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Abstract. The 12-item Short-Form Health Survey (SF-12) is an abbreviated version of the SF-36, one of the most widely used
patient-reported health outcome rating scales. Similar to the SF-36, it yields summary scores of physical and mental health (PCS
and MCS, respectively). However, SF-36 derived PCS and MCS scores have not been found valid in neurological disorders
such as Parkinson’s disease (PD). Here we used modern psychometric methodology (Rasch analysis) to test the SF-12 in PD,
and explored the appropriateness of a total SF-12 score representing overall health. SF-12 data from 150 non-demented people
with PD (56% men; mean age/PD-duration, 70/5 years) were analyzed regarding Rasch model fit for the PCS, MCS, as well
as for the full SF-12. Data showed some signs of misfit to the Rasch model for all three scales (overall item-trait interaction,
P > 0.003; reliability, > 0.85). For example, all scales exhibited signs of dependency between item responses, and the PCS
measured with relatively low precision. Model fit (but not measurement precision) was improved following deletion of one
PCS and one MCS item (overall item-trait interaction, P > 0.387; reliability, > 0.82). These observations suggest that the SF-
12 can be used as a coarse health survey tool in PD and that a total SF-12 may be useful as a measure of overall health.
However, its appropriateness as an outcome measure can be questioned and it is somewhat unclear exactly what the derived
scores represent. As such, the SF-12 should probably be considered an assessment tool (or index) rather than a measurement
instrument.
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INTRODUCTION

The 36-item Short-Form Health Survey (SF-36) [1]
is one of the most widely used generic (non-disease
specific) patient-reported health outcome rating scales
in general as well as in clinical Parkinson’s disease
(PD) studies [2]. The SF-36 consists of eight scales that
are assumed to represent domains of physical and men-
tal health. Based on factor analytic studies on American
SF-36 data, it is further assumed that the eight domains
can be combined to form two summary measures of
physical and mental health (the physical and mental
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component summary scores, PCS-36 and MCS-36)
[3]. These summary measures have been suggested to
have advantages over the eight scales by reducing the
risk of chance findings and improving the potential
to detect clinically significant change [4]. However,
studies have challenged the usefulness of the PCS-36
and MCS-36 in several neurological conditions [5-11],
including Parkinson’s disease (PD) [2, 10, 12]. Specif-
ically, SF-36 domains suggested to represent mental
health have been found to have more in common with
the PCS-36 than the MCS-36, and vice verse. Fur-
thermore, exploratory [2] and confirmatory [12] factor
analyses have suggested that the eight scales conform
better to a unidimensional measurement model than to
the suggested two-dimensional physical/mental health
model.
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The 12-item Short-Form Health Survey (SF-12) was
developed as an abbreviated alternative to the SF-36
for use in surveys and other situations with constraints
on questionnaire length or where more detailed health
assessments are not required [13]. The objective of the
SF-12 was to reproduce SF-36 derived PCS-36 and
MCS-36 scores. This was accomplished by means of
regression analyses that identified and weighted the
12 items (representing all eight SF-36 scales) that
best reproduced the PCS-36 and MCS-36 [13]. In the
original SF-12 scoring algorithm, each item score is
weighted by a factor derived from regressing response
category scores of each of the SF-12 items on PCS-36
and MCS-36 scores in a general United States sam-
ple [13], and each item contributes to both scores in
an orthogonal (uncorrelated) manner [13, 14]. The
resulting SF-12 has been found to explain around 90%
of the variance in PCS-36 and MCS-36 scores [13,
15-19]. However, similarly to the SF-36, investiga-
tors have questioned the proposed grouping of items
into the PCS-12 and MCS-12 as well as the validity
of its orthogonal scoring algorithm, which assumes
that physical and mental health are uncorrelated [10,
18-22]. While alternative scoring procedures that do
not assume that physical and mental health are uncor-
related have been suggested [20, 22], we are unaware
of any assessments of the psychometric performance
of the SF-12 if treated as two independent unweighted
total scores.

Whereas the SF-36 and SF-12 were developed
within the classical test theory framework, mod-
ern test theory (particularly the Rasch model) is
increasingly considered advantageous in scale devel-
opment and evaluation [23-27]. Advantages of this
approach compared to correlation-based classical test
theory approaches include that when responses to a
set of items conform to Rasch model expectations,
unweighted total scores allow for the construction of
interval level measures. If data do not conform to
the Rasch model, the analysis provides opportunity
to diagnose and understand the problem(s), thereby
providing empirically based exploration of remedies
such as adjustment of response categories, deletion
and regrouping of items. However, no study appears
to have used modern psychometric methods such as
Rasch analysis to assess the measurement properties
of the SF-12 in people with PD.

Here we use Rasch analysis to test the measure-
ment properties of the SF-12 as a measure of physical
and mental health among people with PD. In addition,
we explore the appropriateness of a single total score
measuring overall health.

Table 1
Sample characteristics (n=150)

82 (56.2)/64 (43.8)*
70.4 (71.9; 49-85)°
106 (72.6)*
5.0 (4.9; 0.5-25)°
I (I-IL; I-IV)®

Gender (men/women)
Age (years)

Married or cohabitant
Disease duration (years)
Hoehn & Yahr staged

4p (%); "Mean (standard deviation; min-max); “Median (ql—q3;
min-max); dAs assessed for the “on” phase. Range, I-V (/=mild
unilateral disease; V= Confined to bed or wheelchair unless aided)
[28].

MATERIALS AND METHODS

Patients

Data were taken from a survey conducted at a PD
outpatient clinic at a south Swedish central hospital
serving a population of about 170 000 people. The
clinic provides multidisciplinary PD care to people
representing all stages of the disease according to
Hoehn & Yahr [28]. Survey inclusion criteria were
people with idiopathic PD without significant cogni-
tive impairment, as assessed according to the Short
Test of Mental Status [29]. The study was approved
by the local research ethics committee. From an ini-
tial sample of 181 eligible people, 159 (88% response
rate) consented to participate and 150 (83%) provided
useable SF-12 data (Table 1).

The 12-item short form health survey (SF-12)

The SF-12 [13] is an abbreviated version of the
SF-36 [1], consisting of 12 items representing the eight
health domains covered by the SF-36 [13]. However,
due to its brevity (one or two items from each SF-36
domain) it does not produce a profile of the eight SF-36
domains. Instead, it was developed to reproduce the
two physical and mental component summary scores
(PCS-12 and MCS-12, respectively), assumed to be
represented by six items (with two to six response
categories) each (Table 2).

Analysis

The PCS-12 and MCS-12 were analyzed individu-
ally as two separate six-item physical and mental health
scales, respectively. In addition, the appropriateness of
a total score representing overall health was examined.

Analyses were conducted according to the Rasch
measurement model [24, 25, 30-32]. This model
defines, mathematically, what is required from item
responses in order to express linear measures.
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The 12-item short form health survey (SF-12)

Scales Items

No. Contents (abridged)

Response categories

PCS-12 1 General health
2 Moderate activities
3 Climb several flights of stairs
4 Accomplished less (physical)
5 Limited in kind of work
8 Pain - interference

MCS-12 6 Accomplished less (emotional)

7 Did work less careful
9 Calm and peaceful

10 Energy

11 Downhearted and blue

12 Social limitations - time

Excellent/Very good/Good/Fair/Poor

Limited a lot/Limited a little/Not limited at
all

Limited a lot/Limited a little/Not limited at
all

Yes/No

Yes/No

Not at all/A little bit/Moderately/Quite a
bit/Extremely

Yes/No

Yes/No

All of the time/Most of the time/A good bit
of the time/Some of the time/A little of the
time/None of the time

All of the time/Most of the time/A good bit
of the time/Some of the time/A little of the
time/None of the time

All of the time/Most of the time/A good bit
of the time/Some of the time/A little of the
time/None of the time

All of the time/Most of the time/Some of the
time/A little of the time/None of the time

According to the Rasch model, the probability of a
certain item response is a logistic function of the
difference between the level of the measured con-
struct represented by the item and that possessed
by the person. The model separately locates persons
and items on a common logit (log-odd units) met-
ric, which measures at the interval level and ranges
from minus infinity to plus infinity (with mean item
location set at zero). The extent to which success-
ful measurement has been achieved is determined by
examining the fit between observed data and model
requirements. The Rasch model requires that items
in a scale reflect a single variable (unidimensional-
ity) and that item responses are independent of each
other (local independece). These requirements were
tested for the PCS-12 and MCS-12 individually, as
well as for a total SF-12 health score. Overall model fit
was assessed by examining the mean item and person
residual values (i.e., the differences between observed
and model expected responses), which should be close
to 0 with a standard deviation (SD) close to 1, and
the chi-square based item-trait interaction statistic,
which should be non-significant. Fit of individual items
was analyzed by chi-squared and ANOVA based F-
statistics (which should be non-significant [30, 31]) of
the residuals across three subgroups (class intervals,
CIs) of people defined by their levels of health accord-
ing to their scores on the respective SF-12 scales.

Reliability was estimated by the person separation
index (PSI), which is analogous to coefficient alpha
[33] and should be >0.7 for a scales to be able to
distinctly differentiate at least two strata of people
[34].

Differential item functioning (DIF) is an additional
aspect of fit to the Rasch model and an important facet
of valid measurement [25, 30, 31, 35]. DIF occurs
when items have different meanings and statistical
properties across sample subsets, either in a uniform
(responses differ uniformly regardless of people’s loca-
tion on the variable) or non-uniform (differences in
responses vary across the variable) manner [31, 35].
Analyses of uniform and non-uniform DIF were con-
ducted by testing the hypothesis of no DIF using 2-way
ANOVA of the differences in item response func-
tions between genders and age groups (as defined by
the median, <71.5 vs. >71.5 years old) across three
CIs.

We then examined whether response categories
work as intended, i.e., whether they reflect an increas-
ing amount of the measured variable. If thresholds
between adjacent response categories (i.e., the points
where there are 50/50 probabilities of scoring, e.g., 1
or 2 and 2 or 3) are disordered, these categories do not
work as intended. This indicates problems such as too
many or overlapping response categories, or may be
due to multidimensionality [24, 25, 31].
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To assess how well the SF-12 scales accord with the
levels of health experienced by the sample the rela-
tionships between the locations of persons and items,
as determined by Rasch analyses, were examined. If
scales are well targeted to the sample, the mean sam-
ple location should approximate the mean item location
(i.e., zero). A difference of about 0.5 logits (or more)
is typically considered meaningful [36, 37]. Targeting
is also an important aspect of model fit; when target-
ing is poor the ability to assess fit is compromised [25,
30, 31]. Similarly, when reliability is low and persons
are poorly separated by the scale, the ability to detect
misfit lessens [25, 30, 31].

Examination of the relative locations of people and
item response category thresholds on the common
latent variable also provides a means of assessing the
extent to which a scale is successful in mapping out a
continuum that represents relevant levels of the mea-
sured variable [25, 38]. The person-to-item threshold
distributions were therefore examined to determine
whether (a) item response thresholds were evenly
spread along approximately the same range of the vari-
able as the persons; (b) there were any notable gaps
(> about 0.5 logits [36, 37]) among the distributions
of item response thresholds (indicating compromised
measurement ability and larger measurement error);
and (c) if item response thresholds tended to cluster
together at approximately the same levels on the vari-
able continuum (indicating measurement redundancy).

While assessment of fit to the Rasch model addresses
unidimensionality and local independence, residual
based fit statistics can be somewhat insensitive in
detecting multidimensionality [39, 40]. Smith [39]
therefore proposed conducting a principal component
analysis (PCA) of the residuals to identify potential
subdimensions in the scale, followed by a series of
independent #-tests to assess whether subsets of items
yield different person measures. If violation of unidi-
mensionality is trivial, the number of person locations
that differ between two item sets is small. Person loca-
tion estimates were thus derived from two subsets of
items of the respective SF-12 scales that loaded posi-
tively and negatively on the first principal component
of residuals. The overall proportion of persons with sig-
nificantly different measures from the two item subsets
(or the lower bound of the associated binomial 95% CT)
should be <5% to support unidimensionality [39, 41].

Finally, for each scale we explored causes of iden-
tified problems and potentials for improvements [31].
First, in case of disordering, response category thresh-
olds were reduced by combining adjacent categories.
Second, in case of DIF, this was adjusted for by splitting

items into two new items, one for each subgroup
involved in the observed DIF [31, 35]. Third, to accom-
modate items displaying signs of response dependence
(violation of local independence) we examined the
correlations between item residuals, which should be
close to 0 under local independence [25]. Items with
high residual correlations were then combined into a
“subtest” item, which treats the combined items as
one item in the analysis (for example, a subtest cre-
ated from two dichotomous items would be analyzed
as a 3-category polytomous item); this accommodates
the response dependence [25]. Response dependence
artificially inflates reliability and if reliability notably
decreases following the creation of subtests, this sig-
nals local dependence and provides a more accurate
reliability estimate [25]. Finally, if these remedies did
not improve a scale, the effect of removing misfitting
items was explored [24, 35].

Analyses were performed using SPSS 14 (SPSS Inc.,
Chicago, IL) and RUMM?2020 (Rumm Laboratory Pty
Ltd., Perth). P-values are two-tailed and considered
significant when <0.05 following Bonferroni adjust-
ment.

RESULTS

Individual SF-12 physical and mental health
scales

The PCS-12 showed overall misfit to the Rasch
model (Table 3). At the item level, items 4 and 5 showed
signs of misfit (Table 4; Fig. 1A, B). Reliability was
0.85 (Table 3). There were no significant DIF between
genders or age groups and the response options were
working as expected without any threshold disorder-
ing. Targeting showed a mean person measure of
—0.88 logits, indicating that the sample experienced
worse physical health than that conceptualized by the
scale. The scale also displayed several gaps along the
measured construct (Fig. 2A). The first principal com-
ponent identified by PCA of residuals explained 30.2%
of the variance, and independent f-tests showed that
4.8% (n="T;95% CI, 1.3% to 8.4%) of the person mea-
sures derived from the three most positively loading
items were significantly different from those derived
from the three most negatively loading items (Table 3).
This suggests that the two item subsets tap a common
variable and therefore supports unidimensionality.

The MCS-12 showed overall fit to the Rasch model
(Table 3). However, item 6 showed signs of misfit
(Table 4; Fig. 1C). Reliability was 0.85 (Table 3). There
were no significant DIF either by gender or age and
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Table 3
Overall Rasch model fit statistics, reliability, targeting and unidimensionality of SF-12 derived scores of physical (PCS-12), mental (MCS-12)
and overall health (SF-12/SF-10) *

Original scales

Revised scales

PCS-12 MCS-12 SF-12 PCS-121 MCS-12 SF-10%

Overall Rasch model fit:
Items

Fit residual, mean® —0.34 —0.06 0.05 —0.19 0.12 0.20

Fit residual, SD¢ 1.43 1.01 1.18 1.15 1.11 0.64
Persons

Fit residual, mean® —0.40 -0.29 —0.25 —0.38 —0.28 —0.23

Fit residual, SD¢ 0.83 0.97 1.12 0.85 0.93 1.08
Total item-trait interaction

Total item chi-square (df) 29.57 (12) 16.32 (12) 38.56 (24) 10.63 (10) 9.75 (10) 19.08 (20)

P-value 0.003! 0.177 0.0304™ 0.387 0.462 0.516
Reliability

Person separation index? 0.85 0.85 0.89 0.82 0.82 0.87
Targeting:

Person location, mean (SD)® —0.88 (2.20) 0.44 (1.47) —0.14 (1.44) 0.78 (2.05) 0.55 (1.37) —0.05 (1.37)
Unidimensionality®

PC1 eigenvalue (% explained 1.81 (30.2) 1.59 (26.6) 2.67 (22.2) 1.80 (36.0) 1.58 (31.6) 2.39 (23.9)

variance)®

% significantly different person 4.8 (1.3, 8.4) 49(1.3,85) 11.3(7.8,14.8) 4.8(1.3,84) 2.8 (—0.8,6.4) 8.0 (4.5-11.5)

locations (95% CI)

2As analysed with the sample divided into three class intervals according to person locations on the measured variable. Data are rounded to
two decimals (P-values to three decimals, percentages to one decimal); bShould be close to 0 [31]; Should be close to 1 [31]; dAnalogous to
Cronbach’s alpha [33]; *Relative to the mean item logit location (i.e., zero); fAccording to the independent #-test protocol [39, 41]; For the first
principal component (PC1), as derived from principal component analyses of residuals; "Comparison of person location measures derived from
items with positive and negative loadings on the first principal component in principal component analyses of residuals [41]; {Item 5 omitted;
iTtem 6 omitted and item 11 rescored (from 012345 to 011234); XItems 5 and 6 omitted and item 11 rescored (from 012345 to 011234); 'P=0.019
following Bonferroni correction; ™ P =0.364 following Bonferroni correction.

response category thresholds were ordered. Targeting
was better than for the PCS-12 with a mean person
measure of 0.44 logits, and some gaps along the mea-
sured construct were evident but less prominent than
for the PCS (Fig. 2B). The first principal component
identified by PCA of residuals explained 26.6% of the
variance, and independent t-tests showed that 4.9%
(n=7; 95% CI, 1.3% to 8.5%) of the person mea-
sures derived from three positively loading items were
significantly different from those derived from three
items with negative loadings (Table 3). This supports
unidimensionality.

Next, we explored potentials for scale improve-
ments. There were two misfitting items in PCS-12
(items 4 and 5). Because these items showed signs of
local dependency (negative fit residuals and a residual
correlation of 0.476), they were combined into a sin-
gle subtest item. This improved overall model fit (item
mean [SD] fitresidual, —0.16[1.16]; XZ, 13.25[df, 10];
P=0.210) and reliability decreased to 0.82, support-

ing the presence of response dependency. However,
the combined subtest item showed misfit (fit residual,
—-1.1; XZ, 5.5; F-ratio, 8.48; P=0.0003). We therefore
explored the scale further by considering item deletion.
Since item 4 was better fitting than item 5 (Table 4;
Fig. 1A, B), item 5 was removed. This improved over-
all model fit (Table 3) and did not introduce any DIF
or threshold disordering. Furthermore, the fit of item 4
improved (fit residual, —0.81; XZ, 4.93; F-ratio, 4.91;
P =0.043) and no other misfit was introduced. Target-
ing improved slightly and unidimensionality remained
supported (Table 3).

There was one misfitting item in MCS-12 (item 6).
Because the nature of the item statistics suggested
response dependency, residual correlations were exam-
ined but were all low. We therefore explored the effects
of removing item 6 from the scale. Deleting item 6 from
the MCS improved overall model fit somewhat (item
mean [SD] fit residual, 0.15 [1.02]; Xz, 8.54 [df, 10];
P =0.576; reliability, 0.82) and did not introduce any
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Rasch item and fit statistics®

No. Item® Item statistics® Fit statistics
Contents (abridged) Location SE Residual?  Chi square® F ratiof-¢
PCS-12
1 General health 1.086  0.159 1.960 5.139 2.264
4 Accomplished less (physical) 0.853  0.241 —0.961 5.681 6.595
5 Limited in kind of work 0.250 0.223 —2.020 14.835 24.312
8 Pain - interference 0.117 0.117 0.164 0.995 0.370
2 Moderate activities —0.044 0.178 —1.402 2.572 2.508
3 Climb several flights of stairs —-0.925 0.170 0.201 0.346 0.137
MCS-12
6 Accomplished less (emotional) 0.838 0.200 —1.569 12.041 11.066
10 Energy 0.707  0.094 0.338 0.214 0.071
7 Did work less careful 0.046  0.195 1.420 0.400 0.111
9 Calm and peaceful —0.158  0.092 —0.443 2.281 1.566
11 Downhearted and blue —0.685 0.093 —0.410 1.158 0.565
12 Social limitations - time —0.747  0.105 0.335 0.227 0.094
SF-12
1 General health 1.516  0.142 0.357 2.841 1.310
4 Accomplished less (physical) 1.302  0.223 —0.860 3.837 2.470
5 Limited in kind of work 0.794  0.205 —1.971 5.767 5.174
2 Moderate activities 0476  0.156 —0.043 0.297 0.272
6 Accomplished less (emotional) 0.222 0.194 —2.112 11.913 10.500
10 Energy 0.113  0.094 0.160 1.509 0.785
3 Climb several flights of stairs —0.195  0.147 1.070 1.069 0.259
8 Pain - interference —-0412  0.101 0.448 2.395 1.158
7 Did work less careful —0.503 0.192 0.752 3.340 1.550
9 Calm and peaceful —0.734  0.092 1.231 2.503 1.239
11 Downhearted and blue —1.214  0.093 1.622 1.960 0.790
12 Social limitations - time —1.364  0.107 —0.049 1.127 0.565

#Performed with the sample divided into three class intervals according to person locations on the measured
variable; PListed in location order, from better to poorer health; “Expressed in linear log-odds units (logits), with
mean item location set at 0 for each scale; 9Log residuals summarise the deviation of observed from expected
responses. Deviation from the recommended [31] range of —2.5 to +2.5, indicating item misfit, are bold; ®Chi
square values summarise the deviation of observed from expected responses across the three class intervals
of the sample; Bonferroni corrected statistically significant deviations across class intervals, indicating item
misfit, are bold; £One-way ANOVAs of deviations from model expectation across the three class intervals of

people; SE =standard error.

item misfit or DIF but response category thresholds for
item 11 showed some disordering (Fig. 3A). Item 11
was then rescored (from 012345 to 011234; Fig. 3B).
This did not yield any unequivocal further change in
overall model fit (Table 3), and did not introduce any
DIF or threshold disordering. Targeting was virtually
unchanged and unidimensionality remained supported
(Table 3).

Fit of the total SF-12 as a measure of overall
health

When treating all 12 items as an overall measure
of health the SF-12 showed overall fit to the Rasch
model (Table 3), no DIF, but signs of misfit for item 6
(Table 4). Reliability was 0.89 (Table 3). Item 11 also
displayed disordered thresholds (same pattern as in

Fig. 3A). Targeting was good (Table 3) with few gaps
along the measured construct, apart for the upper end
of the scale where those in best health were mea-
sured with relatively low precision (Fig. 2C). The first
principal component identified by PCA of residuals
explained 22.2% of the variance. Interestingly, this
analysis showed that all PCS-12 items loaded pos-
itively on the first principal component, whereas all
MCS-12 items had a negative loading (Table 5). Inde-
pendent t-test comparisons of the person measures
from these two item sets showed that 11.3% (95% CI,
7.8% to 14.8%) of the people had significantly different
measures depending on whether they were measured
with PCS-12 or MCS-12 items.

To explore potentials for improvement of the scale,
item 11 was rescored (from 012345 to 011234) and the
scale was reanalyzed. This improved overall model fit



P. Hagell and A. Westergren / Measurement Properties of the SF-12 in PD 191

Expected Value

"6 5 4 -3 2 44 0 1 2 3 4 5 6
Person Location (logits)

i0005
1.0+

Expected Value
o
(4]
1

0.0

6 5 -4 -3 2 44 0 1 2 3 4 5 6
Person Location (logits)

Expected Value
o
o
1

0.0
- -1 0 1 2 3 4 5 6

Person Location (logits)

Fig. 1. Item characteristic curves (ICCs) of SF-12 items. ICCs (grey
curves) represent the expected item responses (y-axis) at various
levels of the measured construct (x-axis). Black dots represent the
observed responses in the sample as divided into three class intervals
according to their locations on the measured construct, indicated by
the marks on the x-axis. A. item 4 (“accomplished less due to physical
health”) of the PCS-12; B. item 5 (“limited in kind of work™) of the
PCS-12; C. item 6 (“accomplished less due to emotional health”)
of the MCS-12. All three panels illustrate instances of over dis-
crimination as the empirical observations are steeper than expected.
This suggests that items may be redundant and do not contribute
unique information in addition to that already provided by other
item(s). SF-12, The 12-item Short-Form Health Survey; PCS, Physi-
cal Component Summary scale; MCS, Mental Component Summary
scale.

somewhat (item mean [SD] fit residual, 0.03 [1.16];
x%, 34.54 [df, 24]; P=0.075; reliability, 0.89) and did
not introduce any DIF, whereas item 6 still displayed
misfit (fit residual, —2.06; x2, 10.11; F-ratio, 8.98;
P=0.0024). Examination of residual correlations for
this item displayed signs of response dependency with
item 7 (correlation, 0.32). These items were therefore
combined into a subtest, which improved overall model

fit (item mean [SD] fit residual, 0.14 [0.96]; x2, 23.95
[df, 22]; P=0.350) and reliability decreased to 0.88.
However, there were still signs of multidimensionality
as t-test comparisons of the person measures from the
two item sets showed that 10.3% (95% CI, 7.2% to
17.8%) of the people had significantly different mea-
sures depending on the item subset used. We therefore
explored the scale further by considering item deletion.

Removal of item 6 from the scale improved overall
model fit slightly (item mean [SD] fit residual, 0.11
[0.98]; x2, 31.28 [df, 22]; P=0.091; reliability, 0.88),
did not introduce any DIF, but caused item 5 to dis-
play misfit (fit residual, —2.0; Xz, 6.90; F-ratio, 6.48;
P =0.022). Following removal also of item 5, overall fit
improved (Table 3) with no DIF or item misfit. Target-
ing was somewhat improved compared to the original
SF-12 (Table 3) but, as expected, there were more gaps
along the measured construct (Fig. 2D). Unidimen-
sionality was now statistically supported according to
the independent #-test comparisons of person measures
from items with positive (items 1-4 and 8) and nega-
tive (items 7 and 9-12) loadings on the first principal
component (Table 3).

DISCUSSION

This is the first study to use Rasch analysis to assess
the measurement properties of the SF-12 among peo-
ple with PD. Our data provide some evidence that raw
SF-12 item scores can be used to assess aspects of
physical, mental and overall health in PD. However,
we also identified aspects of the instrument that could
be improved, and it is still somewhat unclear exactly
what the derived measures represent.

There are several findings in this study that sup-
port the measurement properties of the SF-12. Item
misfit was relatively benign for both the PCS-12 and
the MCS-12, and reliability was acceptable. Items also
appear to work the same way among men and women
and older and younger people with PD, which provides
the foundation for fair comparisons between these
groups of people. We did, however, find indications
that the six response categories for item 11 were not
working as assumed. Specifically, respondents appear
to experience problems distinguishing between feel-
ing downhearted and blue “a little of the time” and
“some of the time”. As indicated by experiences from
other health outcome scales [25, 35] and by our find-
ings from treating these two response categories as
one, reducing the number of response alternatives may
render their distinction clearer and result in improved
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Fig. 2. Distribution of the locations of people (upper panels), SF-12 items and response category thresholds (first and second lower panels,
respectively) on the common logit metric (x-axis; positive values = better health). A, PCS-12; B, MCS-12; C, SF-12 total score; D, SF-12 total
score following deletion of items 5 and 6. SF-12, The 12-item Short-Form Health Survey; PCS, Physical Component Summary scale; MCS,

Mental Component Summary scale.

measurement. However, the disordering was relatively
minor and other items using the same response scale
did not display disordered thresholds. Further studies
in larger samples are therefore needed before any firm
conclusions can be drawn.

We found evidence in support for the unidimen-
sionality of the PCS-12 and MCS-12. Neither item
fit statistics nor the PCA based independent #-test
protocol indicated any obvious signs of multidimen-
sionality. This is encouraging since unidimensionality
is arequirement for valid summation of item scores into
total scores and violation thereof renders the meaning
of total scores ambiguous [39]. We did, however, find
evidence for some local dependency, primarily involv-
ing items 5 and 6. Although this type of violation to the
measurement model may be thought of as less prob-
lematic than multidimensionality, research has shown
that response dependence can influence person mea-
sures derived from a scale and mask differences when
measuring change [42, 43]. While replication studies
are needed, our observations suggest that this should
be taken into account and that the questionnaire poten-

tially may benefit from removing items 5 and 6, at
least when used among people with PD. It is recog-
nized that this observation may not translate into other
populations and it might be considered impractical to
have different versions of a scale for different groups
of people. However, as long as it can be shown that
items represent the same variable it is, in principal not
a problem to use different items in different situations
[44]. It must also be emphasized that any data manip-
ulation (e.g., collapsing categories or deleting items)
are exploratory post hoc exercises and it is unknown
how the questionnaire actually had worked with fewer
items or if an item had fewer response categories or
less items. The main interpretation should therefore be
limited to results from the original questionnaire.

In accordance with observations on the relationships
among the eight SF-36 scales in PD [2] and the scoring
of the RAND version of SF-36 [45], we also explored
whether the SF-12 could be used to derive a single mea-
sure of overall health. The results were very similar to
those from the analyses of the PCS-12 and MCS-12 in
that it generally behaved well, but item 11 displayed
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Fig. 3. Response category probability curves for item 11 (“down-
hearted and blue”) of the MCS-12. Location on the measured
constructis indicated on the x-axis (with threshold locations centered
at zero; positive values = better health) and the y-axis represents the
probability of affirming response categories 0 (“all of the time”), 1
(“most of the time”), 2 (“a good bit of the time”), 3 (“some of the
time”), 4 (“alittle of the time”), and 5 (“none of the time”). Category
probability curves show the probability of observing each category
relative to the location on the measured construct (x-axis). A. orig-
inal response categories displayed disordered thresholds between
categories 0-to-1 and 1-to-2. B. following rescoring (from 012345)
by collapsing categories 1 and 2 (011234), category thresholds were
ordered as expected.

Table 5
Principal component analysis of residuals of the SF-122

No. Item? PCI loadings

Contents (abridged)

9 Calm and peaceful 0.697
11 Downhearted and blue 0.642
7 Did work less careful 0.141
12 Social limitations - time 0.119
10 Energy 0.096
6 Accomplished less (emotional) 0.050
1 General health —0.096
8 Pain - interference —0.375
4 Accomplished less (physical) —0.536
3 Climbing several flights of stairs —0.616
5 Limited in kind of work —0.660
2 Moderate activities —0.687

4Performed with the sample divided into three class intervals accord-
ing to person locations on the measured variable; ® Ordered from the
largest positive to the largest negative loading; PC1, the first principal
component.

some response category disordering and items 5 and
6 displayed signs of local dependency. However, the
independent #-test protocol suggested multidimension-
ality, which disappeared following removal of items 5

and 6. It is interesting to note that PCS-12 and MCS-
12 items loaded at opposite ends on the first principal
component (this pattern was preserved in the PCA
after removal of items 5 and 6; data not shown). This
supports the view that PCS-12 and MCS-12 items rep-
resent different aspects of a common variable.

In all analyses, there was support that items and
response category thresholds mapped out a contin-
uum along the latent variable, ranging approximately
10 (PCS-12), 5 (MCS-12) and 9 (SF-12 total score)
logits. However, there were typically gaps along these
ranges, particularly for the PCS-12. This means that
measurement precision is relatively low and measure-
ment errors are relatively large. As a consequence, the
scale will have less ability to accurately locate people,
distinguishing between subgroups and detect changes
in health status along intervals of the continuum not
represented by response category thresholds [25, 46].
The extent to which this is a problem will depend on
the study objectives at hand; if used as a survey tool in
order to get a rough idea about peoples’ health it may
be acceptable, whereas it may not be if the goal is to
detect smaller but clinically important differences or
changes in a clinical trial.

A final aspect to consider is that of the internal
structure of the scales. That is, are items located in
a clinically reasonable hierarchy from less to more of
the target variable, and what variable do they repre-
sent? As PD is a chronically progressive disorder, it
may be reasonable to consider the SF-12 item locations
as progressive hierarchies from positive (better health)
to negative locations. To ease interpretation, items in
Table 4 are listed in this fashion. Thus, according to
the PCS-12, physical health impairment in PD would
first manifest as compromised general health percep-
tion, then inability to accomplish as much as desired
due to physical health problems, limitations in the
kind of work/activities performed, pain that interferes
with normal work, limitations in moderate activities
and, finally experiencing problems climbing stairs. In
general, this pattern appears clinically reasonable. For
example, it is not uncommon that people with PD who
experience walking difficulties still find it relatively
easy to climb stairs [47]. Similarly, the hierarchical
item structure of the MCS-12 appears generally rea-
sonable. Recent studies have, for example, suggested
that fatigue (lack of energy) is an early, frequent and
distressing feature of PD [48]. Finally, when analyzed
as a single SF-12 total score the hierarchical ordering
of items suggest that mental health aspects generally
appear to be associated with worse health status relative
to physical health aspects.
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When items fit the Rasch model the differences in
locations (not the actual locations, which always are
relative to the arbitrary zero-point on the logit scale)
are expected to be invariant. Examination of the item
locations in Table 4 also reveals that, with only one
exception (item 8) the relative item hierarchies within
the PCS-12 and MCS-12 are preserved when all 12
items are analyzed as a total SF-12 score. The differ-
ences in locations between successive item pairs in
the PCS-12 and MCS-12 hierarchies were also pre-
served (within allowable error ranges) when all 12
items were analyzed as a total SF-12 score, except for
differences involving items 5, 6 and 8. This adds to
the concerns regarding the appropriateness of items
5 and 6.

A more intricate question for consideration is
what variable(s) the SF-12 represents; that is, what
variable(s) manifest it-/themselves with the health
problems expressed by the 12 items? Arguable,
whereas the MCS-12 items appear to be reason-
able manifestations of emotional/affective problems,
it appears more difficult to appreciate a single defin-
able latent variable that manifests itself in terms of
activity limitations, mobility problems, pain and gen-
eral health perception. Such concerns do not diminish
when considering all 12 items together. One interpre-
tation is that the SF-12 primarily is to be regarded an
assessment tool (or index) rather than an instrument for
measurement. That is, in contrast to what is assumed
according to classic and modern psychometric the-
ory, item responses are not manifestations of (caused
by) varying levels in the latent variable they repre-
sent but the other way around [49-52]. This cannot be
determined through Rasch analysis or other common
psychometric methods [50, 51].

Although the sample here is within the general
limits of what is required for stable item estimates
[53], a limitation of the present study is the relatively
small sample size. The importance of sample size in
Rasch analysis relates to targeting and sample size
requirements increase as targeting deteriorates [53].
It should therefore be noticed that (with one exception
in three analyses) all item thresholds in all analyses
were covered by the sample (Fig. 2). This increases the
confidence in the estimated item parameters. However,
additional studies in larger samples are required for
firmer conclusions. Furthermore, the PCA/t-test pro-
tocol for testing unidimensionality is sensitive to the
number of thresholds in the scale and should therefore
be interpreted with some caution, particularly for the
PCS-12 and MCS-12.

CONCLUSIONS

This is the first study to evaluate the measurement
properties of the SF-12 using Rasch analysis. Our
observations suggest that the SF-12 can be useful as
a coarse health survey tool in PD and that a total SF-12
score may be useful as a measure of overall health.
However, evidence suggests that some of its items
may compromise the scale in this population and it
is somewhat unclear what variable(s) the SF-12 repre-
sents. As such, it is likely to primarily be useful as
an assessment tool or index rather than a measure-
ment instrument. Further studies in larger samples are
warranted to investigate these issues in more detail.
Based on the results presented here, it can be concluded
that the SF-12 may be useful as an assessment/index
tool in PD and, as such, it appears more suited for
audit situations than for clinical trials. However, it still
remains to be determined whether SF-12 data from
people with PD are comparable to those from people
with other disorders. Before such evidence have been
produced, caution is advised in any such use of the
questionnaire.
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