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ABSTRACT

Objectives: The objective of this study was twofold: 1) to confirm the
hypothetical eight scales and two-component summaries of the question-
naire Short Form 36 Health Survey (SF-36), and 2) to evaluate the per-
formance of two alternative measures to the original physical component
summary (PCS) and mental component summary (MCS).

Methods: We performed principal component analysis (PCA) based on 35
items, after optimal scaling via multiple correspondence analysis (MCA),
and subsequently on eight scales, after standard summative scoring. Item-
based summary measures were planned. Data from the European Com-
munity Respiratory Health Survey II follow-up of 8854 subjects from 25
centers were analyzed to cross-validate the original and the novel PCS and
MCS.

Results: Overall, the scale- and item-based comparison indicated that the
SF-36 scales and summaries meet the supposed dimensionality. However,

vitality, social functioning, and general health items did not fit data opti-
mally. The novel measures, derived a posteriori by unit-rule from an
oblique (correlated) MCA/PCA solution, are simple item sums or weighted
scale sums where the weights are the raw scale ranges. These item-based
scores yielded consistent scale-summary results for outliers profiles, with
an expected known-group differences validity.

Conclusions: We were able to confirm the hypothesized dimensionality of
eight scales and two summaries of the SF-36. The alternative scoring
reaches at least the same required standards of the original scoring. In
addition, it can reduce the item-scale inconsistencies without loss of pre-
dictive validity.

Keywords: quality of life, SF-36, construct validation, optimal scaling,
summary scores.

Introduction

The health-related quality of life (HRQoL) measurement is often
used in clinical trials, quality control programs, and health-care
system. Several methods to correctly judge HRQoL data are
available in clinical practice, and these should be validated and
standardized to compare results coming from different studies via
a rigorous development and users feedback [1,2]. Among the
different questionnaires for assessing HRQoL, the Short Form 36
Health Survey (SF-36), developed by the Medical Outcome Study
(MOS), is the most used worldwide [3-5]. For over 15 years, the
SF-36 has been proven useful in comparing general and specific
populations, in measuring the health deficit and the treatment
efficacy, and for screening individual patients. Moreover, it has
been found to correlate with the frequency and severity of spe-
cific symptoms and disease, as reported in more than 5000
papers on MEDLINE.

The SF-36 questionnaire has been evaluated and proposed in
different (SF-36v1, SF-36v2) and shorter (SF-12; SF-8) versions
with the aim to better measure HRQoL and to be easily applied
in clinical trials. The SF-36 questionnaire describes eight scales
with scale score ranges from 0 to 100 (percent of maximum sum
score); it covers four physical health perceptions (physical
functioning—PF, role limitations because of physical health
problems—RP, bodily pain—BP, general health—GH), and four
mental health concepts (vitality—VT, social functioning—SEF,
role limitations because of personal or emotional problems—RE,
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and mental health perceptions—MH). Successively, two global
measures, depending on the height scales, have been derived and
referred to as physical component summary (PCS) and as mental
component summary (MCS).

The strategy of summary development was set up on the
data-driven analysis of the 8 x 8 Pearson’s correlations matrix of
the scale scores by means of principal component analysis
(PCA). The underlying dimensions have been counted by eigen-
values rules, and both Varimax (orthogonal = uncorrelated com-
ponents) or Promax (oblique = correlated components) rotations
were performed to confirm the hypothesis of the two high order
underlying dimensions. Finally, a weighted sum of the eight
scales based on the rotated “component score coefficients” have
been proposed [6]. The recommended standard MOS system is
based on the aim of providing the maximally independent mea-
surement of physical and mental health domains, thus, the
scoring method forces the PCS and MCS to be uncorrelated by
orthogonal weights (MOSyc). As the physical and mental health
are often empirically related, and disease may influence both of
them at different extents, an optional MOS scoring method
with correlated oblique weights (MOSc) has been further pro-
posed by the SF36 developers [6], although it is not currently
recommended.

A number of studies have confirmed the validity of the dimen-
sional structure SF-36 applying MOS strategy [7-9]. Other
studies, via confirmatory factor analysis and structural equation
modeling, have introduced additional factors (components), or
residual pairwise item correlations, with contrasting results
[10-16].

Also, there is an ongoing debate about the summary scoring
to be applied. Specifically, the uncorrelated summaries would
seem not in agreement with the empirical evidences that mental
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and physical health might strongly interact one to each other
[17-18]. Some authors [19,20] highlighted discrepancies
between scores on individual scales and components summaries.
Taft et al. [21,22] suggested that these discrepancies are attrib-
uted to the effects of negatively weighted scales used in the PCS
and MCS scoring algorithm. Three “mental” scales are nega-
tively weighted for PCS, while for MCS four “physical” scales
are negatively weighted. Thus, the higher the mental health scale
scores the lower the PCS, and the higher the physical health
scores the lower the MCS (and vice versa). In its extreme, PCS is
primarily measuring-impaired mental health, and MCS-impaired
physical health! The negative loadings were also assigned by the
correlated solution.

With these caveats in mind, by means of the European Com-
munity Respiratory Health Survey (ECRHS) data [23,24], the
purpose of this study was: 1) to confirm the hypothetical eight
scales and two summaries of the SF-36 questionnaire based on a
data-driven (exploratory) analysis of the 35 items recoded by
“optimal” weights; and 2) to propose two new summary mea-
sures to avoid the negative weightings of the MOS (uncorrelated
and correlated) component scoring.

Methods
Sample

Data for this report have been taken from ECHRS, an interna-
tional longitudinal population-based study (25 centers) of more
than 10,000 young adults, initially aged between 20 and 44 years
in 1991-1993, randomly selected, and followed-up 9 years later
using the same standardized protocol, in all the centers. At
follow-up, validated Quality of Life Questionnaires, including
the SF36, were administered.

Methods of the ECRHS trial are described in detail elsewhere
[23,24]. Briefly, subjects were recruited from the ECRHS
follow-up (ECRHS 1II), a longitudinal assessment between 1998
and 2002 of the subjects who participated in the second stage of
the ECRHS 1. During this stage, two samples have been investi-
gated: a random sample, including those subjects who replayed
to a regular mail short screening questionnaire who had reported
none respiratory symptoms, and a symptomatic sample, includ-
ing the responders to the screening questionnaire who had
reported nocturnal shortness of breath or asthma attacks in the
last 12 months or asthma treatment.

In all the centers, the SF-36 v.1.6 questionnaire was self-
administered after the main ECRHRS clinical interview and
before lung function testing. Self-answers to the following long-
standing illnesses binary (yes/no) questions were preliminary
recorded before administration of the SF-36 questionnaire: “Do
you have any long term limiting illness?” and “Do you have any
of the following conditions?” using a checklist of eleven chronic
illnesses.

Dimensionality Analysis

The SF-36 data was recoded as described in detail in the SF-36
user’s manual. Twenty-eight items are in ordinal type following
the Likert format (cf. for example PF items: yes, limited a lot; yes,
limited at little, no, not limited at all, recoded as 1-2-3), seven
items are in binary format (yes—no recoded 1-2), and one item,
investigating the health changes over the past year is not used for
HRQoL evaluation. Therefore, to investigate the questionnaire
dimensionality we rescaled the Likert/binary points of the 35
items of the SF-36 using an “optimal scaling” method draw from
multiple correspondence analysis (MCA).

Grassi et al.

MCA can be introduced in many different ways (see the
extensive review in [25,26]), we have considered the Guttman’s
approach where the first MCA dimension quantifies the rows
(subjects) and columns (items) of tabular questionnaire data in
such a way that an optimally “internal consistency criterion” is
satisfied [27]. This method uses the items as categorical
(nominal) variables input, and produces quantifications for each
option of the items (called “optimal weights”); and consequently,
rescaled item scores (called “optimal quantified variables™), and
an “optimal score” computed as sum of the rescaled item scores
for each subject can be derived.

By Guttman’s optimal scaling approach, the first MCA
dimension assigns option quantifications maximizing the total
variance of the quantified variables (called Guttman’s eta), and
the reliability of the scores computed by Cronbach’s alpha coef-
ficient. Thus, acceptable internal consistency of the first MCA
dimension follows the criteria that has been suggested by Cron-
bach’s alpha >0.70 and >0.90 for groups and for individual
comparisons, respectively [28].

Successively, to evaluate the SF-36 questionnaire structure, the
PCA and Varimax/Promax rotations were performed considering
the 35 x 35 Pearson’s correlation matrix computed on the 35
items after MCA item rescaling. To evaluate the similarity between
scale- and item-based approaches, PCA and Varimax/Promax
rotations were also performed considering the 8 x 8 Pearson’s
correlation matrix computed on the original eight scale scores.

By examining whether the eigenvalues were greater than
unity and by looking for sharp breaks in the size of the eigenval-
ues using a Scree plot, the number of components were counted
at the first-order level analysis (i.e., scales); while, by the “Good-
ness of Fit Index” (GFI), a measure of agreement between the
observed and expected, based on PCA, correlation matrix (good
if >90% and excellent if >95%) the number of components were
counted at the second-order level analysis (i.e., summaries) [28].
After Varimax/Promax rotation, item- and scale-component
loadings greater than 0.40 in absolute value were chosen to
identify a simple component structure, i.e., component with no
overlapping clusters of SF-36 items/scales.

To compare scale versus item values, the item-component
loadings and the proportion of item-variance explained by the
components were evaluated after averaging within each scale the
item-loadings, and the item-variances. Additionally, to get a single
number describing the relationship between scale- and item-based
loadings, we used the vector correlation coefficient (RV), a gener-
alization of the Pearson’s determination coefficient, R? [29]. Also,
as the determination coefficient, RV is bounded between 0 and 1,
and Good, Strong, Excellent agreement between the two matrices
has been suggested if RV > 0.50; >0.70, and >0.90, respectively.

Finally, in support of the SF-36 questionnaire structure, we
expected comparable second-order structure for scale- and item-
based analysis. Specifically, we hypothesized that: 1) the PF items/
scales would correlate highest with the physical component,
followed by RP and BP items/scales, and all three items/scales
would correlate lowest with the mental component; 2) the MH
items/scales would correlate highest with the mental component,
followed by RE and SF items/scales, and all three items/scales
would correlate lowest with the physical component; and 3) the
GH and VT items/scales would correlate moderately with both
physical and mental components, with GH items/scales correlat-
ing higher on the physical component, and the VT items/scales
correlating higher on the mental component.

Summary Measures Comparison

We constructed the PCS and the MCS using the general US
population means/standard deviations, and the “component
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Table | US population scale means, standard deviations, and scale weights for the MOS (uncorrelated, and correlated), summary scores, reproduced
from Saris-Baglama et al. [6: pp. 99, 100, and | I 1]

MOSuyc (Varimax)

Mean SD PCS MCS PCS MCS
PF 84.52404 22.89490 0.42402 —-0.22999 0.34450 —0.10655
RP 81.19907 33.79729 0.35119 —0.12329 0.30379 —0.02356
BP 75.49196 23.55879 0.31754 —-0.09731 0.27858 —-0.00766
GH 7221316 20.16964 0.24954 —0.01571 0.23562 0.05247
vT 61.05453 20.86942 0.02877 0.23534 0.09233 0.23434
SF 83.59753 22.37642 -0.00753 0.26876 0.06661 0.25667
RE 81.29467 33.02717 —0.19206 0.43407 —0.06539 0.36583
MH 74.84212 18.01189 —0.22069 0.48581 —0.07870 0.40787

MOS, Medical Outcome Study; UC, uncorrelated; C, correlated; SD, standard deviation; PCS, physical component summary; MCS, mental 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.

score coefficients” of PCA on the eight scales derived from the
MOS scoring, as illustrated in the SF-36 user’s manual (cf.
Table 1). Three “mental” scales (SE, RE, and MH) in the PCS,
and four “physical” scales (PE, RP, BP, and GH) in the MCS have
negative scoring coefficients using the MOSyc method, and two
“mental” scales (RE, and MH) in the PCS, and three “physical”
scales (PE, RP, and BP) in the MCS have negative scoring coeffi-
cients using the MOSc method.

The MOS scales-based procedure is overall a weighted sum of
the eight scales with equal (unit) weights of the items within
scales. Thus, our proposal is to assume a scoring system with (-1,
0, 1) weights assigned to each of the 35 items, i.e., an item-based
scoring.

Two 0-100 sum scores of the 35 items using (-1, 0, 1)
unit-strategy were planned. This strategy uses the “component
score coefficients” (i.e., the item weights of the component
scores) after Varimax/Promax rotation, in which the salient
weights were replaced with 1 or —1 in a manner consistent with
their original signs, while no salient weight were replaced with
zero. Weights in absolute values that were 1/3 as large or larger
than the largest absolute weight per component were considered
salient. For theoretical account of unit strategy and comprehen-
sive comparison of 1/3-rule of thumb versus alternative rules
using simulated data the reader is referred to [30-32].

Specifically, our PCS and MCS item-based scoring was
defined as the simple sums of the 35 Likert/binary items accord-
ing the unit-strategy for physical and mental components. These
two summaries were rescaled 0-100, as the eight SF-36 scales,
and were expressed in percent, with 100% indicating the most
favorable level of physical/mental health and 0% the most
unfavorable.

To assess the similarity between scoring methods (MOSyc,
MOSc, and item-based) the Pearson’s correlation coefficients (r)
between the summary scores were computed. To evaluate the
differences in the scoring methods, the summary scores were
compared assessing: 1) the potential influence of outlier profiles
by sensitivity analysis; and 2) the clinical (criterion-based) valid-
ity by means of know-groups comparison. To carry out the
sensitivity analysis, six hypothetical scale profiles (minimum and
maximum scale scores; scores of O for physical scales, of 100 for
mental scales, and vice versa; scores of 1SD for physical scales, of
0.3SD for mental scales, and vice versa) were derived. To carry
out validation analysis, subjects were assigned to mutually exclu-
sive groups differing in self-reported asthma-like symptoms,
long-term limiting illness, and depression conditions. It was
expected that the “physical” components would score worse in
the group with long-term limiting illness group, and that the
“mental” components would score worse in the depression
group; and that both physical and mental components would
score worse in the asthma-like symptom group.

Multivariate analysis of variance (MANOVA) models with
the PCS and MCS scores as response variables on the explana-
tory variables defined by the know subject groups, and control-
ling for ECRHS II centers, were fitted. Each scoring system
(MOSuyc, MOSc, and item-based) was evaluated in separate
models, and all the scores were compared on the norm-based
units linearly transforming the derived summaries in scorings
with mean of 50 and 10 as standard deviation, in the general US
population. The P-values for the parameter estimates (the group
mean differences) were evaluated by F-test. The significance level
was set at P < 0.05, two-sided. The “half a standard deviation”
rule [33], i.e., a variation of five points for the SF-36 norm-based
score, was considered as the minimally clinically important dif-
ference for comparing MANOVA parameter estimates.

Descriptive data analyses, MCA, PCA, and MANOVA were
performed using SPSS software, version 15.0 (SPSS Inc., Chicago,
IL).

Results

Sample

Overall, 29 centers participated in ECRHS 1II, and 10,933 sub-
jects completed the main questionnaire; 1961 subjects belonging
to four centers that did not collect any HRQoL data and 118
subjects who did not answer to any of the SF-36 questions were
excluded from the present analyses. Consequently, the SF-36
questionnaire was completed in 8854 subjects from 25 centers;
among them, 6611 also completed the questionnaire of long-
standing conditions. Twenty-three centers (10 countries) were
European and two centers/countries were extra European. Swit-
zerland, Spain, and France covered about half of the included
subjects (19.4%, 19%, and 12.1%, respectively). The remaining
countries contributed to about 5.5%. The symptomatic sample
represented the 16.8% of the total (cf. Table 2).

Dimensionality Analysis

According to Guttman, internal consistency criteria, the recoded
options of the 35 items with the optimal weights computed by
first MCA dimension, are displayed in Table 3. The homogeneity
(Guttman’s eta) of the total score and the reliability (Cronbach’s
alpha) were equal to 0.40 and 0.94, respectively. Across the eight
scales, the Guttman’s eta of the MCA scaling ranged from 0.56
(GH) to 0.88 (BP), thus the Cronbach’s alpha coefficient varied
from 0.80 (GH and SF) to 0.92 (PF), indicating an excellent
optimal scaling. Generally, the transformation plots displayed
that the equal spacing Likert points were not fitted by the
optimal weights, indicating a better recoding of MCA (data not
shown).
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Table 2 Frequencies distributions across countries and random/symptomatic samples of the ECHRS Il populations

Random Symptomatic Total

ECRHS countries Frequency Percentage Frequency Percentage Frequency Percentage
Belgium 533 72 64 43 597 6.7
Spain 1220 16.6 463 311 1683 19.0
France 1033 14.0 34 2.3 1067 12.1
Italy 491 6.7 55 37 546 6.2
England 530 72 129 87 659 74
Iceland 455 6.2 64 43 519 5.9
Norway 588 8.0 0 0.0 588 6.6
Swiss 1346 18.3 369 248 1715 19.4
Sweden 368 5.0 79 53 447 5.0
USA 194 2.6 35 2.4 229 2.6
Australia 365 5.0 129 8.7 494 5.6
Estonia 243 33 67 45 310 35
Total 7366 100 1488 100 8854 100

ECRHS, European Community Respiratory Health Survey.

The dimensionality indices derived from the Pearson’s corre-
lation matrix of item-based strategy (35 items after optimal
MCA recoding) were carried out as hypothesized (cf. Table 4).
The PCA identified eight dimensions with eigenvalues between
11.7 and close to the unity (0.94), which explained almost the
67% of the observed total variance. The Scree plot, showing only
one sharp break indicating eight underling components, also
confirmed the SF-36 first-order structure. Only the first two

Table 3 MCA optimal weights for the item options (from | to 6) of the
SF-36 questionnaire

Options
Scale Item | 2 3 4 5 6
PF a —1.53 —-0.12 0.42
b -2.59 -1.29 0.25
c —2.53 -1.18 0.24
d -2.34 —-0.56 0.31
e —2.69 —-1.81 0.15
f -2.18 —-0.82 0.24
g —2.64 -1.16 0.23
h -2.77 -1.91 0.15
i -2.35 -2.57 0.10
i —2.08 -2.20 0.09
RP a -1.77 0.19
b —-1.52 0.28
c —-1.67 0.24
d -1.72 0.25
BP a 0.45 0.21 -0.15 -0.74 —-1.46 -2.33
b 0.39 —-0.21 —-1.01 —1.94 -2.53
GH X 0.64 0.38 —0.11 —1.44 -3.26
a —-1.91 -1.19 -0.59 -0.21 0.31
b 0.46 0.05 -0.40 =112 -0.91
c —-0.89 —-0.58 -0.20 0.06 0.37
d 0.63 0.19 —0.41 —1.12 -2.03
vT a 0.61 0.46 0.13 —-0.55 —1.45 —-1.96
e 0.58 0.52 0.23 -0.34 =111 —-1.80
g —2.42 —-1.60 -0.97 —-0.23 0.31 0.50
i -2.03 —1.24 —0.62 0.07 0.48 0.60
SF a 0.41 —0.44 =117 —-1.98 -2.58
b -1.37 -1.90 -1.00 —-0.18 0.46
RE a —-1.49 0.19
b -1.17 0.26
c —-1.26 0.22
MH b —1.42 -1.32 -0.77 -0.26 0.12 0.37
c —1.64 -2.40 —-1.83 —-0.93 —-0.25 0.32
d 0.54 0.39 0.08 —-0.59 =111 —1.04
f —1.94 -1.97 -1.50 —0.62 0.11 0.46
h 0.52 0.38 0.00 —-0.57 -1.29 -1.29

MCA, multiple correspondence analysis; SF, social functioning; PF, physical functioning; RP, role
physical; BP, bodily pain; GH, general health;VT, vitality; RE, role emotional; MH, mental health.

eigenvalues were notably higher than the unity (11.7 and 4.03,
respectively). Thus, the GFI signed two dimensions that fitted the
90% of the observed interitem Pearson’s correlation matrix on
the first component and reached the 90% adding the second
component, confirming the two SF-36 underling second-order
structure.

As hypothesized, from the Varimax rotation of the axes with
eight dimensions being used as cutoff of 0.40 (cf. Table 4), the
physical component items (PF, RP, BP, GH) represented four
different health concepts. Considering the mental component
items, the RE, and MH scales were also loaded on two different
dimensions, as expected. Conversely, the SF and VT scales
showed an alternative structure. The SFa item weighted on RE
dimension, and the SFb item loaded on the MH one; finally, two
distinct dimensions were reproduced by the VT’s items with the
VTg and VTi on one dimension, whereas, VTa and VTe, with the
MHbh item, on another one. Comparable results were recognized
performing the Promax rotation (data not shown).

The scale- and the average (within each scale) item-
component loadings of the Varimax/Promax rotation for two
dimensions of the scale- and item-based strategies are reported in
Table 5. The total variance in the SF-36 scale and the item scores
displayed by the two components were 65.3% and 44.8%,
respectively. Generally, the inspection of the component loadings,
being used as cutoff of 0.40, strongly supported their interpreta-
tion as physical and mental health summary measures, in the
various analysis conditions.

By means of orthogonal (Varimax) scale-based analysis, the
variance explained in each SF-36 scale by the two components
ranged from 0.53 (GH) to 0.78 (MH). The PF scale was more
associated with the physical and less with the mental dimension
(0.80 vs. 0.12). In contrast, the MH scale was linked with the
mental, and less with the physical dimension (0.88 vs. 0.13).
Both RP and BP scales had higher loadings on the physical
dimension (0.75 and 0.76), as well SF and RE scales had stronger
adhesions with the mental dimension (0.76 and 0.78). Finally,
both the GH and the VT scales had moderate loadings, with the
GH scale correlating higher with physical (0.61) than mental
(0.40), and the VT scale correlating higher with mental (0.73)
than physical (0.37). Similar pattern of scale-loadings was
observed from the oblique (Promax) scale-based analysis with
the components correlation estimated equal to 0.532.

Comparable pattern of the average (within each scale) item-
component loadings were also recognized from the Varimax and
Promax item-based analysis, except for the GH scale which
loaded on the mental dimension. RV coefficients between the
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Table 4 Item-based component loadings after the Varimax rotation of the SF-36 questionnaire
PCI PC2 PC3 PC4 PC5 PCé PC7 PC8

PF a 0.48

b 071

< 0.67

d 0.69

e 0.79

f 0.64

g 0.77

h 0.83

i 0.8l

j 0.66
RP a 0.8l

b 0.75

< 0.80

d 0.78
BP a 0.79

b 0.72
GH x 0.60

a 0.68

b 0.71

c 0.59

d 0.70
VT a 0.76

e 0.78

g 0.75

i 0.74
SF a 0.52 0.36

b 0.37 0.44
RE a 0.79

b 0.83

c 0.75
MH b 0.80

c 0.69

d 0.55 0.53

f 0.65

h 0.70 0.35
Eigenvalue* 11.65 4.03 201 1.72 1.20 1.06 0.97 0.94
%cum var* 33.28 44.81 50.54 55.46 58.89 61.92 64.68 67.37
%com corr* 80.36 90.00 92.39 94.15 95.00 95.66 96.21 96,69

*Initial eigenvalues, cumulative% of total variance, and cumulative% of total correlation (Goodness of Fit Index) explained by components.
SF, social functioning; PC. principal component; PF, physical functioning; RP, role physical; BP, bodily pain; GH, general health; VT, vitality; RE, role emotional; MH, mental health.

scale- and item-based results, considering the physical and
mental component loading matrix after Varimax and Promax
rotations showed an excellent agreement (0.91 and 0.92). The
components correlation of Promax item-based analysis was
0.465.

Summary Measures Comparison

Summaries measures using the (-1, 0, 1)-weights of unit rule of
item-based strategy were derived from Varimax/Promax rota-

tions of two PCs of the 35 items, after MCA optimal rescaling. In
Table 6 only the Promax results, and the linked unit weights are
shown, being the positive weights more salient than the negative
ones. Thus, the unit strategy becomes a straightforward off/on
(0/1) rule, overlapping the controversial negative weightings of
the MOS scoring components.

In general, the (0,1)-weights of the component score coeffi-
cients were closer to the physical and mental summary hypoth-
esis: the items of the PF, RP, BP scales and the items of the VT, SE,
RE, MH scales summed on the physical and mental dimensions,

Table 5 Rotated (orthogonal, and oblique) component loadings of SF-36 scales considering eight scales and 35 items scoring strategies

Orthogonal (Varimax) rotation

Oblique (Promax) rotation

8 scales 35 items 8 scales 35 items
Scale PCS MCS R2 PCS MCS R? PCS MCS R? PCS MCS R?
PF 0.80 0.12 0.66 0.72 0.10 0.53 0.88 —-0.13 0.69 0.76 —-0.08 0.53
RP 0.75 0.25 0.63 0.52 0.36 0.4 0.78 0.03 0.62 0.47 0.25 0.39
BP 0.76 0.21 0.62 0.46 0.38 0.35 0.79 —-0.01 0.64 0.40 0.29 0.35
GH 0.61 0.4 0.53 0.35 0.4 0.29 0.55 0.26 0.53 0.27 0.34 0.29
vT 0.37 0.73 0.66 0.23 0.64 0.46 0.17 0.71 0.65 0.08 0.64 0.46
SF 0.35 0.76 0.7 0.23 0.70 0.54 0.14 0.75 0.7 0.07 0.70 0.54
RE 0.16 0.78 0.64 0.1 0.65 0.44 —-0.09 0.84 0.6 —-0.07 0.69 0.44
MH 0.13 0.88 0.78 0.05 0.69 0.48 —-0.15 0.96 0.79 —0.13 0.74 0.48
Total 0.308 0.345 0.653 0219 0.229 0.448 0.434 0.407 0.653 0.279 0.269 0.448
r(PCS;MCS) 0 0 0.532 0.465

Notes: R2, proportion of variance of each scale explained by the components. Total, proportion of total variance explained by the components; r(PCS,MCS), components correlation.
PCS, physical component summary; MCS, mental 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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Table 6 Component score coefficients standardized by the largest
absolute weight per component of Promax (oblique) rotation, and
(=150, 1)-unit weights of the SF-36 questionnaire

Overall Component score coefficients (=150,1) coding
Items PCS MCS PCS MCS
PF a 0.78519 0.06332 | 0
b 1,00000 -0.11307 | 0
c 0.92059 -0.07104 | 0
d 0.87773 -0.03706 | 0
e 0.95188 -0.18263 | 0
f 0.87724 -0.11254 | 0
g 0.99919 -0.12897 | 0
h 0.99441 -0.21483 | 0
i 0.94636 -0.26953 | 0
j 0.81911 —0.22899 | 0
RP a 0.54103 0.2501 1 | 0
b 0.50774 0.32871 | 0
c 0.62750 0.23963 | 0
d 0.60724 0.27649 | 0
BP a 0.52672 0.29340 | 0
b 0.60606 0.30792 | 0
GH X 0.47785 0.42491 | |
a 0.27637 0.39195 0 |
b 0.29779 0.38248 0 |
c 0.17721 0.29867 0 0
d 0.44189 0.47817 | |
VT a 0.10953 0.78772 0 |
e 0.06319 0.81276 0 |
g 0.11142 0.71905 0 |
i 0.07709 0.75344 0 |
SF a 0.06034 0.87862 0 |
b 0.06040 0.84370 0 |
RE a —0.06406 0.81159 0 |
b —0.13734 0.89619 0 |
c -0.13291 0.85371 0 |
MH b —0.18490 0.78990 0 |
c —0.15526 0.93808 0 |
d —0.18693 0.92267 0 |
f -0.18013 1,00000 0 |
h —0.19533 0.92505 0 |

PCS, physical component summary; MCS, mental component summary; PF, physical function-
ing; RP, role physical; BP, bodily pain; GH, general health; VT, vitality; SF, social functioning;
RE, role emotional; MH, mental health.

respectively. Only one PCS’ s item (BPb) reached a value closer to
the selected cutoff (1/3) for the MCS, yet for conceptual frame-
work was not included in the mental summaries. Vice versa, the
items of the GH scale, as previously noted, had a nonzero cross-
loadings GHa and GHb summed on the mental summary, GHx
and GHd summed on both fields, and finally GHc had a border-
line cutoff on the mental summary.

Therefore, via the item-based approach, 18 items are sum-
mated in physical health, and 19 in the mental health summary
measures, as 41=59-18 and 76 =95-19 represent the
ranges = maximum-minimum of possible responses of PCS and
MCS, respectively. Following the two examples above, the pro-
posed scorings are given:
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1. The PCS is composed of 18 items, with several option
choices (min 2 and max 5); if the response profile of any
subject sums to 56, the PCS = (56-18)/41% = 92.7%.

The MCS is formed by 19 items with several option choices
(min 2 and max 6); if the response profile of any subject
sums to 81, the MCS = (81-19)/76% = 81.6%.

Thus, the global scores of the subject are 92.7% and 81.6%
of the most favorable level of physical and mental health,
respectively.

Alternatively, after simple algebra, PCS and MCS can be also
computed using the scale scores as:

pcs=22pr A rp+ 2 Bp+ B (GHx+ GHA)
A TaTat Ty

Mcs=22vr s S spe S rE+ B v+ 26H
76 767 T76 " 76 76

i.e., the item-derived summary measures are scale weighted sums,
where the weights are the raw scale ranges, except for GH items
on the physical health measure.

Using the US population means and the standard deviations
of Table 1, the norm-based scores derived from item-based
scoring were given by the T-score linear transformation:

PCS-79.72451
16.32461

PCS* = x10+50

PCS -71.54387
15.80036

where 79.72451 (16.32461) and 71.54387 (15.80036) were the
US population means (standard deviation) resulting from the raw
scale range weighting.

Pearson’s correlations of the MOSyc, MOS¢, and item-based
alternative summaries are shown in Table 7. As expected, the
correlation of Varimax (MOSyc) mental and physical component
scores was closer to zero; whereas, there was a moderate corre-
lation (>0.50) of the two health components for the Promax
(MOSc and item-based) scorings. Considering the between
scoring system correlations, the MOS¢ and item-based physical
(0.97) and mental (0.96) scores were collinear; while the corre-
lations of MOSyc and item-based physical (0.92) and mental
(0.89) scores were slightly lower.

Table 8 summarizes the scoring method comparison between
hypothetical scale profiles, and MANOVA mean estimates of
know-groups with self-reported asthma-like symptoms, long
term limiting illness, and depression conditions, adjusting for
ECRHS centers.

Comparing hypothetical profiles the proposed item-based
scoring is in line with the expected: when the scales has minimum
(maximum) scores, the PCS and MCS are 0 (100). When the
physical health scales are at 100, and the mental scale are at 0

MCS* = x10+ 50

Table 7 Means, SD, and Pearson’s (r) summary measure correlations for the MOS (uncorrelated, and correlated), and item-based scoring methods

PCS (MOSuc) MCS (MOSuc) PCS (MOSc) MCS (MOSc) PCS (item) MCS (item)
PCS (MOSuc) 1.00
MCS (MOSuc) -0.05 1.00
PCS (MOSc) 0.94 029 1.00
MCS (MOS.c) 0.18 097 0.50 1.00
PCS (item) 0.92 0.28 0.97 0.48 1.00
MCS (item) 033 0.89 0.62 0.96 0.6l 1.00
Mean 51.95 50.26 51.95 50.78 5227 50.86
D 8.05 9.84 8.07 9.6l 9.74 9.96

SD, standard deviation; PCS, physical component summary; MCS, mental component summary; MOS, Medical Outcome Study; UC, uncorrelated; C, correlated.
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Table 8 Hypothetical scale profiles and MANOVA estimate mean scale profiles for the symptomatic, log-term illness, and depression groups of ECHRS

Il populations* comparing MOS with item-based scoring methods

Hypothetical profiles

Symptomatic Long term illness Depression
min max 100;0 0;100 I1SD; 0.3SD 0.3SD; ISD (n=935) (n=1087) (n=763)
PF 0 100 100 0 100 9l 793 75.6 789
RP 0 100 100 0 100 91 69.6 64.3 66.2
BP 0 100 100 0 99 83 63.4 575 6l.1
GH 0 100 100 0 92 78 56.8 52.6 54.1
vT 0 100 0 100 67 82 50.3 49.0 45.3
SF 0 100 0 100 90 100 69.1 66.8 60.9
RE 0 100 0 100 91 100 66.2 66.6 54.6
MH 0 100 0 100 80 93 6l.1 61.5 535
PCS (MOSuc) 20.2 579 75.0 32 59.3 51.0 46.8 44.1 472
MCS (MOSuyc) 17.3 62.1 -1.3 80.7 50.9 60.2 429 435 38.1
PCS (MOS¢) 12.4 61.0 59.9 13.4 59.2 53.7 449 42.6 44.1
MCS (MOSc) 10.5 63.8 74 66.9 534 60.1 42.3 422 378
PCS (item) 12 62.4 624 1.2 61.3 543 43.7 40.8 42.6
MCS (item) 4.7 68.0 12.6 60.1 55.0 60.9 41.3 40.5 372
PCS 0-100 0 100 100 0 98 87 69.4 64.6 67.7
MCS 0-100 0 100 13 88 79 89 57.8 56.5 51.3

*n = 6359 subjects and ¢ = 20 centers, excluding the missing values from N =661 | subjects who completed the questionnaire of long-standing illnesses conditions.All know-group (yes—no) mean

difference estimates were statistically significant (P < 0.05) by MANOVA F-test.

MANOVA, multiple analysis of variance; ECHRS, European Community Respiratory Health Survey; MOS, Medical Outcome Study; SD, standard deviation; 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; UC, uncorrelated; MCS, mental component

summary; C, correlated.

scores, the PCS, and MCS are 100 and 13, respectively, and vice
versa are 0 and 83 for the 0-100 profile. Examination of the
1SD-0.3SD profile, i.e., scores of 1SD above the mean for physi-
cal health scales, and 0.3SD above the mean for mental health
scales, the PCS norm-based score is 61.3 (1.1 SD above the
mean), and the MCS is 54.3 (0.4 SD above the mean), and vice
versa for the 0.3SD-1SD profile are 54.3 and 60.9, respectively.

By contrast, the MOSyc scores have shown inconsistent
results; for example, considering the 1SD-0.3SD profile the PCS
score is 59.3 (about 1SD above the mean), but MCS score is 50.9
(about equal to the mean); maximum/minimum scores are pro-
duced by 100-0 and 0-100 bipolar profiles, i.e., excellent physi-
cal health combined with poor mental health; vice versa. The
MOSc scores present the best results on the 1SD-0.3SD, and
0.3SD-1SD profiles, yet extreme scores for 100-0 and 0-100
profiles.

In general, there was a clear difference between know-groups
in mean differences of MOSyc, MOSc, and proposed item-based
scorings. As expected, symptomatic sample had lower average
scores on both the physical and mental scores; subjects with
long-term limiting illness had the lowest average profile on the
physical summaries, while those in the depressive group reported
poorer average heath status on mental ones. Comparing the three
scoring systems, identical rankings were observed with mean
scores that differed from the US norm means (50 for norm-based
summaries, or 79.7 and 71.5 for 0-100-based PCS and MCS,
respectively) by five points of the half a standard deviation rule or
more, with decreasing scoring system order (MOSyc < MOS¢ <
item-based).

Discussion

The SF-36 is one of the widely used HRQoL measures, and the
ECRHS 1I dataset, composed by 8854 valid questionnaires
coming from 2§ international centers is one of the most wide-
spread dataset including SF-36 administration. The huge number
of data gave us the opportunity to produce reliable results and to
evaluate the measurement features of SF-36 questionnaire.

The first question we aimed to answer at was to confirm the
eight first-order dimensions and the two second-order dimen-

sions of the SF-36. To do this, we performed a PCA based on the
35 items, after MCA optimal quantifications. Scale-based analy-
sis was used in several studies on SF-36, and item-based analysis
is performed in confirmatory analysis by using structural equa-
tions modeling [12-16], only in small number of exploratory
analysis studies an item-based level has been considered [34-37],
but both exploratory or confirmatory studies have used the
Likert/binary item response as continuous variables.

As the SF-36 is widely used in clinical practice, it was man-
datory to investigate the dimensionality by different approaches.
There is no reason to assume that the answers to the question-
naire queries such as: 1= “definitely true,” 2 = “mostly true,”
3 =“don’t know,” 4 = “mostly false,” and 5 = “definitely false”
of items a—d of GH scale should have equal intervals as supposed
by Likert recoding. As highlighted by our study on Likert/binary
formats [38], linearity assumption among ordinal response
points is often not respected in SF-36 items, and it is necessary to
calibrate the Likert recoding. Thus, we use the methodology of
MCA “optimal scaling” recoding before dimensionally testing
via PCA.

Optimal scaling comes from psychometrics that assigns
numeric values to categorical variables in an optimal way, and
then the item responses are judged as continuous. As well
detailed by De Leeuw [39], the single item quantifications derived
by MCA linearize all the bivariate regressions in the Pearson’s
correlation matrix. In this way, MCA allows the management of
the nonlinear information contained in the original data, and the
performance of a suitable linear PCA on the 35 items of the
SF-36 questionnaire, i.e., MCA/PCA produces a non linear mul-
tivariate analysis (see e.g., Gifi [25]).

After optimal item quantifications via MCA, the conventional
PCA output presented here showed a positive response of the
supposed dimensionality of the eight scales and the two summa-
ries, and generally, support that the items of a scale, and the
scales of a summary, loaded with high component loadings
(>0.40) on the supposed underlining constructs. However, some
discrepancies were noted.

Considering the eight dimensions (scales), items of the VT
scale split up in items measuring positive (VTa and VTe, with
MHbh item) and negative (VTg and VTi) mental health status, and
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indicated that the VT scale does not measure one single under-
lying construct in the ECRHS subjects. Also, the two items of the
SF scale split up, but on other supposed constructs: SFa on the
RE scale, and SFb on the MH scale. It is of note that positively
and negatively worded items loaded on two components, sug-
gesting that the subjects had difficulties or misleading in changing
between these reversed answering formats.

The summary components defined by scale- and item-based
analysis with orthogonal (uncorrelated) and oblique (correlated)
rotations confirmed the underlying two-component structure of
the SF-36 questionnaire. Nevertheless, item-based analysis sug-
gested that the GH scale correlated (in average) with the mental
rather than the physical component of health. Specifically, GHx
and GHd items load on both the physical and mental compo-
nents, the GHa, and GHb items on the mental components, while
GHc on anyone.

These findings, also reported in other item-based studies
[35-37], highlight the need to consider the VT, SF, and GH items
more closely and possibly to modify the conceptual framework
to improve the underlying dimensionality of the questionnaire.

The second aim of the present study was to compare the two
global summary components, based on the eight scales (MOS
approach), with an alternative one based on the 35 items (item-
based approach). The two employed approaches have similar
course about how the summaries should be handled. The MOS
approach studies the scale dimensionality and structure via PCA
using the Pearson’s correlation matrix of eight scales. These
scales were computed after Likert coding (from 1 to 6 points as
maximum), recalibration, and sum of the item responses. Succes-
sively, the PCS and MCS summaries were obtained as a weighted
sum of the eight scales. The item-based alternative approach
starts considering the items as categorical (nominal) variables,
and evaluates the item dimensionality and structure via PCA
using Pearson’s correlation matrix of 35 items after MCA
optimal data coding of the item responses. Successively, the PCS
and MCS summaries were obtained as on/off (0/1) sum of the 35
items. Thus, two steps should be processed to calculate the
summaries for both approaches, but these steps are quite differ-
ent in conceptual framework and operational procedure of
scoring development.

According to the Likert model of the MOS first step, a con-
struct is regarded as being latent continuous, and is operational-
ized to be measured by highly correlated and equally important
items in order to increase the reliability and improve precision. It
uses arbitrary numbers, which indicate the ordered structure of
the alternative responses, and also assumes that the precision
increases with the number of digits in the scale [28]. In contrast,
according to the MCA model of the item-based first step, the
ordinal/binary data of the SF-36 items were processed as nominal
ones, and were transformed in continuous form by optimal quan-
tifications. The MCA solution allows to define the optimal
weights for the item options and their ranking, independently by
an a priori recoding, enabling an optimal grading for each cat-
egory response of the questionnaire.

Scores for the two summary measures in the MOS second
step are generated in three stages. First, the 0-100 scale scores are
standardized (z score transformation) by subtracting the US
population mean for that scale and dividing the difference by the
US population standard deviation for the scale. Next, z scores are
multiplied by the respective principal component coefficients,
derived from US population data, and summed. These are
weighed scales sums of an equal weighting of items within each
scale. Finally, these summary scores are linearly reexpressed to
have a mean of 50 and a standard deviation of 10 (T-score
transformation), in the general US population.
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The item-based alternative scoring in the second step is very
basic, just a simple sum (without weighting) of the Likert/binary
responses of the items loading in the physical or mental compo-
nents. To facilitate comparisons across scales and summaries,
summaries are reexpressed in the 0-100 scale scores range.
Otherwise, a weighted scales sums, where the weights are the raw
ranges of the scales, except for GH scale, can be computed; thus,
the summaries can be reexpressed in standard deviation units as
T-scores, using US or other population norms.

Ware et al. [40,41] have provided extensive justification for
two uncorrelated PCS and MCS solutions. The advantages
include: easier modeling with respect to the additional factors
(components), or residual pairwise item correlations. Indepen-
dent components are more responsive to the distinction between
psychical and mental health outcomes. A direct relationship
between component loading and explained variance gives an
easier interpretation; also, oblique components require negative
scoring weights. Nevertheless, recent comparison studies of
Farivar et al. [42], Hann and Reeves [43], and Anognostopoulos
et al. [44] have recommended that users of the SF-36 adopt the
oblique solution for calculating PCS and MCS, but the proposal
SF-36 summary scores was similar to MOSc or was structural
equations-based.

Our item-based scoring is derived from a data-driven
(exploratory) PCA correlated solution and use the 1/3-unit rule;
thus, it fits several PCA advantages of the Ware’s scoring system,
and objectively overlaps the possible negative weightings of
oblique solution with a posteriori rule. Consequently, our alter-
native scoring is equivalent to the RAND-36 method [45] based
on the item response theory for item scoring, and on a correlated
confirmatory factor analysis solution that conceptually force a
priori the weighting of the four scales of mental health to zero in
PCS, and vice versa the four scales of physical health to zero in
MCS.

Similarly to the MOSc strategy, the new scoring allows the
physical and mental health summary scores to be somewhat
correlated, and assess the extent of this correlation in each study
population. As hypothesized in the ECHRS populations, the
correlation between PCS and MCS, using scale- and item-based
systems, get to 0.53 and 0.47, respectively, showing a moderate
value in line with the previous studies using MOSc. Moreover,
the MOSc and item-based physical and mental scores correla-
tions were both equal to 0.97, suggesting that the scores were
empirically the same. By contrast, the MOSyc and item-based
physical and mental scores correlations were less noteworthy
(PCS: 0.92 and MCS: 0.89).

Our item-based scores can be expressed as 0-100 scores,
matching to the original scale scores, or as norm-based scores,
matching to the original summary scores. Comparing with the
MOSyc summaries, the item-based alternative ones are in line
with the expected scores derived on hypothetical outlier scale
profiles. Thus, the SF-36 scales scores and physical and mental
health summary scores are in agreement, reducing the inconsis-
tent results reported in some SF-36 studies. Additionally, clinical
(criterion-based) validity of the proposed scores by means of
know-groups comparison produces results supporting the
hypotheses suggested, and are compatible with those of the MOS
scores.

We would encourage other authors to investigate this alter-
native item-based scoring in addition to MOS uncorrelated and
correlated scorings, to determine if our findings can be replicated
using other populations and condition-specific samples. MCA, as
PCA, is a procedure presents in all the general statistical packages
(SPSS, SAS, Stata, R); in SPSS and R, the data matrix with
optimal quantifications of the first MCA dimension is automati-
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cally saved in a file as option. Lastly, future research should be
dedicated to deriving the norms for various conditions, ages,
genders, countries of the new scoring, but the norm-based res-
caling in the US population means and standard deviations, or
other specific populations can be employed until that new norms
are available.

Conclusions

We suggest that the approach we developed may contribute to
the improvement of the SF-36 scales and summary measures in
HRQoL research. Our results supported the hypothesized dimen-
sionality of the eight scales and the two component summaries of
the SF-36 by using item-level data-driven (exploratory) analysis.
The new physical and mental summary measures are simple item
sums or weighted scale sums, where the weights are the raw scale
ranges. The alternative scoring reach at least the same required
standards of the original scoring avoiding the negative coeffi-
cients weighting produced by the MOS orthogonal (uncorre-
lated) and oblique (correlated) PCA solution. This can reduce
inconsistent results between the SF-36 scale scores and summary
scores reported in previous studies.
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