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REVIEW

Reliability and Validity of Patient-Reported, Rater-Based, and Hybrid Physical
Activity Assessments in COPD: A Systematic Review

Shweta Gorea , Tirupathi Chindamb, Allon Goldbergc, Min H. Huangc, Michael Shoemakerd, and
Jennifer Blackwoodc

aSchool of Health and Rehabilitation Sciences, Department of Physical Therapy, MGH Institute of Health Professions, Boston, MA, USA;
bGenesis Rehabilitation Services, Richmond, VA, USA; cPhysical Therapy Department, University of Michigan-Flint, Flint, MI, USA;
dDepartment of Physical Therapy, Grand Valley State University, Grand Rapids, MI, USA

ABSTRACT
Selecting valid and reliable PA assessments in chronic obstructive pulmonary disease (COPD) is
crucial to ensure that the information obtained is accurate, valuable, and meaningful. The purpose
of this systematic review was to compare the validity and reliability among PA assessments in
COPD. An electronic database search of PubMed and CINAHL was completed in December 2019
using MeSH terms on physical activity, COPD, validation, and questionnaires. Transparency in
reporting was assessed with the STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) checklist while methodological quality was assessed with the modified
Quality Appraisal tool for Reliability studies (QAREL) for reliability studies and the Quality Appraisal
of Validity Studies (QAVALS) for validity studies. The search yielded fifteen different measures. The
Stanford 7-day recall (PAR) demonstrated the strongest correlations with SenseWear Armband on
energy expenditure (r¼ 0.83; p< 0.001) and moderate correlations for time spent in activity over 3
METs (r¼ 0.54, p< 0.001). The Multimedia Activity Recall (MARCA) also demonstrated moderate to
good correlations with both SenseWear and Actigraph GT3Xþ accelerometers (r¼ 0.66–0.74).
Assisted and computerized PRO measures (PAR and MARCA) and hybrid measures (C-PPAC and D-
PPAC) demonstrate better psychometric properties as compared to other subjective measures and
may be considered for quantification of PA in COPD. However, observations drawn from single val-
idation studies limit strength of recommendations and further research is needed to replicate
the findings.

ARTICLE HISTORY
Received 11 March 2020
Accepted 26 September 2020

KEYWORDS
Measurement properties;
chronic lung disease;
activity assessment

Introduction

Patients with COPD often experience disabling symptoms
such as dyspnea and fatigue, which result in decreased levels
of physical activity (PA) as compared to individuals who do
not have the disease. Despite recommendations to maintain
regular PA by the Global Obstructive Lung Disease guide-
lines, PA levels in COPD continue to progressively decline
starting right from the early stages of the disease [1, 2].
Decreased PA contributes to a downward spiral of immobil-
ity in COPD, which results in further deterioration of phys-
ical condition, decline in muscle strength, endurance,
worsening of dyspnea and social isolation and depression [2,
3]. PA therefore is of prognostic significance in COPD with
lower levels of activity related to a higher risk of hospital
admissions and a shorter survival rate in COPD [1–3].
Considering the close relationship between PA and health in
COPD, assessment and monitoring of PA is essential [2].

Several methods for assessment of PA are currently avail-
able that include objective, measures such as pedometers

and accelerometers, subjective measures such as question-
naires, logs, or diaries, and a combination of objective and
subjective (hybrid) measures. All these methods quantify
activity duration or movements, from which estimates of
energy expenditure can be made and distinctions between
differing lifestyles can be inferred [4]. Subjective measures
include patient reported outcome (PRO) measures and
rater-based measures. PRO measures are defined as self-
reported outcomes that come directly from patients without
interpretation of patients’ responses by clinician [5]. PRO
measures include both questionnaires as well as diaries, logs
and activity checklists and may be administered in different
ways such as by the patient unassisted (self-administered),
via an interviewer (assisted) or by entering responses via a
computer-based program (computerized). Rater-based meas-
ures, on the other hand, include measures where patients’
responses can be interpreted differently by the interviewer
or rater in case of disparity between patients’ responses and
the PA classification used on the identified measure.
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Subjective measures of PA often form an integral part of
PA assessment in COPD since these are simple, cost-effect-
ive, and require minimal training. Subjective measures are
frequently used to measure multiple dimensions of PA
including not only the duration, frequency and intensity of
activity but also reporting the type, location, domain, and
context of the activity. Subjective PA measures provide esti-
mates of time spent in activities of various levels of intensity
and may be able to rank individuals according to intensity
levels of reported activity [6]. Despite the simplicity and
ease of use, the accuracy of these measures has been ques-
tioned due to the subjective nature of these tools which may
lead to over- or under-estimation of PA [7].

While purely objective measures such as pedometers and
accelerometers can quantify movement and provide object-
ive estimates of energy expenditure, they lack the ability to
quantify all the aspects of PA such as the type of activity
and patients’ experience of an activity [4]. To overcome
some of these limitations, hybrid measures have been devel-
oped more recently that combine PRO measures with
objective assessments such as pedometers and accelerome-
ters to better reflect both the quantity and experience of
PA [8].

Previous reviews on PA assessments have focused mainly
on comparing objective and subjective measures in older
adults without known comorbidities. However, in COPD,
there is inadequate evidence regarding the reliability and
validity of various PA measures including the PROs, rater
based, and hybrid measures in COPD. The purpose of this
review therefore, was to systematically compare the reliabil-
ity and validity of the various PROs, rater based, and hybrid
measures PA measures in COPD. This review will help clini-
cians in making well-informed decisions regarding the selec-
tion of appropriate subjective measures in patients
with COPD.

Material and methods

The frame work of the review followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement for reporting systematic reviews and
meta-analyses. The study protocol was registered in the
International prospective register of systematic reviews
(PROSPERO) (registration no.CRD42016042588; available
from http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42016042588) which provided a guideline for
development of this systematic review.

Data sources and searches

A systematic literature search was performed with in elec-
tronic databases, PubMed and CINAHL until December 8,
2019 using the following MeSH terms and keywords:
(((((((((((((((((("physical activity") OR "activities of daily liv-
ing") OR "motor activities") OR walking) OR exercise) AND
"copd") OR "chronic obstructive pulmonary disease") OR
"chronic obstructive lung disease") AND "surveys") OR
"questionnaire") OR "interview") OR "log") OR "self-report")

OR "diary, health") AND "validation") AND "validation stud-
ies") AND validity)). To be more inclusive, no start date was
used for the search. The search was conducted using filters
for species (humans) and language (English). In addition to
electronic database searches, searches were conducted from
back references of articles and, also by contacting authors
for access to English versions of articles if available.

Study selection

Validation studies published in English describing PRO
(including self-administered, assisted, or computerized),
rater-based, or hybrid PA measures in COPD were included
in this review. Study designs included all observational study
designs evaluating psychometric properties of PA measures
in the COPD population. Studies were excluded from the
review if the data of reliability or validity of the outcome
measure was not evaluated. Studies were also excluded if
these were systematic reviews, meta-analyses, narrative
reviews, or letters to editors. Only measures directly related
to PA such as those measuring the duration, intensity, fre-
quency as well as the type and nature of PA were included.
Measures that assessed related constructs of PA such as
physical function, mobility, symptoms limiting activity and
quality of life with no questions directed toward the amount,
duration or type of PA were excluded from this review.
Measures that assessed more than one construct of PA were
included only if information on PA duration, intensity, fre-
quency, or type was analyzed as a separate component and
scoring of these components was separate from PA symp-
toms, difficulty, or experiences etc. No restrictions were
applied on the publication date or type of publication (gray
literature) to decrease chances of publication bias.

Titles and abstracts were independently reviewed by two
reviewers who were board certified in geriatric physical ther-
apy by the American Board of Physical Therapy Specialties.
Full texts were gathered following a review of titles and
abstracts. A rating form was developed and used by both
reviewers to determine the eligibility of retrieved articles for
inclusion in the review. The rating form included a list of
inclusion and exclusion criteria. The reviewers independ-
ently completed the form and selected articles that met the
criteria (Supplementary table 3). All disagreements were
resolved by mutual consensus. In case of difficulty reaching
a consensus, a third reviewer was contacted.

Data extraction

Following review of the full text articles, data related to sam-
ple demographics, details of outcome measures and their
measurement properties were extracted. Specific information
that was extracted included age, gender, BMI, lung function,
type of outcome measure, method of administration, length
of recall, scoring and interpretation, type of PA assessed,
outcomes obtained, training, and cost. Data extraction forms
created by the study team were used for extracting data. In
case of missing information on pertinent items (e.g. cost,
training requirements, and statistical analysis methods) in
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the studies selected, attempts were made to contact the
authors via email. When no information was received from
the individual authors or when the information was unavail-
able, these items were entered as ‘not available’ in the data
extraction forms. Outcome measures were categorized as
PRO measures if they were: 1) either self-administered,
assisted (patient’s responses were recorded by the inter-
viewer), or computerized (responses were recorded by a
computer) without any alteration or interpretation of the
stated response, 2) rater-based measures when subject’s
responses were interpreted and scored differently by the
interviewer, or 3) hybrid measures when a PRO was used in
combination with an objective measure Measures were also
included under PROs when prompts to aid recall (by the
interviewer or computer) were provided but the patient
responses were recorded as reported without alteration.

Different statistical measures used for testing validity,
reliability and diagnostic accuracy were extracted. For

validity specifically, Pearson’s and Spearman’s correlation
coefficients, variance, inter-quartile range, and observed dif-
ferences in outcome variables assessed using t test and ana-
lysis of variance (ANOVA) were extracted. Correlation
coefficients less than 0.25 were reported as having little or
no relationship, 0.25 to 0.50 fair, correlation coefficients
more than 0.50 and less than 0.75 as moderate-to-good, and
those with coefficients above 0.75 were reported as having
good-to-excellent relationship [9]. For diagnostic accuracy,
area under the curve, sensitivity, specificity and cut off val-
ues were extracted and reported. Test-retest intervals and
reliability coefficients including the intra-class correlation
coefficients (ICC), coefficient of variation, limits of agree-
ment and internal consistency were extracted for reliability.
As a general guideline, ICC values below 0.50 were reported
to have poor reliability, coefficients from 0.50 to 0.75 as
moderate reliability and coefficients above 0.75 were consid-
ered to have good reliability [9].

Figure 1. PRISMA Flow Diagram.
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The data from the identified articles was independently
extracted and rated for methodological quality and transpar-
ency in reporting by the two reviewers.

Quality assessment

The methodological quality of reliability studies was assessed
using the Quality Appraisal tool for Reliability studies
(QAREL) [10]. QAREL is an 11-item checklist that assesses
quality of reliability studies under seven domains including
the subjects, assessors, blinding, and order effects of examin-
ation, time interval between repeated measures, statistical
analyses, and appropriate test application [10, 11]. The items
on the QAREL were rated as 0 or 1 with higher scores indi-
cating better quality. The Quality Appraisal tool for Validity
Studies (QAVALS) was used for methodological quality
assessment of validity studies [12]. The QAVALS is a 24-
item tool addressing different types of validity (content, con-
current, construct) and various aspects of methodological
quality including design, participants, statistical analysis, and
confounding [12]. Each item on the QAVALS is individually
assessed on a categorical scale as a “yes”, “no” or
“other” response.

The transparency in reporting of studies was assessed
using the Strengthening the Reporting of OBservational
Studies in Epidemiology (STROBE) checklist. The STROBE
addresses 22 fundamental aspects of reporting of observa-
tional cross-sectional studies [13]. Each aspect of individual
studies was assigned a numerical value of 1 if explicitly
described and present, and 0 if inadequately described or
absent with a maximum possible score of 22. Higher scores
on the STROBE reflected a better overall transparency in
reporting of the study. The inter-rater reliability for quality
appraisal scores among reviewers was tested using the
weighted kappa coefficient and was found to be excellent
(Kappa ¼ 0.91, 95% CI ¼ 0.79–1.03).

Results

Initial search yielded 5,289 studies including 3,456 studies
on PubMed and 1,833 on CINAHL (Figure 1). Additionally,
24 records were identified via hand search. After removal of
duplicates, a total of 5,167 titles and abstracts were retrieved.
Following a review of the abstracts and removal of dupli-
cates, 5133 studies were excluded as they did not meet the
selection criteria. Thirty-four studies were obtained for full
text review. Twenty-two studies were removed after review
of full texts, leaving 12 studies that were ultimately included
for this systematic review. The reasons for exclusion of
articles at different stages of selection are described in
Figure 1 and Supplementary table 4.

All the studies that were included in the final review
were published between 2005 and 2015, with eight studies
assessing the European population and two studies each
assessing United States and Australian populations. The
study participants were identified from community dwelling
older adults via hospital or medical records (2 studies), out-
patient clinics (8 studies) and previous pulmonary

rehabilitation programs (2 studies). Participants included
both males and females with a higher representation of
males across the studies (605 males out of the total sample
of 869 across studies reporting gender distribution). The
mean age of the sample in the included studies ranged from
61 to 74. 4 years. The sample participants in the included
studies demonstrated varying degrees of airway obstruction,
with the mean percentage predicted forced expiratory vol-
ume in one second (FEV1) values ranging from 33 to 57%,
and COPD severity ranging from mild to very severe. The
sample size varied widely across the studies starting from 13
to as many as 236 (Table 1).

Of the 12 included studies, 7 studies assessed validity of
PA measures [1, 14–19], 4 assessed both reliability and val-
idity [4, 8, 20, 21], 1 study assessed reliability [22]. Four
studies had additional information on diagnostic accuracy
[1, 14, 19, 21]. Fifteen different PA measures were described
in the studies of which only one was a rater-based measure
(the Physical Activity Scale for the Elderly (PASE)). Among
the PRO measures, 7 PA measures were self-administered, 2
were assisted (semi structured or structured interviews), 2
were computerized, and 1 was either self or assisted. Two
types of hybrid measures (Daily and Clinical PRO Physical
Activity in COPD measures: D-PPAC and C-PPAC) were
described. Description on the type, scoring and other fea-
tures of the measures can be found in Supplementary
Table 1.

Differences in PA measures were observed in the type of
administration, length of recall, number of items, outcomes
assessed and scoring methods. Length of recall ranged from
one day to a lifetime recall of activity. Outcomes assessed
included activity duration, frequency, intensity, and PA type
(both structured and unstructured). Scoring methods dif-
fered across the measures including continuous scores com-
puted by summing item scores to obtain a total PA score,
total energy expenditure using intensity codes, PA levels
using item weights and categorical scores describing the
level of PA (inactive to hard). Leisure-time activity was the
most frequently included item on the PA measures (66.66%
or 10 out of 15). Household/daily PA on the other hand,
was the least frequently included item (33.33% or 5 out of
15 measures) (Supplementary Table 1).

The studies included in the review also differed in their
transparency in reporting and methodological quality. The
breakdown of scores on the QAREL, QAVALS and STROBE
checklists is described in supplementary tables 5, 6, and 7.
Very few studies included information on key elements of
study design and methods. Only 3 studies included informa-
tion on the representativeness of sample, study setting and
period of recruitment, confounding variables, and confi-
dence intervals. The selection criteria for participants was
clearly identified in 6 studies, attrition of sample in 7, stand-
ardization of procedures in 8 and priori sample size calcula-
tions in 4 studies. Only one study described adjustments for
multiple comparisons (Supplementary table 6). For studies
assessing concurrent validity (n¼ 11), a sound rationale for
the selection of reference standard and justification for the
time interval between tests was provided only in 6 studies
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each (54.5% of the total sample). Information on the num-
ber of raters was provided in one study. However, despite
the use of 2 raters, blinding of raters was not performed and
inter-rater reliability of raters was not reported. Among the
studies assessing the reliability of outcomes (n¼ 5), three
studies used appropriate statistical measures and only one
study varied the order of examination (Supplementary
table 5).

Seven out of the total 12 studies scored in the top 25th

percentile for transparency in reporting on the STROBE
(Supplementary table 7). Very few studies reported key ele-
ments of study design such as bias and study size (25% and
42% of all studies). Other elements of study design were
reported in 75–100% of the studies. When reporting results,
56% of the studies included details on participant recruit-
ment, and only 25% included confidence intervals and ancil-
lary analyses (sensitivity and sub-group analyses). Other
important elements such as reporting of limitations and gen-
eralizability were missing in 25% and 33% of the included
studies, respectively.

Validity outcomes

Validity of PA measures was assessed in 11 studies that were
included in this review. Among the studies that assessed val-
idity, eight studies addressed concurrent validity and 3 studies

addressed both concurrent and construct validity of the out-
come measures. No study assessed the content validity
(Supplementary Table 2). Concurrent validity was assessed on
outcomes including energy expenditure, PA levels and time
spent in PA. Construct validity was assessed against con-
structs such as six-minute walk distance and lung function.
Four studies described diagnostic properties including sensi-
tivity, specificity and/or area under the curve of five measures
PASE, Stanford seven-day recall (PAR), Yale physical activity
questionnaire (YPAS), modified Baecke, and Zutphen
Physical Activity Questionnaire (ZPAC).

The self-administered PRO, modified Baecke question-
naire was the most frequently reported questionnaire in
COPD with 3 studies [1, 16, 22] evaluating its validity, fol-
lowed by the rater-based measure, PASE, and self-adminis-
tered PRO, ZPAC (2 studies each) [1, 19, 21]. The
remaining measures were described in single validation stud-
ies (Supplementary Table 1). Five studies used the
SenseWear Pro Arm Band [1, 4, 14, 19, 21] (SAB) making it
the most frequently used reference standard for testing con-
current validity of the subjective measures. Other reference
standards used included the Yamax dig walker SW-700 [15,
16] (2 studies), ActiReg, Actigraph GT3Xþ, DynaPort
Activity Monitor (DAM) and the Actihealth (Actiped) accel-
erometer (separate single studies) (Supplementary Table 2)
[4, 17, 18, 20, 22].

Table 1. Characteristics of the study population.

Author, Year Sample size Gender (M/F) BMI M (SD)
Age (years)
M (SD)

FEV1 (%)
M (SD) FEV1/FVC M (SD) COPD severity

Reliability and
validity
reported

Pitta [17], 2005 13 10/3 23.00 (5.00) 61.00 (8.00) 33.00 (10.00) NA Moderate - severe Validity only
Moore

[15], 2009
76 NS 28.20 (6.70) 71.10 (9.60) 46.30 (18.50) 41.70 (13.10) Moderate - severe Validity only

Moy [20], 2009 17 17/0 28.00 (4.00) 73.00 (8.00) 57.00 (22.00) NA Mild¼ 1;
Moderate¼ 10;
Severe¼ 2;

Very severe ¼ 4

Validity &
reliability

Donaire-
Gonzalez
[14], 2011

172 161/11 47.00 (28.00) 70.00 (8.00) 52.00 (15.00) 54.00 (13.00) Mild¼ 8;
Moderate¼ 80;
Severe¼ 57;

Very severe ¼ 14

Validity only

Gouzi
[22], 2011

129 85/44 24.70 (4.40) 61.30 (9.60) 56.60 (22.80) NA Moderate - severe Reliability only

Slinde
[18], 2011

68 26/42 25.30 (5.50)/
23.70 (4.40) e

66.00 (6.00)/
64.00 (7.00) e

41.00 (16.00)/
44.00 (15.00) e

NA Severe Validity only

DePew
[21], 2012

67 38/29 28.90 (6.86) 71.40 (7.91) 46.70 (19.98) NA Moderate - severe Validity only

Garfield
[1], 2012

43 18/25 25.90 (5.60) 68.00 (9.00) 46.00 (22.00) NA Moderate –
very severe

Validity only

Van Gestel
[19], 2012

70 49/21 25.00 (7.70) 62.40 (7.40) 43.00 (22.00) 43.60 (15.00) Mild¼ 23.9%;
Moderate¼ 8.5%;

Severe¼ 31;
Very severe
¼ 36.6

Validity only

Hunt [4], 2013 24 18/6 27.60 (4.30) 74.40 (7.90) 54.00 (13.00) 47.80 (12.90) Mild¼ 5;
Moderate¼ 7;
Severe¼ 12;

Very severe ¼ 0

Validity &
reliability

Nyssen
[16], 2013

30 23/7 24.60 (4.70) 68.00 (10.00) 48.00 (14.90) NA Moderate – severe Validity only

Gimeno-Santos
[8], 2015

236 160/76 27.00 (5.50) 67.40 (8.40) 57.00 (20.50) 46.90 (13.20) Mild¼ 34;
Moderate¼ 108;
Severe¼ 71;

Very severe¼ 22

Validity &
reliability

M (SD) ¼ Mean (Standard Deviation), BMI¼ Body mass index, FEV1% ¼ percentage of Forced expiratory volume in 1 s predicted value, FVC¼ forced vital cap-
acity, e¼ males/females, NA¼Not available, NS¼ not specified.
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Concurrent validity

Energy expenditure
The assisted PRO, PAR, demonstrated the strongest correla-
tions with SenseWear Armband on the measured EE
(r¼ 0.83; p< 0.001) followed by the self-administered PRO,
YPAS (r¼ 0.40, p< 0.001) (Table 3) [1, 14]. The ZPAC
demonstrated high variability across studies in the measured
associations for EE (r¼ 0.01–0.50) with significant under-
estimation of EE as compared to the SAB (mean difference
in EE ¼ 922KJ, p< 0.001) [1, 19].

Physical activity level
PA levels measured by the computerized PRO, Multimedia
Activity Recall (MARCA), demonstrated moderate to good
correlations with both SenseWear and Actigraph
GT3Xþ accelerometers (r¼ 0.66–0.74) (Table 3) [4].
Modified Baecke (r¼ 0.15, p¼ 0.35) and PASE question-
naires (r¼ 0.19, p¼ 0.23), on the other hand, demonstrated
weak correlations with reference standards in terms of PA
levels [1].

Time spent in PA
The assisted PRO, PAR, was found to demonstrate moderate
correlations with the SenseWear arm band for time spent in
activity over 3 METs (r¼ 0.54, p< 0.001) [1]. The YPAS
showed fair but significant correlations for time spent in PA
(r¼ 0.38–0.41, p< 0.001) (Table 3) [14]. The self-adminis-
tered PRO, ZPAC, on the other hand, demonstrated only
weak correlations with the reference standard on time spent
in activity (r¼ 0.18, p¼ 0.25) [1].

Steps per day
Of the four measures that were assessed for relationship
with daily step counts, the modified Baecke questionnaire
demonstrated the strongest agreement with pedometer steps
with slight overestimation of counts (mean difference
between pedometer and modified Baecke steps/day ¼
�0.129, p¼ 0.496) [16]. The Follick diary showed weak cor-
relations with pedometer counts as did the International
Physical Activity Questionnaire short form (IPAQ-SF)
[15, 16].

Construct validity

The construct validity of four measures (YPAS, physical
activity checklist, Daily-PRO Physical Activity in COPD (D-
PPAC) and Clinical- PRO Physical Activity in COPD (C-
PPAC)) was reported in three studies against measures of
functional capacity such as the six-minute walk distance
(6MWD), lung function (FEV1) and dyspnea and disease
severity measures (mMRC scale, BODE index etc.)
(Supplementary Table 2). Of the four measures studied, the
hybrid measure, C-PPAC, demonstrated the strongest corre-
lations with 6MWD, both when combined with DynaPort
activity monitor and with the Actigraph (r¼ 0.62, p< 0.05
and r¼ 0.65, p< 0.05 respectively followed closely by the D-

PPAC (r¼ 0.55, p< 0.05) [8]. The YPAS showed fair corre-
lations with 6MWD (r¼ 0.37- 0.40, p< 0.01 (Table 3)
[14, 20].

Diagnostic accuracy
The assisted PRO, PAR, also showed good diagnostic accur-
acy with ability to detect very inactive patients with a sensi-
tivity of 0.73 and specificity of 0.76. The PASE (rater-based)
and YPAS (assisted PRO) demonstrated high sensitivity val-
ues (0.85 and 0.75), but fair specificity (0.66 and 0.59),
decreasing their overall accuracy in the ability to detect
severe inactivity [1, 14, 21].

Reliability outcomes

Only five studies out of the total included studies examined
reliability outcomes for the PA measures. The outcome
measures studied for reliability included the PASE, activity
checklist, Stanford Brief Assessment Scale (SBAS), MARCA,
Quantification de l’ Activit�e Physique (QUANTAP) and the
C-PPAC and D-PPAC measures [4, 8, 15, 21, 22]. Test-
retest reliability was reported for all measures, with test-
retest intervals ranging from 4 h to 14 days. Both computer-
ized PRO measures, MARCA and QUANTAP question-
naires, demonstrated excellent test-retest reliability values
(ICC’s¼ 0.95–0.96 and 0.92 respectively) [4, 22]. Among the
hybrid measures, the C-PPAC showed better reliability over
1week as compared to the D-PPAC (ICC’s¼ 0.74–0.88 and
0.71–0.87 for the D-PPAC DAM and Actigraph respect-
ively). The C-PPAC measures demonstrated excellent test-
retest reliability with both the accelerometer combinations
(C-PPAC DynaPort, ICC ¼ 0.92 and C-PPAC Actigraph,
ICC ¼ 0.90 respectively) [8]. Details on reliability outcomes
for these questionnaires can be found in Tables 2 and 3.
Both PRO PPAC measures demonstrate good internal con-
sistency between items.

Discussion

The purpose of this review was to systematically review the
psychometric properties of various subjective PA assess-
ments validated in adults with COPD. The results of this
review showed that assisted and computerized PRO meas-
ures (PAR and MARCA) as well as the hybrid measures (C-
PPAC and D-PPAC) demonstrated better validity than other
PA assessments. Unsupervised logs such as the activity
checklist and Follick’s diary, on the other hand, failed to
accurately assess PA dimensions [15, 17, 20].

Validity outcomes

Concurrent validity
The PAR, which is an assisted PRO measure, demonstrated
strong correlations with reference standards on energy
expenditure and moderate-to-good correlations on time
spent in moderate PA [1]. As compared to other self-
reported, unsupervised PRO measures, the close relationship
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Table 2. Reliability of various subjective physical activity measures.

Author, Year; Questionnaire Type of reliability
Outcomes measured

for reliability Test retest interval Reliability measures

Moy [20], 2009;
Activity checklist

Test retest Number of activities Over 14 days Intra subject coefficient of variation in number of
daily activities:
Median CV¼ 0.28; IQR 0.22–0.32

Gouzi [22], 2011;
Quantification de l’ Activit�e
Physique (QUANTAP)

Intra rater Responses to
questionnaire

1week Intra-observer correlation coefficient (CI) between test
1 and test 2:
ICC¼ 0.92 (NA)

DePew [21], 2013; Physical
Activity Scale for the
Elderly (PASE)

Test retest PASE scores 5–7 days Pearson’s r¼ 0.75
BA plot

DePew [21], 2013; Stanford
Brief Assessment
Scale (SBAS)

Test retest SBAS scores 5–7 days Kappa coefficient K¼ 0.41

Hunt [4], 2013; Multimedia
Activity Recall in Children
and Adults (MARCA)

Test retest MVPA� 3 METs
(min/day),
TDEE (MET.min)

4 h ICC, limits of agreement for TDEE:
ICC¼ 0.95- 0.96, �196 toþ 164 MET.min
ICC, limits of agreement for MVPA � 3 METs:
ICC¼ 0.93–0.95, �61 toþ 66min/day

Gimeno-Santos [8], 2015
PROactive Physical Activity
in COPD (PPAC) tools:
Clinical PAC (C-PPAC)

Test rest;
Internal consistency

Amount of activity
(PAQþDAM)
Amount of
activity
(PAQþDAM)

1week Intra class correlation (CI) coefficient for amount of
PA using PAQ and DAM combined between:
Week 1 and week 2¼ ICC 0.92 (NA)
Intra class correlation (CI) coefficient for amount
of PA using PAQ and Actigraph combined
between:
Week 1 and week 2¼ ICC 0.90 (NA)
Internal consistency for D-PPAC factor 1 items
using PAQ and DynaPort for examination 1 and 2:
Cronbach’s a¼ 0.813 and 0.800
Internal consistency for D-PPAC factor 1 items
using PAQ and Actigraph for examination 1 and 2:
Cronbach’s a¼ 0.803 and 0.781

Gimeno-Santos [8], 2015;
PROactive Physical Activity
in COPD (PPAC) tools:
Daily PAC (D-PPAC)

Test rest;
Internal consistency

Amount of activity
(PAQþDAM)
Amount of
activity
(PAQþDAM)

1week Intra class correlation (CI) coefficient for amount of
PA using PAQ and DAM combined between:
Day 1of week 1and day 1 of week 2¼ ICC 0.74
(NA)
Day 2 of week1 and day 2 of week 2¼ ICC 0.84
(NA)
Day 3 of week1 and day 3 of week 2¼ ICC 0.80
(NA)
Day 4 of week1 and day 4 of week 2¼ ICC 0.74
(NA)
Day 5 of week1 and day 5 of week 2¼ ICC 0.75
(NA)
Day 6 of week1 and day 6 of week 2¼ ICC 0.88
(NA)
Day 7 of week1 and day 7 of week 2¼ ICC 0.86
(NA)
Intra class correlation (CI) coefficient for amount
of PA using PAQ and Actigraph combined
between:
Day 1of week 1and day 1 of week 2¼ ICC 0.81
(NA)
Day 2 of week1 and day 2 of week 2¼ ICC 0.81
(NA)
Day 3 of week1 and day 3 of week 2¼ ICC 0.82
(NA)
Day 4 of week1 and day 4 of week 2¼ ICC 0.73
(NA)
Day 5 of week1 and day 5 of week 2¼ ICC 0.71
(NA)
Day 6 of week1 and day 6 of week 2¼ ICC 0.87
(NA)
Day 7 of week1 and day 7 of week 2¼ ICC 0.87
(NA)
Internal consistency for D-PPAC factor 1 items
using PAQ and DynaPort for examination 1 and 2:
Cronbach’s a¼ 0.862 and 0.845
Internal consistency for D-PPAC factor 1 items
using PAQ and Actigraph for examination 1 and 2:
Cronbach’s a¼ 0.860 and 0.839

MVPA¼moderate to vigorous physical activity, METs¼metabolic equivalents, min/day¼minutes per day, TDEE¼ total daily energy expenditure, MET.min¼MET
minutes, ICC¼ intra class correlation coefficient, CV¼ coefficient of variation, CI¼ confidence interval, IQR¼ interquartile range, NA¼ not available, BA
plot¼ Bland Altman plot.
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of PAR with reference standards on time spent in activity
can be explained by the nature of the interview. The PAR is
a supervised interviewer-led questionnaire where the inter-
viewer directs the recall process day by day using guided
memory techniques to minimize errors in recall, which may
explain the stronger correlations seen with this measure as
compared to the unsupervised PROs [1]. However, one
must note that these observations were drawn from the find-
ings of a single study [1] and from a local hospital in a spe-
cific geographical location with no details on sampling, and
other pertinent demographic factors that may affect PA
(race, socio economic status, depression, and mobility
parameters). Therefore, it is difficult to draw conclusions on
the validity of the PAR for all COPD patients. Additionally,
despite strong correlations on energy expenditure, the limits
of agreement on the difference between SAB and PAR var-
ied widely (�262 to 1062 Kcals/day) [1]. This, along with
modest ICC values for time spent in moderate PA, further
limit the strength of recommendations on the utility of
this measure.

MARCA, a computerized PRO measure, was also shown
to perform better than the self-administered measures in its
relationship with reference standards [4]. The MARCA aids
in recall by reconstructing entire days instead of asking
open questions (e.g. How much time did you spend in walk-
ing, sleeping etc. during the day?”) [4]. MARCA utilizes a
segmented day format, where the entire day is divided into
time segments of 5min and users get a chance to systemat-
ically recall all activities in the context and order in which
they were performed. The time segmentation and specific
previous day recall combined with additional prompts to fill
out activities for missed time segments, may decrease recall
errors [23]. As with the PAR, the results on the MARCA
were drawn from observations of a single study [4], making
it difficult to draw definite conclusions. Although, the
authors of the study assessing MARCA used both acceler-
ometers (SAB and Actigraph GT3Xþ) and a pedometer as
reference standards to address limitations of a single

reference standard [4], issues of methodological quality,
including unclear selection criteria, limited representative-
ness of the sample, lack of information on the time frame of
recruitment, failure to identify possible confounding varia-
bles and missing information on the confidence intervals
limit the generalizability of findings (Supplementary tables 5,
6, and 7). Despite strong correlations of MARCA with both
the accelerometers, the limits of agreement for the difference
on time spent in moderate to vigorous PA varied greatly,
both between Actigraph and MARCA (�104.31–153.81min)
and between SAB and MARCA (�118.09–144.82) [4].

Other self-administered PRO measures including the
ZPAC, Baecke and activity dairies failed to demonstrate
good concurrent validity in patients with COPD. The PASE,
a rater-based measure, was found to have poor correlations
with overall PA, despite of high sensitivity in identifying
severe physical inactivity [1, 21]. One possible explanation
for poor to modest correlations of the PASE with object-
ively-measured PA could be the inclusion of items requiring
minimal physical exertion. Recall of activities that are mod-
erate to high intensity is often easier than light PA and a
component of recall bias using the PASE cannot be ruled
out, especially in the absence of prompts or cues to facilitate
recall [21].

Construct validity
Both the assisted PRO measure (YPAS) and hybrid measures
(C-PPAC and D-PPAC) demonstrated statistically signifi-
cant, fair-to-moderate correlations with related constructs of
PA. The C-PPAC and D-PPAC were recently created based
on the conceptual framework of PA in COPD that was
drafted from patients’ experience [24]. These tools combine
objective and subjective components of activity assessment
by utilizing two accelerometers, the Actigraph GT3x and the
DynaPort Activity monitor in addition to the PRO measures
[8]. Each of these measures examined two factors, amount
of PA and difficulty with PA, which were analyzed

Table 3. Comparison of validity and reliability across PA measures.

Concurrent Validity

Reference standards used for concurrent validity PA measure Correlation Coefficients (r)
Energy Expenditure with SAB PAR 0.83

YPAS 0.40
ZPAC 0.01–0.50

PA Level (SAB and actigraph for MARCA and SAB for others) MARCA 0.66–0.74
Modified Baecke 0.15
PASE 0.19

Time Spent in PA (min) PAR 0.54
YPAS 0.38–0.41
ZPAC 0.18

Construct Validity
Reference standards used for concurrent validity PA measure Correlation Coefficients

6MWD C-PPAC 0.62
D-PPAC 0.55
YPAS 0.37–0.40

Reliability
Test Retest Intervals PA measure ICC values
4 h MARCA 0.95–0.96
1week QUANTAP 0.92
1week C-PPAC 0.90–0.92
Daily D-PPAC 0.74–0.87

PA¼ physical activity, 6MWD¼ six-minute walk distance, ICC¼ intraclass correlation coefficient, SAB¼ SenseWear armband,
Actigraph¼ actigraph GT3X, min¼minutes.
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separately [8]. For the purpose of this review, only the
objective components of both measures (amount of PA)
were reported. Both measures were shown to demonstrate
construct validity, with the clinical version (C-PPAC) show-
ing better convergence with related constructs such as dys-
pnea and 6MWD as compared to the daily version (D-
PPAC) [8]. Findings from the study also showed that the
accelerometer-PRO combination yielded better associations
than when either was used alone (accelerometer or PRO
separately) [8]. This is a promising finding that warrants
further exploration of different combinations of hybrid
measures in future research.

The assisted PRO, YPAS, demonstrated fair correlations
(r¼ 0.38–0.40) with related constructs such as the 6MWD
[9]. The YPAS also is an assisted questionnaire where the
interviewer uses structured questions to guide the user [25,
26]. It is noteworthy that significant correlations were
obtained despite the inclusion of light PA items in the
YPAS that are typically excluded from instruments [26]. The
face to face nature of the questionnaire and nature of recall
(recall from a previous specified week instead of general
recall) [2, 27] may have contributed to this finding.
However, findings obtained only from a single study limit
the ability to draw conclusive statements on the applicability
of YPAS at this time.

The distance walked in six minutes (6MWD) has been
used as a related construct in previous research of construct
validity [28–30]. However, this association between 6MWD
and PA have mostly been determined via cross-sectional
studies, with a few studies showing inconsistent relations in
the COPD population [31–33]. A recent systematic review
identified 6MWD as a weak but consistent determinant of
PA in COPD. Several other determinants of PA have been
identified in literature including dyspnea, quality of life,
lung function, systemic inflammation, mortality and exacer-
bations etc [34]. Considering that the relationships of PA
with 6MWD have mainly been identified via cross-sectional
studies, use of additional determinants along with 6MWD
for construct validity studies would be of interest.

Reliability outcomes

Both the computerized PRO measures (MARCA and
QUANTAP) and the clinical hybrid measure (C-PPAC)
demonstrated excellent test-retest reliability (ICC ¼
0.90–0.96). Between the two hybrid tools, the C-PPAC
showed better test-retest reliability, possibly due to the test
interval (one-week v/s daily), that may have affected recall
(Table 2). The unsupervised PROs and rater-based measures,
on the other hand demonstrated weak reliability outcomes
[8]. However, it is noteworthy that Pearson’s or Spearman’s
correlation coefficients were used to report reliability for the
unsupervised PROs and rater-based measures. Correlation
coefficients have been reported as less effective methods of
determining reliability as these often ignore systematic
errors and individual variations in performance [9, 35]. The
difference in methods used for reliability analysis make it
difficult to draw true comparisons among these measures.

Limitations

The present systematic review was not without limitations.
The review was limited to studies published in the English
language. Also, the review was limited to the search of 2
large databases. The authors tried to address these problems
by being more inclusive in their search via inclusion of all
gray literature, performance of manual searches in the refer-
ence list of articles and contacting authors for English ver-
sions of the studies, if available. Very few studies reported
other measurement properties and therefore a decision was
made to only include reliability and validity for this review.

The authors also advise caution to the readers when
interpreting the findings of this review. The results reported
here are from conclusions drawn from either single studies
or a combination of very few (1 or 2) studies, with poor
methodological quality and quality of reporting
(Supplementary tables 5, 6, and 7). In the absence of more
high-quality validation studies on PA measures in COPD, it
is difficult to draw substantive conclusions. Additionally, the
reference standards used in most studies was the SenseWear
Pro armband which, has shown good criterion validity in
controlled lab conditions, but has demonstrated questionable
validity in daily living conditions, in those with slower walk-
ing speeds, or those using assistive devices [36, 37]. Since
the measures were validated in daily living conditions, the
use of SAB as a reference standard might not reflect a true
representation of PA in these patients. Three studies also
used pedometers as reference standards, which have been
previously found to underestimate PA in COPD [4, 15, 16].
Mobility parameters such as the walking speed, use of assist-
ive device, use of supplemental oxygen etc. and social factors
such as marital status, social interaction, depression etc.,
that might have an effect on PA, were not well described in
the studies, limiting our ability to draw definite conclu-
sions [38].

The PRO tools for assessment of PA have been criticized
in recent literature on their inability to capture the construct
of PA [24, 39]. However, further exploration on the distinc-
tion between self-administered and assisted PROs for PA
quantification is needed. For quantification of PA in terms
of amount and duration of activity, the assisted and compu-
terized PROs demonstrate better psychometrics than other
measures. Further research to validate these measures in
COPD should be performed.

Future implications

Future research is needed to examine the validity of assisted
and computerized PRO measures using valid reference
standards. Newer hybrid tools such as the C-PPAC and D-
PPAC demonstrate promising good construct validity but
need further research to establish validity in assessing vari-
ous dimensions of PA against objective reference standards.
There is a potential for further research to compare different
accelerometer- PRO combinations and to examine their val-
idity across different COPD severity to further validate
these measures.
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Conclusion

Assisted and computerized PRO measures (PAR and
MARCA) and hybrid measures (C-PPAC and D-PPAC)
demonstrate better psychometric properties as compared to
other PRO or rater-based measures; and should be consid-
ered for PA assessment in COPD. Unsupervised self-admin-
istered PRO measures failed to demonstrate good validity
and/or reliability and must be used with caution in this
population. However, observations drawn from single valid-
ation studies and methodological quality concerns limit the
strength of recommendations and further research is needed
to fill this knowledge gap.
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