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Abstract
Purpose The Irritable Bowel Syndrome Quality of Life (IBS-QoL) questionnaire is a commonly used and validated IBS-
specific QoL instrument. However, this questionnaire is in contrast to the EQ-5D-5L, not preference-based and as such does 
not allow calculation of QALYs. The objective of this study was to describe the convergent- and known-group validity of 
both questionnaires and to develop a mapping algorithm from EQ-5D-5L which enable IBS-QoL scores to be transformed 
into utility scores for use in economic evaluations.
Methods We used data from two multicenter randomized clinical trials, which represented the estimation and external vali-
dation dataset. The convergent validity was investigated by examining correlations between the EQ-5D-5L and IBS-QoL 
and the known-group validity by calculating effect sizes. Ordinary least squares (OLS), censored least absolute deviations 
(CLAD), and mixture models were used in this mapping approach.
Results 283 IBS patients were included (n = 189 vs. n = 84). Mean IBS-QoL score was 71.13 (SD 15.66) and mean EQ-5D-5L 
utility score was 0.73 (SD 0.19). The overall sensitivity of the IBS-QoL and EQ-5D-5L to discriminate between patient and 
disease characteristics was similar. CLAD model 4, containing the total IBS-QoL score and squared IBS-SSS (IBS sever-
ity scoring system), was chosen as the most appropriate model to transform IBS-QoL scores into EQ-5D-5L utility scores.
Conclusion This study reports the development of an algorithm where the condition-specific questionnaire IBS-QoL can 
be used to calculate utility values for use in economic evaluations. Including a clinical measure, IBS-SSS, in the model 
improved the performance of the algorithm.
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Introduction

Irritable bowel syndrome (IBS) is a chronic disorder of the 
gut–brain interaction characterized by altered bowel hab-
its (constipation, diarrhea, or mixed pattern) and abdomi-
nal pain. IBS affects a large number of people worldwide, 

4.4–4.8% according to the Rome IV criteria [1]. These 
symptoms have a substantial impact on patients’ quality 
of life (QoL) and are associated with considerable use of 
healthcare resources and secondary significant economic 
impact on individuals, healthcare systems, and society. 
Between 15 and 50% of patients with IBS report absentee-
ism (work time missed) due to their symptoms and up to 
34% report presenteeism (impairment while at work) [2, 3]. 
To accomplish symptom control to improve quality of life 
(QoL), various treatments for IBS are available nowadays. 
These include diets, psychological interventions, and several 
types of pharmacological agents [4, 5].

The cost-effectiveness of these treatments is generally 
examined using cost-utility analysis [6, 7]. In health care 
decision-making and reimbursement procedures, the out-
come of a cost-utility analysis is known as quality-adjusted 
life years (QALY) which is used to determine whether a 
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new therapy delivers value for money [8]. The quality of 
life side of the QALY can be assessed with a generic ques-
tionnaire, such as the frequently used EQ-5D (European 
Quality of Life Five Dimension questionnaire), which is 
designed to cover the core dimensions of health that are 
relevant across all medical conditions and to allow compari-
sons between patient groups [9, 10]. In order to capture the 
impact of IBS on QoL, patients complete the EQ-5D-3L or 
the recently developed 5-level questionnaire after which a 
value set is applied to generate utility values. For example, 
mean-utility values in IBS patients range between 0.50 and 
0.75, where 1 is equivalent to perfect health and 0 is death 
[3, 8, 11–14]. The utility scores are subsequently used to 
calculate QALYs [8]. However, in clinical studies, a non-
preference-based condition-specific questionnaire is often 
preferred because they capture more disease-specific or rel-
evant aspects of the disease from a clinical and patients’ 
perspective. The Irritable Bowel Syndrome Quality of Life 
questionnaire (IBS-QoL) is a condition-specific instrument 
for IBS patients which incorporates specific subdomains 
such as food avoidance, bowel habits, and the effect on the 
social/sexual relationships [15]. EuroQoL-5D and IBS-QoL 
have both been proven to be valid for assessing QoL in IBS 
patients [3, 8, 15]. However, previous studies, in which dif-
ferent disease populations were examined, have suggested 
that condition-specific measures are more responsive than 
the generic measure with regard to capturing changes in 
health [16–19]. The involvement of the psychological 
domain in QoL questionnaires is relevant for IBS patients, 
due to the high prevalence of anxiety and depression disor-
ders among these category of patients which has a signifi-
cant impact on the disease course and the choice of therapy 
[2, 12, 20–23]. The EQ-5D-5L has one Anxiety/Depression 
dimension, where IBS-QoL has several domains containing 
psychological questions. Whether the general EQ-5D and 
the condition-specific IBS-QoL are both sensitive enough to 
capture (mental) health changes is not yet investigated in IBS 
patients. Therefore, the difference in responsiveness of both 
the EQ-5D-5L and IBS-QoL should be further explored.

Because the IBS-QoL is specifically designed for IBS 
patients and uses aspects that are salient to this specific 
patient group, the IBS-QoL is often preferred in clinical 
studies. Up to now, however, there is no proper method 
available to convert IBS-QoL scores into utilities to calcu-
late QALYs. A mapping approach for the IBS-QoL to the 
EQ-5D-5L would be highly valuable to enable prediction 
of utility scores for modeling studies in which evidence is 
used from trials where in the past, only the IBS-QoL ques-
tionnaire is included [24]. Mapping is recognized by the 
National Institute for Health and Clinical Excellence (NICE) 
for generating utility information for non-preferences-based 
measures and the ISPOR (International Society for Phar-
macoeconomics and Outcomes Research) guidelines have 

provided recommendations about this composed algorithm 
between a base measure and a target measure [25–27].

To the best of our knowledge, no study thus far has per-
formed a mapping approach to predict utility values for the 
condition-specific measure IBS-QoL for use in IBS patients. 
The goal of this study is to examine the convergent- and 
known-group validity between the EQ-5D-5L and the IBS-
QoL and use empirical mapping to predict EQ-5D-5L util-
ity values from the non-preference-based measure IBS-QoL 
scores in IBS patients.

Method

Datasets

Two studies were included for this mapping approach. The 
first study (N = 189) is a three-armed multicenter placebo-
controlled randomized controlled trial where the efficacy 
of peppermint oil was assessed, the PERSUADE study 
(NCT02716285) [28]. Patient inclusion took place in the 
Netherlands from August 2016 through March 2018. This 
study was used as estimation data set to create the mapping 
algorithm.

The second study (N = 84) is a three-armed multicenter 
randomized controlled non-inferiority trial where the effi-
cacy of online hypnotherapy versus face-to-face hypnother-
apy is compared with online psychoeducation as control 
condition (FORTITUDE NCT03899779). Patient inclu-
sion commenced in the Netherlands in July 2019 and is still 
ongoing. This trial was used as study data set to test the 
algorithm for external validation.

Inclusion criteria were similar in both studies. Subjects 
were included between age 16 and 75 years, diagnosed with 
IBS according to the Rome IV criteria, and had no history of 
other causes for the abdominal complaints, such as Crohn’s 
disease and coeliac disease [29]. They were both recruited 
via primary and secondary/tertiary healthcare. There was a 
slight difference in the age limits for inclusion between both 
studies: in the estimation data set, subjects between 18 and 
75 years of age are included, in the validation set, subjects 
were included with 16–65 years of age. This is due to the 
changed age limit by the Dutch Medical Research Involv-
ing Human Subjects Act in august 2016 where research is 
allowed with subjects from 16 years and older [30]. The 
upper limit of age was adjusted due to involvement of online 
therapies. Exclusion criteria of both trials included insuffi-
cient command of the Dutch language, major surgery to the 
lower gastrointestinal tract, current pregnancy or lactation, 
and, respectively, peppermint oil usage or hypnotherapy in 
the last 3 months prior to inclusion. Patients with a positive 
screening for anxiety and depression (score ≥ 10 of GAD-7 
and PHQ-9, respectively) in the validation dataset were 
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interviewed by the researcher and only patients with clini-
cally significant anxiety or depression were excluded. In the 
estimation dataset, these scores were not incorporated during 
patient screening.

All procedures were in accordance with the ethical 
standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki 
Declaration of 1964, as revised in 2013. Both studies were 
reviewed and approved by the ethics committee at the Maas-
tricht University Medical Center (METC 162,009; METC 
18–037). Informed consent was obtained from all patients 
prior to being included in the study.

Questionnaires

Both the EQ-5D-5L and IBS-QoL were completed in these 
studies. The EQ-5D-5L is a preference-based measure and 
consists of five-dimension mobility, self-care, usual activi-
ties, pain/discomfort, and anxiety/depression, each with five 
severity levels (no, slight, moderate, severe, extreme prob-
lems) [10, 31]. This questionnaire is validated for use in IBS 
patients [3, 8]. In the Netherlands, it is recommended by the 
National Health Care Institute (ZIN) for use in cost-utility 
analyses and a Dutch Tariff for the EQ-5D-5L is applied to 
create the utility values [32].

The IBS-QoL is a condition-specific instrument that is 
used to assess the impact of IBS and effects of treatment. It 
consists of 34 questions which cover eight domains includ-
ing dysphoria, interference with activity, body image, health 
worry, food avoidance, social reaction, sexual, and relation-
ships [15, 33]. Each item has a five-point response scale 
(not at all, slightly, moderately, quite a bit, extremely). The 
responses are summed and averaged for a total score and 
transformed to a scale between 0 and 100: higher scores 
indicating better IBS-specific QoL. The Generalized Anxi-
ety Disorder-7 (GAD-7) [34] and Patient Health Question-
naire-9 (PHQ-9) [35, 36] were completed to screen for anxi-
ety disorders, respectively, depressive disorders. A score of 
10 or higher in both questionnaires was considered as cut-off 
point for (possible) diagnosis of the specific disorder, gener-
alized anxiety, or depression disorder, and further examina-
tion to confirm diagnosis is recommended at that point. The 
Irritable Bowel Syndrome Severity Scoring System (IBS-
SSS) was completed to measure the severity of the symp-
toms (0–500) [37]. It consists of five items with a maximum 
score of 100; higher scores indicate more severe symptoms.

Statistical Analysis

Descriptive analyses were performed for patient character-
istics. Whether the IBS-QoL and EQ-5D-5L are sensitive 
to discriminate between relevant disease or patient char-
acteristics was examined by comparing the mean values 

using paired t tests [38]. We hypothesized that both ques-
tionnaires would show similar levels of discriminatory 
power with regard to patient characteristics (age, gender, 
and BMI). In addition, we hypothesized that the IBS-QoL 
would have greater discriminatory power for disease char-
acteristics (IBS severity, depression, and anxiety) com-
pared to EQ-5D-5L.

The known-group validity was analyzed using standard-
ized effect sizes, dividing the difference in means by the 
standard deviation. We used Cohen’s d to calculate the 
effect size by the pooled standard deviation of the popu-
lation, where 0.2 was considered as a small effect, 0.5 a 
medium effect, and 0.8 a large size [39]. If the sample size 
was small (< 20), Hedges’ g was used to describe the effect 
size [40]. Glass’ delta was chosen if the variance in both 
groups significantly differed [41].

The data from both trials were used to estimate a direct 
response mapping algorithm between IBS-QoL and EQ-
5D-5L. The mapping approach was conducted follow-
ing the principle described by Brazier et al. [42] and the 
ISPOR guidelines [27]. One of the criteria of mapping is the 
essential of overlap between the start and target measure to 
cover the important aspects of HRQoL. Mapping would be 
unsuccessful if there is no conceptual overlap [26]. At first, 
convergent validity was investigated by examining the cor-
relations between the paired observations and their domains 
using Spearman correlation coefficients. Correlation coef-
ficients of 0.10, 0.10–0.50, and > 0.50 were considered as 
weak, moderate, and strong associations, respectively [43]. 
Second, different types of regression models were estimated 
with increasing complexity. As recommended by Brazier 
et al., our initial analysis included a simple model where 
the regression consists of the target measure onto the total 
score of the starting measure (IBS-QoL) [42]. Afterward, 
the domain scores of the IBS-QoL, whether or not combined 
with covariates, were added to the algorithm [42]. We tested 
whether the models improved when including clinical covar-
iates (age, BMI, sex, IBS-subtype, IBS-SSS) [27]. Only age 
and the clinical variable IBS-SSS significantly improved 
the models (p ≤ 0.05). These two variables were therefore 
included in the final models, as shown below.

The included models were specified as the following 
equations:

EQ-5D-5L is the EQ-5D-5L utility score; IBS-QoL 
is the IBS-QoL total score; Dysphoria score is the 
score of the domain Dysphoria of the IBS-QoL; 
Body Image score is the score of the domain Body 
Image of the IBS-QoL; the IBS-SSS score is the IBS 
Severity Score (0–500). Also, the squared term of 
the IBS-SSS is included in the models to capture 
non-linear effect. β0 is a constant, β1, β2, β3, are the 
coefficients to be estimated.
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1. Total IBS-QoL score model

2. Total IBS-QoL score + IBS-SSS score model + age

3. Domain Dysphoria score + domain Body Image Score 
model

4. Total IBS-QoL score + Squared IBS-SSS score model

5. Dysphoria score + Body image score + Squared IBS-SSS 
score model + age

Overall, EQ-5D-5L utility score is the dependent vari-
able in the different regression equations, while the IBS-
QoL total score, the separate domains, and the IBS-SSS 
score were used as predictors. Three statistical approaches 
were used to estimate these five models. The first tech-
nique was the ordinary least squares (OLS) estimator 
because it is the most widely used analysis and generates 
good estimate results, mostly better than the alternatives 
[26, 44]. It estimates parameters by minimizing the sum 
of squared errors of data. However, because the utilities of 
the EQ-5D-5L in our population were censored (skewed 
left), we investigated the option for using estimators for 
censoring issues. The censored least absolute deviations 
(CLAD) estimator was chosen above the Tobit estimator 
because CLAD is robust against departures of errors from 
homoskedasticity and normality [45, 46].

The Adjusted Limited Dependent Variable Mixture 
Model (ALDVMM) was used as third mapping model, 
which was developed to deal with the distributional fea-
tures of the EQ-5D [47]. It accounts for the gap between 
1 (full health) and the highest EQ-5D index value below 1 
(truncation point). We used the command aldvmm in Stata 
to fit these models [48]. First, we estimated the mixture 
models with two to five components to determine that the 
model with 4 components has the best fit (highest Like-
lihood and the lowest BIC (Bayesian information crite-
rion)). Models were conducted with and without inclu-
sion of the truncation point. Model fit was better when the 
truncation point was included.

EQ − 5D − 5L = �0 + �1 ∗ IBS − QoL score

EQ − 5D − 5L = �0 + �1 ∗ IBS − QoL score + �2 ∗ IBS − SSS score

EQ − 5D − 5L = �0 + �1 ∗ Dysphoria score + �2 ∗ Body Image score

EQ − 5D − 5L = �0 + �1 ∗ IBS − QoL score

+ �2 ∗ IBS − SSS score2

EQ − 5D − 5L = �0 + �1 ∗ Dysphoria score + �2 ∗ Body Image score + �3 ∗ IBS − SSS score2

Models that were developed using data from one trial 
were used to predict EQ-5D values in the other trial (exter-
nal validation). Model fit was assessed by comparing the 
mean absolute error (MAE) and the root-mean-square error 

(RMSE) in this sample [27]. The lower the MAE/RMSE, 
the better the predictive accuracy of the model. A scatter 

plot of observed and predicted values in the estimation sam-
ple was provided of the best model. The best fitting model 
was selected by the value of MAE/RMSE, the predictive 
performance, and by the convenience of the algorithm 
(e.g., simplicity) for usage in clinical practice [49]. Greater 
complexity of the algorithm by including more clinical and 

demographic characteristics does not always seem to be ben-
eficial [42]. A significance level of p < 0.05 was applied for 
all analysis. All analyses were performed in Stata version 
14.1 (Stata Corp., College Station, Texas, USA) and IBM 
SPSS Statistics version 27.0 (Armonk, NY: IBM Corp.).

Results

Baseline characteristics of the population

In total, 273 IBS patients were included in this mapping 
approach. The estimation data set consisted of 189 IBS 
patients. The external validation data set consisted of 84 
patients. The baseline patient characteristics are shown in 
Table 1. The mean age of the population was 35.07 years 
and 76.20% was female. The mean IBS-SS score was 278.17 
(SD 76.17) which implies a moderate severity of IBS symp-
toms. The mean quality of life (QoL) according to the gen-
eral questionnaire EQ-5D-5L was 0.73 (SD 0.20) and the 
mean QoL according to the condition-specific questionnaire 
IBS-QoL was 71.13 (SD 15.66).

Convergent‑ and known‑group validity

The convergent validity between the IBS-QoL instrument 
and the EQ-5D-5L were investigated by Spearman’s cor-
relation coefficient and results are available in Table 2. The 
correlation between these two instruments for the total score 
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showed a moderately strong significant correlation (0.472). 
The majority (57.50%) of the correlations between the sub-
scores of the IBS-QoL and the subscores of the EQ-5D-5L 
were statistically significant. All subscores of the IBS-QoL 
were positively significantly correlated with the total EQ-
5D-5L scores. The subdomains dysphoria (0.420*) and body 
image (0.438*) of the IBS-QoL reached the strongest signifi-
cant correlation with the total EQ-5D-5L score.

The analysis of the known-group validity of both HRQoL 
instruments is shown in Table 3. Both the IBS-QoL and 
the EQ-5D-5L revealed a similar (very) small non-signif-
icant difference in QoL score or utility value with respect 

to gender (in the estimation set, males have lower health 
state scores/values, whereas in the validation set, females 
have lower health state scores/values). Patients younger than 
40 years old showed lower quality of life scores or utility 
values and this effect was significant in the validation set. 
Greater effect sizes were seen in the validation set compared 
to the estimation set. This is probably due to a higher mean 
level of age and the presence of a greater percentage of the 
subgroup of patients aged ≥ 40 years in the validation data-
set. The IBS-QoL score and EQ-5D-5L value were both 
lower in patients with severe IBS symptoms compared to 
patients with mild/moderate symptoms (all were significant). 

Table 1  Baseline characteristics 
of the population

a The IBS-SSS, IBS symptom severity score, consists of 5 items with a maximum score of 100; a higher 
score indicates severe IBS symptoms. The total score (range 0–500) can be categorized as Mild IBS 
(score < 175), Moderate IBS (175–300), and Severe IBS (300–500).
b The PHQ-9, Patient Health Questionnaire-9, is a 9-item questionnaire to screen for a depressive disorder. 
The total score (range 0–27) can be categorized as Minimal symptoms (score 0–4), Mild depression (5–9), 
Moderate depression (10–14), Moderately severe depression (15–19), Severe depression (20–27).
c The GAD-7, Generalized Anxiety Disorder-7, is a 7-item questionnaire to screen for an anxiety disorder. 
The total score (range 0–21) can be categorized as Minimal symptoms (score 0–4), Mild anxiety (5–9), 
Moderate anxiety (10–14), Severe anxiety (15–21).

Estimation dataset
N = 189

Validation dataset
N = 84

Total
N = 273

Mean age, years (SD) 34.01 (13.29) 37.44 (13.42) 35.07 (13.39)
Female sex, n (%) 147 (77.80) 61 (72.60) 208 (76.20)
Median BMI (kg/m2) (SD) 25.57 (5.35) 24.75 (4.73) 25.32 (5.17)
IBS subtype
 Diarrhea (IBS-D), n (%) 83 (43.90) 27 (32.10) 110 (40.30)
 Constipation (IBS-C), n (%) 42 (22.20) 23 (27.40) 65 (23.80)
 Mixed (IBS-M), n (%) 40 (21.20) 19 (22.60) 59 (21.60)
 Undefined (IBS-U), n (%) 24 (12.70) 15 (17.90) 39 (14.30)

Mean IBS-SSS score (SD)a 276.48 (71.95) 281.98 (85.25) 278.17 (76.17)
Severity of IBS (IBS-SSS)a

 Mild IBS, n (%) 15 (7.90) 8 (9.50) 23 (8.40)
 Moderate IBS, n (%) 100 (52.90) 34 (40.50) 134 (49.10)
 Severe IBS, n (%) 74 (39.20) 42 (50.00) 116 (42.50)

Mean total IBS-QoL score (SD) 73.02 (15.15) 66.88 (16.05) 71.13 (15.66)
Mean total EQ-5D-5L score (SD) 0.73 (0.19) 0.72 (0.21) 0.73 (0.20)
Mean depression score (PHQ-9) (SD)b 6.77 (4.55) 5.83 (3.93) 6.48 (4.38)
Depression (PHQ-9)b

 Minimal symptoms, n (%) 75 (39.70) 38 (45.20) 113 (41.40)
 Mild depression, n (%) 77 (40.70) 30 (35.70) 107 (39.40)
 Moderate depression, n (%) 20 (10.60) 13 (15.50) 33 (12.10)
 Moderately severe depression, n (%) 14 (7.40) 3 (3.60) 17 (6.20)
 Severe depression, n (%) 3 (1.60) 0 3 (1.10)

Mean anxiety score (GAD-7) (SD)c 5.39 (4.35) 4.92 (3.74) 5.25 (4.17)
Anxiety (GAD-7)c

 Minimal symptoms, n (%) 91 (48.10) 41 (48.80) 132 (48.40)
 Mild anxiety, n (%) 69 (36.50) 32 (38.10) 101 (37.00)
 Moderate anxiety, n (%) 17 (9.00) 10 (11.90) 27 (9.90)
 Severe anxiety, n (%) 12 (6.30) 1 (1.20) 13 (4.80)
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The difference in effect sizes between both datasets could 
be explained by the greater percentage of patients included 
with mild/moderate symptoms in the estimation dataset 
compared to the validation dataset. This observation is there-
fore reflected in the different effect sizes of the depression 
and anxiety subgroups, whereby patients with more severe 
symptoms have often more psychopathology. Patients with a 
depression had significantly lower health scores and values, 
both according to IBS-QoL and EQ-5D-5L in the validation 
set. Patients with anxiety also had lower health-related qual-
ity of life, according to both instruments.

The IBS-QoL reported greater effect sizes compared to 
EQ-5D-5L with respect to the characteristics gender (male 
vs female), age (< 40 vs > 40 years old), and the severity of 
symptoms according to the IBS-SSS (mild/moderate symp-
toms vs severe symptoms) and is therefore more sensitive to 
discriminate here. The discriminatory power of the IBS-QoL 
and EQ-5D-5L is similar for the BMI score and the presence 
of depression, but for anxiety, the EQ-5D-5L is slightly more 
sensitive.

Mapping results

Data of IBS-QoL and EQ-5D-5L in the estimation dataset 
were both left-skewed, where the EQ-5D-5L values were 
bimodally distributed. The EQ-5D-5L values were dis-
tributed as follows: 25% of the observations were between 
-0.02 and 0.68, 25% were between 0.68 and 0.82, 25% were 
between 0.82 and 0.86, and 25% were between 0.86 and 1.00 
(full health). The truncation point for EQ-5D-5L is 0.92.

The goodness of fit results of the five models are shown 
in Table 4. The MAE ranged from 0.117 to 0.118 and the 
RMSE from 0.166 to 0.171 for the OLS mapping functions. 
OLS model 4 performed best, containing the lowest MAE 
and RMSE. The MAE ranged from 0.111 to 0.114 and the 

RMSE from 0.168 to 0.191 for the CLAD mapping func-
tions. CLAD model 4 performed best, containing the lowest 
MAE and RMSE. The MAE ranged from 0.118 to 0.123 and 
the RMSE from 0.169 and 0.175 for ALDVMM mapping 
functions. ALDVMM model 4 performed best with the low-
est MAE and RMSE.

The regression coefficients for all models are reported 
in Supplementary Table 1, 2, and 3. The predicted EQ-5D 
utilities nearly reached the value of 1 (full health), of which 
CLAD model 4 was closest to 1 with maximum values of 
0.940. Figure 1 shows scatter plots from the observed and 
predicted utility values for model 4 from all three mapping 
models. The OLS model shows that the prediction is good 
at the upper end of the EQ-5D-5L, but worsens when the 
QoL is at the lower end. The CLAD model shows a good 
prediction for the higher QoL scores (> 0.7), where the pre-
dicted values are equal to the expected values in some cases. 
However, when the QoL is at the lower end of EQ-5D-5L, 
the prediction is worse. A large proportion of the observa-
tions are present below the truncation point; 0.7 and 0.9. The 
ALDVMM tends to underestimate good health and overes-
timate poor health, but observations near the mean are well 
predicted.

When assessing the goodness of fit results from the vali-
dation analysis, by the constructed models from the esti-
mation data set, OLS model 5 showed the lowest MAE of 
0.124 and the lowest RMSE of 0.165 of all OLS mapping 
functions. The CLAD model 4 reported the lowest MAE of 
0.124 and RMSE 0.169 of all CLAD mapping functions. 
The ALDVMM model 4 reported the lowest MAE of 0.128 
and RMSE of 0.172 of all mixture functions. These good-
ness of fit results from the validation analysis are reported 
in Table 5.

Given the ease and straightforwardness of the algorithm, 
the good prediction of the mean and minimum/maximum 

Table 2  Spearman’s correlation coefficients between IBS-QoL values and EQ-5D-5L values

* Significance level p < 0.05

EQ-5D mobility EQ-5D selfcare EQ-5D 
usual activi-
ties

EQ-5D pain EQ-5D anxiety 
and depression

Total EQ-5D score

IBS-QoL Dysphoria  − 0.061 0.080  − 0.389*  − 0.204*  − 0.429* 0.420*
IBS-QoL interference with activity  − 0.142  − 0.058  − 0.459*  − 0.159*  − 0.323* 0.378*
IBS-QoL body image score  − 0.106  − 0.012  − 0.354*  − 0.322*  − 0.377* 0.438*
IBS-QoL health worry score  − 0.041 0.080  − 0.277*  − 0.231*  − 0.221* 0.307*
IBS-QoL food avoidance score  − 0.021  − 0.012  − 0.371*  − 0.165*  − 0.258* 0.275*
IBS-QoL social reaction score 0.055 0.154*  − 0.312*  − 0.140  − 0.277* 0.280*
IBS-QoL Sexual score  − 0.097  − 0.033  − 0.226*  − 0.130  − 0.185* 0.224*
IBS-QoL Relationships  − 0.059 0.031  − 0.290*  − 0.089  − 0.328* 0.317*
IBS-QoL overall score  − 0.072 0.040  − 0.482*  − 0.239*  − 0.425* 0.472*
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and a high adjusted/pseudo R2, model 4 was identified as 
most appropriate model. Given the lower MAE/RMSE for 
CLAD model 4 compared to OLS Model 4 and ALDVMM 
model 4 in the validation sample, the best mapping function 
would be CLAD model 4, i.e., EQ-5D utility estimate based 
on total IBS-QoL score + squared IBS-SSS.

Discussion

This is the first study to present an algorithm to predict 
utility values in IBS patients from the condition-specific 
IBS-QoL questionnaire. Results of our mapping approach 
showed that CLAD model 4 containing the total IBS-QoL 
score and the squared IBS-SSS score is the most appropriate 
model to enable prediction of health state utilities. This algo-
rithm was chosen because of its simplicity; the low MAE/
RMSE; and the small range to the predicted mean, mini-
mum, and maximum. The mapping from the IBS-QoL to 
the EQ-5D-5L provides utility scores that can be converted 

into QALY which is increasingly important in the current 
health society where economic evaluations are necessary to 
design reimbursement rules for drugs and medical services.

The reported mean IBS-QoL score in our study from 
283 patients was 71.1. These results are similar to those 
reported in other IBS studies (baseline). In literature, IBS-
QoL scores vary between 61.4 and 71.2 [3, 12, 15, 33, 50, 
51]. Therefore, our patients’ sample used to derive and vali-
date mapping algorithm covers the most commonly observed 
IBS-QoL data in clinical practice. Subdomains “Sexual 
Function” and “Relationships” were least affected in our 
cohorts in total QoL score. This finding is also in line with 
earlier studies [33, 51–53]. Patients in our cohorts were most 
affected by the scores on the subdomain “Food Avoidance” 
(estimation set 58.5; validation set 47.9). This finding was 
also confirmed by other studies in IBS patients [33, 51]. 
In both datasets, the second most affected subdomain was 
“Health Worry” (estimation set 70.19; validation set 64.19), 
which reflects the impact of IBS on a psychological level.

Table 4  Goodness-of-fit results for mapping from IBS-QoL to EQ-5D-5L score

Observed EQ-5D 
utility

Predicted EQ-5D utilities

Total IBS-QoL 
score

Total IBS-QoL 
score + IBS-
SSS + age

Dysphoria 
score + Body image 
score

Total IBS-QoL 
score + squared 
IBS-SSS

Dysphoria 
score + Body image 
score + squared IBS-
SSS + age

OLS Model 1 OLS Model 2 OLS Model 3 OLS Model 4 OLS Model 5

Mean (SE) 0.734 (0.014) 0.734 (0.008) 0.734 (0.008) 0.734 (0.008) 0.734 (0.008) 0.734 (0.008)
Minimum  − 0.02 0.387 0.377 0.392 0.360 0.381
Maximum 1.00 0.916 0.936 0.884 0.925 0.914
MAE 0.118 0.118 0.118 0.117 0.117
RMSE 0.170 0.168 0.171 0.166 0.168
Adjusted R2 0.271 0.296 0.270 0.306 0.295

CLAD Model 1 CLAD Model 2 CLAD Model 3 CLAD Model 4 CLAD Model 5

Mean (SE) 0.734 (0.014) 0.791 (0.004) 0.777 (0.006) 0.784 (0.006) 0.763 (0.007) 0.797 (0.004)
Minimum  − 0.02 0.591 0.517 0.507 0.415 0.586
Maximum 1.00 0.896 0.925 0.898 0.940 0.887
MAE 0.114 0.111 0.112 0.113 0.114
RMSE 0.185 0.175 0.179 0.168 0.191
Pseudo R2 0.148 0.155 0.154 0.153 0.163

ALDVMM
Model 1

ALDVMM Model 
2

ALDVMM Model 
3

ALDVMM Model 
4

ALDVMM Model 5

Mean (SE) 0.734 (0.014) 0.744 (0.005) 0.741 (0.004) 0.742 (0.005) 0.745 (0.006) 0.738 (0.006)
Minimum  − 0.02 0.515 0.564 0.485 0.481 0.510
Maximum 1.00 0.865 0.851 0.852 0.879 0.881
MAE 0.120 0.123 0.121 0.118 0.123
RMSE 0.174 0.175 0.174 0.169 0.172
Log likelihood 144 143.28 149.26 148.11 151.71
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Fig. 1  Scatter plots of observed 
vs predicted EQ-5D-5L util-
ity values for Model 4 (OLS, 
CLAD, ALDVMM)
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The total IBS-QoL score in the validation set was lower 
than reported in the estimation set (66.88 and 73.02, respec-
tively). This is probably caused by the higher prevalence of 
moderate depression and mild and moderate anxiety among 
the IBS patients in the validation set due to offering psy-
chological therapies in this trial. The domains, “dysphoria” 
and “body image,” of the IBS-QoL, were strongly correlated 
with the EQ-5D-5L total utility score which highlights the 
relevance of these domains for IBS patients. Other disease-
specific domains such as “food avoidance,” “social reaction,” 
“sexual,” and “relationships” were less correlated with the 
total EQ-5D-5L scores and are not represented in the generic 
questionnaire EQ-5D-5L. Still, these domains are specific 
and important for the psychological well-being among IBS 
patients [53]. The overall known-group validity of the IBS-
QoL and EQ-5D-5L was quite similar. The IBS-QoL had a 
greater discriminatory power with regard to age and gen-
der and the severity of symptoms (IBS-SSS). But the EQ-
5D-5L had a favorable discriminative power with regard to 
the presence of anxiety. Both questionnaires showed com-
parable discriminative power with regard to BMI and the 
presence of depression. Therefore, our initial hypothesis has 
to be rejected because the IBS-QoL is not more sensitive to 

discriminate between disease characteristics compared to the 
EQ-5D-5L. However, the condition-specific questionnaire 
IBS-QoL could be more favorable when different aspects 
of the disease are required to be addressed during a clinical 
study.

Other condition-specific measures intended for patients 
who suffer from epilepsy and cancer had a similar sensitivity 
in comparison to the general EQ-5D [54, 55]. However, in 
studies involving patients with asthma and urinary inconti-
nence, construct validity of EQ-5D was not as strong as the 
condition-specific measures [56, 57].

For the final mapping algorithm, we not only included age 
but also the symptom severity score (IBS-SSS). According 
to the ISPOR guidelines, including covariates, such as soci-
odemographic variables and disease characteristics, should 
be explored to avoid mis-specification of the model [27]. 
The prediction of the utility values will be more accurate in 
that way. A recent review of mapping studies showed that 
age was included in 51% in the algorithm and gender was 
included in 55% [44]. Clinical measures, such as BMI, were 
included in the analysis in only 20% of the reports. When 
performing a mapping study, inclusion of covariates in the 

Table 5  Summary of observed and predicted values for all models in the external validation dataset (N = 84)

Observed EQ-5D 
utility

Predicted EQ-5D utilities

Total IBS-QoL 
score

Total IBS-QoL 
score + IBS-
SSS + age

Dysphoria 
score + Body image 
score

Total IBS-QoL 
score + squared IBS-
SSS

Dysphoria 
score + Body image 
score + squared IBS-
SSS + age

OLS Model 1 OLS Model 2 OLS Model 3 OLS Model 4 OLS Model 5

Mean (SE) 0.72 (0.023) 0.692 (0.111) 0.691 (0.012) 0.699 (0.011) 0.693 (0.014) 0.698 (0.013)
Minimum  − 0.01 0.422 0.410 0.424 0.400 0.412
Maximum 1.00 0.901 0.991 0.884 0.955 0.916
MAE 0.135 0.132 0.125 0.129 0.124
RMSE 0.178 0.173 0.169 0.171 0.165

CLAD Model 1 CLAD Model 2 CLAD Model 3 CLAD Model 4 CLAD Model 5

Mean (SE) 0.72 (0.023) 0.767 (0.007) 0.742 (0.009) 0.754 (0.009) 0.723 (0.012) 0.776 (0.010)
Minimum  − 0.01 0.611 0.542 0.529 0.449 0.605
Maximum 1.00 0.888 0.939 0.898 0.964 0.889
MAE 0.134 0.128 0.125 0.124 0.132
RMSE 0.189 0.179 0.178 0.169 0.171

ALDVMM
Model 1

ALDVMM
Model 2

ALDVMM Model 
3

ALDVMM Model 
4

ALDVMM Model 5

Mean (SE) 0.72 (0.023) 0.716 (0.008) 0.717 (0.007) 0.721 (0.008) 0.716 (0.010) 0.717 (0.006)
Minimum  − 0.01 0.537 0.580 0.527 0.510 0.536
Maximum 1.00 0.855 0.869 0.852 0.904 0.887
MAE 0.134 0.136 0.131 0.128 0.129
RMSE 0.181 0.182 0.178 0.172 0.173
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algorithm should be explored more extensively in the future 
to enhance performance.

This is the first study to enable the estimation of utility 
values from IBS-specific questionnaire scores. A strength of 
this study includes the applicability to other study IBS popu-
lations. The current study population was representable for 
IBS populations in general because our IBS population have 
comparable basic patient characteristics (i.e., age, gender) 
and includes the full range of IBS patient disease severity 
(range 44–445) [3, 58, 59]. The mean IBS symptom severity 
score of 278.17 in this study is similar to previous studies 
(range 259.45–290) [51, 58, 60, 61]. The two data sets used 
had similar inclusion criteria and the population had similar 
baseline characteristics, which facilitates the development 
of a valid mapping approach. Another strength of this study 
is that a different data set was used for external validation 
of the models and the model performance was reported by 
assessing the MAE and the RMSE [42].

A limitation of the present study is that our predicted 
EQ-5D-5L utilities did not capture the full range of observed 
EQ-5D-5L utilities. The overprediction of the lowest utilities 
and the under-prediction of the highest utilities may result 
in an underestimation of the utility gain. This is a general 
problem with mapping studies, especially when using linear 
regression [42, 62]. Therefore, the model fit of both CLAD 
and ALDVMM outperformed OLS functions. The CLAD 
Model 4 performed slightly better than ALDVMM Model 
4, containing the lowest MAE/RMSE. The big proportion 
of observations in our dataset was between 0.7 and 0.9. This 
is below the truncation point, which is an important feature 
of the ALDVMM, and could be an explanation for the fact 
that the CLAD model 4 performed better. ALDVMM could 
be a good option when data are differently distributed than 
in our dataset.

Furthermore, our algorithm is not directly applicable for 
usage in trial-based economic evaluations when a compari-
son with EQ-5D-3L data is requested. However, it is possible 
to use this data to generate 5L data by conducting a mapping 
function online [63].

In conclusion, this study investigated a mapping approach 
where the condition-specific questionnaire IBS-QoL was 
estimated to EQ-5D-5L utility values. This algorithm is 
useful for modeling studies in which only the IBS-QoL is 
included and in trial-based economic evaluations to estimate 
QALYs. Including a clinical measure in the model, such as 
the severity score of the disease (IBS-SSS), will improve 
performance of the algorithm to predict utility values.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11136- 021- 02995-y.

Acknowledgements None.

Authors’ contributions RS, MD, corresponding author, primary inves-
tigator: design of the study, analysis and interpretation of data, acquisi-
tion of data, writing and revising of article, final approval of article. 
DK, MD PhD: design of the study, interpretation of data, writing and 
revising of article, final approval of article. LB, PhD: interpretation of 
data, revising of article, final approval of article. ZZRMW, MD: acqui-
sition of data, revising of article, final approval of article. JTWS, MD: 
acquisition of data, revising of article, final approval of article. AAMM, 
Prof MD PhD: design of study, revising of article, final approval of 
article. BABE, primary investigator: design of the study, interpretation 
of data, writing and revising of article, final approval of article.

Funding No funding was received by the authors.

Availability of data and materials All authors confirm that the data 
supporting the findings of this study are available within the article 
and its supplementary materials.

Code availability Not applicable.

Declarations 

Conflict of interest All authors have no conflicts of interest to declare.

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards. 
The study was approved by the Ethics Committee of the Maastricht 
University Medical Center + (No. METC 162009 and METC 18037).

Consent to participate Informed consent was obtained from all patients 
prior to being included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Palsson, O. S., Whitehead, W., Törnblom, H., Sperber, A. D., & 
Simren, M. (2020). Prevalence of Rome IV functional bowel dis-
orders among adults in the United States, Canada, and the United 
Kingdom. Gastroenterology, 158, 1262-1273.e3.

 2. Canavan, C., West, J., & Card, T. (2014). Review article: The 
economic impact of the irritable bowel syndrome. Alimentary 
Pharmacology and Therapeutics, 40, 1023–1034.

 3. Spiegel, B., Harris, L., Lucak, S., Mayer, E., Naliboff, B., Bolus, 
R., et al. (2009). Developing valid and reliable health utilities in 
irritable bowel syndrome: Results from the IBS PROOF cohort. 
American Journal of Gastroenterology, 104, 1984–1991.

https://doi.org/10.1007/s11136-021-02995-y
http://creativecommons.org/licenses/by/4.0/


1220 Quality of Life Research (2022) 31:1209–1221

1 3

 4. Ford, A. C., Moayyedi, P., Chey, W. D., Harris, L. A., Lacy, B. E., 
Saito, Y. A., et al. (2018). American college of gastroenterology 
monograph on management of irritable bowel syndrome. Ameri-
can Journal of Gastroenterology, 113, 1–18.

 5. Lacy, B. E., Pimentel, M., Brenner, D. M., Chey, W. D., Keefer, 
L. A., Long, M. D., et al. (2021). ACG clinical guideline: Man-
agement of irritable bowel syndrome. The American Journal of 
Gastroenterology, 116, 17–44.

 6. Shah, E. D., Salwen-Deremer, J. K., Gibson, P. R., Muir, J. G., 
Eswaran, S., & Chey, W. D. (2021). Comparing costs and out-
comes of treatments for irritable bowel syndrome with diarrhea: 
Cost-benefit analysis. Clinical Gastroenterology and Hepatology. 
https:// doi. org/ 10. 1016/j. cgh. 2020. 09. 043

 7. Shah, E. D., Salwen-Deremer, J. K., Gibson, P. R., Muir, J. G., 
Eswaran, S., & Chey, W. D. (2021). Pharmacologic, dietary, and 
psychological treatments for irritable bowel syndrome with con-
stipation: Cost utility analysis. MDM Policy and Practice. https:// 
doi. org/ 10. 1177/ 23814 68320 978417

 8. Bushnell, D. M., Martin, N. L., Ricci, J. F., & Bracco, A. (2006). 
Performance of the EQ-5D in patients with irritable bowel syn-
drome. Value in Health, 9, 90–97.

 9. EuroQol Group. (1990). EuroQol—a new facility for the measure-
ment of health-related quality of life. Health Policy, 16, 199–208.

 10. Brooks, R., & de Charro, F. (1996). EuroQol: The current state of 
play. Health Policy, 37, 53–72.

 11. Bushnell, D. M., Reilly, M. C., Galani, C., Martin, M. L., Ricci, 
J. F., Patrick, D. L., et al. (2006). Validation of electronic data 
capture of the irritable bowel syndrome—Quality of life measure, 
the work productivity and activity impairment questionnaire for 
irritable bowel syndrome and the EuroQol. Value in Health, 9, 
98–105.

 12. Paré, P., Gray, J., Lam, S., Balshaw, R., Khorasheh, S., Barbeau, 
M., et al. (2006). Health-related quality of life, work productiv-
ity, and health care resource utilization of subjects with irritable 
bowel syndrome: Baseline results from logic (longitudinal out-
comes study of gastrointestinal symptoms in Canada), a natural-
istic study. Clinical Therapeutics, 28, 1726–1735.

 13. Buono, J. L., Carson, R. T., & Flores, N. M. (2017). Health-
related quality of life, work productivity, and indirect costs 
among patients with irritable bowel syndrome with diarrhea. 
Health and Quality of Life Outcomes. https:// doi. org/ 10. 1186/ 
s12955- 017- 0611-2

 14. Sánchez-Cuén, J. A., Irineo-Cabrales, A. B., Bernal-Magaña, G., 
& Peraza-Garay, F. D. J. (2017). Calidad de vida relacionada con 
la salud en adultos con síndrome de intestino irritable en un hos-
pital de especialidades de méxico. Estudio transversal. Revista 
Espanola de Enfermedades Digestivas, 109, 265–272.

 15. Drossman, D. A., Patrick, D. L., Whitehead, W. E., Toner, B. 
B., Diamant, N. E., Hu, Y., et al. (2000). Further validation of 
the IBS-QOL: A disease-specific quality-of-life questionnaire. 
American Journal of Gastroenterology, 95, 999–1007.

 16. Wiebe, S., Guyatt, G., Weaver, B., Matijevic, S., & Sidwell, 
C. (2003). Comparative responsiveness of generic and specific 
quality-of-life instruments. Journal of Clinical Epidemiology, 56, 
52–60.

 17. Taft, T. H. (2021). When not to use a generic: Measuring HRQoL 
in chronic digestive disease necessitates the use of disease-specific 
questionnaires. Digestive Diseases and Sciences. https:// doi. org/ 
10. 1007/ s10620- 020- 06780-8

 18. Chang, N., Raja, S., Betancourt, R., Randall, C., Keene, S., 
Lilly, A., et al. (2021). Generic measures of quality of life are 
not correlated with disease activity in eosinophilic esophagi-
tis. Digestive Diseases and Sciences. https:// doi. org/ 10. 1007/ 
s10620- 020- 06719-z

 19. Patrick, D. L., & Deyo, R. A. (1989). Generic and disease-specific 
measures in assessing health status and quality of life. Medical 
Care, 27, S217–S232.

 20. Zamani, M., Alizadeh-Tabari, S., & Zamani, V. (2019). System-
atic review with meta-analysis: The prevalence of anxiety and 
depression in patients with irritable bowel syndrome. Alimentary 
Pharmacology and Therapeutics, 50, 132–143.

 21. Lee, V., Guthrie, E., Robinson, A., Kennedy, A., Tomenson, B., 
Rogers, A., et al. (2008). Functional bowel disorders in primary 
care: Factors associated with health-related quality of life and 
doctor consultation. Journal of Psychosomatic Research, 64, 
129–138.

 22. Weerts, Z. Z. R. M., Vork, L., Mujagic, Z., Keszthelyi, D., Hes-
selink, M. A. M., Kruimel, J., et al. (2019). Reduction in IBS 
symptom severity is not paralleled by improvement in quality of 
life in patients with irritable bowel syndrome. Neurogastroenterol-
ogy and Motility, 31, 1–10.

 23. Thijssen, A. Y., Jonkers, D. M., Leue, C., van der Veek, P. P. J., 
Vidakovic-Vukic, M., van Rood, Y. R., et al. (2010). Dysfunc-
tional cognitions, anxiety and depression in irritable bowel syn-
drome. Journal of Clinical Gastroenterology, 44, e236–e241.

 24. Ranaboldo, C. J., Chant, A. D. B., & Harwood, R. (1992). Repro-
cessing data to form QALYs [5]. British Medical Journal, 305, 
424.

 25. Earnshaw, J., & Lewis, G. (2008). NICE guide to the methods of 
technology appraisal: Pharmaceutical industry perspective. Phar-
macoEconomics, 26, 725–727.

 26. Chuang, L. H., & Whitehead, S. J. (2012). Mapping for economic 
evaluation. British Medical Bulletin, 101, 1–15.

 27. Wailoo, A. J., Hernandez-Alava, M., Manca, A., Mejia, A., Ray, 
J., Crawford, B., et al. (2017). Mapping to estimate health-state 
utility from non–preference-based outcome measures: An ISPOR 
good practices for outcomes research task force report. Value in 
Health, 20, 18–27.

 28. Weerts, Z. Z. R. M., Masclee, A. A. M., Witteman, B. J. M., Cle-
mens, C. H. M., Winkens, B., Brouwers, J. R. B. J., et al. (2020). 
Efficacy and safety of peppermint oil in a randomized, double-
blind trial of patients with irritable bowel syndrome. Gastroen-
terology, 158, 123–136.

 29. Schmulson, M. J., & Drossman, D. A. (2017). What is new in 
Rome IV. Journal of Neurogastroenterology and Motility, 23, 
151–163.

 30. Dutch laws and regulations - Dutch Medical Research Involving 
Human Subjects Act. Changed age limit. [Internet]. August, 
2016. [cited 2021 Jan 25]. Retrieved from https:// wetten. overh 
eid. nl/ BWBR0 009408/ 2020- 01- 01? Verge lijkM et= BWBR0 
009408% 3Fg% 3D2016- 08- 01% 26v% 3D0

 31. Herdman, M., Gudex, C., Lloyd, A., Janssen, M., Kind, P., Par-
kin, D., et al. (2011). Development and preliminary testing of 
the new five-level version of EQ-5D (EQ-5D-5L). Quality of 
Life Research, 20, 1727–1736.

 32. Versteegh, M., Vermeulen, K. M., Evers, S. M. A. A., deWit, 
G. A., Prenger, R., & Stolk, E. A. (2016). Dutch tariff for the 
five-level version of EQ-5D. Value in Health, 19, 343–352.

 33. Patrick, D. L., Drossman, D. A., Frederick, I. O., Dicesare, J., 
& Puder, K. L. (1998). Quality of life in persons with irritable 
bowel syndrome: Development and validation of a new meas-
ure. Digestive Diseases and Sciences, 43, 400–411.

 34. Spitzer, R. L., Kroenke, K., Williams, J. B. W., & Löwe, B. 
(2006). A brief measure for assessing generalized anxiety 
disorder: The GAD-7. Archives of Internal Medicine, 166, 
1092–1097.

 35. Kroenke, K., Spitzer, R. L., & Williams, J. B. W. (2001). The 
PHQ-9: Validity of a brief depression severity measure. Journal 
of General Internal Medicine, 16, 606–613.

https://doi.org/10.1016/j.cgh.2020.09.043
https://doi.org/10.1177/2381468320978417
https://doi.org/10.1177/2381468320978417
https://doi.org/10.1186/s12955-017-0611-2
https://doi.org/10.1186/s12955-017-0611-2
https://doi.org/10.1007/s10620-020-06780-8
https://doi.org/10.1007/s10620-020-06780-8
https://doi.org/10.1007/s10620-020-06719-z
https://doi.org/10.1007/s10620-020-06719-z
https://wetten.overheid.nl/BWBR0009408/2020-01-01?VergelijkMet=BWBR0009408%3Fg%3D2016-08-01%26v%3D0
https://wetten.overheid.nl/BWBR0009408/2020-01-01?VergelijkMet=BWBR0009408%3Fg%3D2016-08-01%26v%3D0
https://wetten.overheid.nl/BWBR0009408/2020-01-01?VergelijkMet=BWBR0009408%3Fg%3D2016-08-01%26v%3D0


1221Quality of Life Research (2022) 31:1209–1221 

1 3

 36. Löwe, B., Gräfe, K., Zipfel, S., Spitzer, R. L., Herrmann-Lingen, 
C., Witte, S., et al. (2003). Detecting panic disorder in medical and 
psychosomatic outpatients: Comparative validation of the Hospi-
tal Anxiety and Depression Scale, the Patient Health Question-
naire, a screening question, and physicians’ diagnosis. Journal of 
Psychosomatic Research, 55, 515–519.

 37. Francis, C. Y., Morris, J., & Whorwell, P. J. (1997). The irritable 
bowel severity scoring system: A simple method of monitoring 
irritable bowel syndrome and its progress. Alimentary Pharmacol-
ogy and Therapeutics, 11, 395–402.

 38. Brazier, J., & Deverill, M. (1999). A checklist for judging pref-
erence-based measures of health related quality of life: Learning 
from psychometrics. Health Economics, 8, 41–51.

 39. Rosnow, R. L., & Rosenthal, R. (1996). Computing contrasts, 
effect sizes, and counternulls on other people’s published data: 
General procedures for research consumers. Psychological Meth-
ods, 1, 331–340.

 40. Hedges, L. V. (1981). Distribution theory for glass’s estimator of 
effect size and related estimators. Journal of Educational Statis-
tics, 6, 107–128.

 41. Hedges, L. V., & Olkin, I. (1985). Statistical Methodology in 
Meta-Analysis. San Diego, CA: Academic Press.

 42. Brazier, J. E., Yang, Y., Tsuchiya, A., & Rowen, D. L. (2010). 
A review of studies mapping (or cross walking) non-preference 
based measures of health to generic preference-based measures. 
European Journal of Health Economics, 11, 215–225.

 43. Hillside, N. J. (1988). Statistical Power Analysis for the Behavio-
ral Sciences. Mahway: Lawrence Erlbaum Associates.

 44. Mukuria, C., Rowen, D., Harnan, S., Rawdin, A., Wong, R., Ara, 
R., et al. (2019). An updated systematic review of studies map-
ping (or cross-walking) measures of health-related quality of life 
to generic preference-based measures to generate utility values. 
Applied Health Economics and Health Policy, 17, 295–313.

 45. Wilhelm, M. O. (2008). Practitioners’ corner: Practical consid-
erations for choosing between tobit and scls or clad estimators 
for censored regression models with an applicationto charitable 
giving. Oxford Bulletin of Economics and Statistics, 70, 559–582.

 46. Powell, J. L. (1984). Least absolute deviations estimation for 
the censored regression model. Journal of Econometrics, 25, 
303–325.

 47. Hernández Alava, M., Wailoo, A. J., & Ara, R. (2012). Tails from 
the peak district: Adjusted limited dependent variable mixture 
models of EQ-5D questionnaire health state utility values. Value 
in Health, 15, 550–561.

 48. Hernández Alava, M., & Wailoo, A. (2015). Fitting adjusted lim-
ited dependent variable mixture models to EQ-5D. Stata Journal, 
15, 737–750.

 49. Gillard, P. J., Devine, B., Varon, S. F., Liu, L., & Sullivan, S. D. 
(2012). Mapping from disease-specific measures to health-state 
utility values in individuals with migraine. Value in Health, 15, 
485–494.

 50. Paduano, D., Cingolani, A., Tanda, E., & Usai, P. (2019). Effect 
of three diets (low-FODMAP, gluten-free and balanced) on irrita-
ble bowel syndrome symptoms and health-related quality of life. 
Nutrients., 11, 1566.

 51. Cañón, M., Ruiz, A. J., Rondón, M., & Alvarado, J. (2017). Preva-
lence of irritable bowel syndrome and health-related quality of 
life in adults aged 18 to 30 years in a Colombian university: An 
electronic survey. Annals of Gastroenterology, 30, 67–75.

 52. Kim, Y. S., Choi, S. C., Park, J. M., Choi, C. H., Lee, D. H., Son, 
H. J., et al. (2010). The effect of Tegaserod on symptoms and qual-
ity of life in Korean women with irritable bowel syndrome with 
constipation. Journal of Neurogastroenterology and Motility, 16, 
61–70.

 53. Kopczynska, M., Mokros, L., Pietras, T., & Malecka-Panas, E. 
(2018). Quality of life and depression in patients with irritable 
bowel syndrome. Przeglad Gastroenterologiczny, 13, 102–108.

 54. Mulhern, B., Pink, J., Rowen, D., Borghs, S., Butt, T., Hughes, 
D., et al. (2017). Comparing generic and condition-specific prefer-
ence-based measures in epilepsy: EQ-5D-3L and NEWQOL-6D. 
Value in Health, 20, 687–693.

 55. Lorgelly, P. K., Doble, B., Rowen, D., Brazier, J., Thomas, D. M., 
Fox, S. B., et al. (2017). Condition-specific or generic preference-
based measures in oncology? A comparison of the EORTC-8D 
and the EQ-5D-3L. Quality of Life Research, 26, 1163–1176.

 56. Whalley, D., Globe, G., Crawford, R., Doward, L., Tafesse, E., 
Brazier, J., et al. (2018). Is the EQ-5D fit for purpose in asthma? 
Acceptability and content validity from the patient perspective. 
Health and Quality of Life Outcomes. https:// doi. org/ 10. 1186/ 
s12955- 018- 0970-3

 57. Haywood, K. L., Garratt, A. M., Lall, R., Smith, J. F., & Lamb, 
S. E. (2008). EuroQol EQ-5D and condition-specific measures 
of health outcome in women with urinary incontinence: Reli-
ability, validity and responsiveness. Quality of Life Research, 17, 
475–483.

 58. Ballou, S., & Keefer, L. (2017). The impact of irritable bowel 
syndrome on daily functioning: Characterizing and understanding 
daily consequences of IBS. Neurogastroenterology and Motility. 
https:// doi. org/ 10. 1111/ nmo. 12982

 59. Midenfjord, I., Borg, A., Törnblom, H., & Simrén, M. (2021). 
Cumulative effect of psychological alterations on gastrointesti-
nal symptom severity in irritable bowel syndrome. The American 
Journal of Gastroenterology, 116, 769–779.

 60. Portincasa, P., Bonfrate, L., Scribano, M. L., Kohn, A., Caporaso, 
N., Festi, D., et al. (2016). Curcumin and fennel essential oil 
improve symptoms and quality of life in patients with irritable 
bowel syndrome. Journal of Gastrointestinal and Liver Diseases, 
25, 151–157.

 61. Everitt, H. A., Landau, S., O’Reilly, G., Sibelli, A., Hughes, S., 
Windgassen, S., et al. (2019). Cognitive behavioural therapy for 
irritable bowel syndrome: 24-Month follow-up of participants in 
the ACTIB randomised trial. The Lancet Gastroenterology and 
Hepatology, 4, 863–872.

 62. Fayers, P. M., & Hays, R. D. (2014). Should linking replace 
regression when mapping from profile-based measures to prefer-
ence-based measures? Value in Health, 17, 261–265.

 63. van Hout, B., Janssen, M. F., Feng, Y. S., Kohlmann, T., Bussch-
bach, J., Golicki, D., et al. (2012). Interim scoring for the EQ-
5D-5L: Mapping the EQ-5D-5L to EQ-5D-3L value sets. Value 
in Health, 15, 708–715.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1186/s12955-018-0970-3
https://doi.org/10.1186/s12955-018-0970-3
https://doi.org/10.1111/nmo.12982

	The estimation of a preference-based single index for the IBS-QoL by mapping to the EQ-5D-5L in patients with irritable bowel syndrome
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Method
	Datasets
	Questionnaires
	Statistical Analysis

	Results
	Baseline characteristics of the population
	Convergent- and known-group validity
	Mapping results

	Discussion
	Acknowledgements 
	References




