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A B S T R A C T
Objectives: To provide a mapping algorithm for estimating EuroQol five-
dimensional (EQ-5D) questionnaire index scores from the Incontinence-
specific Quality of Life questionnaire (I-QOL) based on nationally
representative samples of patients with idiopathic or neurogenic over-
active bladder (OAB) using EQ-5D questionnaire preference valuations
based on both the UK and US general populations. Methods: Analyses
were conducted for 2505 patients from the Adelphi Overactive Bladder
Disease Specific Programme, a cross-sectional study of patients with
idiopathic or neurogenic OAB, undertaken in the United States and
Europe in 2010. A range of statistical modeling techniques was used.
Tenfold cross-validation techniques were used to calculate mean abso-
lute error (MAE) and root mean squared error (RMSE) goodness-of-fit
statistics. Various predictor lists, together with a method combining
stepwise selection with multivariable fractional polynomial techniques
to allow nonlinear relationships to feature, were pursued. Results:
Choice of predictors was consistent for both the UK and US EQ-5D
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questionnaire tariffs. For idiopathic, the best model included the I-QOL
total score and age (both modeled nonlinearly.) For neurogenic, the best
model was the I-QOL social embarrassment domain score modeled
linearly only. Best-fit results were better in the idiopathic (n ¼ 2351; MAE
¼ 0.10; RMSE ¼ 0.14) than in the neurogenic sample (n ¼ 254; MAE ¼
0.17; RMSE ¼ 0.22). Conclusions: This research provides algorithms for
mapping EQ-5D questionnaire index scores from the I-QOL, allowing
calculation of appropriate preference-based health-related quality-of-life
scores for use in cost-effectiveness analyses when only I-QOL data are
available. The strongest results were for idiopathic patients, but those
for neurogenic are consistent with those of other published mapping
studies.
Keywords: cross-walk, EQ-5D, I-QOL, mapping, real world, utility
values.
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Introduction

Utilities reflect the strength of an individual’s preference for
specific health-related outcomes and are commonly used to
generate health state values for calculating quality-adjusted
life-years. A single summary score is generated by applying
societal preference weights to a health state classifier, completed
by the patient, that ranges from 0 to 1 on an interval scale, where
9 represents a state equivalent to death and 1 reflects perfect
health [1,2]. Such utility scores may be directly elicited by using
preference-based techniques (e.g., standard gamble, time-trade
off, or rating scales) completed by a representative sample of a
regional general population. Alternatively, they can be measured
indirectly through the use of algorithms applied to either generic
or disease-specific questionnaires initially generated from direct
elicitation by using preference-based techniques. When direct
elicitation is not feasible, algorithms to estimate indirect utilities
from health-related quality-of-life (HRQOL) questionnaires may
also be developed by mapping an HRQOL questionnaire onto the
utility algorithm of a generic instrument [3]. The ability to
translate from health status measures to preference utility scores
is appealing in terms of minimizing respondent burden and
analyzing data for which only health status measures are
available.

The EuroQol five-dimensional (EQ-5D) questionnaire, one of
the most commonly used generic questionnaires for deriving
utility scores, is composed of five dimensions (mobility, self-care,
usual activities, pain or discomfort, and anxiety or depression),
each with three levels (no problems, some problems, or extreme
problems/unable to). A total of 243 health states can be created,
with 0 representing death and 1 representing perfect health. It
has been widely used owing to its reported validity and reliability
[4–6]. Country-specific value sets (community preference tariffs)
exist for several countries, including the United Kingdom [7] and
the United States [8]. A five-level version of the EQ-5D question-
naire is available; however, the associated tariff is interim and to
date this version is not being routinely used in clinical studies [9].

Overactive bladder (OAB) syndrome is a symptom-based
diagnosis and is defined as urgency, with or without urgency
incontinence, usually with frequency and nocturia [10]. These
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symptoms are a consequence of the bladder’s inability to effec-
tively store urine because of an underlying dysfunction in the
coordinated mechanisms that provide controlled storage and
voiding of urine. Patients with underlying neurologic conditions
(e.g., multiple sclerosis, spinal cord injury) often experience
neurological deficits or lesions within regions of the central
nervous system that govern bladder function. As a result,
symptoms consistent with OAB are commonly experienced in
these patient subgroups and these patients are referred to as
having neurogenic OAB. In the absence of a known neurological
insult or pathophysiological cause, the reason for the dysfunction
is unknown in the majority of cases, resulting in the condition
referred to as idiopathic OAB.

OAB is a prevalent disorder that is reported to affect between
12% and 17% of the general population in North America and
Europe [11–14]. The negative impact of OAB and urinary incon-
tinence has been well established. The symptoms of OAB,
including urinary incontinence, have psychosocial, physical,
and sexual effects that impact patients’ HRQOL [15–18]. OAB
symptoms and urinary incontinence can have an impact on
emotions (e.g., distress, embarrassment, and self-esteem), phy-
sical activities (e.g., difficulty with daily activities due to leakage),
and social activities (e.g., restriction of activities due to anxiety
about not being able to reach a toilet). In addition, incontinence
and frequency of urination at night have a deleterious impact on
a patient’s ability to sleep, leading to daytime sleepiness and
decreased energy level. Thus, OAB affects the individual’s ability
to function physically and mentally and is associated with
symptoms of depression [12,18,19].

The Incontinence Quality of Life Questionnaire (I-QOL) is a
disease-specific, patient-reported instrument initially designed to
measure the impact of urinary incontinence on patients’ lives. It
has demonstrated sound measurement properties in prior stu-
dies among patients with urinary incontinence, including those
who have OAB both with and without urinary incontinence
[20–23]. The I-QOL consists of 22 items divided into three
domains: avoidance and limiting behavior, psychosocial impact,
and social embarrassment. Scores can be calculated for each
domain, and a total summary score can also be calculated from
all 22 items, with 100 representing the best possible score [24].
Since its development, the I-QOL has been and continues to be
used in a number of clinical trials and other research studies, and
its psychometric properties have been documented in a number
of validation studies, showing it to be a valid and reliable
measure in patients with stress incontinence, OAB, and urinary
incontinence due to an underlying neurologic condition [25–29].

This article describes the modeling techniques used to map I-
QOL onto the EQ-5D questionnaire for patients with OAB due to
idiopathic or neurogenic etiologies. The study was restricted to
patients diagnosed with OAB with or without urinary inconti-
nence. Methods and results are presented separately for patients
with idiopathic and neurogenic etiologies to account for the
inherent variability between these two populations.
Methods

Data Source

Data were drawn from the Adelphi Overactive Bladder Disease
Specific Programme (OAB DSP), a multinational, cross-sectional
study of real-world clinical practice conducted in the United
States and four European Union countries (France, Germany,
Spain, and the United Kingdom) between October 2010 and
January 2011. A total of 259 primary care physicians and 445
specialists (urologists, gynecologists, and urogynecologists) par-
ticipated in the program. Physicians completed a patient record
form for the next 10 consecutive consulting patients who met the
eligibility criteria, and the same patients were invited to fill out a
patient self-completion form, which included the I-QOL and the
EQ-5D questionnaire. All patients with symptoms of OAB/incon-
tinence, as diagnosed by their physician, were eligible for inclu-
sion in the survey except for those younger than 18 years, those
with a lower urinary tract infection, and pregnant female
patients. The real-world design of the study ensured that infor-
mation available to the physician/patient only at the time of the
consultation was collected. Therefore, no tests or investigations
were required for a patient to be included in the study, nor were
they conducted as part of the study itself. This methodology has
been successfully administered for other disease states including
respiratory, central nervous system, cardiovascular, oncology,
and autoimmune conditions and has been outlined in detail
previously [30].

Analysis Plan

To address the specific objectives outlined in this article, the
following patients were excluded from the sample prior to
analysis:
�
 Patients with stress urinary incontinence only (but included
mixed urinary incontinence)

�
 Patients who had surgery for OAB (procedures to insert

indwelling catheters or inject bulking agents were not
excluded)

�
 Patients whose primary neurogenic condition was reported as

a complete spinal cord injury, stroke, Parkinson ’s disease, or
‘‘Other’’

�
 Patients with concomitant cancer or benign prostatic

hyperplasia.

The first two criteria were applied to minimize variability
within the general OAB/incontinence population. The third cri-
terion attempted to restrict the population to patients with either
idiopathic OAB or those with a specific subset of neurologic
conditions. The final criterion excluded patients whose quality-
of-life decrement may be attributed to conditions other than
their urinary incontinence. The final sample consisted of patients
with idiopathic OAB and patients with a primary neurologic
condition of either multiple sclerosis or incomplete spinal cord
injury who experienced symptoms of OAB that were thought to
stem from neurogenic detrusor overactivity. Given the inherent
differences between these two groups, the analysis was split by
disease type—neurogenic and idiopathic OAB. Results of the
idiopathic OAB group are presented first, followed by the results
for patients with neurogenic OAB.

Statistical Methods

A number of statistical models have historically been used to
map (cross-walk) various health status measures onto EQ-5D
questionnaire community preference values. Traditional map-
ping methods include ordinary least squares (OLS), Tobit, cen-
sored least absolute deviation (CLAD), generalized linear models
(GLMs), and two-part models (2PM). Given the variety of models
available, characteristics of the EQ-5D questionnaire were taken
into consideration to determine which models would provide
viable options to test for this mapping exercise.

An important factor to consider is the interpretation of a
perfect score on the EQ-5D questionnaire (i.e., a score of 1). There
is a ceiling score of 1, which means that the EQ-5D questionnaire
should be considered as censored in that while the modal EQ-5D
questionnaire score is typically 1, no individual observation can
exceed 1. Furthermore, the modal score of 1 (perfect health) can
be a direct result of the EQ-5D questionnaire being an instrument
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of general well-being, and as such may be insensitive to nuances
of specific diseases and of insufficient granularity to capture
disease-specific impacts [31]. In this instance, OLS estimates
would be biased; however, both CLAD and Tobit models could
be appropriate candidates. CLAD models are similar to Tobit
models but are superior in the presence of heteroskeasticity or
nonnormality [32]. GLMs, however, are very flexible models that
can represent many different forms of distributions. Dependent
on the shape of the EQ-5D questionnaire distribution, appropriate
GLM link (e.g., log, identity) and distribution families (e.g.,
Gaussian, Gamma) can be fitted. Subtracting the EQ-5D ques-
tionnaire score from 1 produces a right skewed variable for which
log links may be appropriate.

It could also be debated that the EQ-5D questionnaire is not
actually censored at 1, but this represents a true maximum and
should be treated as such. If there are a sufficient number of
maximum scores and these are not considered censored, then a
2PM similar to the one outlined by Mullahy [33] may be a viable
candidate. Traditionally, 2PM have been used to model health
care utilization/cost data where a significant proportion of
patients incur no resources/costs. For expected cost estimation,
a 2PM would consist of a regression in which typically the first
part of the equation is the probability of the cost exceeding 0
estimated over all subjects, usually using a probit/logit specifica-
tion, and the second part is the expected cost estimated only over
those subjects with strictly positive costs, that is,

E½y9x�¼Pr y409x
� �

E½y9y40, xÞ

where E is the expected value, y Z 0 the cost, and x covariates.
For our purposes, cost is replaced by EQ-5D questionnaire

values, so that the regression now estimates the expected EQ-5D
questionnaire outcome. Because there is a predominance of EQ-
5D questionnaire values at the maximum of 1, a pattern opposite
to that typically seen for cost data (i.e., tendency to 0 values)
emerges. Hence, for the utility modeling, we calculated a
‘‘Reverse EQ-5D questionnaire score’’ (i.e., 1 – EQ-5D question-
naire score) and then adopted a number of steps to handle these
data statistically in a 2PM. This consisted of running a logistic
regression to estimate the probability of Reverse EQ-5D ques-
tionnaire score being more than 0. In those patients with a
positive Reverse EQ-5D questionnaire value, a GLM was used
with Reverse EQ-5D questionnaire score as the dependent vari-
able. The coefficients from this analysis were then used to
estimate the expected value of the Reverse EQ-5D questionnaire
for each patient in the sample, conditional upon Reverse EQ-5D
questionnaire score being more than 0. The final step was to
transform the resulting value back to provide a predicted EQ-5D
questionnaire value. The equations to calculate the expected
value of the Reverse EQ-5D questionnaire are presented in a
technical appendix to this article in Supplemental Materials
found at http://dx.doi.org/10.1016/j.jval.2012.12.005. To our knowl
edge, using such a 2PM applied to 1 – EQ-5D has not been
attempted before, and so represents a novel approach in the
utility mapping field. Specifically, by entering the Reverse EQ-5D
questionnaire into a GLM model, a right skewed variable was
created, allowing the log link function to apply its greatest
potential benefit. The strength of the approach was explored
separately for the idiopathic and neurogenic patient samples.

Explanatory/Predictor Variables Used and Selection and
Transformation Technique

The same modeling techniques were applied to both the idio-
pathic and neurogenic samples for this modeling exercise. Two
candidate predictor sets were used, both of which included age.
In the first, only the I-QOL total score accompanied age. In the
second, the total score was replaced by its three constituent
domains of avoidance and limiting Behaviors, psychosocial
impacts, and social embarrassment. All analyses were conducted
by using STATA Version 10.1. Multivariable fractional polynomial
(MFP) models, as implemented in the Stata package, were used to
guide the selection within each predictor set by subgroup. This
package searches for the best polynomial terms for each pre-
dictor and also performs a backwards stepwise regression once
these are found to eliminate unnecessary variables (P 4 0.05
used as cutoff). The process is repeated to convergence. Thus,
the package is intended to produce the best (potentially) non-
linear model eliminating insignificant predictors [34]. While this
method may exclude potentially influential variables, it helps to
ensure the best choice of functional form for the stronger
predictors [35]. All nonlinear transformations were checked to
ensure that the effects were plausible through the whole range
(e.g., checking that at no point did an increasing adult age predict
higher EQ-5D questionnaire scores). Thus, via the MFP and
subsequent plausibility checks, it was possible for the same
methodology to produce different selections and transformations
of predictors between the neurogenic and idiopathic subgroups.

Model performance was assessed by 10-fold cross-validation
on the basis of model accuracy measures, mean absolute error
(MAE), and root mean squared error (RMSE), which consists of
splitting the sample into 10 equally sized groups via a simple
randomization process and performing statistical analyses on 9
of the 10 groups to generate model parameter estimates. These
parameters are applied to the ‘‘left out tenth’’ group to generate
predictions. The MAE and RMSE are then calculated by compar-
ing these predictions to actual values. This process is repeated 10
times, so that all groups are ‘‘left out’’ once.

In the instances in which there was disagreement between
the accuracy measures for the choice of the best model, RMSE
was selected owing to the fact that it is the most commonly
applied ‘‘loss function’’ criteria applied in decision-making mod-
els [36]. The squared correlation coefficients between the fitted
values for the best model and the actual values of the EQ-5D
questionnaire (US tariff) were also shown as a measure of good-
ness of fit. In the OLS regressions, this value equals the R2

statistic, or proportion of variance explained. For univariate
comparisons of descriptive mean statistics, t tests assuming
unequal variances were used. Potential multicollinearity pro-
blems between predictors were assessed by variance inflation
factor (VIF) scores and the condition number. VIF scores above 5
and a condition number greater than 20 are considered indicative
of colinearity problems [36,37]. Bootstrapping techniques (bias
corrected with 1000 replications) were utilized to obtain 95%
confidence intervals around the best 2PM predictions.
Results

Sample Characteristics and Descriptive Statistics

The number of patients who met the inclusion criteria and
completed the necessary questionnaires was 2605, of which 254
were of neurogenic etiology and 2351 were of idiopathic etiology.

Basic demographics and condition status information are
presented in Table 1. In both the United States and Europe,
idiopathic patients scored higher on health status measures
(EQ-5D questionnaire, I-QOL total score, and I-QOL domain
scores) than did neurogenic patients (all P o 0.001). When US
and UK preference value tariffs were applied to the EQ-5D
questionnaire scores, the results were very similar; the choice
of best models and predictors was the same across tariffs. For
consistency, the US tariff was therefore applied for all subsequent
analyses.

dx.doi.org/doi:10.1016/j.jval.2012.12.005


Table 1 – Demographics and condition status descriptive statistics from Adelphi OAB Disease Specific
Programme 2010.

Number Percentage
within
heading
group

Mean
age
(y)

Mean EQ-5D
questionnaire
score (US tariff)

Mean
total I-
QOL
score

I-QOL
domain
1 score

I-QOL
domain
2 score

I-QOL
domain
3 score

Sample 2605 100.0 58.7 0.85 62.8 60.2 67.3 59.0

Neurogenic 254 9.8 48.7 0.71 53.3 53.4 56.0 48.2

USA 67 26.4 52.5 0.71 59.5 59.7 62.6 53.9

Europe 187 73.6 47.4 0.72 51.0 51.1 53.7 46.1

Male 80 31.5 48.0 0.73 49.5 50.4 50.6 46.3

Female 174 68.5 49.1 0.71 55.0 54.7 58.5 49.0

Idiopathic 2351 90.2 59.8 0.87 63.9 60.9 68.6 60.1

USA 586 24.9 57.5 0.90 71.4 67.6 76.5 68.3

Europe 1765 75.1 60.5 0.86 61.4 58.7 65.9 57.4

Male 334 14.2 61.4 0.88 67.3 65.5 70.4 64.7

Female 2017 85.8 59.5 0.87 63.3 60.1 68.2 59.4

EQ-5D, EuroQol five-dimensional; I-QOL, Incontinence-specific Quality of Life Questionnaire; I-QOL domain 1, avoidance and limiting behavior;

I-QOL domain 2, psychosocial impacts; I-QOL domain 3, social embarrassment; OAB, overactive bladder.
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The EQ-5D questionnaire scores of both idiopathic and neuro-
genic patients were subject to ceiling effects, with a more pro-
nounced effect in the idiopathic sample, as shown by 46% of the
patients scoring a perfect 1 compared with 20% for neurogenic
patients (Fig. 1). In the idiopathic sample, one patient (0.04%) scored
below 0 and 98% scored above 0.4. In the neurogenic sample, two
patients scored below 0 (0.8%) and 87% scored above 0.4. The high
proportion of patients who scored a perfect 1 suggests that a 2PM
may be most appropriate to use in the idiopathic sample.

Pearson correlation coefficients were examined between I-
QOL and EQ-5D questionnaire scores for both groups. Correla-
tions between I-QOL domains and the EQ-5D questionnaire were
stronger and had a smaller range in the idiopathic sample
(0.36 r r r 0.38, P o 0.001) than in the neurogenic sample
(0.22 r r r 0.35, P o 0.001). Increasing age was statistically cor-
Fig. 1 – Distribution of EQ-5D scores for
related with lower EQ-5D questionnaire scores in the idiopathic
sample (r ¼ �0.25, P o 0.001), but such a link was absent in the
neurogenic sample, suggesting that the severity of the underlying
neurogenic condition outweighs any age-related decrement in
HRQOL (r ¼ �0.06, P 4 0.05). It has been shown that valuations of
health fall with increasing age, with older individuals reporting
more problems on all dimensions [37]. Because age did not
present as a significant covariate in the neurogenic algorithm to
estimate the EQ-5D questionnaire values, this was not incorpo-
rated into the utility estimate, thus making use of the estimated
utility in economic models potentially more difficult. Potential
collinearity between model predictors was tested by using both
VIF and condition numbers, which fell within acceptable limits
(all VIF scores o 5 and condition number o 20.) Thus, it was
concluded that collinearity was not an issue.
neurogenic and idiopathic patients.



Table 2 – RMSEs and MAEs for idiopathic models over 10 rotated validation subgroups.

Technique� Errors I-QOL total
score þ age

MFP � linear I-QOL
total score only

I-QOL 3 domains
þ age

MFP � linear I-QOL
SE domain only

OLS RMSE 0.1384 0.1372 0.1384 0.1370�

MAE 0.1039 0.1036 0.1042 0.1045

CLAD RMSE 0.1417 0.1415 0.1425 0.1421

MAE 0.1001y 0.1001y 0.1006 0.1005

Tobit RMSE 0.1506 0.1509 0.1506 0.1518

MAE 0.1025 0.1021 0.1026 0.1030

GLM RMSE 0.1383 0.1372 0.1384 0.1371

MAE 0.1035 0.1035 0.1038 0.1045

RGLM RMSE 0.1380 0.1383 0.1379 0.1385

MAE 0.1069 0.1079 0.1071 0.1086

R2GLM RMSE 0.1379 0.1370� 0.1379 0.1370�

MAE 0.1048 0.1047 0.1050 0.1055

CLAD, censored least absolute deviation; GLM, generalized linear model; I-QOL, Incontinence-specific Quality of Life Questionnaire; MAE,

mean absolute error; MFP, multivariable fractional polynomial; OLS, ordinary least squares; RGLM, reverse generalized linear model; R2GLM,

reverse two-part generalized linear model; RMSE, root mean squared error; SE, social embarrassment.
* Denotes best RMSE result in table.
y Denotes best MAE result in table; bold text denotes best RMSE and MAE result in each column.
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Mapping Results

While the same model fitting techniques were used for both the
neurogenic and idiopathic samples, the best fitting model was
different for each group.

Idiopathic Sample

Table 2 summarizes the various models tested for the idiopathic
sample, along with the corresponding mean RMSE and MAE over
the 10 rotated validation subgroups. Tested combinations of
predictors of interest included age, I-QOL total score, and the I-
QOL constituent domains (avoidance and limiting behavior,
psychosocial impacts, and social embarrassment).

In the idiopathic OAB sample, the choice of model predictors
does not make a substantial difference to the predictive success
rates for any one statistical model, because results vary only in
the third or fourth decimal. CLAD is superior to Tobit on all
measures. Results across all other (noncensoring) statistical
methods were very similar. Given that a reverse 2PM produces
the best RMSE, further improvements were tested by allowing
different nonlinear transformations in the two separate parts of
Fig. 2 – Idiopathic sample - predicted EQ-5D scores by I-QOL
total score.
the model. Accordingly, separate MFP models were run (data not
shown), and it was found that different nonlinear transforma-
tions in the two parts were appropriate. Slightly better fit results
followed (lowest RMSE ¼ 0.1369, lowest MAE ¼ 0.1037 for the
R2PM model, using a Gaussian Family and Log link in GLM for the
second part of the model).

In the first part of the model, the probability of scoring
the EQ-5D questionnaire as less than 1 was modeled by
using nonlinear squared transformations of both I-QOL total
score and age. Age itself was initially transformed to the
number of positive years over 55. For example, an individual
aged 65 years would be assigned a value of 10. Such a pre-
transformation was necessary to prevent the model from pre-
dicting a slight rise in the probability of a perfect score (EQ-5D
questionnaire score ¼ 1) as the individual increases in age from
twenties to fifties.

For the second part of the model, it was not necessary to apply
a preliminary transformation to age as occurred in the first part.
The best model used a cubic transformation on I-QOL total score
and a square root transformation on age (resulting equations are
summarized in the technical appendix). It was possible by
combining both equations to show the total effect on predicted
EQ-5D questionnaire score for both I-QOL total score and age.
These are shown in Figures 2 and 3.

It is clear from Figure 3 that aging has an influence on the EQ-
5D questionnaire score only in later life, which explains to some
degree why I-QOL total score registered as a more statistically
significant predictor than age in both models. The squared
correlation between the predictions and the actual EQ-5D ques-
tionnaire values (R2 statistic) for this 2PM is 0.21.

The predictions generate an EQ-5D questionnaire score range
of 0.68 to 0.97 (with age set to the mean of 59.8 years) as the I-QOL
total score varies between 0 and 100, respectively (see technical
appendix in Supplemental Materials found at http://dx.doi.org/
10.1016/j.jval.2012.12.005 for actual formula needed to predict
EQ-5D questionnaire score http://dx.doi.org/10.1016/j.jval.2012.
12.005 score from I-QOL).

Neurogenic Sample

Table 3 summarizes the various models tested for the neurogenic
sample, along with the corresponding RMSE and MAE. Similarly

dx.doi.org/doi:10.1016/j.jval.2012.12.005
dx.doi.org/doi:10.1016/j.jval.2012.12.005
dx.doi.org/10.1016/j.jval.2012.12.005
dx.doi.org/10.1016/j.jval.2012.12.005


Fig. 3 – Idiopathic sample: predicted EQ-5D scores by age.
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to the idiopathic sample, predictors of interest included combi-
nations of age, IQOL total score, and the IQOL constituent
domains.

For the neurogenic sample, age is omitted from both MFP
models, indicating that it is not a statistically significant pre-
dictor (P ¼ 0.80 and P ¼ 0.70 in the two models for I-QOL total
score and I-QOL social embarrassment domain score, respec-
tively). Notable is that the MFP routines do not find any nonlinear
transformations in preference to linear. The reverse GLM using a
Normal Family and Log link is the best model for all predictors as
judged on RMSE criteria. It also performs relatively well on MAE
criteria and is considered the best model in conjunction with
using I-QOL social embarrassment domain score as the sole
predictor alongside a constant. The log link itself ensures a
nonlinear effect, which is shown in Figure 4.

The predictions generate a limited EQ-5D questionnaire score
range of 0.47 to 0.87 as the I-QOL social embarrassment domain
score varies between 0 and 100, respectively (see technical
appendix in Supplemental Materials found at: http://dx.doi.org/
10.1016/j.jval.2012.12.005 for actual formula needed to predict the
EQ-5D questionnaire score from I-QOL). The squared correlation
Table 3 – RMSEs and MAEs for neurogenic models over 1

Technique� Errors I-QOL total
score þ age

MFP � line
total score

OLS RMSE 0.2269 0.226

MAE 0.1679 0.168

CLAD RMSE 0.2307 0.228

MAE 0.1692 0.168

Tobit RMS 0.2303 0.229

MAE 0.1688 0.169

GLM RMSE 0.2274 0.226

MAE 0.1689 0.169

RGLM RMSE 0.2255 0.225

MAE 0.1672 0.167

R2GLM RMSE 0.2271 0.226

MAE 0.1681 0.168

CLAD, censored least absolute deviation; GLM, generalized linear mode

mean absolute error; MFP, multivariable fractional polynomial; OLS, ordi

reverse two-part generalized linear model; RMSE, root mean squared er
* Denotes best RMSE result in table.
y Denotes best MAE result in table; bold text denotes best RMSE and MA
between the predictions and the actual EQ-5D questionnaire
values for this best model (R2 statistic) is 0.13.

Actual versus Predicted EQ-5D Questionnaire Scores

The actual and predicted EQ-5D questionnaire scores, along with
I-QOL scores for both the idiopathic and neurogenic samples, are
summarized in Table 4. For both groups, the mean actual score is
very close to EQ-5D questionnaire scores predicted by each
respective model; however, the largest discrepancy is noted in
the neurogenic incontinent subgroup (0.698 and 0.728 for actual
and predicted EQ-5D questionnaire scores, respectively).

Sensitivity Analysis

Additional analyses were conducted to validate these findings.
The same mapping exercise described above was performed
independently among four subgroups (USA idiopathic, USA
neurogenic, Europe idiopathic, and Europe neurogenic) to ensure
that the resulting idiopathic and neurogenic models remained
robust and that no fundamental difference across subgroups
was noted.

In addition, analysis was conducted by mapping I-QOL onto
each of the EQ-5D questionnaire domains separately. Generalized
ordered logit regressions were fitted (the proportional odds/
parallel lines assumption was tested and if not rejected, then a
parallel lines model was fitted instead of the generalized ordered
logit) by using the I-QOL domains and age, including nonlinear
terms (using MFP as used in the previous analyses), and the
backward stepwise approach was used (removing variables with
P 4 0.05). Out of sample predictions were used (from 10-fold
cross-validation) to generate a predicted EQ-5D questionnaire
score and hence MAE and RMSE values. These results (summar-
ized in Table 1 of the technical appendix) suggest that this
method does not outperform the best solution as previously
generated in the base-case analysis.
Discussion

The aim of the mapping study was to develop an algorithm to
map the I-QOL, a urinary incontinence-specific instrument, onto
0 rotated validation subgroups.

ar I-QOL
only

I-QOL 3 domains
þ age

MFP � linear I-QOL
social embarrassment
domain only

3 0.2898 0.2233

0 0.1686 0.1667

5 0.3155 0.2263

5 0.1718 0.1685

3 0.3035 0.2265

3 0.1703 0.1685

8 0.2962 0.2236

0 0.1746 0.1673

1 0.2857 0.2221�

4 0.1677 0.1662y

3 0.2903 0.2233

0 0.1687 0.1666

l; I-QOL, Incontinence-specific Quality of Life Questionnaire; MAE,

nary least squares; RGLM, reverse generalized linear model; R2GLM,

ror.

E result in each column.
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Fig. 4 – Neurogenic sample: predicted average EQ-5D score
via best model I-QOL social embarrassment score only
predictor.
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the generic EQ-5D questionnaire measure, using data from both
idiopathic and neurogenic patient samples. The ultimate aim
was to identify the statistical models with best predictive power
to enable future estimation of utility values based on I-QOL data
collected in clinical studies of idiopathic or neurogenic QAB
syndrome.

There has been a growth in mapping studies in recent years,
with several recently published in Value in Health that report
mapping a disease-specific instrument to the EQ-5D question-
naire and covering areas such as cancer [38–40], osteoarthritis
[41], and chronic obstructive pulmonary disease [42]. A study has
also been published that generated a set of preference values for
OAB on the basis of a survey of the UK general population by
using the five-dimensional health classification system (OAB-5D),
derived from the validated Overactive Bladder Questionnaire [43].
Deriving such a condition-specific preference-based measure
from a disease-specific instrument is a lengthy process, requiring
a direct utility elicitation survey to be designed to collect the
relevant data. A similar single index preference measure has not
been generated for the I-QOL. Given that there are available data
for both the disease-specific I-QOL and the generic EQ-5D ques-
tionnaire from an observational study, mapping provides a more
rapid solution to generating utilities that are related to the
condition-specific instrument. In this research for the mapping
exercise, we used the available Adelphi OAB DSP, which contains
I-QOL and EQ-5D questionnaire data for more than 2600 idio-
pathic and neurogenic OAB patients. This is the first time that a
mapping algorithm has been applied to generate EQ-5D
Table 4 – Actual versus predicted EQ-5D questionnaire s

I

Wet

n 374

I-QOL total summary score, mean � SD 65.7 � 21.3

Actual EQ-5D questionnaire score, mean � SD 0.885 � 0.138

Predicted EQ-5D questionnaire score, mean � SD 0.874 � 0.071

Note. Results based on data from US survey participants. Stratification in

asking them: ‘‘Are there times when you experience leakages, however sm

classified as ‘‘wet,’’ while those answering ‘‘No’’ to this question were cl

EQ-5D, EuroQol five-dimensional.
questionnaire utilities on the basis of the I-QOL measure. A
descriptive analysis of the OAB data set demonstrated that there
is a relationship between both higher I-QOL and EQ-5D ques-
tionnaire scores and being dry (i.e., no incontinence episodes)
versus wet.

As in all utility mapping exercises, the primary first step is to
identify the model that best fits the data. By using the OAB DSP,
we found that for the idiopathic patient sample, the best fitting
model included the I-QOL total score and age (both modeled
nonlinearly). For the neurogenic patient sample, the best model
contained the I-QOL social embarrassment domain score; this
was modeled linearly only. A key aspect of the robustness of
mapping is the predictive strength of the best fitting model. From
our analysis, the reverse GLM using a Normal Family and Log link
provided the best predictive strength models for all predictors as
judged on RMSE criteria, for idiopathic and neurogenic popula-
tions, respectively. The relatively better fitting results were in the
idiopathic patient sample (n ¼ 2351; MAE ¼ 0.10; RMSE ¼ 0.14)
than in the neurogenic sample (n ¼ 254; MAE ¼ 0.17; RMSE ¼
0.22), with this difference likely to be related to the much smaller
sample size for the latter. The range of EQ-5D questionnaire score
predictions generated by the models could be considered narrow
at 0.68 to 0.97 and 0.47 to 0.87 for the idiopathic and neurogenic
patient samples respectively. It seems reasonable, however, that
the bounds are generally reflective of the range of HRQOL impact
associated with OAB, with, as might be expected, a greater range
seen in patients with neurogenic relative to idiopathic etiology.

The exploration and use of a two-part reverse model in this
study’s mapping may represent a departure from most previous
mapping exercises that focus on OLS models and alternatives
such as Tobit or CLAD models. The 2PM has previously been used
for cost estimation, but it has been adapted here by using a
reverse function to address the bounding of utilities to 1 rather
than 0 as is the case with costs.

While the number of mapping studies has increased, they are
still in their relative infancy and, as with previously published
mapping evaluations, there are limitations with our analysis. In
particular, the performance of our mapping exercise is at the
lower end of those reviewed by Brazier et al. [44], which found
RMSE values ranging from 0.084 to 0.2 for a range of conditions
including OAB, rheumatoid arthritis, Crohn’s disease, stable
angina, and asthma. The mapping model between the six-
dimensional health state short form (derived from short-form
36 health survey) and the Overactive Bladder Questionnaire
covered in the Brazier et al. [44] review was stated to represent
one of the poorer fitting models in the review. Hence, this is
clearly a condition in which to date it has been difficult to fit
mapping models. It should be noted that for conditions such as
OAB that are targeted to one area of the body, mapping to a
cores (US tariff).

diopathic Neurogenic

Dry Wet Dry

198 58 8

81.8 � 16.5 58.2 � 24.4 69.9 � 17.7

0.928 � 0.117 0.698 � 0.239 0.753 � 0.309

0.925 � 0.053 0.728 � 0.098 0.761 � 0.082

to ‘‘wet’’ or ‘‘dry’’ was based on patients’ responses to the question

all the amount?’’ Patients who answered ‘‘Yes’’ to this question were

assified as dry.
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general measure is less sensitive and may leave a substantial
degree of the disease-specific impact unaccounted for. Therefore,
even with the additional modeling methods, such as the two-part
reverse model, the lack of strong predictive ability of the mapping
may be indicative of a relatively low degree of conceptual
relationship between the EQ 5D questionnaire and the I-QOL.
Lack of conceptual overlap between the chosen instruments is a
general limitation of mapping studies, and one that may con-
strain future mapping exercises in the field of OAB with the
current HRQOL instruments available. Given this, an interesting
future approach may be to explore the strength of the relation-
ship between the I-QOL and the recently developed preference-
based measure, the five-dimensional OAB [43].

In addition, the estimation of an algorithm for the neurogenic
OAB patients was constrained by the sample size. In contrast, the
idiopathic model was based on a large patient sample. There is a
need to expand the sample size in neurogenic patients, which
should at least improve the predictive strength of the best fitting
model for this patient group closer to that estimated for the
idiopathic patients. In addition, the effectiveness of the 10-fold
cross-validation technique to calculate goodness of fit was
limited in the smaller neurogenic sample.

Another issue is the appropriate EQ-5D questionnaire prefer-
ence tariff to use for the mapping exercise. For this article, the
analysis was performed by using the US tariff. Other options are
to use the UK tariff (as the longest established tariff), or apply the
US tariff to US patients and the UK tariff to European patients.
This was explored in this study, but the results remained the
same irrespective of which tariff was used. This study used the
current three-level EQ-5D questionnaire. In future, this may be
replaced in clinical studies by the five-level EQ-5D questionnaire,
which should reduce the ceiling effect problems associated with
the three-level instrument. Ceiling effects were observed in this
study with a large proportion of patients in the data set recording
an EQ-5D questionnaire score of 1. This may have reduced the
ability of the instrument to transfer improvements in HRQOL,
associated with reductions in urinary incontinence, into an
estimated utility improvement.

Although a convenient sample of patients was stipulated by
the Adelphi OAB DSP, with physicians instructed to record full
details for the next 10 consecutive consulting patients who met
the eligibility criteria, these data were collected in real-world
clinical practice with no specific interventions imposed by pro-
tocol. In addition, the study was conducted at multiple centers
throughout the United States and Europe. These results may
therefore be considered generalizable, within limits, to the
broader idiopathic and neurogenic OAB populations.

A large number of countries, including the United Kingdom,
the Netherlands, Sweden, Poland, Australia, and Canada, use cost
per quality-adjusted life-year as the criterion for aiding drug
reimbursement and access decisions. We have produced map-
ping models that can in principle be applied to clinical trials in
idiopathic and neurogenic OAB that contain the I-QOL to gen-
erate utilities based on the EQ-5D questionnaire. In the United
Kingdom, methods guidance for technology appraisal issued by
the National Institute for Health and Clinical Excellence (NICE)
and other health technology assessment (HTA) bodies such as the
Scottish Medicines Consortium specify mapping approaches for
cost-utility analyses as an acceptable alternative option to using
direct data from generic instruments, in particular the EQ-5D
questionnaire, in trials. A review of utility methods used in NICE
technology appraisals found that 27% (19 of 46 appraisals) used
some form of mapping approach to generate utilities for use in
cost-utility analyses in the years 2004 to 2008, with 14 of these
involving a mapping to the EQ-5D questionnaire. An update of
this review found that mapping to the EQ-5D questionnaire had
been used in a further two appraisals, although there was a lack
of reporting of the statistical properties of the mapping algo-
rithms [45]. To improve the quality and transparency of mapping
studies used in technology appraisals, the NICE Decision Support
Unit has recently provided a set of recommendations on mapping
methods that includes the full description of the data set used to
estimate the mapping regression including both the range of EQ-
5D questionnaire values and graphical plots showing the dis-
tribution of EQ-5D questionnaire data, and statistical properties
of the mapping algorithms should be clearly described, including
reporting of the RMSE or MSE [46]. We believe that our analysis
meets the core recommendations for the presentation of the
methods and results contained in this report. Given the limita-
tions in the conceptual relationship between the two instru-
ments and the predictive strength of the association outlined
above, especially for the neurogenic patient group, however, for
the data are to be used for HTA, it is important that sufficient
sensitivity analysis be performed on the utilities generated.

In conclusion, there is a need for pragmatism in the use of
mapped utilities in HTA for decision making. Therefore, in the
absence of a viable EQ-5D questionnaire source, results from the
I-QOL to EQ-5D questionnaire algorithms produced here are of
value in providing potential current utility data for idiopathic and
neurogenic OAB economic models supplied as part of NICE,
Scottish Medicines Consortium, and other HTA body assess-
ments. For future HTA and other decision-making purposes,
however, there is an ongoing need for further investigation and
data analysis in an attempt to improve the performance of
mapping studies in this field.
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