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Abstract

Objectives To construct a prediction model of prefer-
ence-adjusted health status (SF-6D) for Cushing’s syn-
drome using a disease-specific health-related quality of life
(HRQOL) measure (CushingQoL).

Methods Data were obtained from the original multicenter,
multinational study to validate the CushingQoL question-
naire. HRQOL was measured using the CushingQoL and the
SF-36 questionnaires. SF-6D scores were calculated from
responses on the SF-36. Sociodemographic and clinical data
were also collected. Various predictive models were tested
and the final one was selected on the basis of four criteria:
explanatory power, consistency of estimated coefficients,
normality of prediction errors, and parsimony.

Results  For the mapping analysis, data were available from
116 of the 125 patients included in the original validation
study. Mean (SD) age was 45.3 (13.1) years and the sample
was predominantly (83 %) female. Patients had a mean (SD)
CushingQoL score of 52.9 (21.9), whereas the SF-6D
(derived from SF-36) was skewed towards better health with
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amean of 0.71 (median 0.74) on a scale of —0.704 to 1. Of the
various models tested, a model which included the intercept
(0.61), CushingQoL overall score, level one in CushingQoL
item 2 (always have pain preventing me from leading a
normal life), and level one in CushingQoL item 10 (my ill-
ness always affects my everyday activities) best met the four
criteria for model selection. The model had an adjusted R? of
0.60 and a root mean square error of 0.084.

Conclusions Although the mapping function finally
selected appears to be able to accurately map CushingQoL
scores onto SF-6D outcomes at the group level, further
testing is required to validate the model in independent
patient samples.

Key Points for Decision Makers

e Index values produced by preference-based measures
are essential for cost—utility analysis, where they are
used in combination with the time in a given health
state to generate quality-adjusted life years (QALYSs).

e A mapping approach allows one to catry out cost—
utility measurements even when a preference-based
instrument is not used in the initial evaluation of an
intervention.

e This study allows one to derive a simple prediction
model to map scores on the disease-specific Cushi-
ngQoL, for use in patients with Cushing’s syndrome,
to the SF-6D.

e Although the mapping function finally selected
appears to be able to accurately map CushingQoL
scores onto SF-6D outcomes at the group level,
further testing is required to validate the model in
independent patient samples.

A\ Adis



104

M. Roset et al.

1 Introduction

Endogenous Cushing’s syndrome (CS) results from chronic
exposure to excess glucocorticoids (GC) produced by the
adrenal cortex. It is caused by excess adrenocorticotropic
hormone (ACTH) production (80-85 %), usually by a
pituitary corticotroph adenoma [Cushing’s disease (CD)],
less frequently by an extrapituitary tumor (ectopic ACTH
syndrome), or very rarely by a tumor secreting cortico-
tropin-releasing hormone (CRH) (ectopic CRH syndrome).
CS can also be ACTH-independent (15-20 %) when it
results from excess secretion of cortisol by unilateral
adrenocortical tumors, either benign or malignant, or by
bilateral adrenal hyperplasia or dysplasia [1]. The condition
is more prevalent in females, who are at three times greater
risk of having the condition than males. The incidence of
CS ranges from 0.7 to 2.4 per million population per year
[2]. New data, however, suggest that CS is more common
than previously thought. In screening studies of obese
patients with type 2 diabetes, reported prevalence of CS is
between 2 and 5 % [3]. Moreover, CS may be present in
adrenal incidentalomas [2].

The condition leads to many symptoms and disorders
which can impact negatively on the patient’s quality of life,
including central obesity, gonadal dysfunction, hirsutism,
delayed wound healing, muscle weakness, hypertension,
hyperglycemia, osteoporosis, and depression, among others
[1]. Studies have shown that even patients who have been
cured of the disease score lower in terms of general well-
being, anxiety and depression, and overall quality of life
than healthy controls [4]. Successful treatment of CD often
ameliorates clinical symptoms and leads to an improve-
ment in health-related quality of life (HRQOL). Published
studies have reported significant improvements in patients’
postoperative physical and mental functioning [5, 6].

For that reason, HRQOL instruments are useful for
assessing the burden of disease in patients with the syn-
drome as well as for evaluating the outcomes of specific
interventions. HRQOL instruments are usually self-report
measures and can generally be classified as either generic
(suitable for use over a wide range of conditions or ill-
nesses, as well as in the general population) or disease-
specific (instruments for use in a given condition or illness)
[7]. A further category of HRQOL instruments are those
designed to collect preferences (or utilities) from patients
or other groups, including the general population [8].
Examples include the SF-6D [9], the EQ-5D [10], and the
Health Utilities Index [11].

Index values produced by preference-based measures
are essential for cost—utility analysis, where they are used
in combination with the time in a given health state to
generate quality-adjusted life years (QALYSs) [12]. In cases
where a preference-based measure of this type has not been

A\ Adis

included in the initial data collection, but a disease-specific
measure has, it is sometimes possible to create a preference
function which allows scores on the disease-specific mea-
sure to be ‘mapped’ to index values on the preference-
based instrument. If mapping is successful, this approach
can allow cost—utility measurements to be carried out even
when a preference-based instrument was not used in the
initial evaluation of an intervention. A recent review
indicated that, although still a relatively new field of
research, this type of mapping exercise has been carried out
in a range of disease areas and using different preference-
based measures [13]. None of the studies reviewed had
been carried out in patients with CS, however.

The aim of the present study was to construct a pre-
diction model of preference-adjusted health status (SF-6D)
for non-malignant CS using a disease-specific HRQOL
measure (CushingQoL).

2 Methods
2.1 Study Sample and Data Collection

Data used in the present analysis were collected in the
original validation study of the CushingQoL [14]. That
study was performed in 125 patients aged 18 years or
above with histologically determined CS of pituitary or
adrenal origin, or whose hypercortisolism disappeared after
adrenal or pituitary surgery. Data were collected by 14
investigators in 5 European countries (Spain, France,
Germany, the Netherlands, and Italy) over a 2-month per-
iod from August to October 2006. Data were collected at a
single visit from the medical records and through self-
report on the relevant HRQOL questionnaires.

2.2 Instruments and Other Variables

HRQOL was measured using the CushingQoL [14] and the
Short Form-36 (SF-36) (licensed by Quality Metrics) [15]
questionnaires.

2.2.1 CushingQoL

The CushingQoL is a disease-specific questionnaire
designed to assess HRQOL in CS. It is a self-reported
instrument consisting of 12 questions which cover the areas
of trouble sleeping, wound healing/bruising, irritability/
mood swings/anger, self-confidence, physical changes,
ability to participate in activities, interactions with friends
and family, memory issues, and future health concerns.
Content for the questionnaire was derived from interviews
with ten patients with the condition [16]. Patients respond
on unipolar rating scales with five response categories
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(‘Always’, ‘Often’, ‘Sometimes’, ‘Rarely’, and ‘Never’, or
‘Very much’, ‘Quite a bit’, ‘Somewhat’, ‘Very little’, and
‘Not at all’). Responses are scored on a scale of 1-5, where
‘1’ corresponds to ‘Always’ or ‘Very much’ and ‘5’ to
‘Never’ or ‘Not at all’. The overall score is calculated by
summing responses on all items and ranges from 12 (worst
HRQOL) to 60 (best HRQOL). To facilitate the interpre-
tation of scores, they can be standardized on a scale from 0
(worst HRQOL) to 100 (best HRQOL).

2.2.2 SF-36

The SF-36 is a 36-item instrument designed to measure
health status in a range of populations, including the gen-
eral population. It measures eight dimensions of health:
physical functioning (10 items), role limitations because of
physical problems (4 items), bodily pain (2 items), general
health (5 items), energy/vitality (4 items), social func-
tioning (2 items), role limitations caused by emotional
problems (3 items), and mental health/emotional well-
being (5 items). Each dimension is scored from 0 “poor
health” to 100 “optimal health” [15]. As well as scores for
the individual dimensions, the SF-36 generates two sum-
mary measures, the Physical Component Summary (PCS)
scale and the Mental Component Summary (MCS) scale
[17, 18].

2.2.3 SF-6D

The SF-6D is a preference-based measure derived from
the SF-36 [9]. It covers the six domains of physical
functioning, role limitation, social functioning, pain,
mental health, and vitality. Each domain has 4-6 levels of
severity and an SF-6D health state is defined when a
respondent selects one level of severity in each domain.
The SF-6D can define a total of 18,000 health states.
Preference-based weights for the SF-6D were obtained
from a representative sample of the UK population using
the standard gamble technique [19]. SF-6D preference
weights can be generated in any study in which the SF-36
or SF-12 instruments are used.

2.2.4 Other Variables

Sociodemographic data (age, gender, level of studies, and
current employment status) and the following clinical
variables were collected: weight, height, blood pressure,
date of diagnosis of CS and cause (pituitary or adrenal
adenoma), history and persistence or not of adrenal insuf-
ficiency and hypercortisolism, surgery undergone for the
disease (type, date, route, and results of histology), and
history, dose, and date of pituitary radiotherapy.

2.3 Model Development and Selection

Before a predictive model could be developed, it was
necessary to transform SF-36 scores to SF-6D scores. This
was done using the items from the SF-36 corresponding to
each dimension on the SF-6D [9]. In order to calculate the
utility weights for this study, we used model 10, as
described by Brazier et al. [18]; coefficients in this model
run from 0.291 to 1, with 1 representing full health and O
representing death.

Regression analysis was used to analyze the relation-
ship between the SF-6D utility score and the CushingQoL
score. In all models, the dependent variable was the
SF-6D utility score. Models were additive generalized
linear models incorporating main effects. The simplest
reference model was one which included only the SF-6D
utility scores and CushingQoL scores. Clinical and soci-
odemographic variables that showed a statistical rela-
tionship with CushingQoL scores (presence of depression
and hospitalizations during the previous year) were also
included in the model. Individual CushingQoL items and
categorizations of CushingQoL scores (level 1 or 2 vs.
other responses) were then also included in the model in
order to improve goodness of fit. Finally, transformations
(logarithm or square root) were applied to the Cushi-
ngQoL and interactions and/or quadratic terms were tes-
ted as predictors.

Clinical and sociodemographic variables were initially
tested for potential inclusion in the models by determining
whether they showed a statistically significant association
with SF-6D utility scores. Categorical variables were
analyzed using the analysis of variance and continuous
variables using the Pearson’s correlation coefficient.
Variables tested were age, gender, level of education, age
at diagnosis, time since diagnosis, body mass index (BMI),
type of CS (pituitary-dependent or adrenal adenoma),
adrenal insufficiency development, previous surgery for
CS, presence of any concomitant disease, hypertension,
diabetes mellitus, osteoporosis, osteopenia, depression,
hormone levels, and hospitalizations related to CS or its
complications during the previous year.

With regard to the CushingQoL itself, as well as the
overall score, we also tested each item individually in the
models, by including them as discrete dummy variables
(always vs. other response options). Items included were
those significant at the 0.01 level in bivariate analysis. We
also tested the following categorizations of CushingQoL
scores by including them as dummy variables: presence of
‘1’ in any of the items answered; presence of ‘5’ in any of
the items answered; overall score at most 20, between 21
and 40, between 41 and 60, between 61 and 80, and greater
than 80.
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Analyses were performed using SAS® (PROC REG and
PROC GLM) and four criteria were used to select the final
model, namely the model’s explanatory power (assessed
using adjusted R?), the consistency of the estimated coef-
ficients (sign and parameter estimation), normality of pre-
diction errors, and simplicity. The normality of the
prediction errors was assessed using mean error (ME),
mean absolute error (MAE), root mean squared error
(RMSE), and a percentage error under 5, 10, and 15 % of
the overall scale of independent variable. The model’s
simplicity was evaluated by determining whether predic-
tors were readily available and use of the minimum number
of predictor variables in the model. The criterion of sim-
plicity was important in order to optimize model usability.
It has also been pointed out that in general in this type of
modeling exercise, simple additive models performed
almost as well as more complex models with greater
complexity providing little extra advantage [13].

3 Results

A total of 125 patients were included in the original
CushingQoL validation study. Table 1 shows the sample
characteristics. The patients were included from five
countries in roughly equal proportions. Mean [standard
deviation (SD)] age was 45.3 (13.1) years and a large
majority (83 %) of the sample were female. The vast
majority of the sample had pituitary-dependent CS (85 %),
with only 18 patients (15 %) having cortisol-secreting
adrenal adenoma. Most of the sample (84 %) had also
received prior surgery and most (80 %) had at least one
co-morbid condition. The most frequent co-morbidity was
osteopenia or osteoporosis (34 % of overall sample). For
the mapping analysis presented here, we were able to use
data from 116 of the original 125 patients. The remaining
patients had to be excluded because of missing scores on
the SF-36 or CushingQoL.

Table 2 shows the score distributions on the Cushi-
ngQoL and SF-6D. Whilst the CushingQoL showed a mean
score (52.9) at approximately the mid-point on the scale,
the SF-6D showed a noticeably skewed distribution
towards better health with a mean of 0.71 on a scale of
—0.704 to 1, and minimum and maximum scores of 0.37
and 0.95.

Figure 1 shows the relative distribution of CushingQoL
and SF-6D values in the basic, two-variable regression
model. The correlation between the two scores, as shown in
the model which only included the SF-6D as an indepen-
dent variable, was 0.68.

Table 3 shows the results of the most promising models
tested alongside the basic reference model (model 1). In
bivariate analyses, only depression and hospitalization over
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the previous year showed a statistically significant corre-
lation with SF-6D utility values (p values of 0.002 and
0.01, respectively). Hypertension and presence of any
co-morbidity almost achieved statistical significance with
p values of 0.05 and 0.06, respectively, but were not
included for further testing, as the threshold for inclusion
was a p value of 0.01 or under. When depression and
hospitalization over the previous year were included in
different regression models, only depression improved
model fit and was retained in the different models tested.
We also observed that seven of the dummy variables
related to CushingQoL scores showed a statistically sig-
nificant relationship with SF-6D (Table 3). In terms of R?
and adjusted R the best-performing model (model 2) of
those tested incorporated five of the seven dummy vari-
ables related to CushingQoL scores as well as depression.

Table 1 Sociodemographic and clinical characteristics of the ori-
ginal validation study sample

Characteristic N =125
Country, n

Spain 29

France 26

Germany 24

Netherlands 21

Italy 25
Mean (SD) age in years 45.3 (13.1)
Sex, female, n (%) 104 (83 %)
Education, secondary or university studies, n (%) 99 (79 %)
BMI, mean (SD) 27.8 (6.0)
Time since diagnosis in months, mean (SD) 60.8 (67.9)
Clinical type, n (%)

Pituitary dependent 107 (85 %)

Cortisol-secreting adrenal adenoma 18 (15 %)
Hypercortisolemic at time of visit, n (%) 39 31 %)
Receiving pharmacological treatment for CS, n (%) 28 (22 %)
Prior surgery, n (%) 105 (84 %)
Adrenal insufficient at time of visit, n (%) 47 (38 %)
Concomitant diseases, n (%)

Any 100 (80 %)

Osteopenia/osteoporosis 42 (34 %)

Hypertension 40 (32 %)

Depression 28 (22 %)

Diabetes mellitus 20 (16 %)

CushingQoL score
Mean (SD)
Median (IQR)

SF-6D utility values
Mean (SD)
Median (IQR)

52.92 (21.92)
39.60 (29.20)

0.708 (0.132)
0.736 (0.161)

CS Cushing’s syndrome, SD standard deviation, /QR interquartile range
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Table 2 Score distributions on the CushingQoL and SF-6D

Values Mean Theoretical range

Standard deviation

Minimum Median Maximum Valid N

CushingQoL 52.9
SF-6D 0.71

0 to 100 21.9
—0.704 to 1 0.13

8.3 51.0 100.00 124
0.37 0.74 0.95 116

Fig. 1 Correlation between
CushingQoL scores and SF-6D

sféd_score

utility values in the simplest Ll
reference model 1.05

1.00

0.95

0.90 4
0.85 1
0.80 1
0.75 4
0.70 1
0.65 1
0.60 1
0.55 4
0.50 1
0.45 1 -
0.40

0.35 4

However, the model finally selected (model 4) achieved
very similar goodness of fit statistics with only three
variables, and therefore more fully met the requirement for
parsimony. This model was also selected because it
included only independent variables derived from Cushi-
ngQoL, and no additional variables were required. This
model also considerably improved on the fit obtained with
the simplest reference model with an adjusted R* of 0.60
compared to 0.46 for the basic model. Very similar results
were obtained with models which incorporated interaction
and quadratic terms and these were therefore not selected
as they were considered to unnecessarily complicate the
model.

Table 4 shows the results of the analysis of residuals in
the selected model. Only minimal differences were
observed between observed and estimated mean and
median values. Error terms were obviously larger for
maximum and minimum values because of the much
smaller number of patients scoring at the extremes. Pre-
diction errors showed a normal distribution, according to
the Shapiro—Wilks test (p = 0.216). Estimated utility
scores showed a minimum error of 10 %, compared with

T T T T T T T

30 40 50 60 70 80 90 100
CSQolL-12

observed utility values, in 32.8 % of the study patients. In
comparison to observed values, the figures for maximum
and minimum scores as well as for the first and third
quartiles indicate some compression in estimated values at
the extremes. The correspondence between predicted and
observed values is also shown in Fig. 2. Figure 3 shows the
distribution of observed utility values and predicted values
according to self-perceived health status using the final
model.

4 Discussion

In the present study, we were able to derive a simple
prediction model to map scores on the disease-specific
CushingQoL, for use in patients with CS, to the SF-6D.
The model finally selected was a parsimonious model
which achieved acceptable goodness of fit with only three
variables (the CushingQoL overall score, a level 1 score in
CushingQoL item 2, or a level 1 score in CushingQoL item
10). A model which included only variables derived from
the CushingQoL questionnaire was selected in order to
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Table 3 Comparison of results obtained with the most promising
models and the reference model (model 1)

Parameter Model 1 Model 2 Model 3 Model 4
Intercept 0.48766 0.81962 0.80097 0.60682
CushingQoL score  0.00411 0.00259
CushingQoL 21-40 —0.10069
CushingQoL 41-60 —0.08230
Level 1 or 2 in Q-1 —0.05084
Level 1 in Q-2 —0.11696 —0.13194 —0.09419*
Level 1 in Q-9 —0.10205 —0.09192
Level 1 in Q-10 —0.08872 —0.09476 —0.08354°
Level 2 in Q-12 —0.05366
Depression —0.04239
Model fit statistics
R? 0.4685 0.6553 0.5944 0.6074
Adjusted R? 0.4639 0.6363 0.5760 0.5969
RMSE 0.0969 0.0798 0.0861 0.0840

Q question or item from CushingQoL questionnaire, RMSE root mean
square error

* 1 always have pain preventing me from leading a normal life

® My illness always affects my everyday activities

reduce the number of data required to obtain the corre-
sponding utility value. This model best met the four pre-
defined criteria for model selection, namely explanatory
power, consistency of estimated coefficients, normality of
prediction errors, and simplicity. The final model had an
adjusted R of 0.60 and an RMSE of 0.084.

Although this type of mapping is a relatively new field
of research, in a recent review Brazier et al. identified 28
published mapping studies carried out to date [13]. A
number of those mapped from generic HRQOL measures,
particularly the SF-36 and SF-12, to a preference-based
measure, but a substantial number mapped from disease-
specific measures, including instruments used in asthma,
rheumatoid arthritis, osteoarthritis, overactive bladder,
irritable bowel syndrome, intermittent claudication, den-
tal, dyspepsia, obesity, cancer, and heart disease.

Table 4 Analysis of residuals in the final model

1.0
0.9 i
i i
A Y
@ 0.8 . i “4.'._‘_"' .
: - . . - - ¥
_0 . * '.);.‘0*
2 07 « 2300 f.
= SR AT -
o LT
-% 0.6 ","0'0 . "
o "“,ﬂ . " .
S I . .
- . . . .
0.4
0.3 v r . - T r
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
SFBD Score

Fig. 2 Observed SF-6D utility values and predicted values using the
final model

However, this is the first study we are aware of to report
mapping from a disease-specific measure for CS to a
preference-based measure (SF-6D). This type of mapping
exercise is useful in deriving a prediction model to gen-
erate preference-based index values which can then be
used to, for example, populate an economic model when a
preference-based measure was not included in the original
trial or study. This might be the case, for example, if it
was felt that including the SF-36 would overburden
patients in a trial.

The results of testing model performance were generally
satisfactory. The adjusted R* of 0.60 for the final model
would be within the upper range of the various condition-
specific to generic mapping exercises reported by Brazier
et al., which indicated that only a relatively small propor-
tion of this type of model achieved an adjusted R> over
0.60 [13]. The RMSE was 0.084, which again is at the
lower end of the spectrum of values reported by Brazier
et al. in their review of similar mapping exercises. This
represented a percentage error of 10.2 % of the overall
scale on the dependent variable.

Observed SF-6D score Predicted SF-6D score Error term Absolute error term Individual % absolute error
Mean 0.71 0.71 —0.0005 0.0645 10.16
SD 0.13 0.10 0.0829 0.0518 10.12
Minimum 0.37 0.47 —0.2799 0.0002 0.03
Ql 0.63 0.65 —0.0531 0.0232 3.22
Median 0.74 0.73 0.0100 0.0577 7.76
Q3 0.79 0.79 0.0588 0.0901 12.81
Maximum 0.95 0.87 0.2059 0.2799 65.10
Valid N 116 116 116 116 116

Q1 quartile 1, Q3 quartile 3, SD standard deviation
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Fig. 3 Observed utility values 0.90 - 90

and predicted values by self-

perceived health status using the 0.80 +— 80

final model 0.70 70
060 — - 60
0.50 - 50
0.40 — - 40
(kS @ Bl | mE 1 mE 1] mE 1 EE —+ 30
0.20 20
0.10 - 10
0.00 +——— — — — — — b— 0

Verygood Fairlygood Slightly good Neithergood Slightlybad  Fairly bad

Derived SFED score

The results also met our criterion of consistency of
estimated coefficients, in that the presence of a positive
response at level 1 on CushingQoL items 2 or 10 also led to
a more negative preference-value on the SF-6D. A level 1
response on these items indicates that respondents “always
have pain preventing [them] from leading a normal life”
and that their “illness always affects [their] everyday
activities”. They are therefore clearly items with a sub-
stantial impact on respondents’ quality of life, a point
which is highlighted further by the fact that they are the
only individual CushingQoL items included in the final
regression model. Despite their severity, a total of 19/116
(16.4 %) respondents reported level 1 on item 2 and 31/116
(26.7 %) reported level 1 on item 10 of the CushingQoL.
Twelve of 116 (10.3 %) reported level 1 on both of these
items. Prediction errors also showed a normal distribution,
as indicated by the results of the Shapiro—Wilks test, and
we consider the model to meet the criterion of parsimony.
We found that adding interaction or quadratic terms did
little to improve model performance, which is in line with
Brazier et al.”’s comment in their review of mapping studies
that only “quite modest or negligible improvements were
achieved from increasing model complexity” [13]. Finally,
it should be noted that the prediction model derived here is
suitable for use only at aggregate or group level, and
should not be used to predict individual scores on the
SF-6D. The prediction model and the corresponding error
are assessed at aggregate level, not for individual scores.

One area of interest in developing this type of mapping
exercise is how variables for the model are selected.
Although the most frequent approach seems to be that of
testing a wide range of possible variables for the model and
including those which, in bivariate testing, show some
association with the dependent variable, there may also be
an argument for taking a more deterministic, theory-based

Verybad
not bad

e Predicted SFED score CushingQol score

approach. However, our experience of this approach when
developing models for other utility-based instruments, as
well as reports in the literature [20], suggest that it does not
lead to better-fitting models. In this study we therefore used
the more standard approach. One concern with this
approach is that, by testing a wide range of possible vari-
ables, it might magnify chance effects of finding significant
predictors in the data. However, in the present case, the
relationship of each CushingQoL item (considering four
response options and merging options 1 and 2) with utility
values was analyzed and those items with a significance
level less than 0.01 were included in the regression model.
The CushingQoL questionnaire only includes 12 questions
and the individual significance level selected was 0.01.
Given that the possibility of identifying significant vari-
ables is directly related to the number of tested variables, if
we analyze the relationship with 24 variables obtained
from individual items then the increase in the likelihood of

obtaining significant variables exists, but is very small (just
in 0.25 %).

4.1 Study Limitations

The study had a number of limitations. One was that we did
not perform a cross-validation test in another sample, or in
half of the original sample. Although this approach has the
advantage of testing the prediction model in a sample other
than the one used to actually develop the model, it was not
practical here because the sample size was insufficient.
This was due to the difficulty of recruiting patients with a
clearly rare condition. Sample size calculations also indi-
cated that for one independent variable in the final model,
we would require a minimum of 63 patients, and for three
independent variables, a minimum sample of 105 patients
[21]. On the other hand, Brazier et al. also found in their
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review of mapping studies that, in general, “out-of-sample
tests found little reduction, if any, in the performance of the
models” [13]. This is not always the case, though; for
example, Wu et al. found that when mapping other specific
HRQOL questionnaires (FACT-P and EORTC QLQ-C30)
to EQ-5D scores their model predicted only 58.2 % of the
observed EQ-5D variation in the cross-validation sample
compared to 73.2 % in the development sample [21]. Until
further testing in a different sample can be carried out,
however, the model presented here should be considered
provisional; it is nevertheless a useful first step in providing
an algorithm for mapping from CushingQoL to SF-6D.

The small sample size in the present study also meant
that we could not test the model in different patient sub-
groups. For example, only 18 patients (15 %) had cortisol-
secreting adrenal adenoma, whereas the vast majority had
pituitary-dependent CD. It would be useful to be able to
test the performance of the model in other relevant sub-
groups. Finally, the distribution of scores was skewed on
the SF-6D. In general, scores were skewed towards better
health; thus, although there is less discriminative capacity,
the fact that utility values are compressed within a rela-
tively small range will likely mean that model fit and levels
of residual error are improved.

In terms of mean age, percentage of female patients, and
etiologic groups, the profile of CS patients included in the
study was quite similar to patients included in the European
Registry on Cushing’s syndrome (ERCUSYN) [22]. The
percentage of patients with biochemically cured disease
comprised nearly two-thirds of the included subjects,
which may explain the high utility values observed here.
The mapping function obtained should be tested in a
sample of patients with more active disease in order to
assess its goodness of fit in that patient profile.

5 Conclusions

Although the mapping function finally selected appears to
be able to accurately map CushingQoL scores onto SF-6D
outcomes at the group level, further testing is required to
validate the model in independent patient samples. It would
also be of interest to test whether the model performs
equally well in samples with a different mix of patient
types or in specific patient subgroups.
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