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Abstract

Background: Responses on health-related quality of life measured by disease-specific
instruments can be mapped onto the EQ-5D-5L to estimate utility values for economic
evaluation. San Martin’s Quality of Life Scale (St. MQoL-S) is a preferred measure to obtain
health outcomes in adults with cerebral palsy. Nevertheless, it lacks a preference-based health
utility score for estimating quality-adjusted life years (QALYS).

Objective: To develop algorithms for mapping from the St. MQoL-S to allow future prediction
of the EQ-5D-5L, in adults with cerebral palsy, when utility data have not been collected.

Methods: Direct mapping models were developed using ordinary least squares, a generalized
linear model, and Tobit regression analysis to estimate EQ-5D-5L utilities, with St. MQoL-S
total and domain scores as explanatory variables, in a cross-sectional study of adults with
cerebral palsy in Spain. Goodness-of-fit was assessed using mean absolute error (MAE) and
root mean square error (RMSE). Repeated k-fold cross-validation was employed to select the
optimal mapping model demonstrating superior predictive performance.

Results: The best-performing model for predicting EQ-5D-5L utilities, includes the St. MQoL-S
total scores, age, gender, and types of cerebral palsy as explanatory variables in a stepwise
ordinary least squares regression, making it the most robust model for use as a mapping
algorithm with external data.

Conclusion: This is the first study to present mapping algorithms between the St. MQoL-S and
EQ-5D-5L. The mapping functions preferred in this study seem adequate for estimating the
utilities of the EQ-5D-5L for economic evaluation and to obtain QALY's in adults with cerebral

palsy.

Keywords: St. MQoL-S, Cerebral palsy, EQ-5D-5L, QALY's, Economic Evaluation, Mapping,
HRQoL.
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INTRODUCTION

Cerebral palsy (CP) is a neurological condition that encompasses various permanent conditions of
movement and/or posture, derived from brain injuries during development, in addition to the fact
of suffering comorbidities such as epilepsy, intellectual disability, and sensory limitations

. Its incidence in Spain and Europe is 2-3 cases per 1,000 live births. Life expectancy is
approximately 30-70 years 2. It is a disease that has no cure, thus directly impacting on health-
related quality of life (HRQoL) from pediatric age to old age.

The socio-economic repercussions of CP are diverse, especially in terms of specialized
treatments such as rehabilitation and the high demand for meaningful care that these patients
require to perform daily tasks 3. The ongoing care that this condition requires can place
considerable financial burdens on society asa whole #°. Given the burden and economic impact of
CP, itiscrucial to improve our knowledge base to guide treatment, prevention, and the potential
need for evidence to support health technology assessment and reimbursement decisions.

Currently, there is limited literature on health benefits based on the preferences of adult patients
with CP 8, which is necessary to measure health effects, through the calculation QALY for
cost-effectiveness analyses. These types of economic evaluations usually take a social
perspective, which means that all costs and effects are included in the analysis regardless of
who bears them 7.

Several agencies recommend the use of QALY in cost-effectiveness analyses, including; the
Panel on Cost Effectiveness in Health and Medicine 8. The EuroQol five-dimensional
Questionnaire (EQ-5D-5L), is the preferred measure of the National Institute for Health and
Care Excellence °. Besides, it is a generic short-term preference-based health outcomes
instrument widely used around the world, which facilitates comparisons of health technologies
across different diseases 1%, It has also proven to be a valid, concise, simple, and effective
instrument for measuring HRQoL in people with CP 213, However, most studies evaluating the
quality of life in CP populations tend to favor disease-specific quality-of-life instruments 4, or
clinical measures of performance status versus generic instruments such as the EQ-5D-5L 1516,

When EQ-5D-5L data are not available, the National Institute for Health and Care Excellence
allows utilities to be estimated by mapping other health-related measures of quality of life °.
Several studies have been published related to the assignment of disease-specific quality of life
instruments to the EQ-5D-5L 718 and guidelines for best practices have been developed %,
Mapping a non-preference-based measure to the EQ-5D-5L can be performed by predicting the
health utility values of the EQ-5D-5L (direct mapping) or each of the five domain responses
(indirect mapping). However, there is limited use of either approach in the context of
neurological diseases 32122,

The San Martin Scale (St.MQoL-S) is a recommended and frequently used instrument in
institutions specialized in the care of adults with CP in different countries =25, as an outcome
measure and proxy for HRQoL, and to determine the effectiveness of treatments and
interventions 24?5, The most important reason for choosing this type of specific HRQoL
instruments is that they are already applied in the clinical practice of institutions that are
dedicated to the care of these adults and, therefore, the staff is used to working with them. In
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addition, they tend to be more sensitive to differences or changes in the health status of
individuals with a specific disease 1314,

The appropriateness of existing generic HRQoL measures for application in adults with CP, has
received limited research attention 27, In addition, a mapping algorithm specific to adults with CP
using a generic instrument for this population, has not yet been developed. Given that some relevant
items and/or domains overlap between the St. MQoL-S and the EQ-5D-5L (see TableS1 in the
supplementary material), it is plausible that there is a significant relationship between these two
instruments. Consequently, we considered developing a mapping algorithm that would allow
the calculation of QALY when investigators wish to explore the cost- effectiveness of an
intervention.

This study aimed to develop a mapping algorithm from the St. MQoL-S to allow future
prediction of the usefulness of the EQ-5D-5L, in adult patient populations with CP, when utility
data have not been collected.

METHODS
Study Sample

Data were obtained from the Study of Adults Cerebral Palsy in Navarre, Spain (EPCANA).
This cross-sectional study of quality of life and clinical outcomes was carried out at the Spanish
Association for the Care of People with Cerebral Palsy (Aspace), within the framework of a
comprehensive assessment of HRQoL to obtain QALYSs, through a specific instrument
(St.MQoL-S) %28 and a generic instrument (EQ-5D-5L) 1. Participants completed a series of
outcome measures and provided demographic and clinical information. For the analysis, we
used responses from a representative sample of patients recruited by Aspace's clinical and
research teams up to July 2023. Cross-sectional data from 72 participants who completed both the
St. MQoL-S and the EQ-5D-5L at the same time, were used to develop and identify the best-
performing mapping algorithm.

The study used the functional classification of the recognized level of dependence, which is
composed of three levels, level | represents the mildest level of dependency and level 111
represents the most severe. This classification is included in the battery of data collected by the San
Martin Scale to identify the person being evaluated. On the other hand, the classification of the
types of CP was also used, based on neurological findings: spastic, dyskinetic, ataxic, and
unclassifiable.

The EPCANA received ethical approval for its realization in Aspace Navarra and was registered
with the Public University of Navarra (no. 026/23).

Measures

The EQ-5D-5L was included in the EPCANA study to estimate health utility values. It is an
objective measure by which patients describe their state of health 1. It covers the health
domains of mobility, self-care, usual activities, pain/discomfort, and anxiety/depression.
Respondents can indicate one of five levels of severity: no problems, mild problems, moderate
problems, severe problems, and extreme problems in the corresponding health dimension 2°. A
preference-based single index score can be generated with any combination of responses,
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anchored at 0 to represent death and 1 to represent full health, and based on a Spanish rate 3.
These health utility values have been developed using the general public's responses to a
standard gambling survey *.

The St. MQoL-S evaluates a comprehensive, functional, and specific approach to quality of life
251t consists of a validated 95-item questionnaire specific to adults with significant disabilities,
including CP. The responder is asked to answer the questions with a ‘never’, ‘sometimes’,
‘often” or ‘always’. Responses to St. MQoL-S are often used to derive a single HRQoL index
value and this value is reported in clinical studies. The St. MQoL-S measures HRQoL over a
range of values from 52 to 132 points. A higher score represents higher HRQoL in the St.
MQoL-S index or, in other words, St. MQoL-S total score. This scale measures HRQoL in 8
dimensions (Figure 1)

St. Martin Quality of Life Scale

8 Domains

95 Items

Figure 1: Structure of the San Martin Scale, showing the breakdown into eight domains
and ninety-five items. The items are related in each dimension. All dimensions have 12
items, except for the social inclusion domain, which has 11 items. To see the full scale, (see
supplementary material, at the bottom of Table S1). Own elaboration, based on the Scale
Manual 3%,

It is a good measurement instrument in terms of reliability and validity that is mainly used in
institutions dedicated to the specialized care of adults with CP 2. Several studies have attestedto
its sensitivity, and that it is suitable for direct and proxy assessment in disabilities such as CP 232426,
For this reason, it is recommended not only for scientific research purposes but also inclinical
practice 3.

Statistical analysis
Mapping from St. MQoL-S to the EQ-5D-5L

To develop a crosswalk between the St. MQoL-S and the EQ-5D-5L in the EPCANA study,
Anova F-test and stepwise regression were used to examine alternative models and predictor
variables, ultimately selecting an optimal mapping model. Two core models, based on direct
additive mapping, were used to regress the utility score of the EQ-5D-5L on the general or
domain scores of the St. MQoL-S *!8, An item response level (indirect) mapping approach was not
chosen because it requires a large sample size with an adequate number of responses for each
response level, which was not available in this study °213, The first core model is based on the
St. MQoL-S total score, whereas the second core model is built upon the St. MQoL-S domain
total scores. In both cases, a combination of independent socio-demographic (age andgender)
and clinical variables (type of CP and level of dependence) are considered to predict the utilities
of the EQ-5D-5L%17:2021.34 (hased on the Spanish rate °).
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In all mapping analyses, we investigate which explanatory variables serve as potential
predictors for the utility score of the EQ-5D-5L. We conclude that a combination of age, gender,
type of CP (CPT), and the St. MQoL-S total score represents the optimal choice for developing the
mapping algorithm in the first core model. Concerning the second core model, a stepwise
selection was carried out to identify the significant domains for a more efficient mapping. The
domains of self-determination, physical well-being, material well-being, rights and personal
development were selected as predictor variables in the model, together with the same socio-
demographic and clinical variables included in the first core model.

The regression equations of the two core models are represented as follows:

EQ — 5D Index = a + 1 * St. MQOLS7oiq1 score + B2 * Age + B3 * Sex + B4 * CPT (Model 1)

5
EQ — 5D Index = a + 3}, f; = St. MQoLSdumamj + B¢ x Age + B = Sex + Bg * CPT (Model 2)

j=1

where the EQ-5D Index isthe EQ-5D-5L utility scoresand St. MQoLS gomain, represents the St.

MQoL-S domains selected according to statistical significance (p <0.05) using stepwise
regression.

Three different regression methods were considered for each model candidate of direct
mapping. Firstly, we employed Ordinary Least Squares (OLS) to fit a linear model over the
response variable, a method widely used in previous studies with acceptable performance 1718,
Due to the non-normal distribution of the data of the EQ-5D-5L, a Generalized Linear Model
(GLM) with a Gaussian family and a logit link function was chosen as a second model
candidate. Finally, we also considered a Tobit regression model % to address censored data at
the upper limit of 1 in the response variable.

Data management was carried out using Microsoft Excel, and R statistical software version
4.3.2 3% was used for statistical analysis.

Evaluating model performance

Following the mapping guide °!°, we assess the goodness-of-fit of each model candidate by
evaluating the predicted values using mean absolute error (MAE) and root mean squared error
(RMSE).

Since our objective is to develop a mapping algorithm that can be generalized to other
individuals and populations, we also conduct a cross-validation approach to validate the
predictive performance of the models %. Given the absence of a dataset for external validation,
internal validation was performed by considering a 5-fold cross-validation scheme. We first
divide the sample into five random groups. Four groups (80% of the sample) were assigned as
the "estimation sample”, used for estimating the models regression coefficients, while the
remaining group (20% of the sample) form the "validation sample”, which was used to evaluate the
predicted EQ-5D-5L scores for the various model candidates. This procedure is repeated so that
each of the five random groups served as a validation sample. To obtain more reliable and robust
estimates of prediction errors, assessed by MAE and RMSE values, a repeated 5 -fold cross-
validation method was implemented.
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RESULTS

Table 1 presents the characteristics of the 72 adults constituting our sample. The EQ-5D-5L
utility score was not normally distributed (p <0.05). The normality test was not rejected for the
total score of the St. MQoL-S; the distribution was slightly skewed to the left (Figure S1). The
mean (SD) EQ-5D-5L utility was 0.36 (0.23) and the mean total scores for the St. MQoL-S was
104.40 (10.40). Approximately more than half (61.11%) of the adults were male. The mean age
was 39.25 years (SD 15.77 years).

Table 1. Characteristics of the sample (n=72)

Quantitative Variable Mean (SD)
St. MQoL-S total score 104.40 (10.42)
St. MQoL-S Self-determination domain 12.82 (2.30)
St. MQoL-S Emotional Well-being domain 11.07 (2.17)
St. MQoL-S Physical Well-being domain 10.85 (2.09)
St. MQoL-S Material Well-being domain 10.65 (2.14)
St. MQoL-S Rights domain 11.49 (2.08)
St. MQoL-S Personal Development domain 10.53 (2.70)
St. MQoL-S Interpersonal relationships domain 9.44 (2.48)
St. MQoL-S Social Inclusion domain 9.26 (2.84)
EQ-5D Index, Mean (SD) 0.36 (0.23)
Age inyears, Mean (SD) 39.25 (15.77)
Qualitative variables N (%)
Gender
Female 28 (38.89)
Male 44 (61.11)
Patients living outside the city 36 (50.00)
Patients living outside the city 36 (50.00)
Cerebral palsy type
Spastic CP 50 (69.44)
Dyskinetic CP 4 (5.56)
Ataxic CP 3(4.17)
Unclassified CP 15 (20.83)
Functional classification of the recognized level of dependency
Mild 10 (13.89)
Moderate 16 (22.22)
Severe 46 (63.89)

CP: Cerebral Palsy; EQ-5D index: EQ-5D-5L utility scores; N: Sample size; SD: standard deviation; St.
MQoL-S: St Martin's Quality of Life Scale.

Assessing the Correlation Between HRQoL Measures

A strong positive linear correlation (r = 0.77, p <0.05) was found between EQ-5D-5L utility
scores and St. MQoL-S total scores (Figure 2). At the domain level, a high correlation was
found between the EQ-5D-5L and the St. MQoL-S domains (p <0.05). Table S2 (supplementary
material) presents the correlation coefficients for each domain. Figure S2 (supplementary
material) presents the correlations between each St. MQoL-S domain and the EQ-5D-5L.
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Mapping model performance

Table 2 presents the goodness-of-fit results of the different models, employing the entirety of
the data to estimate the regression coefficients of the explanatory variables. The predicted
average utility scores of the EQ-5D-5L are consistently close across the model candidates.
Almost all models overestimated the lower bound of the EQ-5D-5L utility scores, while

simultaneously underestimating its upper limit.

Figure 2: Scatter plot between the EQ-5D utility scores and St. MQoL-S total scores
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Table 2. Goodness-of-fit results of model candidates

Differences

Model between
specification predicted Me_an M|n|r_num MaX|_mum MAE RMSE
_ and predicted predicted predicted
(n=72)
observed
mean
EQ-5D-5L NA 0,3571 -0,202 0,8470 NA NA
observed
utility

Method 1: Ordinary Least Squares Estimator
Model 1 0,0000 0,3571 -0,0569 0,7258 0,1000 0,1367
Model 2 0,0000 0,3571 -0,1649 0,7221 0,0990 0,1326
Method 2: Generalized Linear Model: Gaussian family logit link
Model 1 0,0043 0,3614 0,0650 0,7501 0,0978 0,1319
Model 2 0,0019 0,3590 0,0359 0,7446 0,0971 0,1281
Method 3: Tobit Estimator
Model 1 0,0000 0,3571 -0,0569 0,7258 0,1000 0,1367
Model 2 0,0000 0,3571 -0,1649 0,7221 0,0990 0,1326

EQ-5D-5L: five-level EuroQol five-dimensional questionnaire; MAE: mean absolute error; RMSE: Root
mean squared error; NA: not applicable.

In terms of goodness-of-fit, GLM model 2 showed the best predictive ability, with the lowest
MAE (0.0971) and RMSE (0.1281), followed by GLM model 1 (MAE=0.0978, RMSE:
0.1319). Additionally, the GLM estimator of model 1 closely predicted the maximum EQ-5D-
5L score, while the OLS estimator of model 2, as well as the Tobit estimator of model 2, closely
predicted the minimum value.

Regression coefficient estimates for the different model candidates are presented in Table S3
(supplementary information online). In model 1, the St. MQoL-S total score was a significant
predictor variable (p<0.05) in all three regression methods. In model 2, the self-determination
domain on the St. MQoL-S was consistently significant in all three regression methods. The
physical well-being domain and the rights domain were significant in the OLS and Tobit
estimator, while material well-being was significant in the GLM and Tobit estimator. The
personal development domain was significant only in the Tobit estimator. Age was significant
in the GLM and Tobit estimator (p<0.1) and type of CP was also a significant predictor
(p<0.05).

It should be recalled that all the variables mentioned in Table S3, were significant with the Anova
F-test when selecting the explanatory variables, most appropriate for predicting the EQ- 5D-5L
utility score. This was reflected in the variables that were retained in the two core models described
above in the statistical analysis, in order to obtain the best possible mapping algorithm. We
clarify that sex was not significant, but we decided to include this variable because of its ability
to improve the mapping algorithm and its importance as a covariate in other populations.
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Validation of mapping algorithms

Although GLM model 2 was initially identified as the best model to predict EQ-5D-5L utilities
from the St. MQoL-S scores and the explanatory variables within our observed data, a cross-
validation approach has been conducted to ensure generalization of this finding for out-of-

sample individuals. Table 3 displays the result obtained under a repeated 5-fold cross-validation
scheme.

Table 3. Goodness of fit results using a repeated 5-fold cross-validation scheme.

Model Differences

specification between
redicted Mean Minimum Maximum

(repeated P and predicted predicted predicted MASE RIS
5-fold CV)  observed

mean
EQ-5D-5L NA 0,3571 -0,202 0,8470 NA NA
observed
utility

Method 1: Ordinary Least Squares Estimator
Model 1 0,0019 0,3590 -0,0986 0,8703 0,1131  0,1545
Model 2 0,0016 0,3587 -0,1918 0,8773 0,1245  0,1649
Method 2: Generalized Linear Model: Gaussian family logit link
Model 1 0,0030 0,3601 0,0541 0,8140 0,1179  0,1595
Model 2 0,0060 0,3631 0,0310 0,8776 0,1282  0,1682
Method 3: Tobit Estimator
Model 1 0,0002 0,3573 -0,0901 0,8866 0,1140  0,1562
Model 2 0,0004 0,3575 -0,1904 0,9148 0,1230  0,1651

EQ-5D-5L.: five-level EuroQol five-dimensional questionnaire; MAE: mean absolute error; RMSE: Root
mean squared error; NA: not applicable.

According to this analysis, the OLS model 1 exhibits the best predictive performance with
lowest MAE (0.1131) and RMSE (0.1545) values. This suggests its preference as the mapping
algorithm of choice for applications in other populations that have not collected utility data.
However, overall differences between OLS, GLM, and Tobit models were small (Figure 3).
The scatter plots for the observed and predicted EQ-5D utility scores of all mapping models are
shown in Figures S3 and S4 (supplementary material).
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Figure 3: Box plots of estimated prediction error measures among different cross-
validation samples.
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The OLS model 1 can be presented as follows:

EQ — 5D index = —1.380 + 0.016 * St. MQoLSTotal score + 0.002 x Age + 0.002 * I(Sex = Male) + 0.078
* [(CPT = Dyskinetic) + 0.016 * I[(CPT = Ataxic) + 0.084 * I[(CPT = Unclassified)

where the symbol | (-) denotes an indicator function.

After obtaining the mapping algorithm that best fits the data, the QALY per year for an adult
person with CP can be obtained. For example, a person who has a St. MQoL-S total score of
106, is 30 years old, is female (0), and has a CP of the spastic type, her score would be:

QALY per year = —1.380 + 0.016 * (106) + 0.002 * 30 = 0.3357

Methodological reproducibility and replicability

The original data and R code to fully reproduce and replicate the analyses presented in this
study are available as supplementary material (see Data_and_Rcode.zip file). Additionally, a
README file has been included providing a comprehensive description of the data and
detailed R scripts to obtaining the best algorithm used for mapping St. MQoL-S to EQ-5D-5L.
This allows for a more thorough understanding of the methodology employed in the current
analysis. Referring to this additional resource can enhance the appreciation and critical
evaluation of the results obtained, as well as provide greater transparency in the methodological
process used in the research. For examples illustrating the usage of the mapping algorithm,
please refer to the examples section within the README file.

10
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DISCUSSION

Our study provides evidence that the St. MQoL-S could conceptually serve as a promising
candidate for mapping to the EQ-5D-5L in adult patients with CP. This could be partly
explained by the fact that our mapping results fall within the MAE and RMSE ranges of other
mapping studies *” and allowed us to affirm the viability of mapping from the St. MQoL-S to
the EQ-5D-5L. Our mapping models showed significantly better predictive outcomes when
utilizing the St. MQoL-S total score/index as an explanatory variable instead of scores from the
most significant dimensions (Self-determination, Physical wellbeing, Material well-being,
Rights and Personal development) when estimating EQ-5D-5L utilities. This enhancement can be
attributed to the robust correlation observed between the total scores of the two HRQoL scales
and the specific characteristics of the study population 2123,

Consistent with many previous mapping studies, our validation analysis indicates that Ordinary
Least Squares (OLS) regressions demonstrated the highest predictive performance, showing a
slightly improvement upon the results of Tobit regressions for direct mapping °Y.
Consequently, we consider the Tobit model could also serve as a potential mapping algorithm,
effectively constraining predicted values of the response variable, and thereby proving
particularly valuable when analysing censored data.

Our preferred OLS model 1, which utilizes the total score of the St. MQoL-S and other socio-
demographic and clinical explanatory variables such as age, gender and CP type, exhibited
MAE and RMSE values comparable to those reported in previous neurological statistical
mapping works 2123, as well as in other mapping studies overall 34,

The discrepancy between the model exhibiting the highest goodness-of-fit and the model
selected for superior predictive performance underscores the critical importance of conducting
standard cross-validation techniques for mapping algorithms 29,

The mapping methodology offers a valuable tool for integrating, comparing and synthesizing
data from different sources and health outcome measures to obtain QALY in cost effectiveness
analyses 3. This technique facilitates the extrapolation of data when health utility data are not
collected directly, thus allowing a more complete estimation of the impact of health
interventions related to the HRQoL 81934 of patients with pathologies as specific as cerebral
palsy 2% In addition, mapping enables direct comparison of the relative effectiveness and
efficiency of different intervention strategies, which is essential for informed decision making
in health policy and resource allocation in public health 2°,

This study constitutes a significant addition to the economic evaluation literature concerning
population with cerebral palsy. It presents results for additive direct mapping algorithms utilizing
various model structures, facilitating the predicting health utility values. Previous mapping studies
in CP populations have been limited in number 821, Our study, to the best ofour knowledge, is
the first to conduct such analysis within an adult population with cerebral palsy, providing
valuable evidence for the development of economic evaluations when EQ-5D- 5L data have not
been directly collected. An important strength of the analysis lies in the integrity of the returned
questionnaires, with no evidence of missing data, as patients were always accompanied when
responding to questionnaires to clarify doubts, enable simultaneous completion of both
questionnaires, and avoid unanswered questions.

11
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The main limitation of our study could be the small number of patients analysed, which would
have rendered our findings more robust with a larger sample. As a cross-sectional study,
EPCANA provided the opportunity to measure multiple variables to increase study power, but
with only 72 participants, the sample size was deemed limited for such analysis. Nevertheless,
the recommended mapping algorithm can be useful for conducting cost-utility analyses in
similar populations. The GLM models in this study showed slightly poorer results, as they do
not allow for predicting negative EQ-5D-5L utility values for CP patients and had a higher error
rate for low utility scores. This is concerning because CP is associated with relatively low utility
values reflecting very poor HRQoL, although in our data only a few patients reported negative
utilities (2.7%). The mapping algorithms presented in this study were validated from a sample
of data arising from the same study. While this is a common technique in the literature 213334,
external validation would have been preferable in the context of a broader generalization
assessment. Lastly, it should be noted that directly collected EQ-5D-5L utility values always
supersede predicted values based on mapping algorithms.

Further research is needed to better capture health state utilities in adults with CP, such as
developing specific instruments to measure better HRQoL CP aging stages and validating the
mapping algorithm using a large sample with an external dataset.

CONCLUSIONS

Several studies focusing on quality of life in populations affected by CP have dispensed with
the use of preference-based utility measures, despite their increasing need to inform decisions
in economic evaluations needed to assess the quality of treatments in CP. The algorithms
presented in this study offer an alternative for estimating the utility of the EQ-5D-5L in
scenarios where utility information has not been directly collected from CP patients. Our
research has demonstrated the feasibility of predicting, with reasonable accuracy (based on
MAE and RMSE results reported in other mapping studies), the utility values of the EQ-5D-5L
derived from the St. MQoL-S. These findings should help the economic evaluations of
interventions for adults with CP by providing evidence linking the St. MQoL-S, an outcome
measure of interventions aimed at the specialized care of adults with CP used in different
countries, to a generic preference-based tool that is widely used around the world, the EQ-5D-
5L.

12



Working paper

Declarations

Ethical Approval

The Study of Adults Cerebral Palsy in Navarre, Spain (EPCANA) received ethical approval for its
realization in Aspace Navarra and was registered with the Public University of Navarra (no.
026/23). All participants involved in the study signed an informed consent form to participate and
publish their data.

Data availability

The data and codes that were used to obtain the results of this manuscript are available in the
supplementary material attached to this manuscript, inside a compressed zip file (Data_and_Rcodef)
containing a file with README link, where you can see the data and how to replicate the codes.

Conflict of interest
The authors have no conflict of interest
Funding support

The lead author obtained financial support from the predoctoral fellowship granted by the Public
University of Navarra (UPNA) and Banco Santander. In addition, we thank FEDEA for the financial
support to the "Award for the best Article presented at the AES Conference by a young researcher
in the field of Health Economics.

Acknowledgments

The authors extend their thanks to all the healthcare professionals from Aspace Navarra who
participated in this study, contributing to the data collection and interviews, as well as to the patients
and relatives who participated voluntarily. The lead author is grateful to the Spanish Association of
Health Economics (AES) for the financial support that allowed participation in the XLII1 Jornadas
de Economia de la Salud in Gran Canaria, facilitating the dissemination of this research. We also
thank the Doctoral School of the Public University of Navarra (EDONA) for their financial support
to participate in the EUHEA international conference in Vienna. Finally, we thank Professor Juan
M. Cabasés Hita for his thorough review of the manuscript and his invaluable help in improving it.

13



Working paper

BIBLIOGRAPHY

10.

11.

12.

13.

14.

15.

16.

Colver A, Fairhurst C, Pharoah POD. Cerebral palsy. The Lancet. 2014;383(9924):1240-
1249. d0i:10.1016/S0140-6736(13)61835-8

Blair E, Langdon K, Mclintyre S, Lawrence D, Watson L. Survival and mortality in cerebral
palsy: observations to the sixth decade from a data linkage study of a total population
register and National Death Index. BMC Neurol. 2019;19:111. doi:10.1186/s12883-019-
1343-1

Park EY, Nam SJ. Time burden of caring and depression among parents of individuals with
cerebral palsy. Disabil Rehabil. 2019;41(13):1508-1513.
do0i:10.1080/09638288.2018.1432705

Henry G, Webb A, Galea C, et al. Out-of-pocket costs for families and people living with
cerebral palsy in Australia. PLOS ONE. 2023;18(7):e0288865.
doi:10.1371/journal.pone.0288865

Tonmukayakul U, Shih STF, Bourke-Taylor H, et al. Systematic review of the economic
impact of cerebral palsy. Res Dev Disabil. 2018;80:93-101. doi:10.1016/j.ridd.2018.06.012
Shih STF, Tonmukayakul U, Imms C, et al. Economic evaluation and cost of interventions for
cerebral palsy: a systematic review. Dev Med Child Neurol. 2018;60(6):543-558.
doi:10.1111/dmcn.13653

Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Methods for the
Economic Evaluation of Health Care Programmes. Vol 41. Oxford University Press.; 2015.
Accessed November 25, 2022. https://jech.omj.com/lookup/doi/10.1136/jech.41.4.355-a
Russell LB, Gold MR, Siegel JE, Daniels N, Weinstein MC. The role of cost-effectiveness
analysis in health and medicine. Panel on Cost-Effectiveness in Health and Medicine.
JAMA. 1996;276(14):1172-1177.

Longworth L, Rowen D. Mapping to Obtain EQ-5D Utility Values for Use in NICE Health
Technology Assessments. Value Health. 2013;16(1):202-210.
doi:10.1016/j.jval.2012.10.010

Brazier J, Peasgood T, Mukuria C, et al. The EQ-HWB: Overview of the Development of
a Measure of Health and Wellbeing and Key Results. Value Health. 2022;25(4):482-491.
doi:10.1016/j.jval.2022.01.009

EuroQol Group. EuroQol--a new facility for the measurement of health-related quality of
life. Health Policy Amst Neth. 1990;16(3):199-208. d0i:10.1016/0168-8510(90)90421-9
Hoving MA. Intrathecal Baclofen Therapy in Children with Intractable Spastic Cerebral
Palsy : A Dutch National Study. maastricht university; 2008.
doi:10.26481/dis.20080523mh

Tonmukayakul U, Le LKD, Mudiyanselage SB, etal. A systematic review of utility valuesin
children with cerebral palsy. Qual Life Res. 2019;28(1):1-12. do0i:10.1007/s11136-018-
1955-8

Parkinson KN, Rice H, Young B. Incorporating Children’s and Their Parents’ Perspectives into
Condition-Specific Quality-of-Life Instruments for Children with Cerebral Palsy: A
Qualitative Study. Value Health. 2011;14(5):705-711. doi:10.1016/j.jval.2010.12.003
Badia-Corbella M, Rodriguez-Pedraza P, Orgaz-Baz MB, Blanco-Pedraz JM. Calidad de
vida en los pacientes con pardlisis cerebral en proceso de envejecimiento. Rehabilitacion.
2013;47(4):194-199. d0i:10.1016/j.rh.2013.02.002

Gilson KM, Davis E, Reddihough D, Graham K, Waters E. Quality of Life in Children
With Cerebral Palsy: Implications for Practice. J Child Neurol. 2014;29(8):1134-1140.
do0i:10.1177/0883073814535502

14



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

Working paper

Dakin H. Review of studies mapping from quality of life or clinical measures to EQ-5D: an
online database. Health Qual Life Outcomes. 2013;11(1):151. doi:10.1186/1477-7525-11-
151

Brazier JE, Yang Y, Tsuchiya A, Rowen DL. A review of studies mapping (or cross
walking) non-preference based measures of health to generic preference-based measures.
Eur J Health Econ. 2010;11(2):215-225. doi:10.1007/s10198-009-0168-z

Petrou S, Rivero-Arias O, Dakin H, et al. The MAPS Reporting Statement for Studies
Mapping onto Generic Preference-Based Outcome Measures: Explanation and Elaboration.
PharmacoEconomics. 2015;33(10):993-1011. do0i:10.1007/s40273-015-0312-9

Wailoo AJ, Hernandez-Alava M, Manca A, et al. Mapping to Estimate Health-State Utility
from Non-Preference-Based Outcome Measures: An ISPOR Good Practices for Outcomes
Research Task Force Report. Value Health. 2017;20(1):18-27.
doi:10.1016/j.jval.2016.11.006

Tonmukayakul U, Imms C, Mihalopoulos C, et al. Health-related quality of life and upper- limb
impairment in children with cerebral palsy: developing a mapping algorithm. Dev Med Child
Neurol. 2020;62(7):854-860. doi:10.1111/dmcn.14488

Mpundu-Kaambwa C, Chen G, Huynh E, Russo R, Ratcliffe J. A review of preference-
based measures for the assessment of quality of life in children and adolescents with
cerebral palsy. Qual Life Res. 2018;27(7):1781-1799.

Stone MM, Kash S, Butler T, Callahan K, Verdugo MA, Gémez LE. Validation of English
Language Adaptations of the Kidslife and San Martin Scales for Assessing Quality of Life
with Individuals on the Autism Spectrum Receiving Residential Care. J Dev Phys Disabil.
2020;32(1):131-154. d0i:10.1007/s10882-019-09686-0

Cameranesi M, Chimney K, Shooshtari S. Changes in the quality of life of persons with
profound intellectual and multiple disabilities following community transition: A Canadian
study. Res Dev Disabil. 2022;131:104360. doi:10.1016/j.ridd.2022.104360

Verdugo MA, Gomez LE, Arias B, Navas P, Schalock RL. Measuring quality of life in
people with intellectual and multiple disabilities: Validation of the San Martin scale. Res
Dev Disabil. 2014;35(1):75-86. d0i:10.1016/j.ridd.2013.10.025

Aguado |A, Cérdova VV, Farhang M, Aguado LA, Carrasco FG, Gonzalez HS. Quality of
Life of Elderly People with Severe Intellectual Disabilities in Chile. Rev Cienc Salud.
2023;21(3):1-17. doi:10.12804/revistas.urosario.edu.co/revsalud/a.11646

Benner JL, Noten S, Limsakul C, et al. Outcomes in adults with cerebral palsy: systematic
review using the International Classification of Functioning, Disability and Health. Dev
Med Child Neurol. 2019;61(10):1153-1161. doi:10.1111/dmcn.14247

Verdugo MA, Gomez LE, Arias B, et al. Escala San Martin: Evaluacion de la calidad de
vida de personas con discapacidades significativas — SID. Servicio de Informacion sobre
Discapacidad.  Published  2014.  Accessed  April 25, 2023. https:/sid-
inico.usal.es/documentacion/escala-san-martin-evaluacion-de-la-calidad-de-vida-de-
personas-con-discapacidades-significativas/

Rowen D, Mukuria C, Bray N, et al. UK Valuation of EQ-5D-5L, a Generic Measure of
Health-Related Quality of Life: A Study Protocol. Value Health. 2023;26(11):1625-1635.
doi:10.1016/j.jval.2023.08.005

Ramos-Goiii JM, Craig BM, Oppe M, et al. Handling Data Quality Issues to Estimate the
Spanish EQ-5D-5L Value Set Using a Hybrid Interval Regression Approach. Value Health.
2018;21(5):596-604. doi:10.1016/j.jval.2017.10.023

Verdugo MA, Gomez Sanchez LE, Arias B, et al. Manual de la Escala San Martin.
Published online 2014, Accessed April 11, 2023.
https://www.fundacionobrasanmartin.org/escala/Manual_Escala_San_Martin_2014.pdf

15


http://www.fundacionobrasanmartin.org/escala/Manual_Escala_San_Martin_2014.pdf

32.

33.

34.

35.

36.

37.

38.

Working paper

Nova Diaz DM, Errea Rodriguez M, Cabases Hita JM, Sanchez Iriso E. Self-perceived
Quality of Life by Institutionalised Adults with Cerebral Palsy in Spain. Gac Sanit.
2024;(Public Health):16. doi:under review

Moore A, Young CA, Hughes DA. Mapping ALSFRS-R and ALSUI to EQ-5D in Patients
with Motor Neuron Disease. Value Health J Int Soc Pharmacoeconomics Outcomes Res.
2018;21(11):1322-1329. doi:10.1016/j.jval.2018.05.005

Versteegh MM, Leunis A, Luime JJ, Boggild M, Uyl-de Groot CA, Stolk EA. Mapping
QLQ-C30, HAQ, and MSIS-29 on EQ-5D. Med Decis Making. 2012;32(4):554-568.
doi:10.1177/0272989X11427761

McDonald JF, Moffitt RA. The Uses of Tobit Analysis. Rev Econ Stat. 1980;62(2):318-
321.d0i:10.2307/1924766

R Core Team. R: A Language and Environment for Statistical Computing. Published online
2023. Accessed April 11, 2024. https://www.r-project.org/

T. Hastie, R. Tibshirani, J. H. Friedman. The Elements of Statistical Learning: Data Mining,
Inference, and Prediction. Vol 2. Stanford University. Springer; 2009. Accessed April 11,
2024. https://link.springer.com/book/10.1007/978-0-387-84858-7

Churruca K, Pomare C, Ellis LA, et al. Patient-reported outcome measures (PROMs): A
review of generic and condition-specific measures and a discussion of trends and issues.
Health Expect. 2021;24(4):1015-1024. d0i:10.1111/hex.13254

16


http://www.r-project.org/

Draft Supplementary Material
Table S1: Comparison between the domains of the scales: St. MQoL-S and EQ-5D-5L

EQ-5D-5L San Martin Quality of Life Scale (St. MQoL-S)

domains Items Domains

Specific measures are taken in relation to their mobility in order to
encourage their independence

Moves through different spaces (i.e., indoors and outdoors)

Mobility Specific measures are taken to prevent or treat problems arising from Physical well-being
physical disabilities (e.g., spasticity, stiffness, deformity, etc.)

Specific measures are taken in relation to their mobility in order to
encourage their independence

Specific measures are taken by the institution to avoid risks such as
blows, falls and escapes.

Material well-being

Specific measures are taken to adapt the living environment to the
person's abilities and limitations (i.e. sensory, cognitive, behavioural,
physical).

Chooses how to spend leisure time.

Chooses the meal or part of the meal when there is variety in 1st,

2nd and dessert. Self-determination
Selfcare Has a daily schedule of activities appropriate to his/her preferences
They have a personal record of what they like, what calms them,
what they cannot tolerate and how they may react, which all staff
are aware of and must comply with. Emotional well-being
Appropriate love, affection and physical contact are provided when
needed.
Participates in inclusive activities appropriate to their physical and
mental condition . .
Social Inclusion
Participates in inclusive activities that interest him/her
You choose how you spend your free time
Usual activities Self-determination

Has opportunities to refuse to do activities that are irrelevant to
his/her health




chooses the meal or part of the meal when there is variety in 1st,
2nd and dessert

Decorates the room to his liking

Has a daily schedule of activities appropriate to his/her preferences

Performs physical activities and exercises appropriate to his or her
characteristics and needs.

Has adequate hygiene (e.g., teeth, hair, nails, body) and personal
image (e.g., age-appropriate clothing, occasion-appropriate
clothing, etc.). (e.g., clothing appropriate to age, occasion, etc.

Physical well-being

You have a programme of activities with things that you enjoy and
contribute to your personal enrichment.

The activities you do allow you to learn new skills.

You are taught things that interest you

You learn things that make you more independent

At the centre you have opportunities to show your skills

Specific measures are taken to teach him new skills

You gain new skills or experiences by participating in activities.

Personal
Development/Rights

Participates in activities outside the centre with people outside
his/her support context.

The activities in which he/she participates consider the leisure and
cultural facilities in the area.

Specific measures are taken to offer as wide a variety of activities as
possible (e.g., new activities based on people’s preferences).

Participates in social activities outside the place where he/she
receives services or supports

Social Inclusion

Pain/Discomfort

Specific measures are taken to prevent or treat pain

Physical well-being

Anxiety/Depression

Supporters are aware of your individual expressions of distress.

Emotional well-being

For more detailed information on the San Martin Quality of Life Scale and EQ-5D-5L instrument please consult the following

link:

https://sid-inico.usal.es/idocs/F8/FD0O26729/San Martin Scale English (\Verdugo Gomez et al 2014).pdf

https://euroqol.org/information-and-support/eurogol-instruments/eg-5d-51/



https://sid-inico.usal.es/idocs/F8/FDO26729/San_Martin_Scale_English_(Verdugo_Gomez_et_al_2014).pdf
https://euroqol.org/information-and-support/euroqol-instruments/eq-5d-5l/

Table S2: Spearman correlation coefficients between EQ-5D utility score and domains of St. MQoL-S total scores

St. MQoL-S St. MQoL-S
Self- Emotional
determination Well-being
domain domain

St. MQoL-S St. MQoL-S | St. MQoL-S
Personal Interpersonal Social
Developmental | Relationships Inclusion
domain domain domain

EQ-5D
utility
scores

St. MQoL-S | St. MQoL-S | St. MQoL-S
Physical Well- | Material Well- Rights
being domain | being domain domain

St. MQoL-S
Self-
determination
domain
St. MQoL-S
Emotional
Well-being
domain
St. MQoL-S
Physical Well- | 0.65* 0.35* 0.43*
being domain
St. MQoL-S
Material Well- | 0.60* 0.45* 0.48* 0.56*
being domain
St. MQoL-S
Rights domain
St. MQoL-S
Personal
Developmental
domain
St. MQoL-S
Interpersonal
Relationships
domain
St. MQoL-S
Social
Inclusion
domain

Note * p-value <0.05

0.68*

0.55* 0.47*

0.59* 0.26* 0.53* 0.61* 0.55*

0.66* 0.50* 0.61* 0.47* 0.49* 0.56*

0.67* 0.43* 0.58* 0.65* 0.55* 0.59* 0.70*

0.67* 0.49* 0.15 0.43* 0.24* 0.18 0.37* 0.35*




Table S3: Estimated regression coefficients of model candidates

Independent variables

Ordinary Least
Squares estimator

Generalized
Linear Model

Tobit Model

Panel A - Model 1

St. MQoL-S total scores

0.016 (0.002) ****

0.075 (0.010) ****

0.016 (0.002) ****

Age (year) 0.002 (0.001) 0.010 (0.006) * 0.002 (0.001) *
Sex 0.002 (0.035) 0.007 (0.174) 0.002 (0.034)
CP Dyskinetic 0.078 (0.078) 0.293(0.328) 0.078 (0.074)
CP Ataxic 0.166 (0.088) * 0.604 (0.378) 0.016 (0.084) **
CP Unclassified 0.084 (0.043) * 0.390 (0.200) * 0.084 (0.041) **
Constant -1.380 (0.178) **** | -9,041 (1.031) **** -1.380 (0.169) ****
Panel B - Model 2
St. MQoL-S 0.025 (0.010) ** 0.131 (0.048) *** 0.025 (0.009) ***
Self-determination domain
St. MQoL-S 0.020 (0.011) * 0.091 (0.055) 0.020 (0.010) *
Physical Well-Being
domain
St. MQoL-S 0.018 (0.012) 0.104 (0.054) * 0.018 (0.011) *
Material Well-Being
domain
St. MQoL-S 0.022 (0.013) * 0.107 (0.070) 0.022 (0.012) *
Rights domain
St. MQoL-S 0.014 (0.009) 0.058 (0.041) 0.014 (0.008) *
Personal Development
domain
Age (year) 0.001 (0.001) 0.006 (0.006) 0.001 (0.001)
Sex -0.005 (0.037) -0.040 (0.184) -0.005 (0.034)
CP Dyskinetic 0.100 (0.081) 0.422 (0.345) 0.100 (0.074)
CP Ataxic 0.188 (0.089) ** 0.712 (0.389) * 0.188 (0.082) **
CP Unclassified 0.070 (0.044) 0.302 (0.206) 0.070 (0.041)
Constant -0.838 (0.126) **** | -6.651 (0.799) **** -0.838 (0.116) ****

CP Spastic=1, CP Dyskinetic=2, CP Ataxic=3, CP Unclassified=4
Model 1 uses total St. MQoL-S scores to predict EQ5D utility scores;
Model 2 uses St. MQoL-S domain scores to predict EQ5D utility scores

Sex= Female=0, Male=1

*x+x Significant at p<0.001; ***Significant values at p<0.01; **Significant values at p<0.05; * Significant

values at p<0.1

Standard errors in parentheses




Figure S1: Distribution of EuroQOL (EQ-5D-5L) utility scores and San Martin Quality of life scale (St. MQoL-S)
total scores.
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Figure S2: Scatterplot matrix between EQ-5D utility scores and domains of St. MQoL-S total scores
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Figure S3: Scatterplot between observed and predicted EQ-5D utility scores (Model 1)
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Figure S4: Scatterplot between observed and predicted EQ-5D utility scores (Model 2)
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