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Abstract Objective: The purpose of this meta-analysis is to gather and investigate pooled infor-
mation on the responsiveness of the main patient outcome measure in cardiac rehabilitation (CR)
and pulmonary rehabilitation (PR). The main outcome measure in CR and PR has been found to
be the Medical Outcomes Study Short Form-36 health survey (SF-36).
Data Sources: A previous systematic effectiveness review of this literature was used as the basis
of this statistical analysis, with the bulk of articles being observational studies.
Study Selection: This meta-analysis assessed articles on CR that used SF-36 pre and post “within”
(per interventional group) mean scores and in the PR literature that used the SF-36 and the
Chronic Respiratory Questionnaire (CRQ) “within” change scores.
Data Extraction: Each group of patients in the chosen literature were taken to represent a single
group, so that studies such as randomized controlled trials were listed twice. We undertook a
correlation analysis between SF-36 pre and post “within” mean scores in the CR literature. In
the PR literature, we undertook a correlation analysis between SF-36 and the CRQ “within”
change scores; this involved Spearman correlation coefficients.
Data Synthesis: The SF-36 Mental Composite Score domain is the most responsive of the compos-
ite SF-36 domains, with the Physical Composite Score showing less ability to discriminate in the
higher SF-36 scores. In the individual domains, Role Emotional scored r=0.52, P≤.001 with only
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2 F.-J. van Rotterdam et al.
27% of the variance explained, and Role Physical with r=0.49, P≤.005 had only 24% of the vari-
ance explained. In the PR literature Spearman rank correlation coefficient shows that SF-36
Physical Composite Score has a weaker correlation to the CRQ at 0.39 than the SF-36 Mental
Composite Score, which was 0.63.
Conclusions: This suggests that the SF-36 is not suited as a pre- to postprogram assessment tool
for CR and PR. More studies, however, need to be conducted particularly in CR with regard to the
responsiveness of the SF-36.
© 2021 The Authors. Published by Elsevier Inc. on behalf of American Congress of Rehabilitation
Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
The prevalence of chronic conditions may be high, but their
incidence is relatively low. Chronic illness presents many dif-
ferent challenges, and cardiac rehabilitation (CR) and pulmo-
nary rehabilitation (PR) have become a component of
standard medical care when dealing with these challenges.1,2

These therapies form an individualized program that helps
control and alleviate symptoms, optimizes functional capac-
ity, improves health-related quality of life (QOL), and may
reduce overall health care use.1,2

Literature reviews conducted in relation to both CR
and PR literature report that both fields of chronic dis-
ease rehabilitation are effective in reducing hospital
admissions and improving QOL in patients attending these
programs.3-5 Reviewers, however, also reported that the
quality of the primary randomized controlled trials (RCTs)
was variable, and limitations in their methodological
quality led to downgrading of some of the evidence. Sev-
eral potential sources of bias were noted, including
unconcealed randomization, unblinded study personnel,
incomplete outcome data, and loss to follow-up; also,
the literature revealed a need for the standardization of
methods and reporting.

Researchers believe that responsiveness of patient out-
come measures (POMs) is an important but often overlooked
area.This may influence the variability of evidence currently
available because some POMs may not be responsive to the
rehabilitation process and may not be suitable outcome
measures in this area of research. Generic instruments
are useful in measuring health outcomes against normative
data; however, they are often not able to pick up specific
outcomes for disease-associated programs. Disease-specific
instruments, although focused on the problem at hand, are
not able to measure outcomes across disease programs,
and individualized instruments, although they specifically
address the patient's own concerns, these instruments are
often difficult to administer. All of these factors contribute
toward determining the ideal POM to evaluate chronic dis-
ease rehabilitation programs.3-5

We used our previous systematic effectiveness review of
this literature as the basis of this statistical analysis.6 The
bulk of articles were observational studies, and the main
emphasis of the review was to provide an overview of the
performance of the POMs. This review also conducted a
quality assessment of the literature, which included RCTs,
comparative studies, observational studies, and retrospective
studies.7,8 The quality assessment tool used was adapted
from the graded Cochrane Collaboration's system,9 with an
emphasis on the assessment of responsiveness of POMs in
these articles.
Reviewers in this field of research suggest that there are
2 aspects of responsiveness: internal responsiveness and
external responsiveness. Internal responsiveness is the abil-
ity of a measure to change over a prespecified time frame,
and external responsiveness is the extent to which changes
in a measure over a specified time frame relate to corre-
sponding changes in a reference measure of health status.10

The aim of this present study was to conduct a secondary
analysis of this systematic review to statistically examine
the main POM, the Medical Outcomes Study Short Form-36
health survey (SF-36), for internal responsiveness.
Methods

Meta-analysis is a systematic approach to identifying, syn-
thesizing, and, if applicable, combining results of relevant
studies; however, this is usually done through assessing
RCTs. Observational data in some cases, however, may be
needed to assess the effectiveness of an intervention, and
the number of meta-analyses using observational studies has
increased substantially in recent years.11

The statistical package used for this analysis is Stata.a

The purpose of this meta-analysis was not to assess pooled
effect sizes of each study to determine effectiveness of
either CR or PR (this has been done many times), but rather
to gather pooled information on the responsiveness of the
main POMs in this setting. Measurement of responsiveness
for pre to post changes in POMs is for change in health status
per each interventional group of each study group.

Hypothesis. The measurement of QOL by POMs in CR and PR
is not responsive to change in health status pre- to post-
rehabilitation program.

In articles that use a pre to post study design, it is impor-
tant to determine if the POM used is responsive to the rehabil-
itation process, and in most cases, this is done by assessing
previous literature to determine if this is the case. Of the 83
articles assessed for the literature review, we found that only
47% checked POMs for responsiveness in previous studies.

The SF-36 was the most commonly used generic measure-
ment tool in both the CR and PR literature. In the PR literature,
the disease-specific Chronic Respiratory Questionnaire (CRQ)
was the most frequently used instrument.5 Using the results of
the previous literature review, this meta-analysis assessed
articles in both the CR and PR literature that used the SF-36
and pooled the statistical results; however, this study was lim-
ited by the number of common indices used to measure the
magnitude of change over time or responsiveness.
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A statistical assessment of the literature

To find an association between SF-36 pre and post, each indi-
vidual intervention group (“within”) mean scores in the CR
literature were used. Initially, we undertook a correlation
analysis to define the degree to which the 2 sets of variables
were related. These scores can be taken as similar to a
matched study.12 In the PR literature, we undertook a corre-
lation analysis between SF-36 and CRQ each interventional
group's change scores. Correlation is defined as the quantifi-
cation of the degree to which 2 variables are related, pro-
viding that the relationship is linear.12,13

We identified 83 studies based on the inclusion and exclu-
sion criteria. Of the articles published after 2000, 25
reported CR studies that used the SF-36; 16 reported PR
studies that used the CRQ; and 9 reported PR studies that
used the SF-36.

The SF-36 has 2 compound domains, a Physical Composite
Score (PCS) and a Mental Composite Score (MCS). These
composite scores are also made up of a number of separate
domains: physical function, role physical, bodily pain, gen-
eral health, vitality, social function, role emotional, and
mental health.3,7 Some studies used PCS and MCS composite
scores as well as individual domain scores; some studies,
such as RCTs, used 2 patient groups, whereas other studies,
such as quasi-experimental studies, had up to 4 different
patient groups. Each group of patients was taken to repre-
sent a single group so that studies such as the RCTs were
listed twice.

In the CR literature there were 13 studies that listed PCS
and MCS “within” pre and post mean scores, and 22 groups
altogether that provided these scores (table 1).

The determination of responsiveness of POMs in CR and
PR has not been conducted before in the literature. For the
Table 1 SF-36 composite domains for CR pre and post “within” ch

Study Year PCS Pre PCS Post MCS Pre MCS Po

Stauber 1 2013 39.5 40.4 52.1 54.1
Stauber 2 2013 44.0 48.9 47.4 50.8
Izawa 1 2010 46.3 48.8 48.1 50.1
Izawa 2 2010 44.0 45.2 51.1 53.4
McGrady 2009 37.9 47.3 47.3 50.1
Fast 1 2009 32.9 42.2 42.5 48.4
Fast 2 2009 33.6 43.3 45.1 51.2
Riaz 2009 42.3 49.9 54.8 54.9
Sanderson 1 2007 37.0 44.0 49.0 53.0
Sanderson 2 2007 33.0 40.0 49.0 54.0
Gunstad 1 2007 39.8 44.2 42.8 45.9
Gunstad 2 2007 38.3 43.1 41.9 45.5
Leal 2005 39.1 42.6 40.4 42.0
Auon 2004 39.3 44.8 40.2 47.3
Sin 2004 47.4 62.9 57.0 72.4
Focht 1 2004 41.9 42.7 51.5 52.8
Focht 2 2004 43.4 45.3 56.0 57.1
Focht 3 2004 36.6 40.5 54.9 55.7
Focht 4 2004 43.1 44.9 52.9 56.1
Marrin 2000 37.9 46.1 47.9 49.9
O'Farrell 1 2000 34.1 39.2 43.7 48.7
O'Farrell 2 2000 39.3 45.5 47.9 51.3
CR literature, we constructed POMs scatterplots (see figs 1-4
for PCS and MCS domains; see supplemental appendix S1
and supplemental figs S1-S16 for individual domains, avail-
able online only at http://www.archives-pmr.org/), but a
scatterplot can only illustrate the degree of correlation
between the 2 variables.13,14 Each scatterplot shows the var-
iables along with the author of each article and a line of best
fit. All scatterplots for the CR literature showed positive
slopes, so that as X (the independent variable) increased, Y
(the dependent variable) increased.

The overall precision of each domain in terms of respon-
siveness was determined by how closely the line of best fit
and the degree of scatter correlate; the greater the degree
of scatter around the line of best fit, the less responsive the
domain. For completeness, we also conducted Bland-Altman
plots to plot the differences among pre and post measure-
ments against premeasurement of each individual interven-
tional mean score.15 The Bland-Altman method is designed
as an absolute measure of agreement between 2 measuring
instruments that are on the same scale of measurement.16

A meta-regression was conducted on all 22 groups of data
for the PCS and MCS scales of the SF-36 to determine aver-
age responsiveness of each composite score (tables 2 and 3).
Calculation of standard deviations for pre to post change
scores and then standard errors for change scores was based
on pre and post SD.17 Meta-regression analysis was con-
ducted on individual domain scores of the SF-36, but this
only included 9 groups of data because some groups did not
list standard errors. The meta-regression allowed for calcu-
lation of an average change score, which is different from
the mean change score; a simple change score assumes the
data are from individuals and the only variance is error vari-
ance, whereas the meta-analysis assumes there is between
study variance as well as error variance.18
ange scores

st PCS Change MCS Change SD Change SE Change

0.9 2 10.1237 1.2188
4.9 3.4 9.2065 0.4037
2.5 2 5.663 0.364
1.2 2.3 6.2 0.4384
9.4 2.8 10.4843 0.8017
9.3 5.9 7.7078 1.1893
9.7 6.1 7.7485 1.1956
7.6 0.1 2.1791
7 4 10.5357 0.4918
7 5 10.5357 0.8408
4.4 3.1 6.8566 0.5213
4.8 3.6 7.0712 0.8392
3.5 1.6 6.9486 0.9827
5.5 7.1 23.0671 2.3301
15.5 15.4 2.8061
0.8 1.3 10.4183 1.8136
1.9 1.1 9.3475 1.478
3.9 0.8 9.1285 1.5007
1.8 3.2 8.9835 1.4769
8.2 2 11.2054 0.9983
5.2 4.9 11.425 1.3655
6.1 3.7 8.8504 0.4971
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Fig 1 SF-36 MCS pre and post.

Fig 2 SF-36 MCS Bland-Altman plot with line of best fit.
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There were 12 studies that listed individual domain inter-
ventional group pre and post mean scores and 19 groups of
data (table 4). To calculate average change scores for the
individual SF-36 domains, only the 9 articles used for the
meta-regression were able to be used (table 5; fig 5), dis-
playing the mean of the average change scores for the indi-
vidual domain scores of the SF-36 for CR. This allows an
estimation of how responsive each individual domain score
is in relation to each other.

The CRQ that is used in the PR literature has 20 items that
ask about the level of impairment in the domains of dys-
pnea, fatigue, emotional function, and mastery. Patients
express their degree of impairment from 1-7 on a 7-point
Likert-type scale.15,17 There were 8 studies (Puhan 2010,
Beauchamp 2010, Maltais 2008, Puhan 2007, Stulbarg 2002,
White 2002, Singh 2001, Troosters 2000) that provided infor-
mation for the CRQ scores and 10 groups of data sets; 5
studies (Puhan 2007, Reis 2005, California 2004, Stulbarg
2002, White 2002) provided scores for the SF-36 PCS and
MCS, with 9 groups of data (table 6). Spearman correlation
coefficients were calculated for the SF-36 and CRQ change
scores to assess how well the relationship between the 2 var-
iables can be described. The Spearman correlation increases
in magnitude as the X and Y variables become closer to
monotone functions of each other (table 7).
Results

Cardiac rehabilitation; SF-36 composite domain

Descriptive analysis of CR SF-36 composite domains
All scatterplots for the CR literature showed positive slopes
so that as X (the dependent variable) increased, Y (the



Fig 3 SF-36 PCS pre and post.

Fig 4 SF-36 PCS Bland-Altman plot with line of best fit.
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independent variable) increased with association. The
strength of association of the dots refers to the degree of
scatter of the plot; if the dots are scattered around a line,
the relationship is strong, and if widely spread, the relation-
ship between variables is weak. The mean and SD are listed
for each individual domain; they are followed by r, the cor-
relation coefficient with its P value and the percentage of
variance.13,18

1. The SF-36 MCS (see figs 1 and 2; table 3). The average
mean change score for the MCS is 2.5. The MCS compos-
ite domain showed MCS pre (47.61§5.40) and MCS post
(51.32§6.40) with r=0.95, P≤.001, and 90.63% of the
variance explained.
2. The SF-36 PCS (see figs 3 and 4; table 4). The average
mean change score for the PCS is 13.0. There was a posi-
tive correlation between the 2 variables PCS pre
(40.30§5.11) and PCS post (45.79§5.22) with r=0.69,
P≤.001, and 48.95% of the variance explained.

Both SF-36 composite scores have Sin (2004) as an out-
lier, which is a retrospective study. Removing this outlier
produced little change in the Bland-Altman plots for the
composite scores; however, there was some change in
the PCS pre−post scatterplot, which showed an increase
in space in the lower scores. These changes, however,
were not enough to change the overall outcome of these
domains.



Table 2 Meta-regression of SF-36 PCS composite domain pre and post “within” scores

Meta-regression
REML estimate of between-study variance
% residual variation due to heterogeneity
With Knapp-Hartung modification

No. of Observations 22
Tau 2 5.645
I-squared res 60.92%

PCS change Coefficient SE t P value>ItI 95% confidence
interval

cons 5.111457 .6829245 7.48 0.000 3.691238-6.531676
PCS average change score=13.0

NOTE. REML means, residual (restricted) maximum liklihood and is an improved algorithm for the estimation of the between-study vari-
ance r squared. “res” is the residual variation, “cons” is the constant variable.

Table 3 Meta-regression of SF-36 MCS composite domain pre and post “within” scores

Meta-regression
REML estimate of between-study variance
% residual variation due to heterogeneity
With Knapp-Hartung modification

No. of observations 22
Tau 2 1.677
I-squared res 62.15%

MCS change Coefficient SE t P value>ItI 95% confidence
interval

cons 2.644835 .4902175 5.40 0.000 1.625372 -3.664298
MCS average change score=2.5

NOTE. REML means, residual (restricted) maximum liklihood and is an improved algorithm for the estimation of the between-study vari-
ance r squared. “res” is the residual variation, “cons” is the constant variable.
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Analysis of SF-36 individual domains
Individual domains (n=19) showed a positive correlation
between pre and post variables for all domains. Listed for
each individual domain is the mean and SD; this is followed
by r, the correlation coefficient with its P value and the per-
centage of variance.13,18

1. The SF-36 Physical Function domain (see supplemental
appendix S1, supplemental figs S1 and S2, available
online only at http://www.archives-pmr.org/). The scat-
terplot for this domain shows most of the studies scoring
between 50-70. The Bland-Altman plot shows most
scores from 50-70, with Sagar 1 (2012) as an outlier.
Physical Function pre (48.68§16.43) and Physical Func-
tion post (64.84§13.83) with r=0.80, P≤.001, and
63.92% of the variance explained.

2. The SF-36 Role Physical domain, (see supplemental
appendix S1, supplemental figs S3 and S4, available
online only at http://www.archives-pmr.org/). The scat-
terplot and Bland-Altman plot show a widely scattered
field over a large range of SF-36 scores and differences.
Role Physical pre (32.88§17.32) and Role Physical post
(55.76§12.90) with r=0.49, P≤.005, and only 24.28% of
the variance explained.

3. The SF-36 Bodily Pain domain (see supplemental appen-
dix S1, supplemental figs S5 and S6, available online only
at http://www.archives-pmr.org/). The scatterplot and
Bland-Altman plot show most scores clustered between
50-70, and the differences are quite widely spread, with
Sagar 1 (2012) and Jamieson 2 (2002) as outliers. Bodily
Pain pre (54.62§14.25) and Bodily Pain post (67.01§
13.42) with r=0.88, P≤.001, and 78.69% of the variance
explained.
4. The SF-36 General Health domain (see supplemental
appendix S1, supplemental figs S7 and S8, available
online only at http://www.archives-pmr.org/). The scat-
terplot and Bland-Altman plot show a wide scatter of
studies in the lower SF-36 scores and more clustering of
studies from the SF-36 scores ≥55-65. General Health
pre (58.34§9.40) and General Health post (62.63§9.60)
with r=0.82, P≤.001, and 68.06% of the variance
explained.

5. The SF-36 Vitality domain (see supplemental appendix
S1, supplemental figs S9 and S10, available online only
at http://www.archives-pmr.org/). The scatterplot and
Bland-Altman plot show studies distributed around the
line of best fit. Vitality pre (47.88§9.05) and Vitality
post (58.21§7.44) with r=0.79, P≤.001, and 62.28% of
the variance explained.

6. The SF-36 Social Function domain (see supplemental
appendix S1, supplemental figs S11 and S12, available
online only at http://www.archives-pmr.org/). The scat-
terplot and Bland-Altman plot show that most of the
studies are clustered from 50-70, with Jamieson 2 (2002)
as an outlier. Social Function pre (56.23§18.25) and
Social Function post (71.62§16.96) with r=0.85, P≤.001,
and 73.17% of the variance explained.

7. The SF-36 Role Emotional domain (see supplemental
appendix S1, supplemental figs S13 and S14, available
online only at http://www.archives-pmr.org/). The scat-
terplot and Bland-Altman plot show most studies clus-
tered between 40-80 on the SF-36 range of scores, with
Sager 1 (2012) as an outlier. Role Emotional pre (48.65§
17.16) and Role Emotional post (68.45§13.98) with
r=0.52, P≤.001, and only 27.18% of the variance
explained.

http://www.archives-pmr.org/
http://www.archives-pmr.org/
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http://www.archives-pmr.org/
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Table 4 “Within”mean pre and post scores for individual domains

Study Year Physical
Fn Pre

Physical
Fn Post

Role
PhysicalPre

Role
Physical
Post

Bodily
Pain Pre

Bodily
Pain
Post

General
Health
Pre

General
Health
Post

Vitality
Pre

Vitality
Post

Social
Fn Pre

Social
Fn Post

Role
Emot
Pre

Role
Emot
Post

Mental
Health
Pre

Mental
Health
Post

Sagar 1 2012 27.7 64.8 18.3 68.3 44 69 44 57.7 43.3 59.7 37.5 57.5 21.5 75.2 48.8 66.9
Sagar 2 2012 47.7 65.5 36.7 73.3 62.5 80.8 66.7 75.3 61 70.7 56.7 78.3 46.6 76.1 62.4 75.5
McKee 2009 67.5 74.4 43.7 51.6 71.7 80.2 66.7 72.2 58.8 62.6 77.2 81.6 58.2 65.7 72.4 74.9
Fast 1 2009 31.3 42.5 28.3 38.4 35.6 45.5 47 48.2 38.2 45.8 34.5 44.6 37.4 43.9 42.8 48.9
Fast 2 2009 32.8 44.6 29.1 39.8 36.5 47.3 47.2 49 43.3 49.2 35.8 47.2 35.7 46.8 47.6 51.6
Riaz 2009 48.8 49.3 41.1 47.3 48.9 53.8 47 51.3 47 56.3 47 51.6 47 51.8 47 54.2
Mandel 1 2007 58.3 70.5 37.9 60 54.7 69.7 64.3 70.8 47 57 66.5 81.4 60.6 84.5 72.2 75.2
Mandel 2 2007 48.6 63.6 16.4 44.4 52.3 63.4 58.3 63.4 41.9 55.8 62.3 77.7 50 66.7 68.3 75.5
Aldana 1 2006 67.9 83.3 43.8 72.8 66.5 79.9 44.6 63.9 54.8 57 66.5 81.4 60.6 84.5 72.2 75.2
Aldana 2 2006 70.4 87.7 49.1 79.6 81.3 86.1 59.1 64.4 68.6 55.8 62.3 77.7 50 66.7 68.3 75.5
Auon 2004 62.2 74.5 30.9 52.7 56.6 68.8 49.9 61.2 43.5 67.5 65.5 82.9 54.8 73.6 69.5 78.8
Jamieson 1 2002 50.7 74.3 12.6 52.5 53.4 70.2 64.1 66.5 42 60 58.5 82.1 46.8 72.1 62.2 76.4
Jameison 2 2002 44.5 69.5 13 47.7 72.3 71 62.5 64.1 37 54.5 50.3 80.8 45.8 73.3 69.6 77.8
Marrin 2000 62.7 78.7 25.5 59.8 58.6 71.4 61.8 67.1 47.4 59.7 66.1 81.6 63 72.7 71.1 74
Sledge 2000 57 71.1 22.2 52.2 54.1 63.4 51.9 58.3 48.4 56.6 66.1 80.3 56.3 85.9 70.7 79.6
O'Farrell 1 2000 52.9 63 17.5 43.8 49.6 60.1 55.2 61.4 42.9 48.2 52.6 75.5 50.7 67.6 63.9 71.5
O'Farrell 2 2000 66.4 81.1 30.8 66.4 62.5 75.9 64.7 69.6 50.1 62.8 65 83.9 67.2 77.4 72.5 75.5

Abbreviations: Emot, emotional; Fn, function.
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Table 5 SF-36 individual mean change scores for CR

Domain Mean Change Score SD SE

Physical Function 19.8 66 5.33
Role Physical 23.12 17.3 5.76
Bodily Pain 12.38 7.32 2.44
General Health 4.32 4.47 1.49
Vitality 10.32 5.63 1.87
Social Function 15.38 8.78 2.92
Role Emotional 19.76 15.83 5.27
Mental Health 8.22 5.79 1.93

Fig 5 Mean of average change score of SF-36 individual domains for CR.
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8. SF-36 Mental Health domain (see supplemental appendix
S1, supplemental figs S15 and S16, available online only
at http://www.archives-pmr.org/). The scatterplot and
Bland-Altman plot show most studies clustered between
the 60−80, with Sagar 1 (2012) as an outlier. Mental
Health pre (61.00§11.72) and Mental Health post
(69.22§11.21) with r=0.89, P≤.001, and 79.85% of the
variance explained.12,16

A number of the scatterplots show that 2 of the stud-
ies have consistent outliers; these are Sagar 1 (2012),
which had a population of cardiac patients who came to
rehabilitation after coronary artery bypass grafting, and
Jamieson 2 (2002), which had a population of older
patients (aged 65-74y) in CR. Five of the SF-36 domain
scatterplots have either 1, or both, of these studies as
outliers; we decided to remove these studies and rerun
the scatterplots. Three out of the 5 scatterplots showed
some difference after removing these outliers: Physical
Function, Role Emotional, and Mental Health. However,
the change was not significant enough to warrant chang-
ing the outcome of these domains.
Pulmonary rehabilitation

SF-36 Composite “within” change scores and CRQ
“within” change scores

1. The SF-36 Physical Composite Score. The Spearman
rank correlation score of 0.3932 indicates a weak correla-
tion between the CRQ and the SF-36 PCS.
2. The SF-36 Mental Composite Score. The Spearman rank
correlation score of 0.6360 indicates a moderate correla-
tion between the CRQ and the SF-36 MCS.
Discussion

It is difficult to make a statistical assessment of
responsiveness for the SF-36 in the CR literature because
it is only possible to compare 1 domain against
another. To say that it is not responsive in this setting is
more difficult because correlation does not mean
agreement.13

Combined with the scatterplots and Bland-Altman
graphs, the MCS from this assessment is the most responsive

http://www.archives-pmr.org/


Table 6 Respiratory studies listing “within”mean change scores for CRQ and SF-36

Author Year CRQ “Within”Mean
Change Score

Author Year SF-36 PCS “Within”Mean
Change Score

SF-36 MCS “Within”Mean
Change Score

Nilesh 2013 10.2 Jones 2009 0.3 3.3
Dodd 2012 88.7 Lotshaw 2007 3.13 4.83
van Gestel 1 2010 0.64 Verrill 2005 .77 0.25
van Gestel 2 2010 0.48 Reis 1 2005 1.4 1.9
Beauchamp 2010 1.4 Reis 2 2005 1.3 2.2
Jones 2009 0.79 California 2004 2.7 3.9
White 1 2002 8.0 Stuhlbarg 1 2002 1.7 2.2
White 2 2002 4.6 Stuhlbarg 2 2002 1.3 3.2
Singh 2001 14.5 Stuhlbarg 3 2002 4.5 2.8
Troosters 2000 7.0

Table 7 SF-36 composite “within” change scores and CRQ
“within” change scores

SF-36 Composite Domain Spearman Correlation Coefficient

PCS 0.3932
MCS 0.6360

Measuring change in health status of the SF-36 9
of the composite SF-36 domains with r=0.95 and P≤.001; the
PCS in comparison shows less ability to discriminate in the
higher SF-36 scores.

All the individual domains of the SF-36 in the CR litera-
ture were assessed and graded using scatterplots, Bland-Alt-
man plots, and mean change scores from optimum
responsiveness to the least responsive. General Health
(r=0.82, P≤.001), Mental Health (r=0.89, P≤.001), and Vital-
ity (r=0.78, P≤.001) were the most responsive. They were
followed by Bodily Pain (r=0.88, P≤.001) and then Social
Function (r=0.85, P≤.001). The final 3 are Physical Function
(r=0.79, P≤.001), Role Emotional (r=0.52, P≤.001), and Role
Physical (r=0.49, P≤.005).

To assess responsiveness in the PR literature is even more
difficult. A study in 2014 retrospectively reviewed 41 patients
with asthma and chronic obstructive pulmonary disease and an
average age of 69 years. At the end of the rehabilitation period
there was a small change in the SF-36 MCS score but not the
PCS score.19 Yet another retrospective study in 2000 of 22
patients with chronic obstructive pulmonary disease found a
significant change in all domains of the SF-36 except for Pain
and Role Physical; the scores for MCS and PCS in particular
were highly statistically significant.20 The disparity between
these 2 studies with similar patient populations indicates only
one of the difficulties involved in this area of research.

In this meta-analysis, Spearman rank correlation coeffi-
cient appeared to show that SF-36 PCS (0.39) had a weaker
correlation to the CRQ than the SF-36 MCS (0.63). What this
shows is that the SF-36 PCS is measuring something different
than the CRQ. The CRQ was developed for PR as a disease-
specific instrument and is designed to determine how dys-
pnea affects patients in everyday life.17

The SF-36 is an excellent survey instrument with good valid-
ity and reliability, and it allows for comparison of normative
data across populations. However, it does not perform as well
in a clinical setting because it is a lengthy questionnaire and
has a low response rate in the >65 age group.21 There are also
difficulties with any POM when dealing with patients who have
poor literacy; these patients may need help filling out lengthy
forms such as the SF-36, resulting in possible interference with
the patient's choices.22 The SF-12 was created with this in
mind but has not been as well tested as the SF-36. In a clinical
setting with measurements taken before and after clinical
intervention, the SF-36 does not perform well, evidenced by
the results from this meta-analysis and previous literature
review.6

The development of a new instrument is more complex
than was initially believed because there are a number of
issues particular to this clinical setting. To be relevant in the
rehabilitation setting, a new instrument needs to be rela-
tively simple, record more than a yes/no answer, reflect
what actually changes for the patient, reflect patient lan-
guage for ease of use and understanding, and, most impor-
tantly, take “response shift” into account.23

“Response shift” can be divided into recalibration, repri-
oritization, and reconceptualization. It is the last reconcep-
tualization that is most important in this setting.24 That is,
patients’ values change from the start of a rehabilitation
program to the end of the program.23 A questionnaire that
reflects this problem has yet to be developed and tested in
this setting.

Another problem that has not been well researched is that
there has been an assumption that pre- to postrehabilitation
follows a simple model of change implied by a simple pre-test
to post-test approach. This may not necessarily be true; indi-
vidual change is a continuous process, whether it is physical,
emotional, or intellectual, and is also likely nonlinear.25
Study limitations

The usual tests of heterogeneity analysis, sensitivity analy-
sis, and publication bias were not conducted in this review
because the meta-analysis was not done on a per study basis
but rather on a per study group basis. To conduct these tests
would require further analysis on a per study basis, and
there have been many meta-analyses conducted on the effi-
cacy of both PR and CR.

One aspect of this analysis that was mentioned in the sys-
tematic review is the inconsistency in the reporting of results;
which limited our ability to include studies. The main issue
with this analysis is that it was essentially performed on a
comparison basis and was limited by the statistical analysis
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that can be conducted for each article. Further reviews in this
area would help as more studies are published.
Conclusions

The SF-36 has been used in surveys and studies for many years.
It is well validated and shows consistent validity and reliabil-
ity. However, is it an appropriate instrument for CR and PR,
and is it responsive in this setting? Some of the domains of the
SF-36 are not responsive to CR, and the PCS of the SF-36
appears not to be as responsive to PR, particularly in the area
of more severe disease. There are also other aspects of this
questionnaire that do not strictly suit this chronic disease
rehabilitation setting. It is a lengthy questionnaire and does
not lend itself to repeated use. However, to fully rule it out in
this area, further research needs to be conducted.
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