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Abstract
Objective The aims of this study were to assess whether there is a conceptual overlap between the questionnaires HIT-6 
and EQ-5D and to develop a mapping algorithm allowing the conversion of HIT-6 to EQ-5D utility scores for Germany.
Methods This study used data from an ongoing randomised controlled trial for patients suffering from migraine. We assessed 
the conceptual overlap between the two instruments with correlation matrices and exploratory factor analysis. Linear regres-
sion, tobit, mixture, and two-part models were used for mapping, accounting for repeated measurements, tenfold cross-
validation was conducted to validate the models.
Results We included 1010 observations from 410 patients. The EQ-5D showed a substantial ceiling effect (47.3% had the 
highest score) but no floor effect, while the HIT-6 showed a very small ceiling effect (0.5%). The correlation between the 
instruments’ total scores was moderate (− 0.30), and low to moderate among each domain (0.021–0.227). The exploratory 
factor analysis showed insufficient conceptual overlap between the instruments, as they load on different factors. Thus, there 
is reason to believe that the instruments’ domains do not capture the same latent constructs. To facilitate future mapping, we 
provide coefficients and a variance–covariance matrix for the preferred model, a two-part model with the total HIT-6 score 
as the explanatory variable.
Conclusion This study showed that the German EQ-5D and the HIT-6 lack the conceptual overlap needed for appropriate 
mapping. Thus, the estimated mapping algorithms should only be used as a last resort for estimating utilities to be employed 
in economic evaluations.

Keywords Mapping · EQ-5D · QALY · Utilities · HIT-6 · Migraine

JEL Classification I1 · C3

Introduction

Migraine is a common neurological condition affecting 
10.6% of the German population (one-year prevalence) 
[1]. It is associated with comorbidities such as psychiatric 
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disorders (depression and anxiety, among others), respira-
tory disorders, and chronic pain, and it leads to a signifi-
cant reduction in quality of life [2, 3].

This condition also imposes an economic burden on 
health care systems due to increased demand for goods and 
services and work-related productivity losses [4, 5]. As 
healthcare systems face the challenge of limited resources, 
economic evaluations provide tools for decision-makers 
to analyse competing alternatives—in terms of both costs 
and consequences [6]. Cost-utility analyses, a form of 
economic evaluation, measure consequences with generic 
measures of health gain, commonly expressed in quality-
adjusted life years (QALYs) [6]. The EuroQol five-dimen-
sional questionnaire (EQ-5D) is a generic utility-based 
instrument which allows the estimation of utility scores, 
and thus, the calculation of country-specific QALYs [7]. 
It analyses five different dimensions: mobility, self-care, 
usual activities, pain/discomfort, and anxiety/depression. 
The initial version of EQ-5D had only three levels within 
each dimension, while the improved EQ-5D-5L, hence-
forth EQ-5D-5L will be referred to as EQ-5D, has five 
levels, while maintaining the same five dimensions. The 
levels indicate no problems (1), slight problems (2), mod-
erate problems (3), severe problems (4), and unable to/
extreme problems (5). Health states are defined by com-
bining digits for the five dimensions, enabling 3125 pos-
sible health states. Health states can be represented with 
five-digit codes or converted using country-specific single 
index values.

Clinical trials in migraine often use monthly migraine 
days as a primary endpoint and the International Headache 
Society actually recommends the use of monthly migraine 
days as the primary endpoint for HTAs involving preven-
tive treatments [8]. Where generic preference-based meas-
ures are not deemed ideal, other approaches include using 
condition-specific instruments or condition-specific pref-
erence-based measures (to our knowledge there is none for 
migraine). However, analyses with disease-specific instru-
ments do not allow decision-makers to compare resource 
allocation across different conditions.

Nevertheless, several trials in the migraine field (e.g. 
[9, 10]) only collect migraine-specific health-related 
quality-of-life (HRQOL) instruments, but do not col-
lect generic preference-based ones, which can be used to 
conduct cost-utility analyses. There are several migraine-
specific HRQOL questionnaires such as the Headache 
Impact Test-6 (HIT-6), the Migraine Disability Assess-
ment (MIDAS), and the Migraine-Specific Quality-of-Life 
Questionnaire (MSQ). The HIT-6 is a headache-specific 
questionnaire, which evaluates how headaches affect some-
one’s ability to function on the job, at school, at home, and 
in social situations [11]. This instrument does not have a 
preference-based scoring system, thus it does not permit 

the calculation of QALYs. Mapping overcomes this issue 
by providing an algorithm which allows the estimation of 
QALYs even if a preference-based HRQOL instrument 
was not included in the study. However, to perform map-
ping between two instruments, there should be a concep-
tual overlap between them. ISPOR guidelines on mapping 
state that these algorithms can only be successful if there 
is sufficient overlap between the analysed instruments [12]. 
Although the selected instruments do not have to measure 
the same symptoms or functional (dis)abilities, they do 
need to address the same underlying concepts.

One study by Gillard et  al. has already mapped the 
EQ-5D to the HIT-6, but used quality weights for England 
in a Brazilian population [13]. Several studies have shown 
the impact of using different country-specific value sets of 
EQ-5D on the interpretation of results [14, 15]. Furthermore, 
the authors used variables in their algorithm which are not 
always collected in trials, such as ethnicity. A large number 
of trials which do not involve drugs but e.g. behavioural 
interventions often do not collect ethnic information (e.g. 
[16–19]). Applying the validation method of splitting the 
available data set into two has been criticised because of its 
limited ability to depict the uncertainty in the results and 
increased bias in the performance estimates in proportion-
ally large test sets [20].

Based on these considerations, we will address the issue 
of whether there is enough conceptual overlap between the 
two instruments using not only correlation tables, but also 
exploratory factor analysis (EFA). Based on regression-
type approaches we will develop a mapping function to pre-
dict EQ-5D utility values for Germany from HIT-6 values, 
including variables widely used in migraine trials, and vali-
date them with tenfold cross-validation.

Materials and methods

Data

This study is based on data from the SMARTGEM project. 
SMARTGEM is an ongoing national randomised controlled 
clinical trial, which seeks to assess if a digital intervention 
via the use of a headache app and online consultations leads 
to a decrease in migraine frequency. The intervention con-
sists of a certified medical app where patients document 
trigger factors, attacks, and medication in an electronic cal-
endar; the app analyses the diary and evaluates trigger fac-
tors and proposes individually tailored treatment plans; a 
web-based tool where patients communicate both with other 
patients and specialists. HIT-6 and EQ-5D were completed 
by all users at baseline and after 3, 6, 9, and 12 months. 
Registration ID in the German clinical trials register is 
DRKS00016328.
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Statistical analyses

Conceptual overlap

To analyse the strength of the relationship between HIT-6 
scores and EQ-5D domains, correlation coefficients account-
ing for repeated measurements were computed. We also 
examined the capacity of each instrument to detect changes 
in HRQOL over time, referred to as responsiveness, by 
computing standardised response mean(s) (SRM). SRM is 
defined as a ratio of the difference in the mean baseline and 
mean follow-up values divided by their mean standard devia-
tions’ (sd) difference. We considered SMR values of less 
than 0.2 as small, from 0.2 to 0.5 as moderate, and values 
above 0.8 as large, following Cohen’s criteria [21]. EFA was 
conducted to explore the overlap in the underlying constructs 
of the two instruments. If factors have meaningful loadings 
from the two different instruments (EQ-5D and HIT-6), 
these instruments are assumed to capture the same underly-
ing latent structure. We considered factor loadings above 0.3 
as ‘meaningful’ [22]. For ordered data, the preferred method 
to determine the number of factors is to conduct parallel 
analysis with polychoric correlations instead of Pearson cor-
relations [23]. It is believed that Pearson correlations under-
estimate the relationship between ordered categorical data 
because of the categorisation [24]. Furthermore, Glorfeld 
(1995) showed that parallel analysis performs well with non-
normally distributed data [25]. The chosen factoring mode 
was weighted least squares, which makes no distributional 
assumption, thus being appropriate for ordinal data [26]. 
Varimax and promax rotations were used to interpret factor 
loadings.

Mapping model development

Since there is no specific model recommended by guidelines 
on best practices for mapping, we applied several models 
[12]. As our data contains repeated measurements per indi-
vidual over time, we accounted for dependencies between 
observations by including random effects in our models, 
and estimated mixed-effects linear regression models (fit by 
maximum likelihood), mixed-effects tobit censored at the 
upper bound at 1, adjusted limited dependent variable mix-
ture models, mixture beta regression models, and two-part 
models. For mixed-effects linear models and mixed-effects 
tobit, we compared models where the overall HIT-6 score 
versus the HIT-6 several dimensions were used as independ-
ent variables. Interaction terms and quadratic terms were 
considered. Models with the lowest BIC (Bayesian infor-
mation criterion) were chosen. With regard to the two-part 
model, in a first stage, a mixed-effects logistic regression 
is fit to predict the probability of a respondent having full 
health. In a second stage a mixed-effects linear regression 

only based on those without full health was estimated. The 
overall expected EQ-5D index score was calculated using an 
expected value approach [27].

We also fitted adjusted limited dependent variable mix-
ture models with one to four components, with the Stata 
command aldvmm, which was specifically developed to deal 
with health utility data [28]. These models allow to limit 
the dependent variable to the EQ-5D country-specific range, 
while taking into account the gap between 1 and the next 
feasible value (0.974 in the case of Germany). We conducted 
both adjusted limited dependent variable mixture models 
and mixture beta regression models with and without the 
inclusion of this truncation point, as well as with and with-
out the inclusion of a probability mass at full health and 
at this truncation point (for beta mixture models only). We 
used the estimated parameters from a constant-only model in 
our mixture models, to find the global maximum, since mix-
ture models are known to have multiple optima [28]. Unlike 
in the other models, we could not account for repeated meas-
ures by including random effects. We did, however, compute 
robust cluster-corrected standard errors.

HIT-6 related variables, sex, age, and migraine type 
were pre-defined as having to be part of the model. Given 
that mapping algorithms are intended to be used by other 
researchers, we only considered age and sex1 as possible 
socio-demographic explanatory variables, since they are 
almost always collected in studies. Studies have shown that 
age has an impact on the symptoms of people with migraine, 
e.g. decrease in frequency of photophobia and phonophobia 
[29]. Migraine also affects three times more women than 
men, and it is known that fluctuations in female hormones 
play an important role in this relationship [30, 31]. Since 
especially in women, the impact of migraines varies with 
age, we tested whether there is an interaction between age 
and sex [29]. We also included the information whether 
patients suffered from episodic or chronic migraines and its 
interaction with age. Migraine characteristics evolve across 
time (e.g. the conversion of episodic to chronic migraine), 
thus the importance of testing the inclusion of an interaction 
term between migraine type and age [32].

We conducted complete-case analysis based on the fol-
lowing variables: EQ-5D domains, HIT-6 domains, migraine 
type, age, and sex.

E(EQ − 5D) = Pr(Full Health) ∗ (EQ − 5 in Full Health)

+(1 − Pr(Full Health)) ∗ (EQ − 5 Not in Full Health).

1 In German, there are no different terms to define sex versus gender. 
The term “Geschlecht” can be both understood as sex or gender. In 
this project, participants filled in their own “Geschlecht”.
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Validation

We plotted the observed and predicted EQ-5D values to 
visualise the models’ performance. Given the lack of exter-
nal data to conduct external validation, a tenfold cross-val-
idation was carried out to compare the predictions of each 
model with the actual EQ-5D scores. This method is recom-
mended for small samples [20]. Models’ predictive perfor-
mance was assessed with root mean squared error (RMSE), 
mean absolute error (MAE), and R2, reporting the mean of 
all 10 cycles.

Statistical analyses were performed using R 3.6.3 and 
Stata 15 [33, 34]. We used additional R packages for data 
handling [35] and plotting [36], repeated measures correla-
tion [37], and factor analysis [38, 39], a Stata package for 
variable selection [40] (a preliminary version of gsreg 2.0 
provided by the authors was used, which allowed its use 
with a mixed-effects linear regression estimated by maxi-
mum-likelihood), the package aldvmm to fit adjusted limited 
dependent variable mixture models [28], as well as the beta-
mix package for conducting beta mixture regressions [40].

Results

The dataset used for the analysis contains 1010 observa-
tions, based on 410 patients, as 16 patients had missing data, 
such that 22 out of the 1032 (2.13%) observations had to 
be removed. thus the dataset used for the analysis contains 
1010 observations, based on 410 patients. 7 out of 16 were 
excluded from the analysis because they did not have full 
data on other time points.

87.3% of all participants were female, with an average age 
of 41 years (Table 1).

Health utility values derived from EQ-5D ranged from 
− 0.57 to 1. We observed a ceiling effect in EQ-5D scores, 
with a skewness of − 2.33 and a kurtosis of 9.45, pointing 
to a left skew with few negative observations (Fig. 1). Data 
are considerably more skewed for patients with episodic 
migraine than for patients with chronic migraine. The mean 
EQ-5D utility value was 0.82 (sd 0.23) for all patients, 0.86 
(sd 0.18) for patients with episodic migraine, and 0.72 (sd 
0.30) for patients with chronic migraine.

HIT-6 scores ranged from 44 to 78 (possible score range 
36–78). The skewness of − 0.64 indicated that the HIT-6 
scores are only slightly skewed to the left (Fig. 2). There 
was no floor effect, no patient had the lowest score possible, 
and the ceiling effect was small (5 out of 1010 observations; 
0.5%).

In EQ-5D, there was no floor effect (proportion of 
respondents reporting the worst level for all five dimen-
sions), i.e. no patient had the lowest utility score possible 
(− 0.661 in the German value set). However, the ceiling 

effect (proportion of participants reporting the best level for 
all dimensions) amounted to 47.3% (194/410).

Conceptual overlap

We consider that occupation and daily activities can be 
measured by the EQ-5D dimension “usual activities” and 
by questions 2, 3, and 4 from the HIT-6. Physical health is 
captured by “pain/discomfort” and “mobility” in the EQ-5D, 
and by question 5 from the HIT-6. Self-care is only meas-
ured by the EQ-5D.

The correlation coefficient between EQ-5D score value 
and the HIT-6 total score amounted to − 0.30. In terms of 
EQ-5D value and the different HIT-6 dimensions, the coef-
ficients ranged between − 0.153 and − 0.234. The correlation 
coefficients between each EQ-5D domain and the overall 
HIT-6 score ranged from 0.077 to 0.300 (Table A.1). Lastly, 
the correlation coefficients among each domain from the two 
instruments ranged from 0.021 to 0.227. The highest correla-
tion (0.227) was found between EQ-5D pain/discomfort and 
HIT-6 q4. See Supplementary Tables A.1, A.2, and A.3 for 
correlation tables, additionally stratified by migraine sever-
ity level.

The EQ-5D total score and the different dimensions 
show small SRMs, while the HIT-6 total score and its dif-
ferent questions show small to moderate responsiveness. For 
EQ-5D dimensions, SRM values range from 0.088 to 0.280 
and for the HIT-6 from 0.211 to 0.669 (see Supplementary 
Table A.4). Although the lack of responsiveness may be in 
part because we are also analysing patients in the control 
group, this still does not explain why the responsiveness of 
the HIT-6 is higher than that of the EQ-5D.

We considered three factors in the EFA. Factor 1 had 
meaningful loadings (i.e. higher than 0.3) on all EQ-5D 
domains, but not on HIT-6 domains. Factors 2 and 3 loaded 
only on HIT-6 domains, specifically questions 2–6 for Fac-
tor 2, questions 1 and 2 for Factor 3. Considering that this 
question had a higher loading in Factor 2, thus belonging to 
this factor, Factor 2 had meaningful loadings in five out of 
six HIT-6 domains (Table 2). Similarly, using an orthogonal 
rotation, all EQ-5D items loaded on the same factor, while 
HIT-6 items loaded on both Factors 2 and 3 (Supplementary 
Table A.5).

As the EFA does not correctly take the repeated meas-
urement nature of the data into account, we performed 
a sensitivity analysis based on baseline data only. The 
results did not relevantly differ in terms of number of 
factors and meaningful loadings.

The lack of overlap in all three factors, using the two 
different types of rotations, suggests that the EQ-5D 
and the HIT-6 potentially do not capture the same latent 
constructs.
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Mapping models

Table 3 and the Excel file in the Electronic Supplementary 
Material present information on the models’ coefficients 
and their predictive ability. Overall, for the same statisti-
cal method, models which included the HIT-6 total score 

performed better than those which included all HIT-6 ques-
tions as independent variables. The inclusion of interaction 
terms (between age and sex, migraine type and age, and 
migraine type and age) did not relevantly improve the pre-
diction of EQ-5D scores within any of the six models. On 
the contrary, the addition of quadratic terms both for HIT-6 

Table 1  Patient characteristics 
and measurements of EQ-5D 
and HIT-6 at baseline

SD standard deviation, VAS Visual Analog Scale.
a In German there are no different terms to define sex versus gender. The term “Geschlecht” can be both 
understood as sex or gender. In this project, participants filled in their own “Geschlecht”.
b Including university of applied sciences

Chronic migraine (132) Episodic migraine (278) Total (410)

Age, mean (SD) 40.1 (11.4) 41.5 (12.0) 41.1 (11.8)
Sex (%)a

 Female 119 (90.2%) 239 (86.0%) 358 (87.3%)
 Male 13 (9.8%) 39 (14.0%) 52 (12.7%)

BMI
 Mean (SD) 25.0 (4.89) 24.6 (4.66) 24.7 (4.74)
 Missing 2 (1.5%) 1 (0.4%) 3 (0.7%)

Comorbidities (%)
 Yes 80 (60.6%) 154 (55.4%) 234 (57.1%)
 No 49 (37.1%) 121 (43.5%) 170 (41.5%)
 Missing 3 (2.3%) 3 (1.1%) 6 (1.5%)

Marital status (%)
 Married 55 (41.7%) 134 (48.2%) 189 (46.1%)
 Single 65 (49.2%) 119 (42.8%) 184 (44.9%)
 Widowed 1 (0.8%) 4 (1.4%) 5 (1.2%)
 Divorced 8 (6.1%) 18 (6.5%) 26 (6.3%)
 Missing 3 (2.3%) 3 (1.1%) 6 (1.5%)

Professional qualification (%)
 Other 11 (8.3%) 11 (4.0%) 22 (5.4%)
  Universityb 44 (33.3%%) 120 (43.2%) 164 (40.0%)
 Without a degree 12 (9.1%) 24 (8.6%) 36 (8.8%)
 Apprenticeship 62 (47.0%) 120 (43.2%) 182 (44.4%)
 Missing 3 (2.3%) 3 (1.1%) 6 (1.5%)

Officially recognised disability (%)
 Yes 22 (16.7%) 45 (16.2%) 67 (16.3%)
 No 107 (81.1%) 231 (83.1%) 338 (82.4%)
 Missing 3 (2.3%) 2 (0.7%) 5 (1.2%)

EQ-5D-5L
 Mean utility from − 0.661 to 1 (SD) 0.689 (0.296) 0.842 (0.198) 0.792 (0.244)
 VAS mean from 0 to 100 (SD) 58.0 (23.4) 70.7 (20.2) 66.6 (22.1)

HIT-6
 Mean (SD) 65.2 (4.21) 64.4 (4.38) 64.7 (4.33)
 Severity level (%)
 Severe impact 2 (1.5%) 10 (3.6%) 12 (2.9%)
 Substantial impact 7 (5.3%) 16 (5.8%) 23 (5.6%)
 Some impact 122 (92.4%) 251 (90.3%) 373 (91.0%)
 Little or no impact 1 (0.8%) 1 (0.4%) 2 (0.5%)
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overall score and for several HIT-6 dimensions proved to 
enhance some of the models with regard to their goodness-
of-fit. In the two-part model, the first model only included 
the total HIT-6 score, the type of migraine, age, and sex, the 
second included the same variables plus the quadratic term 
of the HIT-6 score.

Figure 3 shows the observed and the predicted EQ-5D 
values for the different models. Our models underestimated 
utilities for those with poorer health states and overestimated 
them for those with better health states, as is common in map-
ping studies [41]. Although linear regression models can yield 
estimates above 1 (given that there is no upper bound), Model 
A (mixed-effects linear regression with the total HIT-6 score 
as an independent variable) did not generate estimates out of 
the bound. For Model A, the maximum predicted value was 
0.98 and for Model B (mixed-effects linear regression with 
the individual HIT-6 questions as independent variables) 1.07.

Fig. 1  EQ-5D-5L histogram of 
number of responses histogram 
and kernel density plot (for 
episodic vs chronic migraine)

Fig. 2  HIT-6 histogram of num-
ber of responses histogram and 
kernel density plot (for episodic 
vs chronic migraine)

Table 2  Summary of the Exploratory Factor Analysis (EFA) results 
for 3 loadings and their cumulative variance (varimax rotation)

Meaningful loadings are underlined (i.e. higher than 0.3)

Factor 1’ 
loadings

Factor 2’ loadings Factor 3’ 
loadings

Mobility 0.749 0.125 0.156
Self-care 0.556 0.110
Daily activities 0.840 0.237
Pain/discomfort 0.761 0.170 0.115
Anxiety/depression 0.433 0.257
HIT-6 Q1 0.119 0.225 0.629
HIT-6 Q2 0.190 0.539 0.404
HIT-6 Q3 0.342 0.355
HIT-6 Q4 0.196 0.769 0.239
HIT-6 Q5 0.220 0.684 0.167
HIT-6 Q6 0.208 0.858 0.176
Cumulative variance 0.229 0.449 0.528
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No model performed best across all goodness-of-fit meas-
ures. Model E (two-part model with the total HIT-6 score 
as the explanatory variable) performed the best in terms 
of RMSE (Table 3). Although the R2 value is higher for 
Model G, this model predicts less well both individuals at 
full health and those with poorer health states than Model E. 
The R2 value is also higher for Model I than E, but the lat-
ter predicts poorer health states better. The adjusted limited 
dependent variable mixture models and beta-mixture models 
took into account the gap between full health and the next 
feasible health state. However, the low number of observa-
tions (4) with the state directly after full health (0.974) may 
explain why these models did not perform better.

Hence, if researchers wish to estimate utilities from 
the HIT-6 to be employed in cost-utility analyses, Model 
E should be the preferred model. The corresponding vari-
ance–covariance matrix is available in the Electronic Sup-
plementary Material, in Table A.6, to allow probabilistic 
sensitivity analysis to be carried out and account for uncer-
tainty. However, we would like to remark that this mapping 
algorithm should only be used as a last resort.

Discussion

We aimed to assess whether there is a conceptual overlap 
between the HIT-6 and the EQ-5D and to present a map-
ping algorithm for the estimation of the EQ-5D score (with 
German weights) from the HIT-6 questionnaire, a disease-
specific survey widely used in clinical trials with migraine 
patients. Our study points to major differences in the under-
lying constructs of the HIT-6 and the EQ-5D. The EQ-5D 
showed a high ceiling effect and small SRMs across time, 

whereas the HIT-6 did not show a ceiling effect and had a 
higher responsiveness. This study also provides a mapping 
algorithm which can be used to map HIT-6 values to EQ-5D 
utility values.

We expected some overlap between the two instruments 
since both have been validated in migraine patients. The 
strength of association between the instruments measured 
with correlation coefficients was only low to moderate—
both for the total scores and for each instrument’s individual 
questions. Furthermore, the EFA showed that the HIT-6 
and EQ-5D do not have a sufficient conceptual overlap and 
potentially estimate different underlying constructs. There 
are several reasons that might explain the lack of overlap. 
First, the recall period in the instruments’ questions is differ-
ent. While all EQ-5D questions refer to the day the question-
naire is filled out, three questions in the HIT-6 refer to the 
previous 4 weeks. Second, the HIT-6 has frequency response 
categories (ranging from never to always), while the EQ-5D 
has response categories based on levels of severity. Third, 
the specificities of both the EQ-5D and the HIT-6 may also 
play a role. A criticism of the use of the EQ-5D to describe 
health utilities in patients with migraine is the fact that the 
survey is conducted at random points in time, thus not dif-
ferentiating whether or not patients were having a migraine 
attack at the moment they filled out the survey [42]. The 
47.3% participants with level 1 for all five dimensions (ceil-
ing effect) may indicate that the EQ-5D poorly discriminates 
within patients with migraine. To our knowledge, only two 
studies validated the use of HIT-6 in German patients with 
chronic migraine. Although the study by Rendas-Baum et al. 
[43] included German patients, the authors could not carry 
out country-specific assessments because of an insufficient 
sample size of the four European countries included. Thus, 

Table 3  Performance measurements and validation results of 10 evaluated mapping models

ALDVMM adjusted limited dependent variable mixture, BETAMIX Beta Mixture Model (with inflation), MAE mean absolute error, ME mixed-
effects, n.a. not applicable, PM probability mass, RMSE root mean square error, SD standard deviation, TPM two-part model

Model Specification Predicted mean Predicted 
minimum

Predicted 
maximum

Cross-validation

RMSE MAE Pseudo R2

Actual EQ-
5D-5L value

n.a. 0.817 − 0.57 1 n.a. n.a. n.a.

Model A ME Linear 0.8173 0.2488 0.9740 0.1970 0.1380 0.2778
Model B ME Linear 0.8152 0.3748 1.0704 0.2002 0.1411 0.2558
Model C ME Tobit 0.8156 0.2376 0.9305 0.1991 0.1366 0.2754
Model D ME Tobit 0.8004 0.3837 0.9809 0.2046 0.1431 0.2394
Model E TPM 0.7999 0.1813 0.9469 0.1212 0.1355 0.2843
Model F TPM 0.7873 0.4389 1.1453 0.1244 0.1424 0.2338
Model G ALDVMM 0.7882 0.3946 0.9589 0.1992 0.1345 0.2882
Model H ALDVMM 0.8278 0.4947 0.9797 0.2023 0.1368 0.2593
Model I BETAMIX with PM at full health 0.8273 0.3910 0.9551 0.1991 0.1347 0.2939
Model J BETAMIX with PM at full health 0.8259 0.4839 0.9782 0.2018 0.1362 0.2705
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Fig. 3  Scatter plots comparing observed vs predicted EQ-5D-5L util-
ity values. Legend—Model A: Mixed-effects linear regression, total 
HIT-6 score. Model B: Mixed-effects linear regression, individual 
HIT-6 questions. Model C: Mixed-effects Tobit, total HIT-6 score. 
Model D: Mixed-effects Tobit, individual HIT-6 questions. Model E: 
Two-part model, total HIT-6 score. Model F: Two-part model, indi-

vidual HIT-6 questions. Model G: Adjusted limited dependent varia-
ble mixture, total HIT-6 score. Model H: Adjusted limited dependent 
variable mixture, individual HIT-6 questions. Model I: Beta Mixture 
Model (with inflation), total HIT-6 score. Model J: Beta Mixture 
Model (with inflation), individual HIT-6 questions
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they treated the data as one group. Another study by Mar-
tin et al. [44] evaluated whether the German version of the 
HIT-6 is comparable to the United States English HIT-6. 
Unfortunately, there is no information whether the recruited 
patients suffered from episodic or chronic migraines. Thus, 
further research on the validation of HIT-6 in German 
patients who suffer from episodic and chronic migraine 
could help explain the lack of conceptual overlap between 
this questionnaire and the EQ-5D.

Given the lack of responsiveness, as well as the sub-
stantial ceiling effect of the EQ-5D for migraine patients, 
economic evaluations with these patients should consider 
other approaches to determine value, not necessarily QALYs 
obtained from generic utility-based instruments. In fact, the 
guidelines of the International Headache Society state that 
QALYs may fail to account for specific patient preferences 
due to the insensitive nature of utility instruments [8]. Thus, 
the use of QALYs may not be appropriate, even where utility 
values were collected in the study and no mapping algorithm 
has to be used. Using clinical effectiveness endpoints (such 
as monthly migraine days) to conduct cost-effectiveness 
analyses may thus be more suitable for economic evaluations 
for migraine. However, these analyses with disease-specific 
outcomes would pose a different problem, as they do not 
allow decision-makers to compare resource allocation across 
different conditions.

Strengths of our study include the fact that trained 
migraine neurologists provided the migraine diagnosis to the 
study participants’ and the low percentage of missing data. 
Furthermore, we could use multiple observations per person 
and evaluated this data with methods suitable for repeated 
measurements where possible. The conceptual overlap of 
EQ-5D and HIT-6 was evaluated carefully prior to inves-
tigating mapping algorithms, where the latter were carried 
out with a broad set of multivariable modelling approaches.

A limitation of our study is that no external valida-
tion could be carried out since no dataset containing both 
EQ-5D answers and HIT-6 was available. Randomised con-
trolled trials are often considered the ‘gold standard’ for 
evidence-based medicine [45], and although they have sev-
eral strengths in comparison to other designs, their estimates 
may lack generalisability with respect to different settings 
[46]. The ISPOR Task Force Report on Mapping mentions 
that such trials frequently include less diverse patients than 
observational studies, due to their inclusion criteria, as well 
as their limited follow-up [12]. Thus, we have compared 
some socio-demographic characteristics of our study popu-
lation to those of migraine patients from a study from the 
German Migraine and Headache Society, which included 
7417 adults from three regions in Germany (see Supple-
mentary Table A.7) [47]. The mean ages reported for epi-
sodic migraine were 47.5 (Dortmund Health Study), 50.0 
(KORA Augsburg Study), and 50.1 (SHIP Study). For 

episodic migraine (excluding medication overuse headache, 
an exclusion criterion of our study) age values were 60.8 
in the KORA Augsburg Study and 61.0 in the SHIP Study 
(no values were available for the Dortmund Health Study). 
In our study, the mean age was somewhat younger at 40.1 
for chronic migraine and 41.5 for episodic migraine, which 
can be explained by the fact that participants need to have 
some affinity for using apps and because Berlin is the fed-
eral state with the second lowest average age [48]. In terms 
of sex distribution in the episodic migraine population, the 
Dortmund Health Study reported 78.7% women, the KORA 
study 84.2%, and the SHIP 85.6%. The proportion of women 
in our study was comparable with 86% of participants with 
episodic migraine. It should be also highlighted that many of 
those suffering from migraine never seek professional care, 
such that their characteristics may not be reported in the lit-
erature. In Germany, only about two thirds of those suffering 
from migraine consult a physician to receive treatment [49]. 
Response mapping models were not conducted, since this 
method requires many observations in each response cat-
egory and this dataset contained few responses in the worst 
levels [50]. The EFA was conducted without taking repeated 
measurements into account. However, in the sensitivity anal-
ysis with baseline data only, we obtained the same results, 
in terms of number of factors and meaningful loadings. As 
in other mapping studies, compared to observed EQ-5D, 
mapped EQ-5D values underestimate scores for those with 
‘perfect’ health and overestimate scores for those with worse 
health states [51]. We ran mixed-effects models with random 
intercepts only (i.e. different intercepts for each cluster), 
hence assuming that the association between the independ-
ent and dependent variables is highly similar across clusters. 
Unfortunately, it is not possible to introduce random effects 
in the adjusted limited dependent variable mixture models.

Conclusion

Our results suggest that the German versions of EQ-5D 
and the HIT-6 are not measuring the same underlying con-
cepts due to conceptual differences. Therefore, mapping 
algorithms shall only be used as a last resort for estimating 
utilities to be employed in cost-utility analyses.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10198- 021- 01342-9.
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