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Abstract

Purpose There is a growing interest in Health Technology Assessment (HTA) in Morocco. A national EQ-5D-5L value set
would allow for the computation of Quality Adjusted Life Years (QALYs) in economic evaluations of healthcare interventions
to support decision-making. This study aimed to develop a Moroccan EQ-5D-5L value set based on data from a representa-
tive sample of the Moroccan adult general population.

Methods A Moroccan representative sample of adults was recruited using stratified quota sampling based on gender, age
category, and place of residence. Data were collected between November 2022 and December 2023 using the international
EuroQol valuation protocol, EQ-VT version 2.6.1. This protocol includes two elicitation techniques: the composite time
trade-off (¢cTTO) and the discrete choice experiment (DCE). cTTO and DCE data were modeled using a heteroskedastic
Tobit model and a conditional logit model, respectively. In addition, these models were combined using a hybrid model.
Results A total of 976 respondents were included in the final analysis. The hybrid heteroskedastic model was considered
the preferred model. The predicted utility values ranged from —1.492 for the worst health state (55555) to 1 for full health
(11111), where the two mildest impaired states (11211 and 21111) had a utility value of 0.979. Pain/discomfort had the
largest effect on health utility values, followed by anxiety/depression, mobility, self-care and usual activities.

Conclusion Morocco is the third country in the Middle East and North Africa (MENA) region with an EQ-5D-5L value set.
This study supports the use of EQ-5D-5L data for healthcare decision-making in the Moroccan context.
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Introduction

Health Technology Assessment (HTA) is a crucial compo-
nent of healthcare systems, essential for prioritizing inter-
ventions and allocating resources effectively [1]. It involves
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the systematic evaluation of health technologies, provid-
ing scientific, medical, and economic evidence to support
informed decision-making in healthcare [2]. In Morocco,
there is growing interest in HTA, highlighted as a significant
action in the National Health Financing Strategy launched by
the Ministry of Health and Social Protection [3]. This strat-
egy aims to improve healthcare decision-making through
scientific evidence. While HTA is still in its early stages in
Morocco, the EQ-5D has been used in numerous studies
to assess health outcomes and evaluate the effectiveness of
healthcare interventions [4-9]. Additionally, several other
studies are currently underway, reflecting the growing inter-
est in HTA and health outcomes measurement in the country.

Cost-utility analysis (CUA) has been recommended as
the preferred method of HTA to aid the decision-making
process in several countries. In CUA, the cost-effectiveness
of a healthcare technology is measured in terms of cost per
quality-adjusted life-year (QALY) [10], where the QALY
indicator is calculated by multiplying the lifetime spent in
a health state by its utility value [11]. The QALY provides
a direct comparison of different treatment options in terms
of improvements in health-related quality of life (HRQoL)
under various conditions. To calculate QALYs, a country-
specific utility is recommended. Utility values are typically
obtained using preference-based HRQoL measures, which
consist of a descriptive system and a scoring algorithm (i.e.
value set) that assigns a utility value to each possible com-
bination of health problems described by the descriptive
system [12].

Country-specific value sets are essential for obtaining
accurate estimates of QALYs, as social preferences vary
significantly based on demographic, cultural, and socio-
economic factors [13]. In the Middle East and North Africa
(MENA) context, where cultural characteristics and health
priorities may differ from those in Western countries, it is
crucial to have values specific to the local population to
ensure economic evaluations are aligned with local values.

Since its development by the EuroQol Group in the late
1980s, the EQ-5D has become the most used preference-
based instrument for calculating QALY [14]. In addition,
it is recommended in the HTA guidelines of almost 30 coun-
tries [15, 16], including those of the UK's National Institute
for Health and Care Excellence (NICE) [17]. The EQ-5D
has also become the most widely applied instrument for
measuring HRQoL in different clinical areas and in multiple
cultural contexts [18, 19]. The original version (EQ-5D-3L)
allows respondents to differentiate between 3 levels of sever-
ity [20]. To improve its sensitivity, a new version, namely
EQ-5D-5L was introduced by the EuroQol Group extending
the number of response levels per dimension from three to
five [21], which allows the description of 3125 health states
compared with only 243 for the 3-level. The EQ-5D-5L has
been translated into more than 130 languages and is widely
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used, demonstrating good reliability and validity in both
patients and the general population [22]. At present, EQ-
5D-5L value sets are available for more than 30 countries
[23].

A Moroccan EQ-5D-3L value set was recently devel-
oped [24], marking the first of its kind in the MENA region.
However, the EQ-5D-5L version has been demonstrated to
offer superior descriptive and discriminative performance
compared to the 3L version in numerous countries [25].
Despite this, Morocco currently lacks a national value set
for the EQ-5D-5L. Given the need for high-quality economic
evaluations to support and inform pricing and reimburse-
ment decisions in Morocco, the development of a Moroccan
EQ-5D-5L value set is a priority. Therefore, this study aims
to develop a national value set for the EQ-5D-5L based on
data from a representative sample of the Moroccan popula-
tion using the EQ-VT standard protocol.

Methods
Study design, sampling, and recruitment

This cross-sectional study followed the Checklist for
REporting VAluaTion StudiEs (CREATE) [26] to ensure the
reporting of key elements of the Moroccan valuation study.
Data were collected using computer-assisted face-to-face
interviews between November 2022 and December 2023,
using the EuroQol Group’s valuation protocol and software
(EQ-VT) version 2.6.1 [27]. This study was approved by “the
Ethics Committee for Biomedical Research from the Fac-
ulty of Medicine and Pharmacy of Rabat, Morocco (CERB
0-22)”.

A Moroccan representative sample was obtained using
stratified quota sampling in terms of sex, age category, and
place of residence, based on the latest adult general popu-
lation and housing census data in 2014 available through
the Haut-Commissariat au Plan (HCP) [28]. In addition,
participants were selected from different regions to ensure
geographical representativeness. Respondents were recruited
from various settings, including publicly accessible places
such as shopping centers, parks, and universities, as well as
places with restricted access such as residential areas and
factories. Eligible participants were (i) people aged 18 years
old and above, (ii) proficient in understanding and speaking
either the Moroccan dialect or French, which were the lan-
guages used for the interviews, and (iii) agreed to participate
in our study. Participants received gift coupons to encourage
their participation.

A total of 12 interviewers, comprising 4 professors and
8 PhD students, were recruited from the Higher Institute
of Health Sciences at Hassan First University of Settat.
The team of interviewers consisted of seven men and five
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women. All interviewers underwent an intensive two-day
training using standardized EuroQol training materials
prior to data collection. Of these interviewers, one quit, 2
were let go due to the poor quality of the data collected,
and 9 finished data collection.

Valuation techniques

All interviews were conducted face to face using a lap-
top computer equipped with the Moroccan Arabic and
French versions of the EQ-VT v2.6.1 online software
[27]. Respondents were given the option to choose the
language of the interview. Both language versions were
adapted to the local cultural context, ensuring equivalence
in content and meaning, thereby minimizing any poten-
tial impact on the results. The EQ-VT includes two valu-
ations techniques: the composite time trade-off (cTTO)
and the discrete choice experiment (DCE) [29, 30]. The
c¢TTO included 86 EQ-5D-5L health states divided into ten
blocks, each containing 10 health states. The order of the
10 health states within each block were randomized by the
EQ-VT software. Eighty unique heath states were selected
using Monte Carlo simulation (eight unique heath states
included in each block), five very mild states (only one
dimension at level 2 and all others at level 1, e.g., ‘11112")
(each included in two blocks) and the most severe/‘pits’
state (‘55555”) (included in all blocks). In the cTTO tasks,
respondents are asked to determine their point of indif-
ference between two lives: life A, comprising 10 or fewer
years in full health, and life B, consisting of 10 years in an
impaired health state i. cTTO applies the classic approach
for health states deemed better than dead, wherein the
respondent reaches an indifference point between the dura-
tion of time ‘x’ in full health (Life A) and 10 years in an
impaired health state i (Life B). The utility value of the
impaired health state i (U,) is defined as ‘x’ divided by 10
(U;=x/10) (Appendix Fig. 1 in Supplemental Materials).
If participants still prefer life A when the number of years
in life A is zero (meaning life B is considered worse than
dead), cTTO then uses a lead-time TTO. The two lives in
the lead-time TTO are 10 or fewer years of full health (Life
A) and 10 years of full health followed by 10 years in an
impaired health state (Life B). When respondents reach an
indifference point between the amount of time ‘x’ in Life
A and Life B, the utility value of the health state i may
be calculated as U; = (x—10)/10 (Appendix Fig. 2 in Sup-
plemental Materials). In the DCE tasks, participants are
presented with two EQ-5D-5L health states and asked to
choose which one they consider better. The DCE included
196 EQ-5D-5L health states distributed in 28 blocks, each
with 7 choice pairs.

Interview procedure
Each interview followed these steps:

1. Explain the purposes and duration of the interview.
Present the informed consent and ask the participant for
their agreement to participate in the study.

3. Collect information on participants’ age, sex and experi-
ence with chronic illness.

4. Assess participant’s HRQoL using the EQ-5D-5L instru-
ment which consists of a descriptive system and a Visual
Analogue Scale (EQ VAS). The descriptive system com-
prises five dimensions (5D) including (i) mobility, (ii)
self-care, (iii) usual activities, (iv) pain/discomfort and
(v) anxiety/depression. For each dimension there are five
levels (5L) representing the severity of problems expe-
rienced: no problems (level 1), slight problems (level
2), moderate problems (level 3), severe problems (level
4) and extreme problems/unable (level 5). The EQ VAS
was used to assess subject’s health status with a score
from 0 to 100, where O refers to ‘the worst health you
can imagine’ and 100 ‘the best health you can imagine’.

5. Complete the cTTO tasks, which include two wheel-
chair examples, three practice EQ-5D-5L states (21121,
mild; 15411, moderate and 35554, severe), ten ‘real’
EQ-5D-5L health states, and debriefing questions.

6. Complete the feedback module to review the ranking of
c¢TTO responses.

7. Complete the DCE tasks in which the respondent was
asked to complete seven paired comparisons, followed
by debriefing questions.

8. Collect participants’ additional socio-demographic and
clinical characteristics.

For illiterate participants, the concepts and tasks were
explained verbally in detail by the interviewer. Particu-
lar attention was given to the wheelchair example, with
repeated explanations and checks for understanding before
proceeding to the main tasks.

Pilot study

A pilot study was conducted from November to December
2022 to: (i) test the feasibility and adequacy of the EQ-VT
protocol in the Moroccan context, (ii) identify specific
elements of the protocol that might require adaptation,
and (iii) standardize interviewer performance to reduce
intra-interviewer and inter-interviewer variability and to
promote data quality. A total of 121 interviews were con-
ducted in the pilot phase.
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Quality control

During both the pilot and live study, two members of the
EQ-VT Support Team monitored the performance of the
interviewers and the quality of the data collected using the
quality control (QC) tool developed by the EuroQol Group
[31]. After each interviewer completed 10 interviews, a
report was generated, and a QC meeting was organized
between the EQ-VT Support Team and the Moroccan
research team to discuss the reports. This process continued
regularly until the end of the study data collection. Inter-
views were flagged if they met at least one of the following
criteria:

1. The time spent explaining the cTTO tasks using the
wheelchair examples was too short (< 3 min).

2. There was no explanation of the ‘worse than dead’ for-
mat of the wheelchair example.

3. Inconsistencies in the cTTO responses (i.e. the value
of 55555 was not the lowest and was at least 0.5 higher
than the health state with the lowest value).

4. The time spent on the 10 cTTO tasks was less than
5 min.

Statistical analysis
Description of the study sample

Descriptive statistics (frequencies and percentages) were
used to describe the socio-demographic characteristics of
the sample. Participants’ responses to the EQ-5D-5L instru-
ment were summarized as percentages by severity levels for
each health dimension. EQ VAS scores were presented as
mean and standard deviation.

Data modeling

In order to estimate the Moroccan value set, three statistical
models were applied separately to the cTTO (Model 1), DCE
(Model 2), and ¢cTTO combined with DCE (Model 3) data.

cTTO data modeling

In Model 1, the cTTO data were modeled using a hetero-
scedastic censored Tobit model [32], with 20 parameters (4
dummy variables representing the disutility from level 1 (no
problem) to the other levels for each of the 5 dimensions).
Due to the way in which the ¢cTTO task is constructed,
respondents are constrained in the number of life years they
are able to trade to avoid the health problems of Life B. They
can at most decide to trade 10 years in full health to avoid
10 years in full health followed by 10 years in the state to
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be valued, and thereby assigning a value of —1 to the health
state. However, it is possible that they would have traded
more life years, had this been possible in the cTTO task. To
account for this in the modelling, Model 1 left-censored the
c¢TTO data at —1 by introducing a latent variable (cTTO%*)
as follows:

—1,if observed cTTO < —1

ITO" = { cTTO observed, if observed cTTO > —1

In addition, it has been reported that the observed vari-
ance of cTTO values increases with the severity of the health
states [33, 34]. Model 1 takes into account this heterosce-
dasticity assuming that the error terms are independent and
identically distributed following a normal distribution with
mean zero and different variances. Therefore, the Model 1
was written:

CTTO; = PryonMO2; + fryosMO3; + BiosMO4; + PryosMOS; + s SC2;
+ Bsc3SC3; + BscySC4; + BscsSCS5; + Puya, UA2; + Pyy3 UA3;
+ Buaa UA4; + PyasUAS; + Bppy PD2; + fpp3 PD3; + Bppa PD4,

+ PppsPD5; + PapyAD2; + fupsAD3; + fypyAD4; + fupsADS; + €

where i refers to the respondent and j for the multiple tasks
completed. MO, SC, UA, PD and AD are mobility, self-care,
usual activities, pain/discomfort and anxiety/depression. The
numbers 2, 3, 4 and 5 indicate levels of severity for each
dimension, and Ej ~ N(O, O'jz) is a heteroscedastic error

term.

o; = exp(yy + 1, MO2; + y,MO3; + y;MO4,;
+ 74MOS; +ysSC2; + y6SC3; + 1738C4; + 15 SCS; + vy UA2;
+710UA3; + 1, UA4; +71,UA5; + v,3PD2; + y,,PD3; + y,5PD4,

+716PD5; +117AD2; + y13AD3; + y,0AD4; + 15ADS))

DCE data modeling

The DCE data were modeled using the conditional logis-
tic regression model recommended for modeling data from
choice-based experiments [35]. This model is used for data
collected from participants where the interviewer asks them
to choose between two situations A and B. In our study,
situations A and B represent two different health states from
which the participant must choose their preferred state. In
this model, one state is coded as ‘1’ and the other as ‘0’. The
values collected are modeled by conditional-logit:

SHBX)

Prob(choice = i) = ———
( ) eUBX) 4 eu(ﬂJ(j)
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where, Prob(choice = i) is the probability of choosing health
state “i” by a participant when both states “i” and “j” are
proposed; and u(f, X;) is the function relating parameters b
to the health state levels. The probability of choosing health
state “i” is a function of both the EQ-5D-5L levels of alter-
native ‘i’ and those of state ‘j” presented in a choice task. X;
and X are the vectors representing the EQ-5D-5L states ‘i’
and ‘j’, respectively. b is a 20-parameters vector to estimate.
In this model, we used a dummy-variable coding approach.
The level 1 (no problem) for each EQ-5D-5L dimension
was omitted. The non-omitted levels (levels 2, 3, 4 and 5 of
each health dimension) are assigned a value of 1 when that
level is present in the corresponding health state and O when
another non-omitted level is present in the corresponding
profile. Each of the 20 estimated coefficients corresponding
to the 20 levels (4 for each health dimension) is a measure
of the disutility (or decrement) of that level relative to the
no-problem level.

Combined ¢TTO and DCE data modeling

The cTTO and DCE data were combined in a hybrid model by
multiplying the likelihood function of the cTTO model by the
likelihood function of the DCE model. The hybrid model is
based on the idea that both linear regression (applied to cTTO
data) and conditional-logistic regression (applied to DCE data)
can be obtained by maximum likelihood estimation, and that
both models contain a linear component represented by X
for the cTTO model and /X for the DCE model. Assum-
ing that this component, which reflects the weight given to
dimensions and their severity levels, is identical between the
two regression models, we can find the optimal parameters
for the combination of cTTO and DCE data. This is done by
creating a single likelihood function for the combined data by
multiplying the likelihoods of the cTTO data and the DCE
data, assuming the relationship: g = 64/.

Sensitivity analysis

A sensitivity analysis was conducted to assess the robustness
of the results. In this process, flagged or inconsistent cTTO
responses were excluded from the analysis. The impact of
these exclusions on the overall results was then compared to
the full dataset.

Goodness of fit

Model fit was assessed using the following criteria: (i) pre-
diction accuracy (mean absolute error [MAE]); (ii) logical
consistency: coefficients are positive and their values increase
with the level of severity of the health dimension; (iii) signifi-
cance: coefficients are statistically significant; (iv) the model

parsimony, and (v) the AIC (Akaike Information Criterion)
and BIC (Bayesian Information Criterion) evaluation criteria.

Data analysis was performed using STATA software ver-
sion 18.

Results
Participants’ characteristics

Overall, 1590 potential respondents were approached, of
whom 1048 were interviewed (response rate 66%). The
main reason for refusal to participate was lack of time or
disinterest in the subject of the study (n=542; 34%). A
total of 42 interviews were incomplete, 30 were excluded
due to poor quality and 976 interviews were included in
the final analysis.

The reasons for excluding the 30 respondents were as
follows: 3 respondents were excluded because the inter-
viewers spent less than 3 min explaining the wheelchair
example (Criterion 1), 2 were excluded for not explaining
the “worse than dead” element of the task (Criterion 2), 5
were excluded due to inconsistencies related to the health
state 55555 in cTTO (Criterion 3), 17 were excluded for
spending less than 5 min on the 10 ¢cTTO tasks (Criterion
4), and 3 for failing both Criteria 3 and 4. These exclu-
sions were made to ensure the validity and reliability of
the data collected.

A total of 28.3% participants had at least one inconsist-
ency (incorrectly ranked), which reduced to 20.9% after
using the feedback module. The mean interview duration
was 58.7 min (SD =20.6). The mean time spent on a single
cTTO task was 114.9 s (SD=90.8) and on a single DCE
task, it was 75.4 s (SD =66.5). The average number of
iterations to reach the indifference point in the cTTO task
was 6.8 steps (SD=8.2).

For DCE tasks, in total, 20 participants answered using
a specific pattern (e.g. ABABABA, BABABAB). However,
their mean time to complete the DCE tasks was accept-
able, so we decided not to exclude these interviews from
the analysis.

Table 1 presents the characteristics of the study sample.
The average age was 41.6 years. The sample was repre-
sentative of the general Moroccan population in terms of
age, sex and place of residence. However, illiterate par-
ticipants were under-represented compared to the general
Moroccan population. Figure 1 shows the geographical
distribution of participants. Moroccan geographical areas
were well represented, based on data from the latest 2014
general population and housing census available from the
HCP [28].
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Table 1 Socio-demographic and

w Characteristics Study sample n (%) Morocco’s general Difference %
health-related characteristics of

population® %

respondents
Sex
Male 498 (49.50) 49.81 —0.31
Female 508 (50.50) 50.19 0.31
Age (years)
18-25 193 (19.18) 18.84 0.34
26-30 125 (12.42) 11.84 0.58
31-35 111 (11.04) 11.07 —0.03
3640 104 (10.34) 10.39 —0.05
41-45 95 (9.44) 9.39 0.05
46-50 84 (8.35) 8.60 —0.25
51-55 71 (7.06) 7.29 —0.23
56-60 71 (7.06) 7.04 0.02
61-65 55 (5.47) 5.52 —0.05
66-70 44 (4.37) 4.40 —0.03
71-75 21(2.09) 2.46 -0.37
75+ 32 (3.18) 3.16 0.02
Residence
Urban 644 (64.02) 60.40 3.62%
Rural 362 (36.98) 39.60 —3.62%
Marital status
Single 291 (28.93) 34.81 —5.88##%
Married 678 (67.39) 57.49 9.97#%%
Divorced 13 (1.29) 2.21 -0.92
Widowed 24 (2.39) 5.49 —3. k%
Education level
Illiterate 45 (4.47) 32.25 —27.78%%*
Primary 180 (17.89) 32.50 —14.61%%*
Secondary 374 (37.18) 16.40 20.78#**
University 407 (40.46) 18.69 21.77%%*
Employment status
Employed 321 (31.91) 34.30 -2.39
Unemployed 685 (68.09) 65.70 2.39
Socio-economic level
Low 139 (13.82) - -
Medium 811 (80.62) - -
High 56 (5.56) - -
Health insurance
No 303 (30.12) - -
Yes 703 (69.88) - -
Chronic illness
No 851 (84.59) - -
Yes 155 (15.41) - -
EQ VAS, mean +SD 77.25+17.05
EQ-5D-5L dimensions (%)
Mobility
No problems 73.66
Mild problems 18.69
Moderate problems 6.06
Severe problems 1.49
Unable 0.10
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Table 1 (continued) Characteristics

Study sample n (%) Morocco’s general Difference %

population® %

Self-care

No problems

Mild problems
Moderate problems
Severe problems
Unable

Usual activities

No problems

Mild problems
Moderate problems
Severe problems
Unable

Pain/ Discomfort
No problems

Mild problems
Moderate problems
Severe problems
Extreme problems
Anxiety/Depression
No problems

Mild problems
Moderate problems
Severe problems

Extreme problems

84.29
11.13
3.58
0.80
0.20

73.46
19.48
5.86
0.70
0.50

67.99
26.64
4.77
0.50
0.10

55.47
33.10
10.44
0.89
0.10

EQ VAS EuroQol Visual Analogue Scale

Significant values are in bold

*p<0.05 and ***¥p <0.001 from z test

42014 general population and housing census data[28]

Health-related quality of life of participants

Table 1 summarizes participants' self-reported EQ-5D-5L
responses. Overall, 42.54% of the respondents reported
being in full health (11111). The most common health
problem reported by participants was anxiety/depression
(44.53%), and the least frequent health problem was self-
care (15.71%). The mean + standard deviation EQ VAS
score was 77.25 +17.05.

Data characteristics

Figure 2 shows the distribution of observed mean cTTO
values obtained for the 86 health states valued. Values
ranged from —1 to 1, with intervals of 0.05. The majority of
c¢TTO values were positive (62%), while 38% were negative.
The proportion of —1 and+ 1 values were 8.6% and 8.4%
respectively. There were very few 0 values (1.1%). The mean
observed cTTO values for the 86 health states ranged from
0.970 for health state “11211” to —0.940 for worst health

state “55555”. Figure 3, presents the distribution of the mean
observed cTTO values of the 86 health states evaluated as a
function of the Level Sum Score (LSS). cTTO values were
inversely related to LSS. A statistical analysis comparing
c¢TTO value distributions between Arabic and French inter-
views found no significant difference (p=0.921), indicating
that the interview language did not affect the cTTO values.
A statistical analysis was performed to compare the cTTO
value distributions between interviews conducted in Arabic
and French. A statistical analysis comparing cTTO value
distributions between interviews conducted in Arabic and
French showed no significant difference (p =0.921), indicat-
ing that the interview language did not impact the distribu-
tion of cTTO values.

Modelling results
Table 2 illustrates the three statistical models tested in

order to generate the Moroccan value set for the 3125
EQ-5D-5L health states. The values of the coefficients

@ Springer
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estimated from the cTTO and DCE data show that all the
tested models were logically consistent. Furthermore, all
parameter estimates were statistically significant, with
the exception of the mobility (level 2) for the cTTO heter-
oskedastic Tobit model (Model 1) and the usual activities
(level 2 and 3) for the Conditional logit model (Model 2).
The ranking order of the health dimensions was similar
for the 3 models tested, with pain/discomfort and usual
activities being the most and least important dimensions,
respectively.

Comparison of the models showed that the hybrid het-
eroskedastic Tobit model (Model 3) performed best, as it
showed logically consistent, significant coefficients, and
comparable fit statistics such as MAE to the cTTO-only
heteroskedastic Tobit model. As a result, the hybrid heter-
oskedastic Tobit model was used to develop the Moroccan
value set for the 3125 EQ-5D-5L health states. To obtain
the utility value of an EQ-5D-5L health state, the follow-
ing calculation based on the hybrid model is required:

Utility value of an EQ — 5D — 5L health state

=1-(0.021 * MO2) — (0.110 * MO3) — (0.262 * MO4) — (0.565 * MO5)

—(0.038 * SC2) — (0.080  SC3) — (0.197 s SC4) — (0.322 * SC5)

—(0.021 * UA2) — (0.046 * UA3) — (0.142 * UA4) — (0.268 * UA5) — (0.049 * PD2)
—(0.159 = PD3) — (0.459  PD4) — (0.751 % PD5) — (0.036 * AD2)

—(0.159 % AD3) — (0.339 % AD4) — (0.585 * ADS)

= m
11 12 13 14 15 16 17

EQ-5D-5L level sum scores |

8 9 0 1 2

Il
5

m SD Values

According to the hybrid heteroskedastic Tobit model,
the pain/discomfort had the largest effect on health state
preference values, followed by anxiety/depression, mobil-
ity, self-care and usual activities. The predicted cTTO
values ranged from —1.492 for the worst health state
(55555) to 1 for full health (11111) and 0.979 for 11211
and 21111 health states. Of the 3125 health states, 1271
(40.67%) have negative predicted values.

For example, the utility value for the health state 12345
according to the hybrid heteroskedastic Tobit model is
equal to: 1-0—(0.038*SC2)—(0.046*UA3)—(0.459*PD
4)—(0.585*AD5) =—-0.128.

Discussion

The present study reports the Moroccan EQ-5D-5L value
set. This is the first study to present utility values for the EQ-
5D-5L in Morocco and the third (following Egypt and Saudi
Arabia studies) in the MENA region. To meet the study
objective, a nationally representative sample of Morocco
was recruited using stratified quota sampling. This sampling
approach is in line with most previous studies developing
EQ-5D-5L value sets [33, 36-39]. Our sample was repre-
sentative of the general Moroccan population in terms of
age, sex, geographical area and place of residence according
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Table 2 Parameter estimates for cTTO, DCE and hybrid models

cTTO DCE Hybrid

heteroskedastic Tobit Conditional logit heteroskedastic Tobit

(Model 1) (Model 2) (Model 3, Value set)

Beta SE P-value Beta SE P-value Beta SE P-value
Mobility
MO2 0.010 0.006 0.105 0.465 0.065 <0.001 0.021 0.004 <0.001
MO3 0.091 0.012 <0.001 0.764 0.074 <0.001 0.110 0.009 <0.001
MO4 0.280 0.012 <0.001 1.304 0.079 <0.001 0.262 0.009 <0.001
MO5 0.507 0.012 <0.001 3.068 0.108 <0.001  0.565 0.009 <0.001
Self-care
SC2 0.038 0.006 <0.001 0.285 0.073 <0.001 0.038 0.004 <0.001
SC3 0.088 0.010 <0.001 0.398 0.077 <0.001  0.080 0.008 <0.001
SC4 0.231 0.011 <0.001 0.769 0.078 <0.001 0.197 0.009 <0.001
SC5 0.340 0.010 <0.001 1.390 0.078 <0.001 0.322 0.008 <0.001
Usual activities
UA2 0.030 0.006 <0.001 —0.029 0.067 0.665 0.021 0.004 <0.001
UA3 0.058 0.010 <0.001 0.081 0.079 0.304  0.046 0.008 <0.001
UA4 0.168 0.010 <0.001 0.505 0.078 <0.001 0.142 0.008 <0.001
UAS 0.296 0.011 <0.001 1.015 0.082 <0.001 0.268 0.009 <0.001
Pain/discomfort
PD2 0.042 0.005 <0.001 0.472 0.072 <0.001  0.049 0.004 <0.001
PD3 0.127 0.012 <0.001 1.062 0.080 <0.001 0.159 0.009 <0.001
PD4 0.506 0.012 <0.001 1.948 0.084 <0.001 0.459 0.009 <0.001
PD5 0.778 0.013 <0.001 3.388 0.114 <0.001 0.751 0.010 <0.001
Anxiety/depression
AD2 0.036 0.005 <0.001 0.176 0.076 0.021  0.036 0.004 <0.001
AD3 0.124 0.011 <0.001 0.787 0.077 <0.001 0.159 0.008 <0.001
AD4 0.310 0.011 <0.001 1.621 0.090 <0.001 0.339 0.008 <0.001
ADS 0.566 0.011 <0.001 2.724 0.100 <0.001 0.585 0.009 <0.001
AIC 3684.9 5687.8 9557.1
BIC 3986.0 5825.0 9881.3
MAE (total) 0.275 N/A 0.277
MAE (86 states) 0.059 N/A 0.063
MAE out of sample (state) 0.071 N/A 0.071
MAE out of sample (block) 0.099 N/A 0.110
U (55555) —1.489 11.585 —1.492
#illogically ordered 0 0 0
#non-significant 1 2 0

Ranking of dimensions PD, AD, MO, SC, UA

PD, MO, AD, SC, UA

PD, AD, MO, SC, UA

AD anxiety/depression, AIC Akaike information criterion, BIC Bayesian information criterion, MAE Mean absolute error, MO mobility, N/A not
applicable, PD pain/discomfort, SC self-care, SE standard error, UA usual activities

to data from the latest 2014 general population and housing
census available from the HCP [28].

The distribution of cTTO values obtained for the 86 health
states evaluated showed that the majority (62%) of these
observed values were positive (better-than-dead), while 38%
were negative (worse-than-dead). This percentage of nega-
tive values is nearly identical to those reported in EQ-5D-5L
valuation studies conducted in Taiwan (38.5%) [39], Hong
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Kong (36%) [40], and Indonesia (35.5%) [37]. However, it
is higher than those observed in studies conducted in Den-
mark (22%) [41], Hungary (21.7%) [42], the United States
(20%) [43], Germany (17.3%) [33], France (20.2%) [44],
and Poland (4.4%) [45], but somewhat lower than in Egypt
(40.9%) [46] and Uganda (44.3%) [47]. Furthermore, our
study showed that the predicted value for worst health status
(55555) was —1.492, which is comparable to Uganda [48]
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(—=1.116). However, this value is lower than that attributed to
the worst health status (55555) in other countries, including
France [49] (—0.525), Saudi Arabia [50] (—0.683), Indone-
sia [33] (—0.865), and Malaysia [59] (—0.442). These vari-
ations in the proportion of worse-than-dead values across
countries can be attributed to cultural, social, and religious
differences, which may shape perceptions of health states
and their severity [13, 51]. Indeed, in Morocco, the worst
health status (55555), which reflect severe and debilitating
conditions, may be considered particularly undesirable due
to both limited healthcare access and strong societal values
around health and well-being. The cTTO values in our study
were relatively balanced between —1 and + 1, with propor-
tions of 8.6% and 8.4%, respectively. This contrasts with
other countries [44, 46, 47, 49, 52], where one extreme tends
to dominate, suggesting that cultural factors in Morocco may
influence how health states are valued. These findings high-
light the necessity of contextualizing EQ-5D-5L value sets
based on local conditions when using them in health tech-
nology assessments and decision-making.

The Hybrid heteroskedastic Tobit model was selected as
the preferred model to develop the Moroccan value set. The
model performed similarly to a cTTO-only heteroskedastic
Tobit model, and maximizes data utilization by incorporat-
ing both the cTTO and DCE data. According to this hybrid
model, pain/discomfort had the largest effect on health state
preferences, followed by anxiety/depression, mobility, self-
care and usual activities. This ranking of the five EQ-5D-5L
dimensions in Morocco is similar to that in Spain [53]. In
addition, pain/discomfort is ranked as the most important
dimension in other countries, including Saudi Arabia [48],
France [44] and Uganda [47]. In contrast, in Ethiopia [36],
anxiety/depression was ranked as the most important dimen-
sion, followed by pain/discomfort. This contrasts sharply
with the EQ-5D-5L value set of Uganda [47], where the
anxiety/depression was the least important dimension.
In addition, a further countries rank mobility as the most
important dimension, including Indonesia [37], Malaysia
[50], and Egypt [46]. In this study, usual activities are con-
sidered the least important dimension. This result is consist-
ent with most previous studies developing EQ-5D-5L value
sets, notably Saudi Arabia [48], France [44], Spain [53],
Malaysia [50], and Egypt [46]. However, this contrasts with
other countries, including Ethiopia [36], which consider the
self-care dimension to be the least important. This compari-
son shows that the EQ-5D-5L value sets differ considerably
between countries in terms of the relative importance of the
five health dimensions. These differences are assumed to be
influenced by a wide range of country-specific institutional
and other circumstances, which impact on individuals' health
opportunities and challenges, and can shape health expecta-
tions and norms.

The comparison between the Moroccan EQ-5D-3L [24]
and EQ-5D-5L value sets reveals key differences, espe-
cially regarding the value assigned to the worst health state
(-=0.5736 for the worst health state 33333, compared to
—1.492 for the worst health state 55555). Additionally, there
is a difference in the ranking of the dimensions based on
their impact on health state preference values. In the EQ-
5D-3L value set, mobility had the largest effect, followed
by pain/discomfort, self-care, anxiety/depression, and usual
activities. In contrast, in the EQ-5D-5L value set, pain/dis-
comfort was the most influential dimension, followed by
anxiety/depression, mobility, self-care, and usual activities.
These differences can be attributed to the increased granular-
ity provided by the EQ-5D-5L, which expands the response
levels from three to five, allowing for more precise distinc-
tions between mild, moderate, and severe health states.
Also, in the EQ-5D-3L, the most severe level of mobility is
‘confined to bed,” which might have led to mobility being
considered the most important dimension. In contrast, the
EQ-5D-5L uses ‘Unable to walk’ as the most severe level,
which is less extreme than ‘confined to bed.” While the EQ-
5D-3L value set provided a solid starting point, the EQ-
5D-5L offers greater precision and reflects a more diverse
range of health problems.

This study has several strengths. It is the first to estab-
lish an EQ-5D-5L value set for Morocco, representing a
significant contribution to HTA and health economic evalu-
ations in the MENA region. With the growing interest in
HTA in Morocco and the many studies underway using the
EQ-5D-5L instrument, this value set will be crucial. It pro-
vides a robust framework for evaluating health outcomes and
informing healthcare policies. The data were generated using
the internationally standardized EQ-VT protocol developed
by the EuroQol Group, ensuring high data quality and exter-
nal validity. The hybrid heteroskedastic Tobit model, which
combines data from cTTO and DCE, maximized data utiliza-
tion and provided a robust value set tailored to the Moroccan
population. The rigorous quality control measures, including
standardized interviewer training, frequent monitoring, and
a low 2.9% rate of suboptimal-quality interviews, further
enhanced the reliability of the results.

Several study limitations and challenges should be
noticed. Rural and low-literacy participants were under-
represented compared to Moroccan High Commission for
Planning data, despite efforts to ensure geographical diver-
sity. The EQ-VT protocol, designed for literate populations,
posed challenges for illiterate participants. Interviewers
addressed this by providing detailed verbal explanations,
particularly of the wheelchair example, to ensure compre-
hension. While this facilitated inclusion, the quota for illit-
erate participants was not fully achieved. Future research
should explore tailored approaches to better represent
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underrepresented populations and address these gaps in
valuation studies.

Conclusions

Morocco is the third country in the MENA region with an
EQ-5D-5L value set. The availability of the EQ-5D-5L value
set will serve as a scoring algorithm for health economic
evaluations, aiding decision-making and improving the qual-
ity of HTA in the Moroccan healthcare system. In addition, it
may be used to implement patient-reported outcomes meas-
ures for routine clinical practice to improve the monitoring
and management of patients and thus provide more evidence
for decision-makers in the healthcare systems in Morocco.
Furthermore, the results can be used for international com-
parisons to understand similarities and differences in health
preferences between populations.
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