meta-Analyses guidelines [32].
Phase 1 identified clearly reported and reproducible
measures of exercise adherence in published MSK stu-
dies. Phase 2 reviewed published and unpublished evi-
dence of measurement and practical properties for
shortlisted measures. Study and measurement quality
were assessed against the Consensus-based Standards
for the Selection of health Measurement Instruments
(COSMIN) checklist [31, 33, 34], and a transparent ap-
praisal framework [35], respectively.

https://academic.oup.com/rheumatology

Phase 1: identifying measures of exercise adherence

A search strategy was developed to identify methods
used to assess exercise adherence in MSK settings (see
search strategy for phase 1 in Supplementary Data, avail-
able at Rheumatology Online, and study protocol [36]); all
study types were included. Eight databases were
searched (from inception to February 2016): Medline,
SPORTDiscus, CINAHL Plus, PsycINFO, AMED,
Cochrane Library, Embase and the Web of Science.

Titles, abstracts and full text articles were independ-
ently screened for inclusion by two reviewers from five
(S8.Mc., M.H., R.M., T.P., S.B.). Disagreement was dis-
cussed with a third independent reviewer from six
(S.Mc., M.H., R.M,, T.P.,, S.B., K.H.).

Articles were included if they focused on adults with an
MSK disorder receiving therapeutic exercise in any set-
ting, and for which assessments of adherence to exercise
[patient- or clinician-reported or exercise diaries (if con-
verted to an adherence scale)] were completed. Studies
were excluded if they were not written in English or if par-
ticipants were healthy volunteers, <18 years old, or with
non-MSK conditions.

Reproducible measures of exercise adherence (i.e. the
original measure could be located, had an appropriate
citation or was reproducible based on information sup-
plied by the author) [37, 38] were listed and categorized
as clinician- or patient-reported. Performance measures
(i.e. muscle strength, joint range of movement), perform-
ance of exercise technique and session attendance were
excluded as proxy measures of adherence.
Accelerometers and pedometers were excluded because
they are primarily performance measures and measure
motion rather than adherence.

Phase 2: evidence of quality and acceptability

Separate searches were conducted in the above data-
bases for each shortlisted measure. Where the result set
for a measure exceeded 50, a sensitive search filter for the
identification of studies reporting evidence of measure-
ment and/or practical properties was additionally applied
[39] (Search strategy for phase 2 in Supplementary Data,
available at Rheumatology Online). The developers of spe-
cific measures were also contacted to request additional
evidence of measurement evaluation. Titles, abstracts and
full text articles were independently assessed by two re-
viewers from four (M.H., T.P., R.M., S.Mc.); a third re-
viewer resolved any disagreements (K.H.). Reference
lists of included articles were reviewed for additional pub-
lished articles. English language articles were included if
they provided evidence of assessment development and/
or evaluation of the named measure(s) in an MSK
population.

Data extraction and inter-rater reliability

A data extraction form informed by earlier reviews [35]
and the COSMIN checklist [31, 34] was used to capture
study-specific (population, intervention and setting) and
measurement-specific  information: reliability (internal
consistency, test-retest, intra-/inter-tester, measurement
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error); validity [content, structural validity (dimensionality),
construct (evidence of explicit hypothesis testing); criter-
ion]; responsiveness (criterion-/construct-based); inter-
pretability (e.g. evidence of minimal important change);
data precision (data quality, end effects); and evidence
of where ltem Response Theory models were applied.
Extraction for practical properties included acceptability
(relevance and respondent burden) and feasibility (clin-
ician burden, including cost, time to complete and
score) [30, 31, 34]. The extent of patient involvement in
measurement development and/or application was also
sought [35].

In accordance with the COSMIN checklist, study meth-
odological quality was evaluated per measurement prop-
erty and rated on a four-point scale (excellent, good, fair,
poor); quality was determined by the lowest checklist
rating per measurement property [31, 34]. Following a
group training session, four primary reviewers (S.Mc.,
M.H., T.P., R.M.) independently undertook data extraction
and applied the checklist. The reviewers were clinicians
and/or researchers with little experience in assessing
measurement properties and no previous exposure to
the COSMIN checklist. The inter-rater agreement (per-
centage agreement) between two reviewers was evalu-
ated for all included articles. Where disagreement
existed, consensus was sought through a third, experi-
enced reviewer (K.H.) who independently reviewed all
articles.

Data synthesis

Data were qualitatively synthesized to determine the over-
all quality and acceptability of each measure [30, 33].
Synthesis considered the following: study methodological
quality (COSMIN scores); number of studies reporting
specific evidence per measure; results for each measure-
ment and practical property per measure; and consist-
ency between studies [33]. The overall quality of a
measurement property was reported as: adequate (+),
not adequate (—), conflicting (+), or unclear (?). Levels of
evidence for the overall quality of each measurement
property were further defined to indicate strong, moder-
ate, limited, conflicting or unknown evidence [33].

Results
Identification of studies and measures

Phase 1

Following removal of duplicates, 8511 records were iden-
tified. Following title and abstract screening 326 full-text
articles were retrieved and reviewed in full (Fig. 1).

A total of 234 approaches to measuring exercise adher-
ence were identified. These included the following: exer-
cise logs and diaries (n=107); unnamed questionnaires or
scales (n=53); clearly described or named questionnaires
or scales (n=49); interviews (n=17); and calendars or
postcards (n=8). Only the 49 clearly described and repro-
ducible or named questionnaires or scales were included
(Supplementary Table S1, available at Rheumatology
Online).
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Phase 2

Evidence for measurement and/or practical properties
were sought for the 49 reproducible measures identified
in phase 1. Following removal of duplicates, 2977 records
were identified. Following title and abstract screening, 110
full-text articles were retrieved and reviewed in full and 10
retained for phase 2 (Fig. 2) [22, 40-48].

These 10 articles provide evidence for seven clearly
defined measures of exercise adherence in an MSK popu-
lation. Three are clinician-reported: Hopkins Rehabilitation
Engagement Rating Scale (HRERS) [41], Pittsburgh
Rehabilitation Participation Scale (PRPS) [42] and the
Sport Injury Rehabilitation Adherence Scale (SIRAS) [45].
Four are patient-reported: Adherence to Exercise Scale
for Older Patients (AESOP) [22], Community Healthy
Activities Model Program for Seniors Activities
Questionnaire for Older Adults (CHAMPS) [44]; the
Modified  Rehabilitation ~ Adherence  Questionnaire
(RAQ-M) [42]; and the Rehabilitation Overadherence
Questionnaire (ROAQ) [48]. Attempts to contact measure-
ment  developers for further information were
unsuccessful.

Data extraction: inter-rater reliability

Evidence for 40/107 COSMIN items across 5/10 COSMIN
domains (A, B, D, E, F) was extracted. Agreement ex-
ceeded 80% for only 20 items (50%) [31]. Disagreement
was mainly due to poor reporting of evidence in the re-
viewed papers, associated interpretation difficulties, read-
ing errors or difficulties applying the checklist.

Study characteristics

Although six studies were adequately sized for evaluative
purposes (range 145-249) [34], four included fewer than
100 patients [22, 40, 45, 47]. The ages of patients ranged
from 13 to 96 years (see Table 1). Studies covered a wide
range of MSK settings: athletes with acquired knee inju-
ries [43, 45-47]; general MSK disorders in outpatient set-
tings [40]; older patients with generalized MSK conditions
[22, 42, 44]; acute inpatient populations [41]; and athletic
adolescents with MSK injuries [48].

Adherence measures

Six of the seven measures were originally developed as
measures of exercise adherence, including the following:
sports injury rehabilitation (SIRAS, RAQ-M, ROAQ); acute
MSK inpatient rehabilitation (HRERS, PRPS); and MSK
home exercise programmes (AESOP). Although originally
developed as a measure of physical activity, the CHAMPS
has subsequently been evaluated as a measure of exer-
cise adherence and hence is included in this review [43].
With the exception of the RAQ-M which was evaluated in
Korean athletes, all measures were developed and eval-
uated in the USA. The characteristics and measurement
properties of all reviewed measures are summarized in
Tables 1 and 2 and Supplementary Tables S2 and S3,
available at Rheumatology Online. Study methodological
quality and the qualitative synthesis is summarized in
Table 3.

https://academic.oup.com/rheumatology

020Z JaquianoN G0 uo 1sanb Aq | L $9€/22/921/€/9G/e10nie/ABojorewnayl/wod dno olwapeoe//:sdiy wolj papeojumoq


Deleted Text: (
Deleted Text: &mdash;
Deleted Text:  - 
Deleted Text: ); 
Deleted Text: for example
Deleted Text: ,
Deleted Text:  (IRT)
Deleted Text: 4
Deleted Text: synthesised 
Deleted Text: /
Deleted Text: -
Deleted Text: was 
Deleted Text: ,
Deleted Text: .
Deleted Text: figure 
Deleted Text: This 
Deleted Text: /
Deleted Text: /
Deleted Text: /
Deleted Text: /
Deleted Text: /
http://rheumatology.oxfordjournals.org/lookup/suppl/doi:10.1093/rheumatology/kew422/-/DC1
Deleted Text: one
Deleted Text: two 
Deleted Text: figure 
Deleted Text: ,
Deleted Text: modified
Deleted Text: -A
Deleted Text: -
Deleted Text: '
Deleted Text: inpat
Deleted Text: in-pat
Deleted Text: United States of America
Deleted Text: summarised 
http://rheumatology.oxfordjournals.org/lookup/suppl/doi:10.1093/rheumatology/kew422/-/DC1
Deleted Text: summarised 

Measures of exercise adherence in musculoskeletal settings

Fic. 1 PRISMA flowchart for phase 1 of the systematic review

c
o
k= Records identified through
e preliminary database searches
= (n=14,976)
9]
E)
A\ 4
'S Records after duplicates removed Duplicates removed
and screened from ti/ab > (n=3470)
(n=18,511)
ap
£
c
$ _| Records excluded after title
E g screening*
A4 (n=7327)
Records assessed for eligibility
—_— through abstract screening
(n=3134)
Records excluded after
> abstract screening*
(n =3268)
v
3
= Full-text records assessed for
.—OED eligibility
= (n=911)
Records excluded (n = 585)
Not primary quantitative
study (n=55)
~— Not musculoskeletal disorder
(n=107)
> Not adult subjects (n=10)
v Does not measure adherence
Included papers | (n=252)
- (n=326) ncorrect outcome measure
S (n=39)
_3 Included measures No exercise/ physical activity
< (n=49) (n=105)
Foreign language study (n=3)
Others (n=14)
Animal study (n=0)
Clinician-reported be associated with engagement including scores on the
The five-item HRERS assesses the therapist’s perception ~ Functional Impact Measures (FIM) and rates of therapy
of an individual’s engagement in acute inpatient rehabili- ~ absenteeism. Small correlations were reported between
tation. There is limited evidence of reliability and validity =~ the HRERS and a range of clinical variables including de-
following completion in a population of patients with spinal ~ pression (r=0.24), denial of illness (r=0.30), self-rated
cord injury, stroke, amputation or hip/knee replacement  nhegative affect (r = —0.23) and level of functioning

[41]. The unidimensional structure (structural validity) of ~ (r=0.22) [41]; although the authors suggest that hypothe-
the HRERS as a measure of engagement was supported sized associations were supported, these were not clearly

by principal component factor analysis across the differ- stated, hence limiting interpretation in support of meas-
ent diagnostic groups. A high level of internal consistency urement validity.

for this single dimension (Cronbach’s «=0.91) and ac- The single-item PRPS is used to rate patient participa-
ceptable inter-rater agreement (intraclass correlation co- tion during each treatment session of acute inpatient re-
efficient (ICC) =0.73) was reported [41]. Evidence of habilitation [42]. Item development involved therapist
known-groups validity was provided against groups interviews and therapy session observation of older pa-

defined by a range of external criteria hypothesized to tients with generalized MSK problems. There is limited

https://academic.oup.com/rheumatology 429
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Fic. 2 PRISMA flowchart for phase 2 of the systematic review

Duplicates removed

y (n=758)

M
S
5 Records identified through
E preliminary database searches
b= (n=3787)
S
3 [
. \/
) Records after duplicates removed
and screened from ti/ab
g (n=2977)
c
7]
9]
—
O
(%]
-

Records excluded after title
& abstract screening

> (n=2919)

A4

Full-text articles excluded
(n=100)

Study does not relate to
measurement development
) or evaluation of measurement

or practical properties (n=39)

Study does not relate to
measurement of exercise
adherence (n=58)

Full-text records assessed for
> eligibility
2
= (n=110)
2
o0
w
3 Y
he]
% Studies included in the synthesis
< (n=10)
Adherence Measures (n=7)

Not published in the English
Language (n=3)

evidence of reliability and validity following completion
with older people with generalized MSK conditions [42].
High values of inter-rater reliability (range of
ICC=0.91-0.96) were reported [42]. Small correlations
between the PRPS and the FIM-motor (range r=0.38),
with change in FIM-motor (r=0.32) and length of stay
were reported (r = —0.13; P <0.05) (Supplementary
Table S3) [41]; however, the absence of a priori hypothe-
sized associations between variables limits interpretation.
Similarly, although a statistically significant score im-
provement was reported in those inpatients with a
length of stay >9 days [score increase from 4.29 +0.93
to 4.67 £1.04; p <0.001], external anchors against which
change in participation may be judged or suggestions for
interpretation of score change are not provided.

The three-item SIRAS is used by therapists to rate the
degree to which patients exert themselves, follow the
practitioner’s instructions and advice, and are receptive
to changes in the rehabilitation programme during a
given rehabilitation session. The single factor structure

430

of the SIRAS (exercise adherence) is supported by several
studies following completion by athletes and the general
MSK population [40, 46]. Internal consistency evaluations
further support reporting the SIRAS as a single index value
[46]. Acceptable levels of internal consistency supports
application in groups of patients (Cronbach’s o range
0.82-0.8) [46, 47]. Poor to high levels of inter-rater
(ICC range=0.57-0.77; Rater Agreement Index
range = 0.84-0.94) and acceptable 1-week test-retest re-
liability has been reported (range=0.63-0.77) [39, 45].
Evidence in support of known-groups validity is provided
following the assessment of standardized vignettes
describing three levels of adherence in athletes [40, 47].

Patient-reported measures

The AESOP is a 42-item interview-administered question-
naire, developed to assess exercise adherence in older
patients [22]. The measure constitutes three domains, in-
formed by social cognitive theory: self-efficacy expect-
ations (15 items), outcome expectations (16 items) and

https://academic.oup.com/rheumatology
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§ § outcome expectancies (11 items). Although acceptable
§ § b b test-retest reliability was reported for two do-
G G = E 5 3 ‘é 53 mains —self-efficacy expectations (ICC = 0.80) and out-
o T T come expectations (ICC=0.77)—low levels were
§ § reported for outcome expectancies (ICC=0.33) [22]. All
correlations between the three AESOP domains and the
Short Form 12-item Health Survey (SF-12, version 2)
T o 5o physical and mental component scales were very small;
2 L__ _—_Le the absence of a priori hypothesized associations be-
3 Ez=z ==EE tween variables limits interpretation in support of meas-

= + + F P PP

@ urement validity.

The CHAMPS activities questionnaire is a 41-item pa-
tient-reported or interview-administered questionnaire.
8_© 888 The CHAMPS is a measure of physical activity that has
EZE EEEZ been evaluated for use as a measure of exercise adher-
A ence in daily life [44]. The CHAMPS asks about activities
-_%' that you may have done in the past 4 weeks. The infor-
E - mation is used to calculate frequency of activities—the
ég 8T TYTD numper of minutes of physpal act|V|ty. per W‘ee.k‘ and the
5 g £EE EEEE calories expended per week in all physical activities. E.a<.:h
% 2 255 F5E% score can be calculated for moderate and greater activity
o levels, and all activity levels. Hence, four scores are pos-
sible. Data from an intervention trial to increase activity
levels among community-dwelling older people
‘s‘ E (CHAMPS trial) was assessed for score stability at 6
‘g 22z ZZZ E months (for participants in the non-active treatment or
(&) [ control group and hence not expected to change) and

2-week test-retest reliability [43]. Moderate levels of
test-retest reliability were reported across the different
CHAMP scores (range =0.58-0.67); the authors suggest
that the low levels could be influenced by the difficulty in
recalling activities. As hypothesized, patients who were
classified as being inactive had significantly lower
CHAMPS scores when compared with more active pa-
tients (P <0.001) [44]. Correlations between the
CHAMPS scores and a range of health measures sup-

Nil
Nil
Nil
Nil
Nil
Nil
Nil

-
=
()
£
o
1
=
(7]
@
[

=

g = ‘c::' s o S ported a priori stated hypotheses, providing acceptable
|| €8 £_L£ __-22 evidence in support of the CHAMPS as a measure of
ARE Wl S “=EE hysical activity in old le. Evid h
g| E2 = == physical activity in older people. Evidence suggests that
8 the CHAMPS can detect improvement in physical activity

levels in a large group of participants receiving an active
intervention to facilitate increased activity. These changes
were greater for the frequency measures [effect size =
0.54 and 0.64) when compared with the change in caloric
expenditure (effect size =0.38 and 0.42), suggesting
moderate levels of responsiveness.

The 25-item RAQ-M was developed to evaluate exer-
cise adherence in injured athletes [43]. The original 40-
item RAQ developed by Fisher [48] was excluded from
phase 1 of the review due to insufficient information to
support reproduction. Moreover, evidence of poor reliabil-
ity and validity have underpinned recommendations for
significant redevelopment [45]. The RAQ-M includes six
domains of adherence: perceived exertion (three items),
pain tolerance during exercise (five items), self-motivation
(five items), support from significant others (five items),
scheduling (four items) and environmental conditions
(three items). The revised six-domain structure was in-
formed by an exploratory and subsequent confirmatory

+limited
+limited
Nil

Test-retest
(intra/inter)
+limited
—limited
—limited
+limited

Evaluations (n)

Therapist-completed
Patient-completed

Measure
HRERS
PRPS
SIRAS
AESOP
CHAMPS
RAQ-M
ROAQ

n: number of studies evaluating the measurement and practical properties of each measure; the overall quality of a measurement property is reported as adequate (+), not adequate
(—), conflicting (z), or unclear (?); levels of evidence for the overall quality of each measurement property is strong, moderate, limited, conflicting, or unknown evidence. HRERS:
Hopkins Rehabilitation Engagement Rating Scale; PRPS: Pittsburgh Rehabilitation Participation Scale; SIRAS: Sport Injury Rehabilitation Adherence Scale; AESOP: Adherence to
Exercise Scale for Older Patients; CHAMPS: Community Healthy Activities Model Program for Seniors; RAQ-M: Modified Rehabilitation Adherence Questionnaire; ROAQ: Rehabilitation

TasLe 3 Overall quality of measurement properties per reviewed measure of exercise adherence for MSK populations
Overadherence Questionnaire.
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factor analysis [43]. An initial analysis of the internal con-
sistency reliability of the six domains ranged from 0.66
(perceived exhaustion) to 0.87 (scheduling). Acceptable
2-week test-retest reliability values were reported, and
ranged from 0.64 (pain tolerance) to 0.81 (support from
significant others); however, the relative stability of these
athletes’ injuries was not reported. Small to moderate
levels of association were reported between the RAQ-M
domains and three adherence measures, including the
SIRAS [43]; however, the absence of a priori hypothesized
associations between variables limits interpretation.
A process of forward and backward translation facilitated
translation of the measure from English into Korean.

The 10-item ROAQ purports to measure the tendency
for an athlete to be overly adherent to a rehabilitation
regime, ignore practitioner recommendations and attempt
an expedited rehabilitation and return to sport [48]. Items
were generated following a review of the literature for in-
dicators of over-adherence and discussion with experts in
sports psychology and clinical rehabilitation of athletes.
Young athletes were not consulted. The two-domain
factor structure was supported following ROAQ comple-
tion by two independent groups of athletes, the first aged
13-18 years (study 1) and the second older adolescents
(study 2). Acceptable levels of internal consistency reli-
ability («>0.70) were reported for both domains in both
groups. There is limited evidence in support of the con-
struct validity of the measure; the absence of a priori
hypothesized associations between variables limits inter-
pretation. The ROAQ has only been evaluated by the
developers.

Discussion

Despite the large number of reported approaches to as-
sessing exercise adherence, clear recommendations for
the assessment of exercise adherence in MSK popula-
tions cannot be made because of poor reporting, inad-
equate quality and meagre conceptual underpinnings of
reviewed measures. Evidence for the seven short-listed
measures was mostly limited or not available. Although
originally developed as a measure of physical activity in
older adults, the CHAMPS has been applied and evalu-
ated as a measure of exercise adherence [44]. Application
of a measure for a purpose other than that for which it was
developed undermines the validity of the results and limits
meaningful interpretation with which to inform decision-
making.

Evidence of measurement error, content or face validity,
data quality, precision and score interpretation was not
identified for any of the reviewed measures. None of the
studies explored the relevance, acceptability or appropri-
ateness of measures to the target population, or con-
sidered respondent burden. Although all measures had
limited evidence of construct validity (convergent; known
groups), the absence of a priori hypothesized associations
between variables limits interpretation and undermines
the quality of evidence [34]. Only three measures had lim-
ited evidence of structural validity; and just two had (poor)
evidence describing measurement responsiveness. There

https://academic.oup.com/rheumatology

was no evidence of involvement of patients as research
partners during the development of any measure. This is a
finding reported in other reviews [32, 37], but increasingly
viewed as an important consideration in enhancing the
relevance and validity of patient-centred outcome assess-
ment [50-52]. Only four of the reviewed measures were
patient-reported; the additional measures were clinician-
reported. Discrepancies between patients and health pro-
fessionals with regards to understanding or defining a
good outcome have been widely reported [53-56]. It is
likely that patients and clinicians have different views
about what constitutes adherence. A collaborative explor-
ation of the views of stakeholders, including patients,
health professionals and rehabilitation experts, with re-
gards to what should be assessed, by whom, when and
in what context is essential to the development of assess-
ment in this field. A new patient-derived measure with a
clear conceptual underpinning that reflects the needs of
key stakeholders is essential to ensure meaningful inves-
tigation of the challenges and burden of adhering to exer-
cise [52].

The review is strengthened by use of the Preferred
Reporting Iltems for Systematic Reviews and Meta-
Analyses guidelines [32]. The methodological and quality
concerns highlighted by the review were underpinned by a
transparent evaluation of study (COSMIN) and measure-
ment quality [33-35]. This is the first study to evaluate the
intra-rater reliability of the COSMIN four-point check-list:
poor intra-reviewer agreement between trained, but rela-
tively inexperienced, reviewers was found. These findings
highlight the challenge for reviewers of patient reported
outcome measure (PROM) quality: poor quality reporting
often fails to match the rigors of the COSMIN gold stand-
ard checklist and inexperienced reviewers may struggle to
unpack complicated or poor quality papers. We recom-
mend that all reviews include an experienced reviewer to
guide extraction and/or act as arbiter. Moreover, clear
guidance for transparent reporting of PROM quality in
published papers is required.

Our extensive search strategy utilized multiple major
databases and although limited to English-language pub-
lications, English-language abstracts for non-English pub-
lications were reviewed and, with the exception of three
articles excluded due to language, were excluded due to
irrelevance. It is unlikely that any selection bias resulted.
The focus of our review was adults with MSK conditions,
and our results are not necessarily applicable to non-MSK
populations.

A recent review of self-report measures of exercise ad-
herence completed by patients with long-term health
problems and undertaking unsupervised home-based ex-
ercise programmes similarly concluded that measures are
largely unreproducible with extremely limited evidence of
essential psychometric properties, thus preventing any
clear recommendations for assessment [29]. Another
review related to home exercise adherence concluded
that there were no valid measures of home exercise ad-
herence for chronic low back pain [57]. The lack of
good quality measures and transparency in adherence
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reporting highlighted in these review must be addressed
[29, 57]. In our review only 15% (7 from 45) of the meas-
ures purportedly used to assess exercise adherence were
taken forward from phases 1 to 2 of the review due to
inadequate detail or lack of supporting reference.
Appropriate reporting of assessment approaches is es-
sential to ensuring that adherence data are appropriately
utilized. Moreover, good reporting contributes to the evi-
dence base with which to inform measurement selection.
The Consolidated Standards of Reporting Trials statement
[68, 59], and recent patient-reported outcome extension
seek to encourage more complete and transparent report-
ing of assessment approaches and outcome data [60].

In conclusion, we cannot recommend any measure of
exercise adherence for MSK settings due to the inad-
equacy of essential measurement and practical properties
for clearly defined measures. Our review provides a crit-
ical insight into the many failings of published measures of
exercise adherence, though this may reflect the difficulty
of measuring adherence. In particular, the conceptual
underpinnings of what should be assessed, by whom,
when and in what context are poorly considered and es-
sential for future research. Moreover, the transparency in
adherence measure reporting must be improved.

Funding: This work was supported by the Chartered
Society of Physiotherapy Charitable Trust [grant number
PRF/12/13].
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