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■ Abstract Rating scales are in-
creasingly the primary outcome
measures in clinical trials. How-
ever, clinically meaningful inter-
pretation of such outcomes re-
quires that the scales used satisfy
basic requirements (scaling as-
sumptions) within the data. These
are rarely tested. The SF-36 is the
most widely used patient-reported
rating scale. Its scaling assump-
tions have been challenged in neu-
rological disorders but remain
untested in Parkinson’s disease
(PD). We therefore tested these by
analyzing SF-36 data from 202 PD
patients (54 % men; mean age 70)
to determine if it was legitimate to
report scores for the eight SF-36
scales and its two summary mea-
sures of physical and mental

health, and if those scores were re-
liable and valid. Results supported
generation of the eight SF-36 scale
scores and their reliabilities were
generally good (≥ 0.74 in all but
one instance). However, we found
limitations that question the mean-
ingfulness of four scales and other
limitations that restrict the ability
of four scales to detect change in
clinical trials (floor/ceiling effects,
19.6–46.2 %). The two SF-36 sum-
mary measures were not found to
be valid indicators of physical and
mental health. This study demon-
strates important limitations of the
SF-36 and provides the first evi-
dence-based guidelines for its use
in PD. The limitations of the SF-36
demonstrated here may explain
some unexpected findings in previ-
ous studies. However, the main im-
plication is a general one for the
clinical research community re-
garding requirements for reporting
rating scale endpoints. Specifically,
investigators should routinely pro-
vide scale evaluations based on
data from within major clinical
trials.

■ Key words clinical trials ·
outcome research · quality of life ·
Parkinson’s disease
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Introduction

Neurological clinical trials have traditionally measured
outcomes using clinician reported rating scales. How-
ever, patients’ and clinicians’ perceptions of the impact
of disease and therapy may differ, and be equally valid
[16].Accordingly, there is a growing emphasis on the im-
portance of patient-reported outcome measures, partic-
ularly in chronic conditions such as neurological disor-
ders [5, 16, 39].

Valid interpretation of rating scale data requires that
certain criteria are met.For example,combining item re-
sponses into a total score assumes that this is a legiti-
mate process [27]. This becomes particularly relevant
when rating scales developed for one population are
used in new patient groups, and is compounded by the
fact that rating scale performance is sample dependent
[27,33].As such,scales may not work as assumed and in-
tended in specific populations.

The Medical Outcomes Study 36-item Short-Form
Health Survey (SF-36) [37] is the most widely used
generic (non-disease specific) patient-reported out-
come measure. It is the main rating scale used for com-
parison of outcomes across diseases and populations,
and is recommended for use in health policy evalua-
tions, general population surveys, clinical research and
practice [25, 37]. However, the validity of some SF-36
scores has been challenged in several neurological con-
ditions [1, 4, 6, 17, 18, 21], whereas it has been supported
in people with,e.g.,osteo- and rheumatoid arthritis [22].
This underscores the need for documented supportive
evidence of rating scale characteristics to enable valid
inferences and claims regarding outcomes from clinical
trials [12, 33].

In Parkinson’s disease (PD), the SF-36 has been used
in clinical trials, in studies comparing PD with the gen-
eral population, and as a reference tool for new scales. It
is also the recommended generic patient-reported out-
come measure in neurosurgical PD trials [8]. Despite its
important role, information on the performance of the
SF-36 in PD is incomplete [7, 31]. In particular, no study
has examined the basic requirements (scaling assump-
tions) for generating SF-36 scores.Such evaluations con-
cern whether scores are valid representations of the
variables they set out to measure and are essential for
appropriate use of scales [12, 33].

Here we illustrate the fundamental importance of the
basic, but rarely tested, assumptions that underpin the
use of rating scale scores by examining the SF-36 in PD.
Results provide evidence-based guidelines for using the
SF-36 in clinical PD research. More importantly, the
findings have general implications regarding reporting
of any rating scale derived outcomes.

Methods

■ Patients and data collection

Data were collected by a postal survey.A total of 451 people with neu-
rologist diagnosed PD seen at a South Swedish university hospital
during one year were considered for inclusion. Of these, seven had
passed away. People in terminal care (n = 23) were excluded together
with people participating in other recent or ongoing questionnaire
studies (n = 164). The latter group was excluded in order to avoid un-
necessary respondent burden and compromised data quality result-
ing from questionnaire fatigue. The remaining 257 people were sent a
questionnaire booklet containing the SF-36 [34, 37], Nottingham
Health Profile [20], 39-item PD Questionnaire [30], a life satisfaction
questionnaire [13], demographic-, PD- and survey related questions.
Two weeks later (Time 2) patients received a second copy of the ques-
tionnaire including a question asking if their health had changed
since Time 1. Reminders were sent out one week after each mailing.
The study was performed in accordance with the ethical standards
laid down in the Declaration of Helsinki and was approved by the lo-
cal research ethics committee.

■ The SF-36

This generic rating scale has 36 items intended to reflect aspects of
health from the perspective of the patient [37]. The SF-36 assumes
that 35 of its items can be grouped into eight scales (Table 1). It is fur-
ther assumed that the eight scales can be combined to form two sum-
mary measures of physical and mental health (the physical and men-
tal component summary scores, PCS and MCS) [36, 38]. These
summary measures have been suggested to have advantages over the
eight scales for clinical trials by reducing the risk of chance findings
and improving the potential to detect clinically significant change
[36].

■ Analyses

Detailed descriptions of the analyses are provided elsewhere [1,17,18,
27, 35]. Briefly, for each of the eight SF-36 scales we first examined the
percent missing data (data quality) as this indicates whether a scale is
acceptable to a sample. Then we assessed the legitimacy of adding up
items to generate scale scores without items being given different
weights by examining item means and standard deviations (should be
similar within each scale) and item-total correlations (should be
> 0.3) [23, 27, 35]. If that process was supported, we then examined
whether the grouping of items into eight scales (as suggested by
Table 1) was empirically supported. That is, we examined whether the
corrected item-total correlations exceed 0.4 and if, for each item,these
correlations were significantly stronger than the item’s correlation
with any of the other scales (referred to as scaling success) [27, 35].
The amount of floor and ceiling effects (i.e., the proportion of people
obtaining minimum and maximum scores, respectively) for each
scale, and the reliability (internal consistency and test-retest reliabil-
ity) were also examined. Floor/ceiling effects should not exceed 15 %
[26] and scale reliabilities should be ≥ 0.7 and preferably ≥ 0.8 for
group comparison studies [29]. Item-level reliability is considered ac-
ceptable when > 0.5 [9]. Finally, we examined if the eight scales mea-
sured different aspects of health by comparing the scale-to-scale cor-
relations with each scale’s internal consistency. Scales are considered
measuring distinct constructs when their internal consistencies are
larger than their inter-correlations [35].

For the two SF-36 summary measures (PCS and MCS), we deter-
mined whether they satisfied the criteria required for them to be com-
puted using the published algorithm [36, 38].A fundamental require-
ment for this algorithm to produce valid and interpretable PCS and
MCS scores is that exploratory factor analysis (a data reduction tech-
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nique) of the eight SF-36 scale scores results in two components [36].
Specifically, four SF-36 scales (PF, RP, BP, GH) should form one com-
ponent (PCS), and the remaining four scales (MH, RE, SF,VT) should
form the other (MCS) [36]. These two components should explain at
least 75 % of the reliable variance in the eight SF-36 scales [36, 38].

In addition, we used confirmatory factor analysis to assess how
well observed data fitted the hypothesized scales-to-summary mea-
sure structure. This technique is generally recommended over ex-
ploratory factor analysis when there is an a priori hypothesis regard-
ing dimensionality, since it allows for testing whether empirical data
fit an assumed structure [11]. In the case of the SF-36 summary mea-
sures, the a priori hypothesis is that the eight scales relate to two un-
derlying constructs representing physical and mental health as out-
lined above (Table 1) [36, 38].

Analyses were performed using SPSS 12 (SPSS Inc., Chicago, IL)
and AMOS 5 (SmallWaters Corp., Chicago, IL) for Windows.

Results

Patient characteristics and response rates are summa-
rized in Table 2. The 202 patients included in the main
analyses represented all five Hoehn & Yahr stages [19];
about 68 % experienced motor fluctuations and 49 % ex-
perienced dyskinesias. All but seven patients received
levodopa with or without adjunct drugs, 18 had under-
gone neurosurgical interventions for their PD, three
were on anti-PD drugs other than levodopa, and four
were not yet on any medical therapy.

Items Scales Summary measures

No. Content (abridged)

3a Vigorous activities Physical functioning (PF) Physical health (PCS)
3b Moderate activities
3c Lifting or carrying groceries
3d Climbing several flights of stairs
3e Climbing one flight of stairs
3f Bending, kneeling, stooping
3g Walking more than a mile
3h Walking several blocks
3i Walking one block
3j Bathing or dressing
4a Cut down time spent on work Role-physical (RP)
4b Accomplished less than would like
4c Limited in the kind of work
4d Difficulty performing the work
7 Pain – magnitude Bodily pain (BP)
8 Pain – interference with work
1 Overall rating of general health General health (GH)b

11a Get sick easier than others
11b As healthy as anyone I know
11c Expect health to get worse
11d My health is excellent

9a Feel full of pep Vitality (VT)b Mental health (MCS)
9e Have a lot of energy
9g Feel worn out
9i Feel tired
6 Extent of social limitations Social functioning (SF)b

10 Time of social limitations
5a Cut down time spent on work Role-emotional (RE)
5b Accomplished less than would like
5c Didn’t do work as carefully as usual
9b Been a nervous person Mental health (MH)
9c Felt down in the dumps
9d Felt calm and peaceful
9f Felt downhearted and blue
9h Been a happy person
2 Health now compared to a year ago –c –c

a As described by Ware et al. [36, 38].
b Scales considered to correlate with both summary measures, but strongest with that indicated in the table.
c Item 2 is not used in the scoring of SF-36 scales or summary measures.

Table 1 Measurement model of the SF-36a
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■ The eight SF-36 scales

The SF-36 appeared acceptable, as data quality was high
with a mean of 3 % missing item responses (range,
0.5–5.9 %; data available on request) and scale scores
could be computed (i.e., < 50 % missing item responses
per scale) for 96.5 % (GH and RE) to 98.5 % (BP) of the
sample.For all eight scales, there was general support for
the legitimacy of generating scale scores by summing
items without standardization or weighting. Roughly
similar item mean scores and standard deviations
within most scales (Table 3) indicate that they contribute
about equally to their total scores and, therefore, that
their variances do not need to be standardized before
summation. Furthermore, all corrected item-to-own
scale correlations were ≥ 0.4 (Table 3), which supports
summation without applying item weights and indicates
that the items in each scale measure a common con-
struct [35].

We found evidence to challenge whether the pro-
posed eight scales (Table 1) represent the best grouping
of items.Although scaling successes (i.e., items correlat-
ing significantly stronger with their hypothesized own
scale than with other scales) were 100 % for two scales
(BP and RE) and nearly complete for another two (PF
and RP), they were notably compromised (< 80 %) [32]
for three scales (GH, VT and SF; Table 3). Scaling failure
was detected in the SF (stronger item correlation with
VT and MH than with SF) and MH (stronger item cor-

relation with VT) scales. Because our sample size may
have underestimated scaling success rates, and thus
been overly harsh on the SF-36, we recomputed the scal-
ing success rates with the sample size reset to 300 rather
than the actual sample size [35]. This change in sample
size decreases the standard error around the observed
correlations and thus makes it easier for the item to
score a scaling success. These analyses did not affect the
overall findings (data available on request).

The distribution of scores for all eight SF-36 scales
spanned the entire range (0–100). However, four scales
(RP, RE, BP and SF) had notable (> 15 %) [26] floor or
ceiling effects (Table 3).

Reliability was generally good (Table 3). Test-retest
reliabilities of five items (numbers 4a,4b,5a,5b,and 11b)
did not meet the 0.5 item-level criterion [9]. Fifteen out
of 16 scale reliability coefficients exceeded the recom-
mended minimum of 0.70, and 12 exceeded the pre-
ferred value of 0.80 [29]. However, the reliabilities of the
VT and MH scales fell within the 95 % confidence inter-
val of the correlation between them (Table 4), suggesting
some measurement overlap [35].

■ The two SF-36 summary measures

Factor analysis did not result in the eight scales group-
ing into two components. Instead, all scales grouped to-
gether as a single component, implying that they repre-

Time 1 Time 2a

Respondents (response rate) 209 (81)b 173 (67)b

Questionnaires self completedc 202 (97)b 168 (97)b

Unchanged self-reported healthd – 137 (79)b

Gender (men/women) 108 (53.5)/94 (46.5)b 74 (54)/63 (46)b

Age (years) 69.8 (10.0)e 70 (8.6)e

PD duration (years) 8.7 (6.6)e 8.7 (6.4)e

“Off”-phase Hoehn & Yahr stage of PDg III (II-IV)f III (II-IV)f

Subjective disease severityh 2 (2–2)f 2 (1–2)f

Motor fluctuationsi 137 (67.8)b 89 (65)b

Dyskinesiasi 99 (49)b 66 (48.2)b

Retired 143 (70.8)b 96 (70.1)b

Married or cohabitant 144 (71.2)b 101 (73.7)b

Living in own home 179 (88.6)b 120 (87.6)b

a Two weeks after time 1.
b n (%).
c Patients reporting that they had answered the questionnaires themselves. Those indicating that they had not
answered the survey themselves were excluded.
d Self-reported change in health status since time 1 according to a 5-grade scale (much better – better – un-
changed – worse – much worse).
e Mean (standard deviation).
f Median (q1–q3).
g From clinic visits within about 9 months of the postal survey. Higher values indicate more severe PD (range, I–V;
I = mild unilateral disease, V = Confined to bed or wheelchair unless aided) [19].
h Self-reported as mild (= 1), moderate (= 2), or severe (= 3).
i Self-reported as present or absent.
PD Parkinson’s disease

Table 2 Patient characteristics
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sent a single health dimension (Table 5). When data
were re-factor analyzed specifying that the scales be
forced into two components (i.e., a two-dimensional so-
lution), the magnitude and pattern of scale-to-compo-
nent correlations were notably different (Fig. 1A) from
those observed in general populations (Fig. 1B, C). This
suggests that in PD the PCS and MCS do not represent

meaningful summary measures of physical and mental
health.

Assessment of the fit of the observed data to the hy-
pothesized scales-to-summary measures relationships
(Table 1) using confirmatory factor analysis showed
poor fit (Fig. 2). This further argues against the hypoth-
esized measurement model in PD.

Discussion

The aim of this study was to illustrate the importance of
comprehensive scale evaluation and to provide prelimi-
nary guidelines for using the SF-36 in PD. However, the
results have general implications for any study using rat-
ing scales by calling for quality standards when report-
ing rating scale data from clinical trials.

Recommendations for selecting patient-reported
outcome measures in clinical PD trials have been arbi-
trary rather than evidence based [8], and their use in
clinical research is rarely accompanied by evidence of
their measurement validity.With these facts in mind, we
comprehensively tested the basic assumptions under-
pinning the scoring of the eight SF-36 scales and its two
summary measures in PD. These tests are advocated by
the developers of the SF-36 and considered pivotal for
valid use of the questionnaire [27, 32, 35, 36, 38]. Results
showed good data quality, general support for summa-

Table 3 Descriptive and psychometric statistics for SF-36 scalesa

SF-36 scale Scale mean Ranges of item Floor/ceiling Scale reliabilityd Item test-retest Item-total Scaling successi/
(no. of items/ (SD) scoresb mean (SD) scores effect (%)c reliabilityg correlationh failurej (%)
response Internal Test-retestf

categories) consistencye

PF (10/3) 51.75 (29.79) 1.39–2.49 (0.63–0.82) 5.1/5.6 0.94 0.87 0.58–0.80 0.58–0.82 95.7/0
RP (4/2) 35.02 (39.98) 1.27–1.51 (0.45–0.50) 46.2/20.8 0.87 0.74 0.43–0.71 0.64–0.77 92.9/0
BP (2/5–6) 58.69 (27.45) 3.83–4.04 (1.41–1.44) 2.0/19.6 0.92 0.86 0.80–0.84 0.85–0.85 100/0
GH (5/5) 47.25 (21.34) 2.47–4.14 (1.07–1.29) 10/10 0.79 0.81 0.45–0.65 0.40–0.71 51.4/0
VT (4/6) 51.03 (24.76) 2.96–4.62 (1.45–1.60) 0.5/1.5 0.84 0.84 0.58–0.71 0.56–0.73 75/0
SF (2/5) 70.96 (26.23) 2.0–3.67 (1.09–1.23) 0.5/30.8 0.78 0.82 0.71–0.73 0.64–0.64 64.3/14.3
RE (3/2) 50.43 (44.95) 1.42–1.55 (0.50–0.50) 38.5/39.5 0.88 0.62 0.49–0.56 0.75–0.80 100/0
MH (5/6) 68.01 (20.74) 3.48–5.14 (1.17–1.52) 0.5/6.6 0.82 0.84 0.53–0.71 0.57–0.67 82.9/2.9

a All data but test-retest reliability are from time 1.
b Possible score range, 0–100 (100 = better health).
c Percentage scoring 0 (floor) and 100 (ceiling). Should not exceed 15 % [26].
d Should be ≥ 0.7 and preferably ≥ 0.8 for group comparison studies [29].
e Cronbach’s coefficient alpha.
f One-way random intra-class correlation from scores of patients completing both administrations (2 weeks interval) and reporting unchanged health status at time 2
(n = 137).
g Range of quadratic weighted Kappa values for item scores from patients completing both administrations (2 weeks interval) and reporting unchanged health status at
time 2 (n = 137). Should be > 0.5 [9].
h Range of item-to-own scale correlations corrected for overlap (i.e., the correlation between each item and the total score computed from the remaining items in that scale).
Should be ≥ 0.4 to imply measurement of a common underlying construct, and ≥ 0.3 to allow unweighted summation [27, 35].
i Percentage of occasions when item-to-own scale correlations (corrected for overlap) exceed item-to-other scale correlations by > 2 standard errors (2 x 1/��n ), i.e., the ap-
proximate limit of the 95 % CI [27, 35] should be at least 80 % [32].
j Percentage of occasions when items correlated stronger with other subscales than with their hypothesized subscale.
PF physical functioning; RP role physical; BP bodily pain; GH general health; VT vitality; SF social functioning; RE role emotional; MH mental health

Table 4 Inter-correlations among SF-36 scalesa

SF-36 SF-36 Scale
Scale

PF RP BP GH VT SF RE MH

PF (0.94)b

RP 0.55 (0.87)
BP 0.37 0.38 (0.92)
GH 0.48 0.55 0.48 (0.79)
VT 0.61 0.62 0.54 0.64 (0.84)
SF 0.52 0.56 0.46 0.54 0.62 (0.78)
RE 0.46 0.67 0.37 0.46 0.49 0.44 (0.88)
MH 0.43 0.46 0.46 0.57 0.73* 0.59 0.44 (0.82)

a Inter-correlations among scales should be substantially less than their respective
alpha coefficients to support measurement of distinct constructs [35].
b Internal consistency reliability (coefficient alpha) in parentheses.
* Internal consistency reliabilities within 2 standard errors (±0.14) of the correlation
between the VT and MH scales.
PF physical functioning; RP role physical; BP bodily pain; GH general health; VT vi-
tality; SF social functioning; RE role emotional; MH mental health
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tion of items without standardization or weighting,
good reliability for the majority of the SF-36 scales,com-
promised scaling success for three scales, and notable
floor or ceiling effects in four scales. Importantly, results

did not support using the SF-36 PCS and MCS summary
measures.

Our observations do not preclude use of the SF-36 in
PD. However, they demonstrate some important limita-
tions of the scale in this population that raise important
questions about the use of the SF-36 as an outcome mea-
sure in PD. Until other studies prove otherwise, they also
provide the following guidelines to assist clinicians in
choosing SF-36 derived outcomes and to facilitate valid
inferences based on the SF-36 in clinical PD research.
First, while the process of generating SF-36 scale scores
appears legitimate, clinicians should be aware that
scores of half of the scales (GH, VT, SF, MH) should be
interpreted cautiously as analyses of scaling success
rates and scale-to-scale correlations relative to internal
consistencies suggest that there is some ambiguity re-
garding their meaning. Clinical interpretation of these
scores is therefore obstructed as it is uncertain what they
represent. Second, the RP, BP, SF, and RE scales are not
likely to be good choices as outcome measures in clini-
cal trials since large floor and ceiling effects most prob-
ably will underestimate actual changes and differences
between patients [1]. Large floor/ceiling effects indicate
that the levels of functioning among those with mini-
mum/maximum scores are not reflected by the available
scale scores. Consequently, changes or differences out-
side the range covered by the scale will be undetected,
the amount of change or difference required for the scale
to respond is unknown, and only changes or differences
in one direction can be detected.

For the SF-36 summary measures, our factor analytic
results indicate that the PCS and MCS cannot be mean-
ingfully interpreted as summary measures of physical
and mental health in PD. This conclusion is based on the
fact that the scoring algorithm for the summary mea-
sures assumes that the pattern of scale-to-component

Table 5 Factor analysis of SF-36 scalesa

Eigenvalue Two component criterionc

SF-36 scale > 1 criterionb

PCSd MCSd h2/rtt
e

PF 0.72 0.71 0.34 0.66
RP 0.80 0.82 0.34 0.91
BP 0.67 0.17 0.74 0.64
GH 0.77 0.34 0.73 0.82
VT 0.87 0.45 0.76 0.92
SF 0.79 0.46 0.65 0.81
RE 0.72 0.81 0.24 0.82
MH 0.78 0.29 0.79 0.86
Eigenvalue 4.72 4.72 0.76
Variance 58.96 58.95 9.47
Total variancef 68.43

a Principal component analysis with orthogonal (varimax) rotation of extracted fac-
tors (Kaiser-Meyer-Olkin measure of sampling adequacy: 0.89; Bartlett’s test of
sphericity: χ2, 775.35, P < 0.0001).
b Eigenvalue > 1 as criterion for factor extraction.
c Two components were pre-specified for extraction.
d The PCS should correlate strongly (> 0.70) with the PF, RP and BP scales, and
weakly (< 0.30) with the MH, RE and SF scales, and vice versa for the mental MCS
measure. The GH, VT and SF scales should correlate moderately with both PCS and
MCS, with GH correlating higher with the PCS, and VT and SF correlating higher
with the MCS [36, 38].
e Total reliable variance in each SF-36 scale explained by the two principal compo-
nents (h2 = sum of squared factor loadings for each scale, rtt = coefficient alpha for
each scale).
f Percent of total reliable variance in all SF-36 scales explained by the extracted fac-
tors.
PF physical functioning; RP role physical; BP bodily pain; GH general health; VT vi-
tality; SF social functioning; RE role emotional; MH mental health; PCS physical com-
ponent summary measure; MCS mental component summary measure

Fig. 1 SF-36 scale-to-component correlations derived from exploratory principle component factor analyses with orthogonal (varimax) rotation in (A) PD (n = 202; this
study), (B) Swedish general population (n = 8930) [34], and (C) the United States general population (n = 2474) [36]. For the PD sample (A), two components were pre-
specified for extraction. Open squares indicate scales expected to correlate most strongly with the PCS and filled circles indicate scales expected to correlate most strongly
with the MCS (PD Parkinson’s disease; MCS Mental Component Summary; PCS Physical Component Summary; PF physical functioning; RP role physical; BP bodily pain; GH
general health; VT vitality; SF social functioning; RE role emotional; MH mental health)
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correlations is consistent with the expected one [36]. If
not, the algorithm produces scores that do not represent
what they are believed to represent. Moreover, it is not
known what they measure. Therefore, until other stud-
ies prove otherwise, results from this study suggest that
the PCS and MCS should be avoided in PD. Instead, the
PF and MH scales are recommended if SF-36 derived in-
dices of physical and mental health are desired. PF ful-
fils all assessed criteria and ambiguities regarding the
MH scale relate to an overlap with VT, which does not
compromise its validity relative to PF. These guidelines
are based on the currently best available evidence; we
encourage others to examine their data to support their

findings and to further clarify the role of the SF-36 in
PD.

The contributions made by the SF-36 to understand
illness and therapy from the patients’ perspective
should not be underestimated. However, we believe that
when scales are used to make judgements about the ef-
fectiveness of therapy for chronically ill people there
can be no compromise in scientific rigour. Problems
with measurement validity cannot be compensated for
by trial design and may explain some unexpected re-
sults in previous neurological trials. For example, in a
double-blind clinical PD trial of adjunct entacapone,
Fénelon et al. [10] found non-significant improvements
and deteriorations in PCS and MCS scores, respectively.
However, post-hoc analyses revealed significant im-
provements in the MCS-associated MH scale only. Fur-
thermore, while the only study examining the measure-
ment properties of the SF-36 in amyotrophic lateral
sclerosis failed to support the validity of its physical and
mental component summary scores [21], the PCS and
MCS have been used to assess the effectiveness of, for
example, non-invasive ventilation in this disorder [2].
Results showed improvements among people with
good, but not among those with poor bulbar function.
In contrast, other patient-reported scales showed sig-
nificant (or nearly significant) improvements in both
groups [2].

The most important implication of this study is a
general one regarding the use of rating scales in clinical
research. It goes without saying that any rating scale
used in clinical trials, whether patient or clinician re-
ported, should have documented reliability and validity
[24]. However, in light of emerging recommendations
from leading regulatory bodies [12], the results reported
here and elsewhere call for the clinical research commu-
nity to step up standards and begin taking score relia-
bility and validity into account when reporting and in-
terpreting study results, rather than presuming that
rating scale assumptions are met in particular study
samples [14, 15]. We therefore propose that any rating
scale endpoints used in major clinical trials routinely
should be evaluated using analyses such as those re-
ported here. These analyses should be undertaken in the
data generated by the reported study. Preferably, this in-
formation should be made available, e.g., as appendices
or supplementary online data. Such practice would al-
low for transparent and valid interpretation of study re-
sults and facilitate accumulation of evidence for more
firmly based future evidence-based guidelines regard-
ing rating scale use. It is now time to complement the
CONSORT guidelines [28] with formal guidance regard-
ing using and reporting rating scale derived outcome
measures in major clinical trials.

■ Acknowledgements The authors wish to thank the patients for
their cooperation and Jan Reimer for assistance with data collection.

Fig. 2 Hypothesized relationships between SF-36 scales and summary measures
assessed for fit with data from patients with Parkinson’s disease (n = 202) by
means of confirmatory factor analysis. Arrows indicate hypothesized primary rela-
tionships, and dashed arrows indicate hypothesized substantial secondary rela-
tionships [36]. Coefficients above each arrow are estimated standardized regres-
sion weights. Squares and circles represent observed and latent variables,
respectively. The box summarizes model fit and accompanying criteria for accept-
able fit [3] (PF physical functioning; RP role physical; BP bodily pain; GH general
health; VT vitality; SF social functioning; RE role emotional; MH mental health; PCS
Physical Component Summary; MCS Mental Component Summary; e error term; res
residual covariance; GFI goodness-of-fit index; AGFI adjusted goodness-of-fit index;
CFI comparative fit index; RMSEA root mean square error of approximation; CI con-
fidence interval)
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