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Abstract

Background: The 12-item Short-Form (SF-12) questionnaire is a shortened version of the SF-36
multi-dimensional generic measure of health-related quality of life. It is widely used in clinical trials and
outcome assessments due to its brevity and alleged psychometric comparability with the longer SF-36.
There currently exists a preference-based single index for SF-36, and experiments with a similar index
for the SF-12 have been undertaken. Unfortunately, the results are not yet available. These preliminary
findings are based on a holistic design, where a limited number of health states are valued and the re-
maining health states found by regression analysis. Given the possible number of health states within
the SF-12 (app. 18,000), the sensitivity of the predicted valuations is not very robust.

Obijectives: The overall objective is to investigate whether a preference-based index for SF-12 can be
estimated by applying the decomposed design of Multi-Attribute Utility Theory (MAUT) in the form
of two additive models. Since no other algorithms are available it is not possible to test for (construct)
validity. Consequently, we use the results from a Visual Analogue Scale (VAS) exercise as a gold stan-
dard, and compare the results from this exercise with the results from the two models, in order to as-
sess the validity of the two models.

Data and methods: The study was conducted as a postal-based questionnaire with no reminder. Two
random samples (n = 1,000 each) of the Danish non-institutionalised population aged 18 to 75 years
were drawn from the National Danish Register. The respondents were given around fourteen days to
return the questionnaire in a pre-stamped envelope. 230 out of the 2,000 questionnaires were returned
of which 5 were blank. The multi-attribute utility theory method was assessed by applying category
scaling and magnitude estimation. In total, two additive models were estimated.

Results: In order to develop an algorithm for the SF-12, it was necessary to exclude the item of ‘gen-
eral health’. By doing so, it was possible to apply the MAUT technique and estimate algorithms for the
two additive models, which then can be used to estimate a single index score for use as an input in
economic evaluation studies. The correlation analysis showed that the mean scores estimated in the
two models were statistically significant with the mean scores from the VAS exercise.

Conclusion: This study was a very preliminary study that attempted to estimate a scoring algorithm
for the SF-12 instrument. Given the structure of the valuation exercises and the lack of previous stud-
ies, we cannot test for validity. However, we believe that applying the MAUT technique as an alterna-
tive to other scaling techniques is more appropriate in eliciting health-state utilities for the SF-12 and

that future studies should focus on the application of the MAUT technique.



Introduction

Health-Related Quality of life (HRQoL) measures are becoming increasingly important for evaluating
the effectiveness of medical interventions and assessing the health of populations. Preference-based
instruments, a subset of HRQoL measures, allow comparison of overall health status in populations

and in clinical settings, and are suitable for economic analyses [Gold et al. 1996].

Given the increasing demand for health services, the interest in documenting the cost-effectiveness of
health care interventions has led to the development and promotion of generic profile measures of
health, such as the Short Form 36 (SF-36) Health Survey [Ware & Gandek 1998]. Although the SF-36
health survey has proved to be useful for a variety of purposes [Ware et al. 1993; Ware et al. 1994], it is
too long for inclusion in some large-scale health measurements and for monitoring efforts [Ware et al.
1996]. Given these considerations, the study group behind the SF-36 shortened it and developed the
SF-12. Since then, they have also developed a new questionnaire with even fewer questions, called the

SF-8 (and earlier SF-6).!

Neither the SF-36 nor SF-12 was originally developed as a health preference instrument. Initially the
SF-36 was developed purely as a profile health status measure. Given the increasing interest in generic
HRQoL instruments, which encompass both a profile and a single index measure, researchers started
looking into whether (and how) the SF-36 could be modelled for use in calculating quality-adjusted life

years (QALY) in economic evaluations.

Today there is a fully developed algorithm, i.e. weights for the SF-36, called SF-6D [Brazier et al. 1998
and Brazier er al. 2002] and research on a similar algorithm for the SF-12 is curtently in progtess [Bra-
zier & Roberts 20012]. Other approaches concerning a single index score for the SF-36 and SF-12 have
also been undertaken [Fryback er al. 1997; Shmueli 1999; Lundberg er al. 1999]. However, none of
these studies has applied the MAUT approach. The majority used scaling methods, i.e. the standard
gamble, time trade-off, or visual analogue scale as methods for the elicitation of a single index score.

However, given the ordinal structure of the SF-12 and the limited number of questions therein, it

should be possible to apply the MAUT method.

1 See the web page www.sf-36.com.



Objectives

The main aim of this study is to apply the MAUT approach to the SF-12 in order to find weights and
to develop an algorithm that can be used to estimate a single index score for the SF-12. Although there
is no gold standard, construct validity is assessed by comparing the findings with results from the VAS
exercise. Also, validity is assessed by performing a correlation analysis of the two results (Pearson and

Spearman coefficients).

Applications of the SF-12 questionnaire

In contrast to index-based multi-dimensional descriptive systems, e.g. the EuroQol (EQ-5D), profile
measures such as the SF-12 provide information on a selected number of scales or dimensions of
health-related quality of life (HRQoL). The dimensions within the SF-12 are not preference weighted

and are not combined, thus leaving an array of scale scores [Johnson and Coons 1998].

The SF-12 has scale scores for four of the eight health concepts in the SF-36 (physical functioning,
role-physical, role-emotional and mental health) using two items for each concept. The remaining four
health concepts (bodily pain, vitality, social functioning and general health) are each represented by a
single item. Consequently, SF-12 can be used to create an eight-dimension profile, which approximates
the SF-36 profile, although each of the single scale scores within SF-12 is estimated with less precision.
Further, the SF-12 can be used to create a summary score form, referred to as the PCS-12 (physical
component summary) and MSC-12 (mental component summary), which closely represent the sum-
mary scores of the SF-36. Again, however, the scores achieved on the PCS-12 and MCS-12 ate less
reliable than the SF-36 based summary scores, as they are based on fewer items and fewer defined
levels of health. On the other hand, given the fact that confidence intervals for group means are more
determined by sample size, the trade-off between the reduced respondent burden (approximately 2-3

minutes to complete) an e precision in measurement may be worthwhile for large eroup studies o
tes t plet d the p t may b thwhile for large group stud f

general populations [Ware et al. 1996].

The development and structure of the SF-12

Although the 36-item short-form (SF-36) health survey has proved to be useful for a variety of pur-
poses it is, according to Ware et al. (1996), too long for inclusion in some large-scale health measure-
ment and monitoring efforts. The question is whether a shorter version is capable of yielding satisfac-
tory results. Two developments have led to a strategy for constructing a shorter version of the SF-36
health survey. Physical and mental health factors have been found to account for 80 to 85 per cent of
the reliable variance in the eight SF-36 scales in both patient and general populations [McHorney ez al.

1993; Ware et al. 1994; Ware et al. 1995A]. Also, in cross-sectional and longitudinal tests, the PCS-36

2 Permission to quote this paper has been given by both authors.
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has shown hypothesized differences in nearly all tests based on physical criteria and the MCS-36 has

detected hypothesized differences in all tests using mental criteria [Ware et al. 1994; Ware et al.

1995B].

According to Ware et al. (1996), the results observed for both the PCS-36 and MCS-36 measures indi-
cate that it is possible to apply psychometric methods in order to reduce the number of health attrib-
utes assessed without substantial loss of information. The PCS and MCS measures also make it possi-
ble to construct an even shorter health survey, because the number of items in a survey is a function of
the number of health attributes/dimensions for which separate scotes are to be estimated with preci-
sion [Ware et al. 1995A; Nunally & Bernstein 1994]. The conclu-sion is that in cases where two sum-
mary scores (physical and mental health) are sufficient, it is possible to construct a shorter survey,

which may prove to be valid and practical enough for more widespread applications.

The two SF-12 summary measures are constructed independently in order to reproduce the SF-36
physical and mental summary measures. Forward-step regression analysis was used to identify a subset
of 12 or fewer items from the SF-36 and 2 weighting algorithms for estimating the PCS-36 and MCS-
36. When choosing items Ware et al. (1996) looked at the representation of the eight SF-36 concepts
and found that ten items were sufficient to reproduce both the PCS-36 and MCS-36 scores with an R?
> 0.90.3 They added two additional items in order to represent all eight concepts. Figure 1 is an illustra-

tion of the eight SF-12 health concepts.

Figure 1. Measurement model for the SF-12.

Items Scales Summary measures
Question 2
Question 3 - Physical Functioning (PF)
Question 4 \A
Questons | NN | Role-Physical ®2) |~
Physical Health
(PCS)
Question 8 - Bodily Pain (BP)
Question 1 - General Health (GH)
Question 10 - Vitality (VT)
Question 12 ‘ Social Functioning (SF)
Mental Health
; MCS)
Question 6
Question 7




- Role - Emotional RE)  |——
Question 9
Question 11 w Mental Health (MH)
A "]ye -

An official Danish version of SF-12 exists, however, this is a translation of SF-12 version I. Since the

publication of the SF-12 version 1, the SF-36 Study Group has presented an up-dated version of the
SF-12 called ‘version II’. Although the changes are only minor, there is no official version in the Dan-
ish language of the SF-12 version II. Nevertheless, our aim is to estimate a set of tariffs based on the
newest version of the SF-12. We therefore translated the English SF-12 version 1I into Danish. The
changes in the English version 11 compared to version I were: 1) questions four to seven were changed
from nominal scales, each with yes/no, into ordinal scales each containing 5 levels, and 2) the number
of levels in questions nine to eleven were reduced from 6 to 5. With regard to the wording context, the
short introduction now contains an example so that ho-pefully respondents better understand the ter-
minology in the questionnaire. In addition the wording in questions 4 to 7 was altered to fit the

changes due to the replacement of nominal with ordinal levels.

Eliciting valuations with SF-12 — past findings

To date only two studies have tried to investigate the relationship between the SF-12 and health-state
utilities, based on the use of holistic scaling techniques such as the Time Trade-Off (TTO), the Rating
Scale (RS), and the Standard Gamble (SG) [Lundberg et al. 1999; Brazier & Roberts 2001]. Given the

paucity of studies, they are both summarised here.

The study by Lundberg et al. (1999) did not provide us with an algorithm that could be applied in our
study. These analysts merely elicited health state utilities for the SF-12 using two scaling methods and
compared these with each other using regression modelling. On the other hand, the objective of the
study by Brazier and Roberts (2001) was to estimate an algorithm for the SF-12 that could be used in
future studies to develop a single index score for all respondents. However, given that work was (and

still is) in progress, we were not able to apply their algorithm to our sample results.

Applications using TTO and RS techniques for eliciting SF-12 utilities (Lundberg et al. 1999)

The data. This study was based on a self-administered postal questionnaire where health state utilities
were measured using the RS (i.e. the VAS) and TTO methods. The VAS is a vertical, calibrated visual-
analogue scale with labelled anchors of ‘death’ (at 0) and ‘full health’ (at 100). The respondents were
asked to indicate with an arrow the point on this scale that illustrated their current health status. The O-

1 health-state utilities were obtained by dividing the number on the scale by 100.

3 The eight concepts of the SF-36 are illustrated in Ware er al. (1996) pp 223.
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The TTO question was phrased in the following way “Imagine that you are told that you have 20
years left to live. In connection with this you are also told that you can choose to live these 20 years in
your current health state, or that you can choose to give up some life years to live for a shorter period
in full bealth. Indicate with a cross on the line below the number of years of full health that you think
is of equal value to 20 years of full health that you current health state.” The 0-1 utilities with the TTO

method were obtained by dividing this response by 20. In total 5178 respondents answered the VAS

question and 4,740 answered the TTO question.

Methods. Lundberg et al. used linear regression modelling with the dimensions of the SF-12 entered
as explanatory variables. Each item (except the intercept parameter) was entered as a categorical
dummy variable, with the number of categories equalling the number of response alternatives. This
implied that that they had to make no assumptions about the sizes of the utility differences between
individual response alternatives. For each item, the worst level was used as the baseline category. The
effect on health-state utility of every other category of a variable was estimated as the effect compared
with that of the baseline category, and this was captured by the regression coefficient of each category.
Finally, as a test for the stability of the estimated regression equations, the sample of each equation was
randomly divided into two sub-samples of equal size. The regression equations were re-estimated for
these sub-samples, and the results were examined to determine whether the estimated regression coef-

ficients differed significantly between the sub-samples.

Results. Overall, the regression equations explained about 50 per cent of the variance in the RS values
and about 25 per cent of the variance in the TTO values. The regression results for the RS were con-
sistent and had significant effects for almost all response alternatives of the SF-12 items. The exception
to this is the Role-Emotional Function (RE) dimension items that were not significantly related to the
health state utilities. The results for the TTO were less strong than those for the RS. Many coefficients
were not significant. In conclusion, most of the SF-12 items were related to the health-state utilities in
the expected ways, with especially strong results for the RS method. The results obtained by Lundberg

et al. suggest that the SF-12 could be conver-ted to health-state utilities, but as they put it themselves:

“.. further work is needed to reliably estimate the conversion function.”

Applications using the SG technique for eliciting SF-12 utilities (Brazier and Roberts 2001)'

4 Permission to quote from their findings granted by both authors.
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The data. The study conducted by Brazier and Roberts was a comparison of the SF-12 and SF-6D,
where the latter was used to elicit a single index score for respondents filling out the SF-36. The valua-
tion study elicited 249 direct valuations defined by the SF-6D using the SG technique. The direct
valuations were subsequently used to predict the remaining non-directly elicited valuations that could
be described within the SF-6D (app. 18,000 health states) and within the SF-12 (app. 7,500 health
states). They applied a split-sample design, whetre each respondent was asked to value six different
health states. All respondents valued the worst health state - defined as 645655.> The remaining health
states were classified as mild, moderate, or severe. All respondents with usable data were included in
the study, including those respondents having missing values. In total 611 respondents, with up to six

valuations each, entered the study (n = 3,518).

Methods. Both the SF-6D and SF-12 models were modelled at the mean level, which implied that the
explanatory variables were used to estimate the mean value given to each of the 249 health states by
the respondents who valued them. Brazier and Roberts also tested models that took account of indivi-
dual variation across respondents (e.g. random effects models), which gave very similar coefficient
estimates to the mean models, but were no better in terms of predictive ability (e.g. judged by R? val-
ues). A specific-to-general approach was used in order to derive a parsimonious regression model to
estimate the mean value for each state. In addition, a binary dummy variable was included in order to
take account of any additional effect on health state value, when one or more dimensions of health
were at the ‘most severe’ level. In both cases the intercept in the regression model was restricted to
equal unity.® The techniques applied in their valuation study wetre based on the assumption that health

state 111111 (full health) equals one and death equals zero.

Results. On average, each of the 249 health states was valued around fifteen times. Mean health states
valuations ranged from 0.10 to 0.99 and in general yielded large standard deviations. The relative order-
ing of health states within the SF-12 conformed to the logical ordering of the SF-6D. Furthermore, the
majority of respondents valued the worst health state (645655) as being better than death. However,
only a few health states were valued at full health (1.0), indicating the willingness of respondents to risk
a worse health state in order to have the chance of a better state of health. In their conclusion Brazier
and Roberts (2001) suggested that the SF-12 model was similar to the SF-36 model in terms of the
coefficients on the SF-6D levels. The SF-12 was also slightly worse in terms of fit judged by explana-
tory power, mean absolute value of error, and percentage of predictions. Finally, there were no system-
atic differences between the SF-12 and SF-36 models, though both models suffered from a tendency

to over-predict the lower end.

5 See Brazier & Roberts (2001) for a review.

¢ In theory the intercept represents, as noted by Brazier and Roberts (2001), the value of full health, i.e. when each attribute of
the health state is at level 1. However, empirical findings suggest that the value of the intercept is usually less than one [Dolan
et al. 1997; Devlin er al. 2000; Wittrup-Jensen et al. 2001; Brazier et al. 2002].
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Applications of Multi-attribute Utility Theory (MAUT)

Multi-Attribute Utility method is a feasible and applicable possibility when the HRQoL instrument
contains a large number of health states [Feeny et al. 1995]. The first model is a two-stage additive
valuation method proposed by Pliskin et al. (1980), Sintonen (1981), and Torrance et al. (1982). The
two stages are concerned with the health dimensions, K|, and the levels of each dimension, respec-

tively:
U(X)ZV}LW :Z K;[le(xj)] M
j

where Vi is the value of health state H for individual 7 as produced by model 1, Kj is a positive con-
stant for the j’th health dimension, where j = 1, 2, ..., n). It represents the relative importance that
individuals attach to it under the assumption that JKi=1. wl;(x]) is a numerical function of the /’th

dimension, representing the relative value of the health levels included in the dimension (top level = 1

and being dead = 0).

Model (1) is the simplest alternative. It explicitly assumes that the dimensions are additively independ-
ent for valuation purposes, and that the importance weights apply over the whole range of levels. In
other words, the difference in the relative importance between any two dimensions remains at a con-
stant level. However, from a purely intuitive point of view, it would seem more plausible that the rela-
tive importance may change as a function of levels. Model 2, which incorporates this aspect, could be

of the following form:
U(X) =V2 =Z[K}(Xj)][Wi,- (x;)] @
i

where K'i(x;) is a set of positive constants for the f’th dimension representing the relative importance of
the dimension at the different levels the individual 7 attaches to it (XK’ = 1 at any level) and @'i(x)) is a
numerical function on the y’th dimension, representing the relative value the individual 7 places on
different levels of the dimension (top level = 1 and being death = 0). As in model 1, model 2 explicitly
assumes additive independence. Values elicited by model (1) and (2) have so far been applied in all the

estimations of a preference—index for the multi-attribute and preference-based HRQoL questionnaire

15D [Sintonen 1994].



Methods and data

The study

The study was undertaken as a randomly drawn postal-based questionnaire survey in May 2001 where
1,986 respondents were part of the initial sample. The age range was set at 18 to 75 years. The sample
was drawn from the National Danish Register by using gender and domicile. The questionnaires
mailed to the respondents contained a pre-stamped envelope, and they were given around fourteen
days to return the questionnaire. The questionnaire included: 1) SF-12 questionnaire version 11, 2) a
Visual Analogue Scale (VAS) exercise, 3) a weighting exercise for SF-12 based on the MAUT approach

and 4) background demographic questions.

The SF-12 questionnaire itself was based, as previously described, on an unofficial translation of the
English version of SF-12 version II. The VAS instrument was an assessment of the respondents’ own
health at the present day, similar to the one contained in the EuroQol (EQ-5D) questionnaire [Euro-
Qol Group 1990]. The endpoints were given by 0 (worst imaginable health state) and 100 (best imagin-
able health state). The weighting exercise contained two exercises using category scaling and one exer-
cise using magnitude estimation. All respondents under-took two of the above exercises: the magni-

tude exercise and one of the category scaling exercises.

The background data collected were age and gender of the respondent, education level, persons in
household, employment status, and income. In addition, the respondents were asked whether they
used their own or other peoples’ experiences while assessing the health states, and whether their as-

sessment was influenced by something that could happen within the next ten years.

The valuation tasks

In model (1) the dimensions were described by their top levels (level 1) adjacent to a vertical continu-

ous 0-100 ratio scale (task 1). Fach dimension description was followed by an arrow-shaped box. The

order of descriptions was determined randomly, but was the same for all subjects. The values obtained
were divided by 100 to bring them to a 0-1 scale and then transformed to satisty 2K = 1. ‘Social’
importance weights (Kj) were formed by averaging the individual weights over the sample. At the sec-
ond stage, the subjects were asked to give a value to the levels of each dimension, one dimension at a
time, using the same format (task II). The levels were described adjacent to a 0-100 ratio scale of desit-
ability. The duration of the states was not defined. The values obtained for each state were divided by
100, transformed linearly to meet wi(xj,) = 1 (by definition for the top level). ‘Social’ level values w;(xj)

were calculated by averaging them over the sample.

For model (2) weights for the bottom level of each dimension were elicited using a format resembling

that of the EQ-5D [EuroQol Group 1990] (task III). Here the duration of the states was again un-
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specified. The values obtained were divided by 100 and transformed to satisfy ZKi, = 1 (b refers to
the bottom level of j). The ‘social’ importance weights for the intermediate levels were extrapolated
linearly from the ‘social’ weights of the extreme ends in relation to the distance between level values

obtained from task II.

Figure 2. General format of the valuation exercise in SF-12.

The samples

All valuation tasks were carried out using self-administered postal questionnaires with no reminder.
Two random samples (n = 1,000 each) of the Danish non-institutionalised population aged 18 to 75
years were drawn from the National Population Register. The content of the questionnaire for each

sample was:
Sample 1 The SF-12 questionnaire, the Visual Analogue Scale (VAS) assessment of own health,

tasks I and I, and background data (age, gender, education, income, whether experi-

enced serious illness etc.).
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Sample 2 The SF-12 questionnaire, Visual Analogue Scale (VAS) assessment of own health, tasks
III 11, and background data (age, gender, education, income, whether experienced seri-

ous illness etc.).

Weighting dimensions?

In this valuation exercise we explicitly gave each attribute (dimension) in the SF-12 questionnaire a
weight of 1. However in the case of the SF-12, as illustrated in Figure 1, each of the eleven attributes
is combined into scales where four out of eight scales comprise two attributes. It is not a priors clear
whether each attribute in these cases should have the same weight, i.e., in this case the weight of 1.

In what follows we discuss the pros and cons of whether or not there is evidence for weighting dimen-
sions that are part of a larger scaling instrument. Given the limited evidence on explicit weighting in
both HRQoL profile- and preference-based instruments, we turn towards more general Quality-of-Life
(QoL) instruments. However, these findings and conclusions may be applicable to the area of both

profile- and preference-based HRQoL instruments.

Although the notion of well-being is generally thought of as a global concept, it has been widely recog-
nised that not all aspects of QoL are of equal importance to all individuals [Diener 1984]. For instance,
individuals in good health may not consider matters of health as important as those in poorer health. It
is no surprise that individuals vary in how much importance they place upon different domains. How-
ever, according to Trauer & McKinnon (2001), it is essential that one is aware how these domains have

been selected, given that the criterion of importance may have been implicit in the selection.

Qol. instruments that obtain both Satisfaction (S) and Importance (I) ratings are usually scored by
multiplying the satisfaction and importance ratings (S x I), before summing responses concerning indi-
vidual domains [Trauer & Mackinnon 2001]. As noted by Ferrans and Powers (1985), the rationale for
multiplying satisfaction by importance ratings appears reasonable as individuals differ with regard to
which dimensions predominate in importance. This implies that simple addition of satisfaction scores
produces an inaccurate representation of QoL. Lehman (1982) has developed a widely-used QoL scale
for mentally ill patients, in which he used results from previous studies. Other scales use methods such
as interviews, focus groups, and expert opinions to generate relevant items to include [Juniper ez al.

1996]. Again, some scales are constructed somewhat arbitrarily [Campbell et al. 1976)].

Trauer & Mackinnon (2001) suggest that even though there is an intuitive appeal in weighting items by
importance, this practice should be discontinued. Their views are shared by, e.g., Nunally (1967) who
states “For two reasons, it is usually not necessary to apply differential weights to the items on summa-
tive scales of attitudes (other than to reverse the scoring for negative statements). First, it is difficult to
defend any particular method of weighting over the method of simply summing unweighting ratings.

Second, and more to the point, weighted and unweighted summative scores usually correlate very
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highly.” To prove this, Likert (1932) undertook a study in which he compared unweighted scores with
scores obtained by an elaborate method of weighting each item. The two sets of scores correlated with
a coefficient of 0.99. On the other hand, Trauer & Mckin-non (2001) suggest, contrary to Nunally
(1967), that using importance weights is not too difficult to defend: “.. the practice certainly appears to
have considerable face validity. To be clear, importance may be a criterion in the initial selection of
items for an instrument; we call into question the practice of multiplying included items by addition-

ally obtained importance ratings.”

The importance of value placed on an item may also have explanatory value in its own right. For
example, Oishi et al. (1999) find systematic differences in undergraduate students’ level of well-being
related to value orientation. Furthermore, Rejeski et al. (1998) find that the value that patients place on
their physical function moderates their satisfaction ratings, that is, the greatest dissatisfaction is ex-
pressed by those who place a high value on their function despite conside-rable physical limitation.
Thus even though there may be arguments for unweighted satisfaction ratings, this does not necessar-
ily imply that all the items are of equal importance to the individual, nor that importance (or value) is
not a valid and useful focus of study. Rather, problems arise in attempting to incorporate these ratings

into the measurement of QoL using the multiplicative approach [Trauer & McKinnon 2001].

To sum up, it is suggested that satisfaction ratings already reflect a personal appraisal of the importance
of the item to the individual, and that the multiplicative composite of satisfaction and importance has
extremely undesirable measurement properties and also may be difficult to interpret. As concluded by
Trauer & McKinnon (2001), there are no good reasons, beyond intuitive appeal, for multiplying satis-

faction ratings by importance ratings, and consequently several compelling reasons for not doing so.

Results

Health status of the sample measured with SF-12

All respondents filled out the SF-12 profile questionnaire. The PF (Physical Function) scale includes ‘mode-
rate activities’ and ‘climbing several stairs’. Nearly 25 per cent of the respondents indicated that they were to
some degree limited in performing moderate activities such as moving a table. Nearly 30 per cent were to
some degree limited in climbing several flights of stairs. The RP (Role Function - Physical) includes the two
attributes ‘accomplished less’ and ‘limited in the kind of work’ where over 40 per cent felt that they had
somehow accomplished less than they would have liked during the last four weeks, and around 40 per cent
were more or less limited in the kind of work or other activities during the last four weeks. Concerning the
BP scale (Bodily Pain), nearly 40 per cent felt that some sort of pain interfered with their normal work during
the past four weeks. The VT scale (Vitality) indicated that around 12 per cent of the respondents had a lot of
energy during the last four weeks and around 7 per cent did not have any energy at any time. The SF scale
(Social Function) indicated that around 20 per cent had some physical health or emotional problems during

the last four weeks. The RE scale (Role Function-Emotional) contains the two attributes ‘accomplished less’
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and ‘less careful than usual’. Over 40 per cent of the respondents felt that, to some degree, they had ac-
complished less than they would have liked during the last four weeks, and nearly 40 per cent felt that they,
to some degree, had been less careful than usual regarding work during the last four weeks. The MH scale
(Mental Health) encompasses the two attributes ‘calm and peaceful’ and ‘downhearted and blue’. Nearly 20
per cent of the respondents indicated that they had felt calm and peaceful all of the time and around 5 per
cent had not felt so at any time. Over 50 per cent indicated that they, more or less, had felt downhearted and

blue during the previous four weeks.

Subjective health status and sample characteristics

Table 1 illustrates the sample distribution of the general health (self-stated health) item in the SF-12
questionnaire according to gender and age. In total, around 85 per cent of the respondents rated their
own general health to be at least ‘good’. None of the respondents rated their own general health as
being ‘poor’. The differences between subjective health status as judged by males and females were
insignificant at the 10 per cent level. The respondents’ age distribution in general was significant at the
1 per cent level, indicating that relatively elderly respondents assessed their subjective health as being

worse than younger respondents.

Table 1. Distribution of respondents’ subjective assessment of their own health state by the SF-12

according to gender, age, and in total. Per cent in brackets.

Excellent | Very good Good Fair Poor Total P-
value
Gender:
Male 15 (6.9) 41 (18.9) 43 (19.8) 13 (6.0) 0 (0.0) 112 (51.6) | 0.145*
Female 11 (5.1) 45 (20.7) 29 (13.4) 17 (7.8) 3 (1.4 105 (48.4)
Total 26 (12.0) 86 (39.6) 72 (33.2) 30 (13.8) 3(1.4 | 217 (100.0)
Age (years):
18 — 29 8 (3.7 22 (10.2) 10 (4.6) 1 (0.5) 0 (0.0) 41 (19.0) | 0.004*
30 — 39 4 (1.9) 16 (7.4 8 (3.7 5 (2.3) 1(0.5) 34 (15.7)
40 — 59 12 (5.6 23 (10.6) 20 (9.3) 8 (3.7) 2 (0.9) 65 (30.1)
> 60 2 (0.9) 24 (11.1) 34 (15.7) 16 (7.4) 0 (0.0) 76 (35.2)
All 26 (12.0) 85 (39.4) 72 (33.3) 30 (13.9) 3(1.4) | 216 (100.0)
In total 26 (11.6) 89 (39.6) 74 (32.9) 33 (14.7) 3(1.3) | 225 (100.0)
*y2 test.

From Table 2 it can be seen that the mean score on the VAS scale for all respondents was around 80.0
with an interval ranging from 5.0 to 100.0. The mean VAS scores obtained for the two sub-samples
were insignificant at the 10 per cent level. The mean VAS score for male respondents was higher than
the corresponding score for females. This difference was significant at a 1 per cent level. Surprisingly,
the mean VAS score did not differ significantly across age groups.

Table 2. VAS scores according to sample, gender and age. Per cent in brackets.

VAS
Mean (SD) Median Min. Max. P-value
Sample:
1 (n=99) 78.6 (20.8) 85.0 5.0 100.0 0.383*
2 (n=114) 80.6 (18.3) 90.0 15.0 100.0
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In total (n=213) 79.7 (19.5) 85.0 5.0 100.0
Gender:
Male (n=100) 82.2 (16.4) 87.5 15.0 100.0 0.003*
Female (n=102) | 77.7 (22.1) 87.5 5.0 100.0
Age (years):
18-29 (n=40) 83.1 (13.8) 90.0 50.0 100.0 0.507**
30-39 (n=32) 77.2 (21.4) 85.0 30.0 100.0
40-59 (n=62) 81.0 (20.0) 90.0 5.0 100.0
> 60 (n=73) 78.4 (20.8) 85.0 15.0 100.0

*Independent sample t-test.

**One-way ANOVA.

Table 3 illustrates socio-demographic data within the two samples and in total. The mean age of the
respon-dents was 48.8 years. The difference according to mean age between the two samples was in-
significant at the 10 per cent level. Around a quarter of the respondents lived alone, and fewer than
five per cent of the respondents had five or more individuals in the household. The distribution of
persons in the household in the two samples was insignificant at the 10 per cent level. Less than half of
the respondents had a high school qualification and around 20 per cent had not been in school for
more than maximum seven years. The distribution across the two samples was highly significant, indi-
cating differences in the two samples due to the number of years the respondents had spent in both
primary school and high school. Around 14 per cent of the respondents had a university degree, which
is insignificant at the 10 per cent level for the two samples. Over 80 per cent of the respondents had a
monthly income before tax below 30,000 DKK and around 1 per cent had a monthly income of
60,000 DKK or above. There were no significant differences in income between the two samples.
Given that the lengths of the two questionnaires sent out to the two samples were different, it is not
surprising that respondents in sample one took more time to complete the exercise, as this included
the longer questionnaire. However, this difference in mean completion time was not statistically sig-

nificant.

Table 3. Demographic variables by sample and in total.

Sample 1 Sample 2 All
(n = 105) (n = 120) (n = 225) P-value
Age, mean (n = 216) 49.3 48.3 48.8 0.765%**
Persons in household (%): 0.732%%4%
1 person 28.9 21.1 24.6
2 persons 35.1 43.0 39.3
3 persons 11.3 14.0 12.8
4 persons 20.6 17.5 19.0
5 persons 2,1 1.8 1.9
> 6 persons 2.1 2.6 2.4
Years in school™ (%): 0.006%**
<7 years 13.4 22,9 18.6
8-9 years 18.6 10.2 14.0
10 years 13.4 27.1 20.9
> 11 54.6 39.8 46.5
= yeans 0.268#5+*
Uniwversity or college degree (%): 16.8 115 13.9
e 83.2 88.5 86.1
No
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Income before tax per month (%): 0.803 4%
< 19999 DKK** 60.0 55.2 57.6
20000-29999 DKK 25.0 255 25.1
30000-39999 DKK 8.0 114 9.8
40000-49999 DKK 5.0 6.1 5.6
50000-59999 DKK 1.0 0.0 0.5
> 60000 DKK 1.0 1.8 1.4
Tﬁ;félé; ut questionnaire (min.). 300 (15.8) | 27.6 (123) | 287 (14.1) | 0.576%+
A 25.0 25.0 25.0
e 10.0 5.0 5.0
e 90.0 70.0 90.0
aximum

*Including primary and high school.
**1 DKK equals 0.1347 Euro.
**Independent sample ¢-test.
Fotorky 2 test,

Results from the MAUT exercise

Only 225 respondents returned the questionnaire, resulting in a return rate of only 11 per cent, which
was very low considering the usual return rate for postal-based questionnaires in Denmark. Neverthe-
less, the valid answers were judged usable for the calculations of weights for models (1) and (2). In
pair-wise comparisons, most of the mean Kj weights from the top levels differed significantly from

those from the bottom levels (cf. Table 4).

Table 4.The mean K weights for the dimensions from the two samples.

Dimension* K; (n = 105) Ki»z2 (n =120)
1 0.0914 0.0922
2 0.0831 0.1000
3 0.0972 0.1020
4 0.0996 0.0960
5 0.0945 0.0963
6 0.0996 0.0946
7 0.0964 0.0839
8 0.0850 0.0897
9 0.0782 0.0965
10 0.0788 0.0774
11 0.0962 0.0714
> 1.0000 1.0000

*Only eleven dimensions were valued since the dimension *Assessment of own health” could not be fitted into
the models.
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Table 5. Mean scores (SD) and 95% confidence intervals across levels for all dimensions.

Dimension

Level 1

Level 2

Level 3

Level 4

Level 5

1

2

3

10

11

1=1.0000

1=1.0000

1=1.0000

1=1.0000

1=1.0000

1=1.0000

1=1.0000

1=1.0000

1=1.0000

1=1.0000

1=1.0000

2=0.6052 (0.255)
[0.5540; 0.6322]
2=0.6245 (0.227)
[0.5838; 0.6542]
2=0.6979 (0.225)
[0.6690; 0.7354]
2=0.6816 (0.232)
[0.6378; 0.7114]
2=0.6732 (0.256)
[0.6338; 0.7115]
2=0.6546 (0.259)
[0.6125; 0.6922]
2=0.6660 (0.247)
[0.6249; 0.7014]
2=0.8159 (0.196)
[0.7727; 0.8367]
2=0.8124 (0.188)
[0.7717; 0.8329]
2=0.7036 (0.261)
[0.6625; 0.7423]
2=0.6712 (0.273)
[0.6330; 0.7144]

3=0.2088 (0.247)
[0.1690; 0.2390]
3=0.2610 (0.254)
[0.2181; 0.2926]
3=0.4744 (0.220)
[0.4443; 0.5113]
3=0.4559 (0.213)
[0.4184; 0.4839]
3=0.4795 (0.237)
[0.4458; 0.5180]
3=0.4550 (0.229)
[0.4209; 0.4915]
3=0.4803 (0.236)
[0.4482; 0.5218]
3=0.6478 (0.230)
[0.6091; 0.6804]
3=0.6642 (0.204)
[0.6313; 0.6961]
3=0.4861 (0.234)
[0.4591; 0.5313]
3=0.4993 (0.257)
[0.4676; 0.5457]

4=irrelevant
5=irrelevant

4=0.3118 (0.214)
[0.2829; 0.3492]
4=0.2990 (0.218)
[0.2630; 0.3304]
4=0.3222 (0.242)
[0.2816; 0.3540]
4=0.2934 (0.225)
[0.2619; 0.3327]
4=0.3188 (0.238)
[0.2821; 0.3558]
4=0.4718 (0.244)
[0.3878; 0.4627]
4=0.4258 (0.220)
[0.4002; 0.4670]
4=0.2938 (0.235)
[0.2698; 0.3434]
4=0.3012 (0.260)
[0.2645; 0.3433]

4=irrelevant
5=irrelevant

5=0.1755 (0.221)
[0.1500; 0.2199]
5=0.1519(0.210)
[0.1227; 0.1894]
5=0.1802 (0.240)
[0.1473; 0.2225]
5=0.1579 (0.233)
[0.1285; 0.2024]
5=0.1670 (0.236)
[0.1321; 0.2066]
5=0.1972 (0.257)
[0.1625; 0.2414]
5=0.1919 (0.250)
[0.1647; 0.2420]
5=0.1463 (0.240)
[0.1189; 0.1953]
5=0.1555 (0.269)
[0.1186; 0.2020]

Note: NA (Not Applicable) refers to the fact that dimensions 1 and 2 comprise only three levels.

Table 5 shows the ‘social’ weights for the levels across all dimensions. All levels were estimated by

group means, however, there was a fairly high variation for both upper levels (best) and lower levels

(worse). While the relative values of the various levels of the dimensions were the same in both mod-

els, the relative importance weights (Kj) were different. This is because model (2) took into account

that relative importance may change as a function of levels. Nevertheless, when the equations for

models 1 and 2 were used on the respondents’ profiles (results from the SF-12 questionnaire), the dif-

ferences were minor (cf. Table 06).
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Table 6. Descriptive statistics of the values for models (1), (2) and self-reported health scores (using

VAS).

Variable Mean (SD) Median Min Max N % < 0.32
Vi 0.825 (0.154) 0.868 0.320 1.000 209 0.0
Vi 0.826 (0.154) 0.870 0.321 1.000 209 0.0
Self-reported | 0.797 (0.195) 0.850 0.050 1.000 213 2.1

As can be seen in Table 6, the means for both models (1) and (2) were higher than the means from the
self-reported health states using the VAS method. The worst score, according to models 1 and 2, was
0.32. The worst score according to the VAS was 0.05. Only around 2 per cent of the VAS scores were

below the minimum scores for models (1) and (2).

Correlation coefficients for models (1), (2) and VAS results

Since there is no existing preference index for SF-12, a test for construct validity cannot be performed,
and hence one cannot get an indication of the validity of the results stemming from the two models.
Instead the results from the VAS exercise were used to get an impression of how close the mean val-
ues obtained by the two models corresponded with the results from the VAS exercise, i.e. the VAS
mean is effectively treated as the gold standard. Using Pearson and Spearman correlation coefficients it
appears that, as illustrated in Tables 7 and 8, the correlation coefficients between A) the two models,
B) model (1) and results from the VAS exercise, and C) model (2) and results from the VAS exercise,

were all significant at the 1 per cent level.

Table 7. Pearson correlation coefficients between results from model (1), model (2), and VAS.

Model (1) Model (2) VAS
Model (1) 1.000
Model (2) 1.000* 1.000
VAS 0.788* 0.788* 1.000
*p < 0.01).

Table 8. Spearman correlation coefficients between results from model (1), model (2), and VAS.

Model (1) Model (2) VAS
Model (1) 1.000
Model (2) 1.000* 1.000
VAS 0.683* 0.682* 1.000
*(p < 0.01).
Discussion
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A limitation of both generic and disease-specific quality-of-life instruments is that they are mainly de-
scriptive, i.e., they describe health status on a number of different dimensions. However, for evaluative
purposes it would be useful to measure overall health-related quality of life along a cardinal scale. SF-
12 is no exception, and it was the aim of this study to provide health-state utilities and, subse-quently,
an algorithm that could be applied in future studies to generate a single index score when using SF-12

for health status measurement.

This study should only be considered an experiment, and consequently we limited our models to en-
compass two additive models. Other model forms, e.g. multiplicative or multi-linear, may perform
better. However, as shown in a similar study using the 15D instrument, the two additive models be-
haved very well in the case of applying MAUT for valuations of the 15D, which led us to limit out-

selves to those two models in this first preliminary study [Wittrup-Jensen & Pedersen 2001].

Due to the structure of the SF-12 we had to exclude the item ‘General Health (GH)’ from the valua-
tion task. This conclusion was also reached by Lundberg et al. (1999), who also excluded this item in

their valuation study.

In estimating these preliminary results we interpreted the SF-12 as consisting of eleven unique and
inde-pendent questions, i.e. dimensions. However, the SF-12 consists of only six dimensions, where in
some instances two questions represent one dimension. Hence it could be argued that the mean K
weights ought to be expressed for six dimensions only and not, as presented here, for eleven dimen-
sions. In other words, some sort of weighting process should be incorporated. In practice this could be
accomplished by using either Rasch models or factor analysis. Conse-quently, this issue should be in-

vestigated more deeply in future studies eliciting health-state utilities for the SF-12.

Both models (1) and (2) resulted in an algorithm which makes it possible to apply this algorithm in
future studies and elicit a single index score that can be applied in economic valuations. The algorithms
are based on the MAUT technique, which has been used in eliciting health-state utilities for both the
15D and the Health Utility Index (HUT) [Sintonen 1994; Torrance et al. 1995]. Lundberg et al. (1999)
suggest that the MAUT method could be used as an alternative to using regression analysis, and that
which approach is to be preferred for eliciting health-state utilities depends on which approach can
most closely predict the results of directly measuring health-state utilities. However, the MAUT
method has some drawbacks, especially in the sense that we make use of category scaling and magni-
tude estimation. Neither of these methods explicitly incorporates a trade-off, which may disqualify
them as proper scaling techniques for eliciting individual utilities. According to Richardson (1994),
both methods make it difficult in placing a meaning on the units obtained from these scales, and the
difficulty in judging their suitability as a basis for allocating resources remains. We agree that it is ques-
tionable whether these scales yield interval properties, which are required to permit the summation of

utilities (QALYSs). Nevertheless, the methods have some advantages, especially in cases where the
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health status instrument is relatively comprehensive as is the case with the SF-12 and 15D, where other
scaling techniques are inappropriate. Actually, this inappropriateness is not due to theoretical limita-
tions, but merely due to the fact that it is neatly impossible to obtain direct valuations from so many
health states, which makes it hard to predict - at least with a reasonable fit - the remaining health states.
Evidently this limitation is not about the appropriateness of the scaling techniques, but about budget

constraints.

There have been some efforts to elicit health-state utilities for the SF-12. The first method is in pro-
gress and not fully developed. This is the method proposed by Brazier and Roberts (2001), which is
based on the Standard Gamble (SG) scaling technique. The idea is to estimate a sub-sample and apply
regression analysis in order to predict the remaining possible health states. At first glance this is the
same procedure used in Dolan (1997) and Wittrup-Jensen et al. (2001) when they estimated health-
state utilities for the EuroQol (EQ-5D). However, there is a major difference, since the SF-12 encom-
passes around 7,500 possible health states and the EQ-5D only 243 health states. Brazier and Roberts
(2001) elicited direct valuations of 249 SF-12 health states, where each health state was valued - on
average - by six different respondents. Based on these direct valuations, the remaining non-direct
health states were predicted by applying regression analysis. In other words, they used 3.3 per cent of
the health states to predict the remaining 96.7 per cent. Although they did take account of obtaining
direct valuations of a variety of different health states covering the whole spectrum of the SF-12, the
robustness of the prediction cannot be very high, ceteris paribus. Nevertheless, the fit of the regression
analysis yielded an R? value of 0.426, which - everything taken into consideration - is modest and ought
to be higher. We believe that the method adopted by Brazier and Roberts (2001) has its advantages and
that it all comes down to whether one is for or against the SG as a proper scaling technique in eliciting
utilities which can be entered in economic evaluations. However, we would like to stress that eliciting
direct valuations from more than these 3.3 per cent of health states, all other things being equal, would
lead to an improvement of both the fit and consequently the robustness of the analysis. Finally, each
health state was only valued - on average - by six respondents. There is no reason - apart from having a
limited budget - why this number should not be raised to 12-14 respondents, which would improve the

robustness of the analysis.

The second study has been undertaken by Lundberg et al. (1999), who used the RS and TTO to elicit
health state utilities. They concluded that their regression models explained about 50 per cent of the
variance in the RS responses and about 25 per cent in the TTO responses. The RS has some known
limitations in eliciting individual utilities due to a weaker theoretical foundation than the TTO and the
SG methods [Bleichtrodt and Johannesson 1997]. The R? value for the TTO in the study performed by
Lundberg et al. (1999) is much lower than the R? value obtained by using the SG me-thod in the study
undertaken by Brazier and Roberts (2001). There may be many reasons for this. One reason is that
Lundberg et al. used a postal-based questionnaire. In our experience the TTO method is too difficult

and cumbersome to be applied in a postal-based study. Instead it performs very well when applied in
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an interview-based study. This may to some degree explain the low R? value. Lundberg et al. (1999)
recommend that future studies should use interview-based scenarios instead of postal-based. The study
by Lundberg et al. evidently suffers from the same limitations as the study by Brazier and Roberts,
since they also had to estimate a fairly high number of predicted valuations based on relatively few

direct valuations.

The mean K| weights for the eleven dimensions for both models (1) and (2) were around 0.10 with a
minimum of 0.0782 and maximum of 0.0996 for model (1), and 0.0714 and 0.1020 for model (2). The
mean scores for the levels varied across dimensions, which indicated that respondents put more em-
phasis on some levels in a dimension compared to other levels in other dimensions. This was also the

case in the previous chapter, where we estimated weights and mean scores for the 15D.

A major limitation to our study is the lack of testing for validity. Due to the fact that we did not use
regression analysis, we were unable to estimate an explicit indicator for the fit, e.g. a R? value. How-
ever, another way to test for validity is to look at construct validity. This approach has its drawbacks as
well, since one necessarily has to test one’s results against a gold standard, which in our case does not
exist. The line of reasoning in this case is that one simply declares an alternative valuation method to
be the gold standard and then explicitly compares the results from one’s study with the results from
the alternative study. Given that the algorithm developed by Brazier and Roberts (2001) is currently
unavailable we cannot test our results against results estimated by their algorithm. Another way to test
for validity is to use correlation analysis. We estimated correlation coefficients by comparing results
from the two models and results from the VAS exercise. Not surprisingly, all correlation coefficients
proved to be statistically significant. Nevertheless, we would like to point out that a significant correla-
tion coefficient does not necessarily have to be interpreted as a high degree of validity, and that the
results from the correlation analysis should be interpreted with a grain of salt. In this particular case,
first due to the appropriateness of the VAS scale in itself, and second the correlation analysis in itself is

dubious.

Preliminary results show that it is possible to use MAUT for the SF-12. It appears that the additive
model provides a reasonable approximation to how people value multi-attribute health states. How-
ever, we urge that future research investigate other model specifications e.g. multiplicative, in addition.
Both models generated only positive scores, i.e. all possible health states were thus regarded as prefer-
able to death, and our design did not include the states ‘dead’ or ‘unconscious’. Of course it is possible
to scale the scores so that negative ones are also allowed. However, whether these should be allowed is
a matter of perspective. As in Torrance ef al. (1992) and Sintonen (1994) we also restricted the scores

to the positive area.

In conclusion, these findings are very preliminary and much more research applying MAUT to the SF-

12 is needed. However, we feel that the MAUT method is a valid alternative to existing preference
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elicitation strategies for SF-12 and that our proposed valuation technique can be followed in esti-

mating an official preference-index for the SF-12.
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