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Purpose: Cost-effectiveness evaluations of interventions require health utility data.
However, in medical conditions, such as aromatic L-amino acid decarboxylase (AADC)
deficiency, this presents problems due to the rarity of the disease. The study aim therefore
was to employ a discrete choice experiment (DCE) to generate health utilities for AADC
deficiency.
Methods: A previous literature review, clinician and parent interviews had identified six key
AADC deficiency attributes: mobility, muscle weakness, oculogyric crises (OCG), feeding
ability, cognitive impairment and screaming. A representative sample of the French general
population was recruited. Participants rated 5 health state vignettes describing AADC
deficiency using time-trade-off (TTO) and standard gamble (SG). Additionally, participants
rated the worst health state using the Health Utility Index version 3 (HUI3). Subsequently,
participants completed DCE 11 choice sets. Indirect DCE part-worth utilities were converted
to health utilities using the anchors from the TTO, SG and HUI3.
Results: The DCE was completed online by 1001 participants (50.9% female; mean age
45.7 years). Most participants (596, 59.5%) provided consistent responses to the repeated
choice task. Five models were evaluated, and one preference reversal (“head control”/“sitting
unaided”) was identified in all models. The rescaled utilities ranged from 0.3891 to 0.5577
(difference of 0.17 utilities) for TTO anchors corresponding to the worst (633233) and best
(111111) health states. Health utilities ranged from 0.5534 to 0.7093 for the SG anchors. The
disutility associated with a transition from “no problems walking” to “bedridden” was
−0.0533, whereas disutility of moving from “constant screaming” relative to “no screaming”
was −0.0248. The disutility associated with daily OCG was −0.0167. Disutilities for the other
attributes were small although there were exceptions.
Conclusion: A DCE was used to derive health utilities for AADC deficiency. These health
utilities will subsequently be used in an economic model evaluating an AADC deficiency
intervention.
Keywords: aromatic L-amino acid decarboxylase deficiency, discrete choice experiment,
health state utilities, health utilities

Introduction
Health-related quality of life assessments (HRQoL) are crucial to understanding the
impact ofmedical conditions and, in the form of health utilities, are critical for the process
of evaluating the cost-effectiveness of interventions. However, in rare diseases, especially
those involving paediatric populations, measuring HRQoL is problematical given the
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nature of the condition and patients affected. Aromatic
L-amino acid decarboxylase (AADC) deficiency is a rare,
genetic condition typically presenting in infancy or early child-
hood with only around 150 reported cases worldwide.1

Common symptoms include hypotonia, developmental delay,
movement disorders, and oculogyric crises.2 Deriving health
utilities for AADC deficiency using instruments such as the
EuroQol 5D-5L (EQ-5D-5L)3 – the stated preferred instru-
ment for health-care agencies such as the Haute Autorité de
Santé (HAS)4 – is not possible. The low incidence of AADC
deficiency also means that it is difficult to derive robust health
state utilities from parents or caregivers5 given that the popu-
lation size from which participants are drawn would conse-
quently be very small. Therefore, other approaches need to be
applied to generate health utilities for AADC deficiency, as
have been employed in other rare diseases, such as proxy-
ratings from clinicians.6,7 Given that the sample size, ie, num-
ber of clinicians in these proxy studies is often small, they may
not be sufficient to derive robust utility data.8 Other methods
such as time trade-off (TTO) and standard gamble tasks (SG)9

have been used to derive health state utilities for rare
conditions,10,11 although these approaches tend to provide
global utilities for the health states, rather than utilities or
disutilities for individual levels of the key symptoms.

An alternative to generate utilities is discrete choice
experiments (DCE) where participants are presented with
a number of choice sets comprised of symptoms (attributes)
and levels (degrees of severity) for the condition in question.
Choice sets consist of two (or more) health state profiles
with differing combinations of levels and the participant is
asked to select one of these profiles.12 This process allows
preferences to be derived for the given health states. DCEs
have been used in rare diseases previously.13,14 Although the
parameters derived from DCEs are not health utilities, they
can be anchored15 to utilities from preference-based meth-
ods such as TTO and SG utilities to, for instance, derive
quality-adjusted life years (QALYs) for economic models.

The aim of this study was to derive health state utilities
for the key attributes of AADC deficiency using a DCE to
complement a vignette study in a French sample. The
health utilities will be used in an economic model evaluat-
ing a novel gene therapy for AADC deficiency.

Participants and Methods
Participants
In order to ensure that the sample was as representative of
the French population as possible a sample size of 1000

respondents was selected. Basic socio-demographic details
(age, biological sex (male/female/prefer not to say), parental
status, and region of residence in France), were collected
from respondents and used to screen for eligibility. Eligible
respondents included France residents, aged ≥18 years.
Parents and caregivers of children with life-threatening or
life-limiting conditions were screened out of the study in
order to reduce any potential bias. The study was conducted
online. Participants received a nominal incentive (redeem-
able points) if they completed the study in full.

The study was submitted for review to the University of
York’s Health Sciences Research Governance Committee
and received ethics approval on 20 March 2020 and con-
ducted in accordance with the Declaration of Helsinki.

DCE Design, Procedure and Analysis
Overview
The discrete choice experiment was part of a larger study
that has been described in detail elsewhere incorporating
a vignette study in both the United Kingdom (UK) and
France and DCE conducted in the UK.11,16–18 The vign-
ettes and DCEs were developed in English in the first
instance16 before translation into French.

DCE
The DCE attributes were: mobility; muscle weakness or
floppiness; oculogyric crises; feeding support; cognitive
impairment; and screaming. The attribute levels were as
follows: 6 for the “mobility” attribute, two levels were
chosen for “feeding support” (unable/able to feed them-
selves) and three levels were selected for the other attri-
butes (except “feeding support”) to reflect mild, moderate
and severe symptoms (Table 1).

Sample Size
Orme’s rule of thumb was applied19 for the sample size,
resulting in a minimum sample size of 167 respondents
assuming each respondent completes 9 choice sets, each
set contains two alternative health states, and a maximum
of 6 levels are used to describe each symptom.20

Procedure
The procedure follows that described in detail in the UK
DCE study.20 In brief, participants were provided with an
introduction to the study. Once informed consent had been
provided by the participants some basic socio-
demographic details were collected. Participants then com-
pleted a series of TTO and SG tasks.11,17 As part of this
process, participants were shown a vignette describing the
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worst health state (“bedridden”) (Figure 1) and asked to
imagine and then complete the French-language version of
Health Utilities Index-3 (HUI3).22–25 The HUI3 is a 15-
item instrument with 8 domains corresponding to: Vision,
Hearing, Speech, Ambulation, Dexterity, Emotion,
Cognition and Pain. The child-proxy version of the HUI3
was used in this task. Following this, participants com-
pleted the DCE.

Experimental Design for the DCE
The DCE design replicated that utilised in the UK study:18

108 choice sets were created divided into 12 blocks of 9 to
create a main effects orthogonal design using NGene sta-
tistical design software.21 Each respondent completed 10
choice sets (Figure 2): the 9 choice sets (from one of the
12 blocks) along with an additional choice. For the latter,
one of the choice sets (the 2nd) in each block had been
reversed to evaluate internal consistency. The choice sets

were randomised across participants (Figure 3). For each
choice set, participants which of two alternative health
states they would prefer their child to have with each
health state defined by the 6 symptoms described above
(Table 1).

Analysis
Analysis of DCE Data
NLogit statistical software (version 6) was used for analy-
sis of the DCE data.26 The relative importance of the
symptom levels in driving health state choice was esti-
mated through multinomial logit (MNL) regression analy-
sis of the choice data. The utility function for the choice
model was specified as a linear additive function of the
main effects for each symptom.

Only the 9 choice sets included in the statistical design
(and not the repeated 10th choice set included as

Table 1 DCE Symptoms and Levels (and Dummy Code for Analysis)

Symptom Level Dummy Code

Mobility Bedridden Mob6

Head control Mob5

Able to sit unaided Mob4

Able to stand with support Mob3

Able to walk with assistance Mob2

Able to walk without assistance Mob1 (Referent)

Muscle weakness/floppiness Severe weakness Weak3

Moderate weakness Weak2

No weakness Weak1 (Referent)

Oculogyric crises (OCG) Daily OGC Ocg3

Occasional OGC Ocg2

No OGC Ogc1 (Referent)

Feeding support Not able to feed themselves Feed2

Able to feed themselves Feed1 (Referent)

Cognitive impairment Severe Cog3

Moderate Cog2

No Cog1 (Referent)

Screaming Constantly Scrm3

Frequently Scrm2

Not at all Scrm1 (Referent)
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consistency check) were included in the regression ana-
lyses. MNL models were estimated on the complete sam-
ple, and on subsamples (eg, excluding participants always
choosing the same alternative in every choice set, those
always selecting the same alternative or giving an incon-
sistent answer to the tenth repeated choice set).

Rescaling of Health States to QALY Scale
The mean utility values for the worst health state (profile
score, 633233) derived using the HUI3, and those for the

best health state (profile score, 111111) derived from the
TTO and SG tasks were used anchor the DCE health state
preferences onto a utility scale (0 to 1 or dead to perfect
health).15

Results
Sample Characteristics
There were 1001 respondents who completed the survey and
included for the DCE analysis. Their sociodemographic

Figure 1 Example of health state vignette.

Figure 2 Example choice set.
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characteristics are presented in Table 2. Just over half (510,
50.9%) of respondents were female, the average age of
respondents was 45.68 ± 16.78 years.

Choice Data
The 12 blocks were each completed by between 7.6% and
9.2% of respondents. A summary of data related to comple-
tion of the survey and choices is provided in Table 2. The
median survey completion time was 11.7 minutes (interquar-
tile range 8.3 to 17.9 minutes). A minority 10% completed in
less than 399 secs (6.7 mins). A small number (105, 10.5%)
of respondents always chose the same alternative (A or B)
for every choice set. Just over half (596, 59.5%) gave
a consistent response to the repeated choice task.

DCE Analysis
We excluded 105 respondents who always chose the same
alternative for every choice set. Therefore, the DCE ana-
lyses were based on 9 choices from each of 896 respon-
dents, giving 8064 choice observations in total.

The MNL model results are presented in Table 3. For
the unrestricted model, all symptom levels significantly
impacted choice and in the expected direction with the
exception of Mobility. For Mobility, there was one pre-
ference reversal (MOB2 and MOB3) which occurred in all
models. Therefore, we estimated a “restricted” model
where the coefficient for MOB2 and MOB3 was fixed to
be the same. This resolved the preference reversal and did
not impact model fit; the pseudo R2 was 0.164 for both the

unrestricted and restricted models compared to
a constants-only model.

Rescaling on QALY Scale
We used the restricted model to estimate utility weights for
health states associated with AADC deficiency. It should be
noted that incongruent observations (where the mean utility
for the bedridden health state > mean utility for the walking
health state) were observed for 27% of respondents on the
TTO task and 34% on the SG task. The following mean
utility values represent the results with these responses
removed from the respective tasks (the DCE values remained
unchanged). From the vignette study, the estimated TTO
utility weights for the best and worst health states were
0.5577 and 0.3891, respectively,19 for the SG task, 0.7093
and 0.5534. The mean utility value for “bedridden” health
state as rated on the HUI3 was 0.5263 (TTO) and 0.4924
(SG), and 0.5322 for the whole sample.

Table 4 shows some example health states and their
corresponding utility values for the DCE health states after
rescaling (the utility values derived using the SG and HUI3
are provided in Supplementary Tables 1 and 2, respectively).
The difference in utility value between the best and worst
health states was 0.169 (TTO). The largest relative disutility
(ie, with the other attributes at the lowest, ie, “best” level) is
associated with the “Mobility” attribute moving from “No
problems walking” to “Bedridden”: −0.0533. The next lar-
gest disutility was also associated with “Mobility” moving
from “Head control” to “Bedridden”: −0.0305. For

Figure 3 Description of DCE.
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“Cognitive impairment” the disutility moving from the best
to the worst health state for this attribute was −0.0284.
A similar disutility was also observed for the “Screaming”
attribute when moving from the best to the worst health state:
−0.0248.

The disutilities of moving from the best and worst
symptom levels for the other attributes were as follows:
“Muscle weakness” −0.0234; “Feeding” −0.022; and
“OGC” – 0.0167. In general, with the exception of the
“Mobility” and “Cognitive Impairment” attributes, the dif-
ferences between adjacent levels were small for the attri-
butes. For instance, disutilities between adjacent health
states ranged from −0.0091 between “No OGC” and
“Occasional OGC” levels to −0.0153 between
“Frequently screaming” and “Constantly screaming”.

Discussion
The aim of this study was to generate utility values for
AADC deficiency attributes using a discrete choice experi-
ment in a representative French sample. The results
demonstrated that the DCE parameters decreased or
became more negative as attribute severity levels
increased with the associated disutilities following the
same pattern. The “Mobility” attribute appeared to be the
main driver for the disutilities with “Head control”, in
particular, being associated with the greatest disutility.

These results contrast with those of the accompanying
DCE undertaken with a UK sample where “Screaming”
was the main driver followed by mobility.20 It was thought
that in the UK study participants may have included par-
ental or caregiver health-related quality of life (HRQoL) as
part of their evaluation, rather than the child’s HRQoL
alone. This was supported by a low rating for parental
and caregiver HRQoL in the corresponding vignette
study.11 Interviews with both parents of children with
AADC deficiency and physicians treating these parents
highlighted the importance of eye contact16 in the par-
ent–child relationship. Head control would enable or at
least facilitate the maintenance of eye contact. It may
therefore be speculated that this could be the underlying
reason for the relative importance attached to the
“Mobility” attribute. This point is also further underlined
by the fact that the associated French vignette study
demonstrated consistently lower mean utility values for
each health state for parents compared to those participants
who were not parents.19 For instance, the range health
state utilities for participants who were parents was
0.3402 to 0.4913 compared to 0.4141 to 0.5918 for non-
parents. These results suggest that parental status has an
impact on utility rating, although it must be noted that
these differences were only observed on the TTO and not
the SG task (for the current, French study).

Table 2 DCE Participant Characteristics (n = 1001)

Demographics Gender, N (%) Age (SD)

Female 510 (50.9) 42.6 (16.52)

Male 491 (49.1) 48.9 (16.47)

Age group (N (%)) Total

18–34 304 (30.36)

35–54 333 (33.26)

55+ 364 (36.36)

Total 1001 (100)

Region (N (%))

Auvergne-Rhone-Alpes 125 (12.48)

Ile-de-France 189 (18.88)

Bourgogne-Franche-Comte 43 (4.29)

Bretagne 55 (5.49)

Centre-Val de Loire 39 (3.89)

Corse 4 (0.39)

Grand Est 85 (8.49)

Hauts-de-France 92 (9.19)

Normandie 51 (5.09)

Nouvelle-Aquitaine 92 (9.19)

Occitanie 91 (9.09)

Pays de la Loire 59 (5.89)

Provence-Alpes-Cote d’Azur 74 (7.39)

Missing 2 (0.19)

Education (N (%))

Baccalaureat/brevet professionnel/equivalent 195 (19.48)

Brevet des colleges 274 (27.37)

CAP, BEP or Equivalent 225 (22.47)

Superieur court (niveau bac + 2) 115 (11.48)

Superieur long (superieur bac + 2) 185 (18.48)

Missing 7 (0.69)
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Table 3 DCE Data MNL Model Output

Unrestricted Model Restricted Model

Coefficient P value 95% CI Lower 95% CI Upper Coefficient Prob |z|>Z 95% CI Lower 95% CI Upper

Constant 0.09866 <0.0001 0.04942 0.14789 Constant 0.09885 0.0001 0.04962 0.14808

BMOB1 −0.27199 <0.0001 −0.39032 −0.15366 BMOB1 −0.27009 <0.0001 −0.3883 −0.15188

BMOB2 −0.39606 <0.0001 −0.51929 −0.27284

BMOB3 −0.32682 <0.0001 −0.44288 −0.21076 BMOB23 −0.35713 <0.0001 −0.46114 −0.25313

BMOB4 −0.64118 <0.0001 −0.75617 −0.52618 BMOB4 −0.63767 <0.0001 −0.75246 −0.52288

BMOB5 −1.49523 <0.0001 −1.62333 −1.36713 BMOB5 −1.49244 <0.0001 −1.62041 −1.36447

BWEAK1 −0.30862 <0.0001 −0.40317 −0.21406 BWEAK1 −0.3124 <0.0001 −0.40692 −0.21788

BWEAK2 −0.65234 <0.0001 −0.74754 −0.55714 BWEAK2 −0.65385 <0.0001 −0.74901 −0.55869

BOCG1 −0.20938 <0.0001 −0.2947 −0.12407 BOCG1 −0.21198 <0.0001 −0.29729 −0.12667

BOCG2 −0.4619 <0.0001 −0.54906 −0.37474 BOCG2 −0.46646 <0.0001 −0.55331 −0.37961

BFEED1 −0.61412 <0.0001 −0.68476 −0.54348 BFEED1 −0.61668 <0.0001 −0.68727 −0.54609

BCOG1 −0.15271 0.0009 −0.24253 −0.06289 BCOG1 −0.15513 0.0007 −0.24483 −0.06543

BCOG2 −0.79856 <0.0001 −0.89099 −0.70613 BCOG2 −0.79336 <0.0001 −0.88547 −0.70126

BSCRM1 −0.2709 <0.0001 −0.36634 −0.17545 BSCRM1 −0.26725 <0.0001 −0.36249 −0.17201

BSCRM2 −0.70104 <0.0001 −0.80676 −0.59533 BSCRM2 −0.69488 <0.0001 −0.80011 −0.58964
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One other set of contrasts to be noted between the
current, French study and its UK counterpart11 is both
the difference between the health states as well as the

level of each health state. Participants in the UK study
rated the health states, on average, higher than their French
counterparts, ie, 0.494 and 0.7279 for the “Bedridden” and

Table 4 DCE Health States and Utility Examples (TTO Anchoring)

Mobility Weakness OGC Feeding Cognition Screaming U (HS)

1 1 1 1 1 1 0.5577

1 1 1 1 2 1 0.5522

1 1 2 1 1 1 0.5501

1 1 1 1 1 2 0.5481

2 1 1 1 1 1 0.5480

1 2 1 1 1 1 0.5465

4 1 1 1 1 1 0.5449

3 1 1 1 1 1 0.5449

1 1 3 1 1 1 0.5410

1 1 1 2 1 1 0.5357

5 1 1 1 1 1 0.5349

1 3 1 1 1 1 0.5343

1 1 1 1 1 3 0.5329

1 1 1 1 3 1 0.5293

3 3 1 1 1 1 0.5216

4 1 1 1 1 3 0.5201

1 1 3 1 1 3 0.5162

4 1 2 3 1 3 0.5125

6 1 1 1 1 1 0.5044

5 2 2 3 2 2 0.5011

2 2 2 2 2 2 0.4922

3 2 2 2 2 2 0.4891

6 1 2 3 1 2 0.4872

3 1 2 2 3 1 0.4870

5 2 1 1 3 2 0.4858

5 2 3 3 3 1 0.4787

3 2 2 2 2 3 0.4738

1 3 2 1 3 3 0.4736

3 3 1 2 3 2 0.4616

6 3 3 2 3 3 0.3891

Abbreviation: OGC, oculogyric crises.
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“Walking with assistance” health states, respectively, com-
pared to 0.3891 to 0.5577 for the French sample. The
difference between these was also smaller for the French
sample, ie, 0.1686 compared to 0.2339 for the UK. It is
evident that the French participants were rating the health
state, and consequently by inference the symptoms and
impact of AADC deficiency more severely than the UK
participants. The “best” health state (“Walking with assis-
tance”), in particular, was rated much lower by the French
participants. There may be a number of reasons underlying
these differences, including cultural variation, for instance
relative preferences for “head control” (France) over
“screaming” (UK), however it may also be speculated
that sociodemographics could have played a hand here:
the number of participants who were parents was lower in
the UK sample, ie, 26.6% compared to 35%. Given the
differences noted above, it may be that parental status also
impacted on the divergence observed at a country level.

One potential limitation resulting from the narrow range
of health state utilities observed in the associated (French)
vignettes study20 was that the disutilities separating adjacent
health states, especially those with less severe symptomatol-
ogy were relatively small. As a consequence of which –
given these utilities were used to anchor the DCE para-
meters – the disutilities for individual symptoms observed
in this study were also small. The lower anchor employed in
this study (derived from the TTO vignettes19) did not allow
any health states to be considered worse than dead (WTD).
Some studies in rare, life-limiting conditions7 have allowed
health states to be rated as WTD (in proxy ratings, rather
than, for instance TTO or SG tasks).

The mean health state utility used as the anchor in the
current study was 0.3891. Furthermore, around 35% of
participants rated the worst (“Bedridden”) health state at
zero, or “death”. These results taken together suggest that
the majority of participants did not classify the worst
health state as being severe enough to be WTD.
However, it is, of course, feasible that should participants
have been able to rate vignettes WTD, that the DCE
estimates would have extended to a larger range.

Additionally, the HUI322,23 had been included as
a potential anchor for the “Bedridden” health state in the
current study. This instrument had been selected ahead of
other preference-based measures, such as the EQ-5D,3 as it
includes domains more relevant to AADC deficiency, for
instance, Vision, Speech and Dexterity. However, the mean
health state utility on the HUI3 was relatively high at 0.5263

(for the “Bedridden” health state) meaning that there would
have been little, if any, differentiation between the “worst”
and “best” health states were the mean HUI3 utility value to
be applied as the anchor for the recalibration.

The mean HUI3 level may reflect a lack of under-
standing or comprehension on the part of participants
and may be indicative, in general, of the problems inher-
ent in DCE tasks where individuals (drawn from the
general population) are faced with rare conditions and
symptoms such as, for instance, oculogyric crises
(OCG), which are most likely to be unfamiliar to those
participants. Nevertheless, it should also be stressed that
these symptoms of AADC deficiency were derived from
extensive content validation involving parents and care-
givers of, as well as physicians treating AADC defi-
ciency patients.16 The use of vignettes may have also
contributed to this; however, given the rarity of AADC
deficiency and the nature of the patients affected (pre-
dominantly very young children), this is the only meth-
odology available27 to generate health state utilities in
this population.

Conclusion
This is the first study, to our knowledge, to derive robust
health utilities for AADC deficiency symptoms using a large
sample drawn from the general French population and to
some extent contrast to the findings from a UK-based study
to derive utilities using similar methods. These data will be
utilised to enable improvements in health-related quality of
life to be considered in a country-specific economic evalua-
tion of a gene therapy for AADC deficiency.
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