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Abstract
Purpose  Project aims include the following: (i) to identify reported utility values associated with CP in children aged 
≤ 18 years; (ii) to explore utility value elicitation techniques in published studies; and (iii) to examine performance of the 
measures and/or elicitation approaches.
Methods  Peer-reviewed studies published prior to March 2017 were identified from six electronic databases. Construct 
validity, convergent validity, responsiveness, and reliability of instruments were assessed.
Results  Five studies met the inclusion criteria. Utility values of hypothetical general CP states obtained from a general 
population of parents ranged from 0.55 to 0.88 using time trade off (TTO) and 0.60–0.87 using standard gamble (SG) tech-
niques. Utility values reported by clinicians of three hypothetical spastic quadriplegic CP states, using the Health Utility 
Index Mark 2 (HUI-2), ranged from 0.40 to 0.13. Other sources of utilities identified were based on both proxy and child 
ratings using Health Utility Index Mark 3 (HUI-3) (values ranged from − 0.013 to 0.84 depending on the valuation source) 
and the Assessment of Quality of Life 4 Dimension instrument, with values ranging from 0.01 to 0.58. Construct validity of 
the HUI-3 varied from moderate to strong, whereas mixed results were found for convergent validity. Responsiveness and 
reliability were not reported.
Conclusion  There was substantial variation in reported utilities. Indirect techniques (i.e. via multi-attribute utility instru-
ments) were more frequently used than direct techniques (e.g. TTO, SG). Further research is required to improve the robust-
ness of utility valuation of health-related quality of life in children with CP for use in economic evaluation.

Keywords  Utility value · Children · Adolescent · Cerebral palsy · Quality of life · Quality-adjusted life years · Utility 
weight

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s1113​6-018-1955-8) contains 
supplementary material, which is available to authorized users.

 *	 Utsana Tonmukayakul 
	 utsana.tonmukayakul@deakin.edu.au

	 Long Khanh‑Dao Le 
	 long.le@deakin.edu.au

	 Shalika Bohingamu Mudiyanselage 
	 shalika.b@deakin.edu.au

	 Lidia Engel 
	 lidia.engel@deakin.edu.au

	 Jessica Bucholc 
	 j.bucholc@deakin.edu.au

	 Brendan Mulhern 
	 Brendan.Mulhern@chere.uts.edu.au

	 Rob Carter 
	 rob.carter@deakin.edu.au

	 Cathrine Mihalopoulos 
	 cathy.mihalopoulos@deakin.edu.au

1	 Deakin Health Economics, Centre for Population Health 
Research, Deakin University, Locked Bag 20000, Geelong, 
VIC 3220, Australia

2	 Centre for Health Economics Research and Evaluation, 
University of Technology Sydney, 1‑59 Quay Street, Hay 
Market, Sydney, NSW 2000, Australia

3	 Deakin Health Economics, Centre for Population Health 
Research, Deakin University, 3rd Floor BC Building 221 
Burwood Highway, Burwood, Melbourne, VIC 3125, 
Australia

http://orcid.org/0000-0002-6464-744X
http://crossmark.crossref.org/dialog/?doi=10.1007/s11136-018-1955-8&domain=pdf
https://doi.org/10.1007/s11136-018-1955-8


2	 Quality of Life Research (2019) 28:1–12

1 3

Introduction

Cerebral palsy (CP) is a term describing a group of per-
manent disorders affecting the development of movement 
and posture causing activity limitation and often involves 
motor disorders and disturbances of sensation, cognition, 
communication and behaviour [1]. CP is caused by dam-
age to the brain in the early stages of life. Co-morbidities 
of CP include epilepsy, intellectual disability, hearing and 
vision impairments [2], bladder problems, poor saliva 
control [3] and sleep disorders, together with secondary 
musculoskeletal problems, such as progressive joint con-
tractures of upper and lower extremities [2].

According to the Australian Cerebral Palsy Register, the 
point-prevalence for CP is 2.1 per 1000 live births (95% 
Confidence Interval 2.0–2.2) [4]. There are approximately 
34,000 people with CP in Australia and 700 new cases are 
diagnosed each year [5]. CP is associated with substantial 
economic impact and health burden to families and car-
ers [6]. The total health expenditure for CP in 2007 price 
was estimated at AUD $40.5 million or AUD$1,197 per 
person per annum [7]. Hence, there is a need to maximise 
benefits from healthcare spending. Economic evaluation 
is an approach that determines the value-for-money of dif-
ferent types of interventions.

Cost utility analysis (CUA) is a type of economic evalu-
ation that compares both costs and outcomes of different 
alternatives. The most common outcome of CUA is the 
quality-adjusted life year (QALY). The QALY is a sin-
gle, numeric index where time spent in a health state is 
weighted by the “utility value” of that health state. Utility 
values are anchored on a scale between 0 (being dead) and 
1 (being in full health). Negative utility values are pos-
sible which are defined as health states valued as worse 
than death.

Utility values can be quantified using either direct or 
indirect methods [8]. Direct methods refer to the applica-
tion of valuation techniques [such as the standard gamble 
(SG), time trade-off (TTO), visual analogue scale (VAS), 
and person trade-off (PTO)] to either individual health or 
to described vignettes of various health states [9]. SG and 
TTO techniques provide individuals with a choice between 
two options: (i) to remain in a reference health state or (ii) 
to move to full health for a shorter period of time in TTO, 
or to move to full health and accepting some risk of imme-
diate death in SG. The VAS is a rating scale with defined 
end-points of 0 and 100, where 0 is the worst imaginable 
health state and 100 is the best imaginable health state. 
The VAS does not incorporate trade-offs, so the scores 
derived from VAS cannot be considered as utility values 
per se [8]. Besides these cardinal valuations of health 
states, other direct, ordinal utility elicitation methods 

have also been used, including discrete-choice experi-
ments, ranking exercises, and best-worst scaling [10]. 
The indirect valuation method refers to utility values that 
are derived indirectly using mostly generic multi-attribute 
utility instruments (MAUIs). MAUIs have two main com-
ponents: (i) a descriptive component [usually a question-
naire covering various domains of health-related quality of 
life (HRQoL)] and (ii) a valuation component, comprising 
a utility scoring algorithm that converts responses from 
the questionnaire to an index or utility value. The utility 
scoring algorithm is calibrated by using one of the direct 
valuation techniques described above [11].

MAUIs identified by Chen and Ratcliffe [12] that have 
been used in children/adolescents include: (i) the Quality 
of Well-Being Scale (QWB) [13]; (ii) the Health Utility 
Index Mark 2 (HUI-2) [14]; (iii) the Health Utility Index 
Mark 3 (HUI-3) [15]; (iv) the 16-dimensional measure 
of HRQoL (16D) [16]; (v) the 17-dimensional measure 
of HRQoL (17D) [17]; (vi) the Assessment of Quality of 
Life-6 Dimensions (AQoL-6D) Adolescent [18]; (vii) the 
Child Health Utility 9D (CHU-9D) [19]; (viii) the Euro-
Qol-5 Dimensions Youth version (EQ-5D-Y) [20]; and 
(ix) the Adolescent Health Utility Measure (AHUM) [21]. 
Most of these MAUIs were initially developed for adults 
and subsequently adapted for use in younger populations 
[12].

Generic MAUIs are designed to be used across different 
diseases and health conditions. Thus, the sensitivity of these 
measures may be problematic in some conditions, particu-
larly if they do not include dimensions that are important to 
people with the disease/condition being considered. Previous 
studies have documented that generic measures, such as the 
EQ-5D, often lack sufficient sensitivity regarding condition-
specific changes in health status in adults for vision impair-
ment [22], hearing loss [23], schizophrenia [24], epilepsy 
[25], and Alzheimer’s disease [26]. Using an instrument that 
does not account for important disease-specific dimensions 
and lacking sensitivity can result in inaccurate utility values 
and subsequent QALYs that are used in CUA. It is because 
of this reason that some disease-specific MAUIs have been 
developed [27]. As mentioned above, CP is associated with 
high costs of care and economic evaluations can aid resource 
allocation decisions in this population. While evidence of 
MAUI application in some conditions is available, a compre-
hensive review of the application and assessment of MAUIs 
in the context of children with CP is lacking.

The aims of this systematic review are to (i) identify util-
ity values associated with CP in children aged 18 years and 
younger, (ii) explore utility value elicitation techniques used 
in the literature, and (iii) examine the performance in terms 
of construct validity, convergent validity, responsiveness 
and reliability of generic MAUIs, particularly their ability 
to reflect health states in children with CP.
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Methods

This systematic review adhered to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [28] and was registered on the 
PROSPERO database [29]. Databases searches included 
MEDLINE (via Ovid, 1946 onwards), Embase (1947 
onwards), EconLit (1886 onwards), Cochrane Library 
(including the Health Technology Assessment Database 
and NHS Economic Evaluation Database), Web of Sci-
ence (1864 onwards) and School of Health and Related 
Research Health Utility Database. Searching was com-
pleted in March 2017 and grey literature was excluded. 
The search strategy (Table 1) was developed from previ-
ous systematic reviews of non-CP utility values and from 
a systematic review of CP [30–34]. The reference lists 
of included studies were also examined for other eligible 
studies.

Eligible studies were published in English and reported 
utility values of children with CP aged 18 years and younger. 
There was no restriction relating to the type of study (cross-
sectional or longitudinal) or utility valuation methods. Both 
direct elicitation methods and indirect methods through the 
use of MAUIs were included in this review. Protocol papers 
or conference abstracts were excluded.

After removing all duplicates, the remaining studies 
were divided and screened by two groups of two independ-
ent reviewers (LL & SB and JB & UT). Titles, abstracts 
and full text were screened and the final included arti-
cles were extracted and entered into a table by all review-
ers. Literature selection and data extraction were cross-
checked between reviewers within and between groups. 
All discrepancies were resolved by discussion and final 
consensus between the four reviewers.

The data extracted included the following:

1.	 Demographic information study population, participant 
characteristics;

2.	 Descriptive information about the study publication 
year, country, sample size, respondents, study type (e.g. 
clinical trial, descriptive);

3.	 Information about the utility valuation (i) direct method 
(e.g. technique used (e.g. SG, TTO), health state descrip-
tion, reported utility values); and/or (ii) indirect method 
(e.g. instrument used, utility algorithm, reported utility 
values).

The conduct of a subsequent quantitative meta-analysis 
was only considered if the search identified at least two 
papers that reported utility values for the same popula-
tion, with the same condition and using the same valuation 
methods, as previously recommended in the literature [35].

The performance of instruments was extracted from the 
included papers and assessed in terms of (1) construct valid-
ity (the ability to distinguish disease severity on the basis of 
clinical indicators); (2) convergent validity (the strength of 
correlation between an instrument and a second validated 
instrument); (3) responsiveness (the ability of an instrument 
to measure a change in health status); and (4) reliability (the 
repeatability of the values obtained when measured on an 
unchanged population and/or the comparability of scores 
across different assessors e.g. self-versus proxy-reports, 
inter-rater agreement) [36]. Using common “rule of thumb” 
strength of association classifications, the construct and con-
vergent validities were classified into strong (correlation 
coefficient > 0.7), moderate (0.5–0.7) and weak (< 0.5) [37].

Results

Search results

A total of 3487 publications remained after removal of 
duplicates. Figure 1 shows the number of identified records, 
included and excluded studies, together with reasons for 
exclusion. Twenty publications were eligible for full-text 
review and of those, five were finally included.

Description of included studies

All five included studies employed a cross-sectional design. 
Table  2 presents details of each study. Only one study 
derived utility-values for the purpose of a health economic 
evaluation. This study evaluated the cost-effectiveness of 
intrathecal baclofen therapy for severe spastic quadriplegic 
CP [38]. The other four studies were largely descriptive in 
nature. Two were large population-based surveys deter-
mining the utility values of a broad spectrum of diseases 
including CP [39, 40]. The other two were studies measuring 
utility values from either self-reported surveys of children 
with CP [41] or proxy-reported surveys of parents/carers 
of children with CP [42]. Direct utility valuation methods 
(TTO and SG) were used in only one study [39], while the 
other four studies used generic MAUIs including the HUI-2, 
HUI-3 and AQoL-4D [38, 40–42].

Carroll and Downs [39] conducted a large survey of 4016 
parents with at least one child under 18 years of age who 
may or may not have had a disability, in the United States 
(US). Three hypothetical health states, mild, moderate and 
severe CP, based on functional difficulties were included. 
The narrative scenarios described physical, social, and emo-
tional characteristics of these three health states. Details of 
how each narrative scenario was developed were not pro-
vided. Health state descriptions for this survey are outlined 
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Table 1   MEDLINE Ovid search 
strategy

Theme/concepts Search terms and strategy

(1) Utility values (outcomes) Quality-adjusted life years [MeSH, exp]
OR value of life [MeSH, exp]
OR wellbeing OR qwb
OR quality and wellbeing.mp
OR utility OR utilities OR disutility OR disutilities
OR “quality of life”
OR ((preference-based or generic) adj8 (instrument? 

or measure?)).mp
OR (health status adj3 (measure? or utility$)).mp
OR health status indicator
OR (health state adj8 preference?).mp
OR health adj5 preference?).mp
OR preference valu$.mp
OR (utilit$ adj10 health state?).mp
OR (utilit$ adj10 health status).mp
OR (elicit$ adj5 utilit$).mp
OR ((valuation? Or value?) adj5 state?).mp
OR ((valuation? Or value?) adj8 health state?).mp
OR ((preference? Or valu$ or utility$) adj8 state?).

mp
OR preference scale?.mp
OR (preference? Adj3 (public or health or social or 

societal or society)).mp
OR (health adj3 reference?).mp
OR (valu$ adj2 (societal or social)).mp
OR social values
OR tariff?.tw
OR value? set?.tw
OR valuation set?.tw
OR preference weight?.tw
OR preference? elicitation?.mp
OR value of life/ec [economics]

(2) Direct preference elicitation methods Trade off?.mp
OR standard gamble?.mp
OR analogue scale?.mp
OR visual analogue scale or VAS scale.tw
OR discrete choice experiment or DCE.tw
OR person trade off or ptt
OR scaling method?.mp
OR (equivalence or equivalent).tw
OR magnitude estimation.mp
OR contingency valuation? or CV?.mp
OR best worst scaling? or bws?.mp
OR (elicit$ adj8 (preference? or valu$ or view?)).mp
OR valuation? stud$.mp
OR direct valuation?.mp
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Table 1   (continued) Theme/concepts Search terms and strategy

(3) Indirect preference elicitation methods (Multiattribute or multi-attribute).mp
OR (EQ 5D$ or EQ5D$).mp
OR (EuroQol$ or Euro Qol$).mp
OR SF-6D.mp
OR (SF 12$ or SF12$ or Short-form 12$ or Short-

form12$ or MOS 12 or MOS12).mp
OR (SF 36$ or SF36$ or Short-form 36$ or Short-

form36$ or MOS 36 or MOS36).mp
OR (RAND36$ or RAND 36$).mp
OR (VR36$ or VR 36$).mp
OR (Health Utilities Index or Health Utility Index).

mp
OR (HUI-2 or HUI2 or HUI-3 or HUI3).mp
OR quality of wellbeing scale?.mp
OR QWB$.mp
OR assessment of quality of life.mp
OR AQoL$.mp
OR 15d.tw
OR 16d.tw
OR 17d.tw
OR (CHU 9D$ or CHU9D$ or CHU-9D).mp
OR mapping
OR valuation model.tw
OR valuation model?.tw

(4) Population Children or child
(5) Condition Cerebral palsy
(6) 4 AND 5
(7) 1 AND 3 AND 6
(8) 1 AND 4 AND 6

Fig. 1   PRISMA diagram
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in the supplementary file. The utility values were measured 
by TTO and SG techniques.

Lissavoy et al. [38], measured three possible treatment 
outcomes of 5-year intrathecal baclofen therapy in severe 
spastic quadriplegic CP in the US. The health state valuation 
task was part of the CUA. These health states were initially 
developed from a literature review of typical symptoms, 
potential functional benefits, and complications associated 
with intrathecal baclofen treatment in children aged 11 years 
with severe spastic quadriplegic CP. Narration of severity 
of health states was then added based on the scores of three 
instruments: Ashworth scores; the Pediatric Evaluation of 
Disability Inventory Mobility; and the Pediatric Evaluation 
of Disability Inventory Self-Care. The first draft of each 
health state description was revised by one clinical author. 
The final draft (see supplementary files) was presented to 
eight physicians and one nurse practitioner, who all had 
extensive experience treating young, spastic and quadriple-
gic CP patients. The nine respondents were asked to rate the 
utility of hypothetical health states on the HUI-2.

Petrou and Kupek [40] analysed utility values of children 
with CP using data from the Disability Survey 2000: Survey 
of Young People with Disability and Sport in the United 

Kingdom [43]. The HUI-3 proxy was administered in this 
national survey and completed by 178 principal caregivers 
of children with CP based on the International Classifica-
tion of Disease codes. The severity of CP amongst survey 
respondents was not specified. Both utility and disutility 
(an inversion of utility scores or scores away from perfect 
health) values were reported.

Rosenbaum et al. [42] obtained utility values using the 
HUI-3 proxy version from 203 parents and/or caregivers of 
youth with CP aged 13–20 years in Canada. The spectrum 
of CP severity was stratified according to the Gross Motor 
Function Classification System (GMFCS) where level 1 is 
the least severe while level 5 is the most severe stage [44, 
45].

Young et al. [41] used HUI-3 and the AQoL-4D to assess 
the impact of CP severity, age and sex on the quality of life 
for 129 children with CP aged 13–17 years and for adults 
with CP aged 24–29 years, in Canada. Self-report was rec-
ommended, but assistance to complete the questionnaires 
and/or proxy report were allowed if necessary. This review 
reported only the utility values of children with CP who 
were younger than 18 years of age. It is worth noting that the 
AQoL-4D is a generic MAUI designed for use in adults [46].

Table 2   Characteristics of included studies

SG standard gamble, TTO time trade off, HUI2 Health Utility Index Mark 2, HUI3 Health Utility Index Mark 3, AQoL-4D the Assessment of 
Quality of Life
a Spastic quadriplegic: muscle weakness affects all four limbs, abnormal gait and posture
b Study type applied to utility values measurement
c GMFCS: The ‘Gross Motor Function Classification System’, which describes motor performance based on (i) functional ability; (ii) need for 
assistive technology; and (iii) need for wheelchair that ranges from level 1 (independent with few limitation) to level 5 (complete dependence for 
all activities)

Reference 
(country)

CP subtype Severity Sample size Age of chil-
dren with CP

Respondent Sex Utility valua-
tion measure-
ment

Study type

Direct method
 Carroll and 

Downs [39] 
(USA)

Not specified Mild, moder-
ate, severe

4016 Not reported Parents of at 
least 1 child

3420 male
511 female

SG and TTO Cross-sectional

Indirect method
 Lissavoy 

et al. [38] 
(USA)

Spastic quad-
riplegic CPa

Mild, moder-
ate, severe

9 Not reported Physicians and 
nurse

Not specified HUI-2 Cross-sectio-
nalb

 Petrou and 
Kupek [40] 
(England 
and Scot-
land)

Not specified Not specified 178 Not reported Children with 
disability

Not specified HUI-3 Cross-sectional

 Rosenbaum 
et al. [42] 
(Canada)

Not specified GMFCSc 
levels I-V

203 13–20 years 
old

Parent/car-
egivers

111 male
92 female

HUI-3 Cross-sectional

 Young 
et al. [41] 
(Canada)

Not specified GMFCS levels 
I-V

129 13–17 years 
old

Children with 
CP parent/
caregivers

106 male
86 female

HUI-3 and 
AQoL-4D

Cross-sectional
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Reported utility values

Table 3 shows the reported utility values. The CI of utility 
values derived from TTO and SG was overlapping across 
each CP severity level and statistically significant differences 
were not reported [39]. Mean proxy-reported utility values 
measured by TTO and SG for mild CP were 0.88 (SD 0.19) 
and 0.87 (SD 0.20), respectively. Moderate CP vales were 
0.76 (SD 0.26) by TTO and 0.76 (SD 0.23) by SG, while 
severe CP vales were 0.55 (SD 0.33) by TTO and 0.60 (SD 
0.28) by SG.

Clinician-reported utility values for severe spasticity, 
derived from the HUI-2, were 0.40 (SD 0.11) at 1-year post-
intrathecal baclofen therapy pump implantation, 0.16 (SD 
0.05) at 6-week post-implantation and 0.13 (SD 0.6) in those 
who did not receive the treatment [38].

The mean proxy-reported utility value of children with 
CP was 0.28, while the mean disutility value was − 0.73 
[40]. The mean proxy-reported utility values, varied by CP 
severity stratified by the GMFCS were 0.84 (SD 0.20) for 
level I; 0.50 (SD 0.31) for level II; 0.39 (SD 0.21) for level 
III; 0.16 (SD 0.26) for level IV; and − 0.08 (SD 0.23) for 
level V [42].

Mean self-reported utility values derived from the HUI-3 
were 0.67 (SD 0.32) for GMFCS level I; 0.59 (SD 0.35) 
for level II; 0.43 (SD 0.39) for level III, 0.08 (SD 0.25) for 
level IV; and − 0.13 (SD 0.19) for level V. Mean utility val-
ues obtained from the AQoL-4D were slightly lower than 
the HUI-3 scores. The Australian-based AQoL-4D utility 
scoring algorithm was used, producing mean utility values 
of 0.58 (SD 0.31) for level I; 0.53 (SD 0.34) for level II; 
0.31 (SD 0.32) for level III, 0.06 (SD 0.12) for level IV; and 
− 0.01 (0.07) for level V [41].

Performance of generic MAUIs in measuring utility 
values in children with CP

Only the studies by Rosenbaum et al. [42] and Young et al. 
[41] contained adequate information to assess construct and 
convergent validity of the HUI-3 and AQoL-4D (Table 3). 
Construct validity in both studies referred to statistically 
significant different utility values across the spectrum of 
the GMFCS. Rosenbaum et al. [42] found that parent/car-
egiver-reported utility values varied significantly by GMFCS 
(p < .05). This implied that the HUI-3 had strong construct 
validity.

Young et al. [41], however, reported that the HUI-3 had 
moderate construct validity, as the GMFCS levels could 
explain only half (53%) of the variance in the HUI-3 utility 
scores. Moderate construct validity was also found for the 
AQoL-4D, with GMFCS levels explaining 45% of the vari-
ance in utility scores.

In terms of convergent validity, Rosenbaum and col-
leagues analysed the correlation between the utility scores 
measured by the HUI-3 and the HRQoL score measured by 
the Quality of Life Instrument for people with Developmen-
tal Disabilities. Weak correlation between the two measures 
was found, with an overall correlation coefficient of r = .28. 
The HUI-3 was also weakly correlated with some of the 
quality of life domains, including (i) ‘Being’ (r = .37); (ii) 
‘Belonging’ (r = .17); and (iii) ‘Becoming’ (r = .20). The 
coefficient of variation (r2) suggested that the HUI-3 utility 
values explained between 3% for ‘Belonging’ and 14% for 
‘Being’ in terms of score variance, indicating weak conver-
gent validity of HUI-3 against the Quality of Life Instrument 
for People with Developmental Disabilities.

The convergent validity in Young et al. [41] was assessed 
based on the correlation between the HUI-3 and AQoL-4D. 
Results showed that they were statistically highly correlated 
(Pearson r = .87, p < .001), suggesting strong convergent 
validity between these two generic MAUIs.

Discussion

Five studies measuring utility values in children with CP 
were reviewed. Measurement techniques varied, with direct 
methods used in one study and indirect methods in the 
remaining four studies. Utility values in children with CP 
ranged from − 0.08 for severe CP using the proxy-reported 
HUI-3 [42] through to 0.88 for mild CP using the SG in the 
general population with at least one child (the child may or 
may not have had a disability) [39].

Calculation of pooled utility values using meta-analysis 
was not appropriate, largely because none of the included 
studies met criteria for meta-analysis outlined in the “Meth-
ods” section [35]. Different utility valuation techniques and 
scoring algorithms can result in different utility values for a 
similar health state. A clear example of this was the Young 
et al. study, where the HUI-3 and AQoL-4D were compared 
[41]. While these two questionnaires had good convergent 
validity, there were differences between them. The HUI-3 
includes eight dimensions: vision, hearing, speech, ambu-
lation, dexterity, emotion, cognition and pain with four to 
six response levels [47], while the AQoL-4D contains four 
domains: independent living, relationships, mental health, 
and senses with four response levels [46]. Furthermore, the 
HUI-3 uses a scoring algorithm derived from the Canadian 
general population aged 16 years or older [48], while the 
AQoL-4D algorithm is derived from Australian adults aged 
18 years or older [49]. Hence, difference in reported utility 
values measured by these two MAUIs is likely due to their 
varying descriptive system and different cultural and demo-
graphic characteristics of the people who participated in the 
weighting exercise upon which the scoring algorithms are 
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based. The fact that various MAUIs produce different utility 
values in the same person is also well demonstrated in other 
published research [50].

The commonly used MAUIs may not capture important 
HRQoL domains for children with CP. Results from Rosen-
baum et al. [42] found that the HUI-3 weakly correlated with 
the Quality of Life Instrument for People with Development 
Disability. This weak convergent validity may be the result 
of two theoretically different constructs—functioning (e.g. 
vision, hearing, speech, ambulation, dexterity) in HUI-3 [47] 
and capabilities (e.g. Being, Belonging, Becoming) in the 
Quality of Life Instrument for People with Developmental 
Disability [51]. This is confirmed by a small coefficient of 
variation between the HUI-3 and the quality of life instru-
ment, particularly in the variance of “capability” domains. 
This suggests, when capability is the main outcome of inter-
est, the HUI-3 might not be a sensitive measure.

Different sources of utility valuation can lead to differ-
ent utility values, which relates to an important question, 
“Who should value health states?” This question underpins 
two important issues: (i) who should complete the question-
naires and (ii) whose values should be used in the utility 
scoring algorithm, particularly when MAUIs are adminis-
tered. Concerning the first issue, a child with CP may pro-
vide a more accurate valuation of their own health state if 
they are able to describe how CP affects their HRQoL and 
comprehend utility valuation methods. Varni et al. found 
that children as young as 5 years of age can accurately report 
their own HRQoL [52], but this might be challenging in 
children with CP who often have cognitive and/or language 
impairments. The validity of child self-report utility scoring 
remains questionable and proxy-report has been widely used 
in the literature [53, 54]. However, recent evidence found 
that parent-report scores are systematically lower than self-
reports of children with mobility impairment [55]. This 
finding highlights a form of bias associated with response 
type effect i.e. parents might be more pessimistic and do not 
allow for adaption to health states that children may exhibit, 
while the child with the disability may be more optimistic 
because of their ability to cope with the chronic health state. 
The parent-reported outcome appears to be valid for physical 
impairments and symptoms that can be observed, but might 
not be the case for subjective aspects e.g. pain [56].

Clinicians can also be useful proxies, as they recognise 
children’s conditions, symptoms and function, but they do 
not have contact with the child outside of the clinics [57]. 
Despite advantages and disadvantages of self- and proxy-
report utility values, there is no consensus as to who should 
report such values when the child may not be capable of 
self-report. None of the included studies in this review inves-
tigated the agreement nor difference of utility values rated 
by different types of respondent e.g. child with CP versus 
parents, parents versus clinicians.

In regard to the second issue of whose utility values 
should be used, this remains a debatable topic. One argu-
ment is that utility values should be derived directly from 
individuals who have the condition of interest, as they will 
be the recipient of the intervention being assessed. However, 
asking children to place value on their health state (using 
direct elicitation techniques) can be challenging. Ratcliffe 
et al. found many adolescents indicated that the direct utility 
valuation was difficult to do [58]. The opposing argument 
suggests that utility values should come from the general 
population because public healthcare services are mainly 
tax-funded [10]. Obtaining utility values from general popu-
lation, as employed in the study by Carroll and Downs [39], 
have been suggested as preferential by a number of reim-
bursement agencies i.e. the National Institute for Health and 
Care Excellence [59] and the Canadian Agency for Drugs 
and Technologies in Health [60]. Where the national guide-
lines are not available or not appropriate, then it is up to the 
evaluator to ensure that it is clearly specify whose value have 
been included in the valuation.

According to information reported in the included stud-
ies, the HUI-3 appeared to be a promising generic MAUI in 
children with CP with good discriminative properties when 
compared to the GMFCS. However, Livingston et al. argued 
that the correlation between the health-related quality of life 
measure and gross motor function was often contradictory, 
particularly when mobility domains did not consider mobil-
ity with the use of an assistive device such as a wheelchair 
[61]. Whitehurst et al. also reported the poor performance 
of the HUI-3 in wheelchair-bound individuals [62]. The per-
formance of generic MAUIs in CP in terms of responsive-
ness and reliability could not be assessed by the available 
information, largely because of the cross-sectional design 
employed in all five studies. Further research is required for 
robust application of the HUI-3 and other generic MAUIs 
in the children with CP population.

There are a number of challenges in deriving utility val-
ues in children that have been previously discussed in the 
literature, including (i) the absence of a health state classifi-
cation system that takes into account the dynamics of child 
growth and development; (ii) the lack of a health state clas-
sification system for use in children younger than 5 years; 
(iii) children’s limited cognitive ability to complete SG, TTO 
or MAUI questions; and (iv) the accuracy and reliability of 
proxy report on subjective domains such as emotion [57, 
63]. Although the HUI-3 was originally designed for adults 
[48], our review has shown that it is promising utility value 
measure in children with CP. However, it would be interest-
ing to explore whether a generic MAUI exclusively devel-
oped for children, such as the CHU-9D, is more appropriate 
in children with CP when compared with the HUI-3.

For certain diseases or conditions, where there is lim-
ited information available about the appropriateness of the 
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MAUIs in measuring utility values, Brazier et al. proposed 
two alternatives to enable utility valuation for CUA [64]. 
The first option refers to mapping scores from a condition-
specific measure onto a generic MAUI scale using regres-
sion techniques. If mapping cannot be conducted because 
of a weak correlation between the two measures, then the 
development of a condition-specific MAUI is the alternate 
solution. The development of a condition-specific MAUI can 
use either: (i) a sound psychometric methodology where a 
new instrument is developed “from scratch” or; (ii) items can 
be systematically selected from the available CP specific, 
non-MAUI measures to create a CP-specific health state 
classification system which can then be valued using one 
of the valuation techniques. To the best of our knowledge, 
neither mapping nor development of a condition-specific 
MAUI for CP has been reported in the scientific literature.

There are a few limitations associated with our review. 
This literature review did not consider grey literature and 
non-English studies; some utility valuations in children with 
CP could have been missed and may have led to selection 
bias. However, the exclusion of the grey literature can be off-
set by the fact that the published literature had gone through 
the peer-review process, which can facilitate methodological 
rigour and overall quality of the studies [63].

Conclusions

The number of studies measuring utility values of children 
with CP was small. Different utility values for similar health 
states were reported. These utility value discrepancies were 
affected by variation in methods and measures, the different 
conceptual frameworks applied in each MAUI, the applica-
tion of different utility score algorithms, the variations in 
the health state descriptions, and the types of respondents. 
Both direct and indirect valuation techniques were used, 
but indirect techniques are more commonly used in the CP 
context. Based on available evidence, the HUI-3 is a prom-
ising generic MAUI for use in children with CP, but can be 
insensitive to aspects of capability. Due to the cross-sec-
tional research approach employed in the past studies, per-
formance of generic MAUIs i.e. reliability and responsive-
ness in children with CP remains unknown. These findings 
highlight that the measurement of utility values in children 
with CP for economic evaluation requires further research 
to confirm the reliability, validity, and sensitivity of MAUIs 
in this population as well as exploration of other alternatives 
in measuring utility values for use in CUA.
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