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Abstract

Objective: The aim of this study is a head-to-head comparison of the instrument performance and responsiveness of
the EQ-5D-Y-3L and the expanded English version of the EQ-5D-Y-5L in children/adolescents receiving acute ortho-
paedic management in South Africa.

Methods: Children/adolescents aged 8-15 years completed the EQ-5D-Y-5L, EQ-5D-Y-3L, self-rated health (SRH)
question and PedsQL at baseline. The EQ-5D-Y-5L, EQ-5D-Y-3L and SRH question were repeated after 24 and 48 h. Per-
formance of the EQ-5D-Y-5L and EQ-5D-Y-3L was determined by comparing feasibility (missing responses), redistribu-
tion of dimensions responses, discriminatory power, concurrent validity, and responsiveness.

Results: Eighty-three children/adolescents completed baseline measures and seventy-one at all three time-points.
Reporting of 11111 decreased by 20% from the EQ-5D-Y-3L to the EQ-5D-Y-5L. Informativity of dimensions improved
on average by 0.267 on the EQ-5D-Y-5L with similar evenness. There was a range of 11-27% inconsistent responses
when moving from the EQ-5D-Y-3L to the EQ-5D-Y-5L. There was a low to moderate and significant association on the
EQ-5D-Y-3L and EQ-5D-Y-5L to similar items on the PedsQL and SRH scores. Percentage change over time was greater
for the EQ-5D-Y-5L (range 0-182%) than EQ-5D-Y-3L (range 0-100%) with the largest reduction for both measures
between 0 and 48 h. For those who respondents who showed an improved SRH the EQ-5D-Y-5L and EQ-5D-Y-3L
showed significant paired differences.

Conclusion: The English version of the EQ-5D-Y-5L appears to be a valid and responsive extension of the EQ-5D-Y-3L
for children receiving acute orthopaedic management. The expanded levels notably reduce the ceiling effect and has
greater discriminatory power. Concurrent validity of the EQ-5D-Y-3L and EQ-5D-Y-5L was low to moderate with similar
PedsQL items and SRH. The EQ-5D-Y-5L generally showed greater change than the EQ-5D-Y-3L across all dimensions
with the greatest change observed for 0-48 h. Responsiveness was comparable across the EQ-5D-Y-3L and EQ-5D-Y-
5L for those with improved SRH. Greater sensitivity to change may be observed on comparison of utility scores, once
preference-based value sets are available for the EQ-5D-Y-5L.
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Background

The measurement of self-reported health in children
and adolescents has been used increasingly in popula-
tion health surveys, clinical trials and for studies of rou-
tine health care [1]. The EQ-5D-Y has been widely used
to measure and value health in younger populations aged
8-15 years [2]. In the 18 years following its development
it was reported to have been registered for use in 586
studies [1], which has likely increased as it is now availa-
ble in over 50 language versions across multiple modes of
completion. It is anticipated that the use of the measure
in decision making will increase now that the first prefer-
ence-based value sets have been published [3, 4].

The advantages of the EQ-5D-Y includes the simplic-
ity of the descriptive system which measures health
across five dimensions and a general rating of health on
a visual analogue scale (VAS) of 0 (worst health) to 100
(best health) [2]. The dimensions include Mobility (walk-
ing about), Looking After Myself (washing and dressing),
doing Usual Activities (going to school, hobbies, sports,
playing, doing things with family or friends), having Pain
or Discomfort and feeling Worried, Sad or Unhappy. The
original youth version, EQ-5D-Y-3L, describes health on
three levels (no problems, some problems and a lot of
problems) which results in 243 (3°) health states [2, 5].
The three levels of report on this measure however seems
to limit its sensitivity to measuring health and change
in health across time. Thus, the response options of the
youth version, EQ-5D-Y, were recently expanded to five
levels [no/not, a little bit, some/quiet, a lot/really, can-
not/extreme(ly)], resulting in 3125 (5°) health states [6].
Expanding the response option on the EQ-5D-Y-3L has
generally shown improved performance in general pop-
ulation and patient populations with decreased ceiling
effect when compared to the expanded five level version,
EQ-5D-Y-5L[7-15].

A head-to-head comparison of responsiveness in pae-
diatric patients with idiopathic scoliosis, aged 8—17 years,
showed that the EQ-5D-Y-5L had comparable respon-
siveness to the EQ-5D-Y-3L [15]. The sample in this study
had largely (82.7%) unchanged health over the study
period thus decreasing the opportunity to determine
responsiveness. Evaluation of outcome post orthopaedic
management is becoming increasingly important consid-
ering the high burden on health care services with frac-
tures alone accounting for 10% of children presenting to
emergency medical services across Europe [16] with a
higher incidence in South Africa [17]. The current rec-
ommendation following a literature review by Marson
et al. [16] is that the EQ-5D-Y-3L and PedsQL should be
used to evaluate Health Related Quality of Life in ortho-
paedic treatment. The aim of this study was thus to inves-
tigate the feasibility, redistribution and discriminatory
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power of dimension responses, concurrent validity, and
responsiveness of the EQ-5D-Y-3L and the EQ-5D-Y-5L
in children and adolescents receiving acute orthopaedic
management.

Methods

Study design and participants

An observational, descriptive study with repeated meas-
ures for responsiveness was conducted. Children/adoles-
cents requiring acute medical treatment for a traumatic
or chronic congenital/acquired orthopaedic condition
were recruited from the inpatient wards of an acute ter-
tiary paediatric hospital and a specialist paediatric ortho-
paedic hospital. The majority of patients admitted to the
facility have surgical intervention for paediatric ortho-
paedic conditions which often requires serial correction
[18] or complex multi-level surgery [19, 20]. Those with
traumatic fractures are managed with surgical correction
and are admitted to the specialist orthopaedic hospital
for rehabilitation before discharge. For those with frac-
tures which are not amenable to surgery, are often man-
aged on traction. Both medical facilities place a strong
focus on physiotherapy with early rehabilitation and
mobilisation with aim for early discharge. The average
length of hospital stay is 7.8 days, children with complex
chronic orthopaedic conditions staying longer than those
with traumatic conditions.

All children/adolescents aged 8-15 years, who were
able to read and write English, at each facility were eli-
gible for the study. Only those who returned a signed
informed consent and assent were included in the study
and those who were medically unstable were excluded as
the research may have been too distressing. All the chil-
dren in the study requiring surgical management of their
orthopaedic condition, completed the baseline question-
naires after surgery. Responsiveness of the measures was
assessed with repeat measures after 24 and 48 h and it
was anticipated that there would be a decrease in report-
ing of having Pain or Discomfort and problems with
Mobility over this period of time before they were likely
discharged home. It was further anticipated that the
EQ-5D-Y-5L may be able to better discriminate between
small changes in health state which are likely to occur in
this patient group over short periods of time in the acute
setting and before discharge home. Considering the clini-
cal recovery of children post orthopaedic intervention it
was anticipated that there would be change in their con-
dition daily with the greatest change expected between
baseline and 48 h, with discharge soon thereafter. Most
children are expected to return to previous activities,
including school, within a fortnight of surgery [21]. Due
to the underlying chronic condition of some of those
receiving paediatric orthopaedic management and the
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serial nature of correction, responsiveness was not meas-
ured over a longer period of time as many other long-
standing factors may have affected their health state. As
some of those receiving orthopaedic management did
not have scheduled or elective orthopaedic management
data was not collected before and after treatment.

Instruments

EQ-5D-Y

The official self-report EQ-5D-Y-3L English version for
South Africa was used in this study. The experimental
EQ-5D-Y-5L English version for the United Kingdom
was tested for equivalence in English for South Africa
by the EuroQol group before it was used in this study.
This EQ-5D-Y-5L version was further tested for inter-
pretation of severity qualifiers with the rank order task
as described by Derrett et al. (2021). The three or five
levels of the descriptive system are expressed with a five-
digit code. For example, the EQ-5D-Y-3L health state
11223 describes someone with no problems with Mobil-
ity, no problems with Looking After Myself, some prob-
lems with doing Usual Activities, having some Pain or
Discomfort and feeling very Worried, Sad or Unhappy.
The best health state described by the instrument is
coded as 11111, describing ‘no problems’ in each of
the dimensions [22]. Although the EQ-5D-Y-3L has a
preference-based score the EQ-5D-Y-5L does not [3, 4].
As such a level sum score (LSS) was used to describe
the responses on the descriptive system where the level
labels are treated as numeric data with the best possible
score (1+1+4+1+1+1)=5 and the most severe score
for the EQ-5D-Y-3L is (34+3+3+3+3)=15. The other
health states will have a LSS ranging between 5 and 15,
with a larger score indicating a worse health state. EQ-
5D-Y-5L is similarly scored with a LSS ranging between
5 and 25 [23]. This is a crude measure with limitations
[24, 25] but gives some indication of the performance of
the dimensions between the EQ-5D-Y-3L and EQ-5D-Y-
5L. The adult value sets, EQ-5D-3L and EQ-5D-5L, were
not considered suitable for the youth instruments, EQ-
5D-Y-3L and EQ-5D-Y-5L, considering the differences in
descriptor systems [3, 4]. Thus, the LSS is likely to give
an indication of performance of the EQ-5D-Y-3L and
EQ-5D-Y-5L..

Pediatric Quality of Life Inventory (PedsQL) The 23 item
PedsQL Generic Core Scales for children aged 8—12 years
and 13-18 years were used as appropriate [26]. Both age
versions of the PedsQL consist of self-reporting on four
dimensions of functioning: physical, emotional, social,
and school with 8, 5, 5 and 5 items respectively. Each item
is scored on a Likert scale from 0 to 4 (never a problem
to almost always a problem). Items are reversed scored
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and transformed to a 0—100 scale: 0=100, 1=75, 2=50,
3=25,4=0. Dimension scores are calculated by a sum of
the item scores divided by the total number of items. A
total score is similarly generated by summing the dimen-
sion scores over the total number of dimensions giving
an overall Health Related Quality of Life (HRQoL) score.
Scores for scales with more than 50% missing data are
not computed. A higher PedsQL score indicates a better
HRQoL. The PedsQL is a profile measure which has been
utilised previously to explore the concurrent validity of
the EQ-5D-Y [7, 27-29].

Self-Rated Health (SRH) The Self-Rated Health (SRH)
question asks the child to describe their general health
today as: ‘excellent; ‘very good; ‘good; ‘fair’ or ‘poor’ This
will allow sub-group analysis of children according to
self-perceived general health and allow a yardstick against
which to measure improvement of health in responsive-
ness testing. This question has been shown to be a valid
measure of subjective health in children and adolescents
[30]. Furthermore, it was used as an outcome meas-
ure to test the validity and reliability of the EQ-5D-Y-3L
in a multi-national study [31]. The items were scored
numerically for data analysis with excellent scored 5 and
poor scored 1. For responsiveness testing if the score
between two time points was identical it was considered
unchanged (e.g. scored good health at 24 and 48 h). If the
score between time points was different it was classified
as either improved (e.g. if the score changed from poor
to fair/good/very good/excellent) or worsened (e.g. if the
score changed from very good to good/fair/poor). This
does not capture the magnitude of change but rather any
change in self-rated health.

Procedure

Ethics approval was obtained from the University of Cape
Town, Faculty of Health Sciences, Human Research Eth-
ics Committee (HREC 154_2019). The study was car-
ried out in accordance with the declaration of Helsinki
involving human participants [32] and the recommended
Covid precautions.

Children/adolescents aged 8-15 years admitted to
either of the acute inpatient hospital settings were
recruited during an onsite visit. The parent was consulted
telephonically or in person for consent and study-related
socio-demographic information for their child. The chil-
dren/adolescents were asked to self-complete the EQ-
5D-Y-5L, PedsQL, SRH and EQ-5D-Y-3L in that order.
The EQ-5D-Y-5L was presented first as Janssen et al.
(2008) found in the presentation of the adult measures
that if the three-level version was presented first the addi-
tional levels on the five level were not considered [33].
The two versions were further separated by the PedsQL
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and SRH to reduce bias. The participants who returned
the research packs at baseline were invited to complete a
second and third measure of the EQ-5D-Y-5L, SRH and
EQ-5D-Y-3L 24 and 48 h after baseline data collection to
determine responsiveness.

Data management and analysis

The sample size was powered to detect a difference in
proportions between two time points in the EQ-5D-Y-3L
and EQ-5D-Y-5L. It was anticipated that the effect size
between time periods would be small, i.e. 0.4. A mini-
mum total sample of 66 children was required to com-
plete the measure at each time point to ensure a power of
90% with a significance level of 0.05.

General performance and feasibility

The EQ-5D-Y responses and descriptive data were sum-
marised in terms of frequency of responses. The feasi-
bility was assessed by comparing the number of missing
values for the two EQ-5D-Y measures. The ceiling of the
EQ-5D-Y was defined as the proportion of children/ado-
lescents scoring no problems in a dimension or across
all five dimensions (11111). The floor effect is the pro-
portion of children/adolescents scoring the most severe
problems for a dimension or across all five dimensions
(55555/33333). The absolute reduction in proportion
scoring no problems or the most severe problems from
the 3L to the 5L was calculated and due to the small
number of respondents with an acute or chronic health
condition reporting 11111 and 55555/33333 a percentage
reduction was also calculated as (ceiling . 5p.y.5 - ceiling

£Q-5D-v-51)/ceiling g sp.y.a1-

Redistribution properties of the EQ-5D-Y-3L

to the EQ-5D-Y-5L

Paired dimension responses on the EQ-5D-Y-3L and
EQ-5D-Y-5L were assessed for inconsistency using cri-
teria established in previous studies comparing the adult
EQ-5D versions [33, 34]. A response pair was considered
inconsistent if the EQ-5D-Y-5L response was at least two
levels away from the EQ-5D-Y-3L response. To note the
youth version differed from the adult version in that level
3 on the EQ-5D-Y-3L is semantically equivalent to level 4
on the EQ-5D-Y-5L, and not level 5, thus the redistribu-
tion of level 3 (EQ-5D-Y-3L) was considered to redistrib-
ute to level 3, 4 or 5 on the EQ-5D-Y-5L. One expected
that a lot of problems on the EQ-5D-Y-3L (level 3 EQ-
5D-Y-3L), would redistribute to some problems (level 3
EQ-5D-Y-5L), a lot of problems (level 4 EQ-5D-Y-5L), or
cannot (level 5 EQ-5D-Y-5L) on the EQ-5D-Y-5L. Simi-
larly some problems (level 2 EQ-5D-Y-3L) would redis-
tribute to a little bit of problems (level 2 EQ-5D-Y-5L),
some problems (level 3 EQ-5D-Y-5L), or a lot of problems
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(level 4 EQ-5D-Y-5L) and no problems on (level 1 EQ-
5D-Y-3L) would redistribute to no problems (level 1 EQ-
5D-Y-5L), or a little bit of problems (level 2 EQ-5D-Y-5L).
The proportion of EQ-5D-Y-3L and EQ-5D-Y-5L dimen-
sion response pairs were calculated for comparison.

Discriminatory power

The Shannon Index (H’) and the Shannon Evenness
Index ()) were used to evaluate the discriminatory power
of the EQ-5D-Y-3L and EQ-5D-Y-5L dimensions in terms
of absolute and relative informativity [33, 35]. The Shan-
non H’ and J/ indices are defined as follows:

L

H = Zpi logyp; and J =
i=1

H/

/
HWI ax

where H' is the absolute amount of informativity, L is the
number of dimensions levels and p; is the proportion of
observations in the in the ith level where Y-3L has three
levels and Y-5L has five levels. A higher H' index reflects
that the descriptive system has captured more informa-
tion, the maximum H’index is 1.58 and 2.32 on the EQ-
5D-Y-3L and EQ-5D-Y-5L respectively. The Shannon
Evenness index (J') reflects the spread of the responses
across levels regardless of the number of levels included
in the descriptive system.

Concurrent validity

The concurrent validity of the dimension scores of the
EQ-5D-Y-3L and EQ-5D-Y-5L were compared to the
similar individual PedsQL items and sub-scale scores
using Spearman correlations (r,). PedsQL summary and
total scores were compared to EQ-5D-Y VAS and LSS
and SRH scores with the Pearson correlation co-efficient.
Correlation coefficients were interpreted according to
Cohen: 0.1-0.29 low association, 0.3-0.49 moderate
association and > 0.5 high association [36].

Responsiveness

Frequency and proportion of problems across the EQ-
5D-Y-3L and EQ-5D-Y-5L dimensions were presented at
baseline measurement (0), 24 h and 48 h later. Reporting
across dimensions was dichotomised into reporting of no
problems and reporting of any problems (level 2/3/4/5)
to calculate absolute reduction in reporting of any prob-
lems across time (0-24 h, 24—48 h, and 0-48 h). Mean
LSS and VAS scores were reported at each time point and
similarly compared across time with paired t-test.

The EQ-5D-Y-3L and EQ-5D-Y-5L dimension LSS
scores were presented as mean and standard devia-
tion (SD) at each time point and the mean difference
between time points (0-24 h, 24-48 h, and 0-48 h)
was analysed with paired t-test and Cohen’s d effect
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size and the 95% confidence interval (CI). This anal-
ysis was done for the total sample as well as those
who reported no change, improvement, or worsening
health on the self-rated health question. Effect size was
interpreted according to Cohen with 0.20, 0.50 and
0.80 indicating small, medium, and large effect sizes
respectively.

All data analyses were conducted using SPSS Win-
dows 27.0 (IBM SPSS Inc., Chicago, IL, USA) and Sta-
tistica Windows Version 13.0 (TIBCO Software Inc.,
Palo Alto, CA, USA).

Results

A total of 92 children/adolescents needing acute
orthopaedic management were eligible for recruit-
ment, nine caregivers were uncontactable to obtain
informed consent. A total of 83 children/participants
were enrolled and completed baseline data. Seventy-
eight completed the measures at 24 h and 71 at 48 h,
the other participants were discharged before comple-
tion of repeat measures.

The mean age of the children/adolescents across the
age groups was 11.5 years (SD 1.9). Sex of participants
was similarly distributed with 47% males. Majority of the
children/adolescents required surgical management for
correction of congenital or acquired lower limb ortho-
paedic conditions (61%) including but not limited to
Blount’s disease, Cerebral Palsy, Spina Bifida, Club Foot
and septic or psoriatic arthritis (Table 1). The minority
(29%) were admitted for surgical or conservative manage-
ment of Traumatic lower limb fractures, amputations, or
surgical correction of an upper limb fracture.

Table 1 Descriptive statistics of the sample
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Feasibility

There were no missing responses across the EQ-5D-Y-5L
or EQ-5D-Y-3L. The proportion of participants report-
ing a ceiling effect with no problems in each dimen-
sion (11111) showed a 20% relative reduction from the
EQ-5D-Y-3L to the EQ-5D-Y-5L (Table 2). The relative
reduction for dimensions was high and ranged from 36%
(Mobility) to 0% (doing Usual activities). Only two chil-
dren/adolescents reported the most severe health state
(33333/55555) for the EQ-5D-Y-3L and this reduced to
one for the EQ-5D-Y-5L. To note the floor of the EQ-
5D-Y-3L has a label of ‘a lot of problems’ which is equiv-
alent to level 4 on the EQ-5D-Y-5L as level 5 refers to
‘cannot’ or ‘extreme’ The number of children/adolescents
reporting the most severe problems across dimensions
was high for the dimensions of doing Usual Activities
and having Pain or Discomfort across both measures. The
reduction of reporting the most severe state was low with
the largest reduction shown for having Pain or Discom-
fort (63%). For the dimension of Mobility there was an
increase in reporting of the most severe problem on the
EQ-5D-Y-5L compared to the EQ-5D-Y-3L. There was no
significant difference in the proportion of ceiling or floor
effects between the EQ-5D-Y-3L and EQ-5D-Y-5L.

Redistribution properties of the EQ-5D-Y-3L

to the EQ-5D-Y-5L

The dimension of doing Usual Activities had many
inconsistencies (25%) which can be attributed to
reporting some problems on the EQ-5D-Y-3L and can-
not on the EQ-5D-Y-5L (Table 3). The inconsistency
across the other dimensions was more similar and
ranged from 12 to 17% (having Pain or Discomfort to

Traumatic orthopaedic conditions N=24

n %
Traumatic lower limb fracture 17 71
Traumatic amputation 17
Traumatic upper limb fracture 13
Congenital or acquired lower limb orthopaedic conditions N=51
Femoral osteotomy (4= de-rotation) 13 21
Blount’s correction 10 16
Other* 8 13
Correction of foot deformity 5 8
Osteitis/osteomyelitis 5 8
Tendon release/lengthening 4 7
Lower limb joint epiphysiodesis 3 5
Septic/psoriatic arthritis 3 5

N =83. *Other: Spinal surgery, arthrotomy, traction and Botox
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Table 2 Ceiling and floor effect for the EQ-5D-Y-3L and EQ-5D-Y-5L
EQ-5D-Y-3L EQ-5D-Y-5L Chi-square (p value) Absolute reduction Relative

(%) reduction

n % n % (%)

Ceiling effect

1 5 6 5 0.03 (p=1.00) 1 20

MOB 14 17 11 1.26 (p=0. 37) 6 36

LAM 51 61 49 59 0.10 (p=0.88) 2 4

UA 12 14 12 14 OOO( =1.00) 0 0

P/D 41 49 36 43 61 (p=0.54) 6 12

WsU 49 59 46 55 0.22 (p=0.75) 4 6

Floor effect

55555/33333 2 2 1 1 0.05 (p=1.00) 1 50

MOB 48 58 50 60 0(p=0.88) -2 —4

LAM 11 13 11 13 OOO( =1.00) 0 0

UA 48 58 48 58 0.00 (p=1.00) 0 0

P/D 8 10 4 243 (p=0.21) 6 63

WSU 7 8 2 0.13 (p=0.17) 6 71

N =83, MOB, Mobility; LAM, Looking After Myself; UA, doing Usual Activities; P/D, having Pain or Discomfort; WSU, feeling Worried, Sad or Unhappy

Table 3 Cross tabulation for the EQ-5D-Y-3L and EQ-5D-Y-5L dimension scores

EQ-5D-Y-3L EQ-5D-Y-5L Total inconsistent
responses n (%)

MOB no a little bit some alot cannot

No 7 5 1 0 1 10 (12%)

Some 1 12 2 1 5

Alot 1 1 1 1 44

LAM no a little bit some alot cannot

No 43 5 2 0 1 14 (17%)

Some 6 8 3 1 3

Alot 0 2 0 2 7

UA no a little bit some alot of cannot

No 0 1 2 1 21 (25%)

Some 4 3 3 10

Alot 3 1 6 37

P/D no a little bit some alot extreme

No 33 7 1 0 0 7 (8%)

Some 2 17 10 3 2

A lot 1 1 2 3 1

Wsu no a little bit quite really extreme

Not 39 8 1 0 1 10 (12%)

A bit 7 15 4 1 0

Very 0 1 1 4 1

N =83, bold and italicised indicates inconsistent responses
MOB, Mobility; LAM, Looking After Myself; UA, doing Usual Activities; P/D, having Pain or Discomfort; WSU, feeling Worried, Sad or Unhappy

Looking After Myself). For dimensions of Mobility this
is largely (12%) due to moving from some problems
on the EQ-5D-Y-3L to cannot on the EQ-5D-Y-5L.

For the dimension of Looking After Myself and feeling
Worried, Sad and Unhappy this is largely attributed
to moving from some problems on the EQ-5D-Y-3L to
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no problems on the EQ-5D-Y-5L (17% and 8% respec-
tively). Most respondents remain at the ceiling “no
problem” (Looking After Myself, having Pain or Dis-
comfort and feeling Worried Sad or Unhappy) or at the
floor “a lot” and “cannot or extreme” (Mobility and
doing Usual Activities) for both the EQ-5D-Y-3L and
EQ-5D-Y-5L.

Discriminatory power

Informativity of dimensions improves across all dimen-
sions on the EQ-5D-Y-5L compared to the EQ-5D-Y-3L
with an average improved of 0.267 with similar evenness
(Table 4). Having Pain or Discomfort and doing Usual
Activities showed the greatest difference in spread of
information between the EQ-5D-Y-3L and EQ-5D-Y-5L.

Concurrent validity

There were missing responses from six respondents on
the PedsQL scale, one of which did not complete any of
the PedsQL items and were excluded from analysis. The
missing item responses ranged from 1-3 across items.
It was anticipated that items with similar constructs,
would have a moderate to high correlation of>0.30 [37].
Due to the difference in descriptive systems between the
EQ-5D-Y and PedsQL items that were hypothesised to
have a moderate to high correlation are shaded. Table 5
shows that the EQ-5D-Y-5L and EQ-5D-Y-3L had simi-
lar low to moderate association with similar items on
the PedsQL generic measure except for feeling Worried,
Sad or Unhappy and doing Usual Activities. Neither the
EQ-5D-Y-5L nor the EQ-5D-Y-3L were associated with
items of sad or worried on the PedsQL. Table 6 shows
the concurrent validity of the VAS and EQ-5D-Y-5L and
EQ-5D-Y-3L LSS with the PedsQL scores and Self-rated
health scores. The EQ-5D-Y-5L and EQ-5D-Y-3L LSS
scores showed a low association with the Physical Health
PedsQL score whereas there was weak association with
the PedsQL emotion sub-score and the SRH score.
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Responsiveness

Table 7 shows the absolute difference in the reporting of
“any problems” was generally higher on the EQ-5D-Y-
5L than the EQ-5D-Y-3L across dimensions. The largest
difference was seen between baseline and 48 h on both
measures. The difference in reporting any problems was
smaller for 24-48 h compared to 0-24 h on the EQ-
5D-Y-5L andEQ-5D-Y-3L, with the exception of having
Pain or Discomfort on the EQ-5D-Y-3L.. The greatest
change in reporting of problems was seen for Mobility
across both measures. The EQ-5D-Y-5L and EQ-5D-Y-3L
had similar performance with change over the three time
periods with an increase in reporting of no problems and
decrease in reporting of problems on individual levels.
The VAS score showed significant differences between
0-24 h and 0-48 h.

Paired differences between time periods (0-24, 24—48
and 0-48 h) are significant for the total sample on the
EQ-5D-Y-5L LSS and all time periods except for 24—48 h
for the EQ-5D-Y-3L LSS (Table 8). For those respond-
ents who reported an improvement in their SRH the EQ-
5D-Y-5L and EQ-5D-Y-3L LSS showed significant paired
differences with moderate to high effect sizes which were
greater for the EQ-5D-Y-5L than EQ-5D-Y-3L. For those
who reported no change in SRH the EQ-5D-Y-5L and
EQ-5D-Y-3L similarly recorded some differences with
small to medium effect size. The difference in EQ-5D-Y-
5L nor EQ-5D-Y-3L were significantly different for those
who reported worsened health over time.

When comparing those with unchanged and
improved SRH those with improved health had a signif-
icantly larger LSS (better health state) on both the EQ-
5D-Y-5L and EQ-5D-Y-3L LSS between baseline and
24 h (Table 9). The health state was greater for those
with improved health across the other time points too
except for the EQ-5D-Y-5L at 2448 h. For those with
unchanged versus worsened the health state was better
for EQ-5D-Y-5L at 0-24 and 0-48 h but significantly
worse at 24—48 h. For the EQ-5D-Y-3L LSS the health
state was worse than those with worse SRH score

Table 4 Shannon Index (H) and Shannon Evenness Index (J') for the EQ-5D-Y-3L and EQ-5D-Y-5L dimensions

EQ-5D-Y-5L EQ-5D-Y-3L Difference in H’ Differencein J’
H’ J H’ y

MOB 1.114 0.164 0.965 0.163 0.149 0.001

LAM 1.177 0.233 0915 0.245 0.262 —0.012

UA 1.242 0.169 0.952 0.165 0.290 0.004

P/D 1.324 0.223 0.939 0.283 0.385 —0.060

WSU 1.135 0.150 0.885 0.123 0.250 0.027

average difference 0.267 —0.008

N =283, MOB, Mobility; LAM, Looking After Myself; UA, doing Usual Activities; P/D, having Pain or Discomfort; WSU, feeling Worried, Sad or Unhappy
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Table 5 Spearman Correlation of EQ-5D-Y-5L and EQ-5D-Y-3L dimension scores and PedsQL item and sub-scale scores

PedsQL EQ-5D-Y-5L EQ-5D-Y-3L
MOB  LAM UA P/D WSU MOB  LAM UA P/D wsu

Hard to walk; 100 m —0.69" —024° -035" —014 —019 —0.59" —015 —025 —002 —0.12
Hard to run —029" 003 -031" —0134 —003 —032" 006 —025 00] 0.11
Hard to participate in sport / exercise -031" —001 —018 —008 —021 —028 006 —028 005 —001
Hard to lift something heavy —-026 —015 —016 —010 —005 —022 —015 —020 —007 0.06
Hard to bath / shower myself —-016 —050" —000 —015 —019 -0.30" —0.35" —015 —023° —0.13
Hard to do household chores —023° —041" —006 —021 —011 —017 -038" —002 —0.16 0.10
Pain or aches —004 —011 009 —0.53" —009 —013 —021 022 —0.44" —004
Low energy levels —007 —020 005 —015 —005 —016 —018 —017 —026 0.02
Physical Health Summary Score —0.45" —036" —018 —026 —017 —047" —028 —021 —020 0.02
Afraid or scared —027" -015 0.06 004 —023" —024" —011 002 001 —017
Sad 0013 005 0.17 011 =012 —003 0.09 012 010 —0I13
Angry —000 —006 0.21 0.06 008 000 —003 017 005 =012
Trouble sleeping —006 —003 005 —022 —006 —018 —003 007 —021 —008
Worry about what will happen to me -016 =002 —005 0.02 —004 —0.12 0.09 —-006 —-010 —0719
Emotional sub-score —-0.16 —0.06 0.14 —006 —012 —022" —003 006 —0.11 —021
Trouble getting along with other kids/teenagers ~ —0.00 0.06 —0.06 0.09 —0.02 0.13 0.03 0.06 0.14 0.12
Other kids/teenagers do not what to be my friend —002  —005 —0.07 0.02 —0.10 0.09 —-005 —005 0.01 —-003
Other kids/teenagers tease me -022 -035" —009 -029" —015 —014 -033" —017 -030" —0.19
Cannot do things others my age can do —-003 —004 0.05 0.16 —0.11 0.00 0.03 —0.08 0.13 0.06
Hard to keep up with others —002 008 —002 023" —008 —001 011 —006 0327 012
Social sub-score —009 —010 —005 010 —015 000 —008 —008 013 0.05
Hard to pay attention in class 0.09 —0.01 0.12 0.03 —0.05 0.05 0.02 002 —-009 —005
Forget things —017 =002 —001 002 —008 —024" —008 —013 —003 —006
Trouble keeping up with my schoolwork —005 =009 —001 0.00 —011 —=018 —0.11 —-0.17 0.06 —0.11
Miss school because of not feeling well 0.11 0.03 0.02 0.10 —-0.19 0.08 0.00 0.04 0.08 —0.11
Miss school to go doctor or hospital 0093 —-0.12 0.20 0.13 —0.01 0.03 —0.03 0.11 0.05 0.00
School sub-score —008 —008 0.04 010 —016 —014 —008 —009 006 —0.16

N =82, * p<0.05 and **p <0.001 (2-tailed). Cells in bolditalic and italic were hypothesised to have a moderate to high correlation are shaded. Bolded correlations have
a moderate association > 0.30, correlations are negative as a higher PedsQL score indicates a better HRQoL. MOB, Mobility; LAM, Looking After Myself; UA, doing Usual
Activities; P/D, having Pain or Discomfort; WSU, feeling Worried, Sad or Unhappy

Table 6 Summary of concurrent validity with the PedsQL summary and sub-scores, Self-rated health and EQ-5D-Y VAS scores with
Pearson Correlation

PedsQL Self-rated Health
Total Summary Scores
Physical Psychosocial Psychosocial sub-scores
Emotional Social School
VAS —024" —042" —0.09 —0.10 —0.10 0.00 —027
EQ-5D-Y-5L LSS 0.20 025 0.13 022 —007 0.10 0317
EQ-5D-Y-3L LSS 0.20 025" 0.13 022" —003 0.07 0.40%*

N =282, *p<0.05 and **p <0.001 level (2-tailed). Cells shaded in grey have a moderate association >0.30, A higher LSS indicated a worse health state. VAS, Visual
Analogue Scale; LSS, Level Sum Score; GP, General Population
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Table 8 Paired differences of EQ-5D-Y-3L and EQ-5D-Y-5L Level Sum Score (LSS) at baseline, 24 h and 48 h

Baseline LSS 24 h LSS Paired differences
Mean (SD) Mean (SD) Mean (SD) p Effect Size (95% ClI)
All(n=77)
EQ-5D-Y-5L 13.64 (3.93) 12.36 (3.89) 1.27 (3.01) <0.001 0.43(0.19, 0.66)
EQ-5D-Y-3L 9.55(2.21) 8.77 (2.05) 0.78 (1.93) <0.001 0.40(0.17,0.64)
No change (n=43)
EQ-5D-Y-5L 13.56 (3.57) 12.79(3.18) 0.67 (2.83) 0.126 0.24 (= 0.07,0.54)
EQ-5D-Y-3L 942 (2.28) 8.84 (1.80) 0.58 (1.78) 0.038 0.33(0.02,0.63)
Improve (n=22)
EQ-5D-Y-5L 13.82 (4.54) 11.09 (4.42) 2.73(2.91) <0.001 0.94 (0.42,1.43)
EQ-5D-Y-3L 10.00 (1.98) 845 (2.37) 1.55 (2.30) 0.005 0.67(0.20, 1.13)
Worsen (n=12)
EQ-5D-Y-5L 13.58 (4.32) 12.83 (4.59) 0.75(3.11) 0421 0.24 (—0.34,0.81)
EQ-5D-Y-3L 9.17 (2.44) 9.08 (2.39) 0.08 (1.31) 0.830 0.06 (—0.50, 0.63)
24 h LSS 48 h LSS
All(n=71)
EQ-5D-Y-5L 12.38(3.79) 11.51(3.76) 0.87 (3.15) 0.022 0.28 (0.04,0.51)
EQ-5D-Y-3L 8.82(2.00) 8.51(1.97) 0.31(1.70) 0.128 0.18 (—0.05,041)
No change (n=42)
EQ-5D-Y-5L 13.62 (4.22) 12.55(3.83,0.59) 1.07 (3.10) 0.031 0.35(0.03,0.66)
EQ-5D-Y-3L 9.50(2.17) 890 (1.97) 0.60 (1.98) 0.058 0.30 (—0.01,061)
Improve (n=20)
EQ-5D-Y-5L 13.30 (4.18) 12.20 (3.74) 1.10 (2.92) 0.108 0.38 (—0.08,0.82)
EQ-5D-Y-3L 9.20 (2.44) 8.60 (2.06) 0.60 (1.76) 0.144 0.34(—0.11,0.79)
Worsen (n=29)
EQ-5D-Y-5L 12.00 (4.12) 13.22 (4.49) —1.22(3.70) 0.351 —0.33(—0.99,0.35)
EQ-5D-Y-3L 8.89 (2.09) 9.22 (1.92) —033(1.12) 0.397 —0.30(—0.96,0.38)
Baseline LSS 48 h LSS
All(n=71)
EQ-5D-Y-5L 13.56 (4.01) 851(1.97) 5.06 (3.45) <0.001 146 (1.12,1.79)
EQ-5D-Y-3L 9.58 (2.19) 8.51(1.97) 1.07 (2.08) <0.001 0.52(0.26,0.76)
No change (n=32)
EQ-5D-Y-5L 13.66 (3.21) 11.84 (3.49) 1.81(341) 0.005 0.53(0.16, 0.90)
EQ-5D-Y-3L 9.69(1.75) 8.81(1.96) 0.88(2.11) 0.025 0.42(0.05,0.77)
Improve (n=29)
EQ-5D-Y-5L 13.69 (4.89) 11.34 (3.88) 2.35(3.78) 0.002 0.62(0.22,1.01)
EQ-5D-Y-3L 9.55 (2.47) 8.17 (1.98) 1.38(2.13) 0.002 0.65 (0.24, 1.05)
Worsen (n=10)
EQ-5D-Y-5L 12.90 (3.81) 10.9 (4.53) 2.00 (3.68) 0.120 0.54(—0.13,1.20)
EQ-5D-Y-3L 9.30 (2.75) 8.50(2.01) 0.80(1.93) 0.223 041 (—0.24,1.05)

Calculated using EQ-5D-Y-3L/ EQ-5D-5L level sum scores (LSS), a higher score indicates a worse health state, LSS, level sum score; SD, standard deviation; Cl,
Confidence Interval

at 0-24 h, 24-48 h but better at 0-48 h. Those with  Discussion

improved SRH had a slightly higher LSS (worse SRH)  The aim of this study was to investigate the feasibility
than those with worsened SRH on the EQ-5D-Y-5L and  (missing responses), redistribution and discriminatory
EQ-5D-Y-3L at all three time points. power of dimension responses, concurrent validity, and
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Table 9 Change in EQ-5D-Y-5L and EQ-5D-Y-3L level sum scores (LSS) over time and between unchanged, improve or worsened self-

rated health

Change in EQ-5D-Y-5L LSS

Change in EQ-5D-Y-3L LSS

Mean difference (95% Cl) p value Effect size Mean difference (95% Cl) pvalue Effectsize

Baseline—24 h

Unchanged vs Improved ~ —2.05 (—3.55, —0.55) 0.008 0.72(0.19,1.24) —0.96 (1.99,0.07) 0.066 049 (—0.33,0.10)
Unchanged vs worsened  —0.76 (—1.97,1.82) 0.937 —0.26 (= 0.66,0.61) 0.50 (—0.61,1.60) 0.371 0.30 (—0.35,0.94)
Improve vs worsened 1.98 (—0.20,4.16) 0.074 0.66 (—0.64, 1.38) 146 (—0.01, 2.94) 0.052 0.72 (—0.01, 1.44)
24-48 h

Unchanged vs Improved 041 (—1.59,1.67) 0.961 0.01(=0.52,055 —0.14(—1.1,0.82) 0.767 —0.08 (—0.61,045)
Unchanged vs worsened 241(0.30,4.53) 0.026 0.84 (0.99, 1.58) 0.69 (—0.50, 1.88) 0.025 043 (—0.30, 1.15)
Improve vs worsened 237 (—061,5.36) 0.115 0.65(—0.16,145)  0.833(—0.33,1.00) 0.235 049 (—0.31,1.28)
Baseline—48 h

Unchanged vs Improved  —0.67 (—2.52,1.19) 0475 —0.18(—068,032) —052(—161,057) 0.343 —0.24(—=0.75,0.26)
Unchanged vs worsened  —0.44 (—2.56, 1.69) 0.681 —0.12(—=0.69,045) —0.64(—1.84,0.56) 0.288 —0.31(—0.89,0.26)
Improve vs worsened 0.34 (—=245,3.14) 0.804 0.09 (—0.63,0.81) 0.58 (—=0.97,2.13) 0453 0.28 (—045,0.10)

Calculated using EQ-5D-Y-3L/5L level sum scores (LSS), a higher score indicates a worse health state

responsiveness of the EQ-5D-Y-3L and the EQ-5D-Y-5L.
Children/adolescents receiving acute orthopaedic man-
agement were considered a suitable population for com-
parison of the EQ-5D-Y-3L and EQ-5D-Y-5L as they were
likely to report problems across all dimensions and show
improvement from baseline testing to 48 h after which
they were likely to be discharged. Furthermore, the adult
measure was shown to have good psychometric proper-
ties in orthopaedic patient groups [38—40].

The distribution of scores across levels was greater in
this sample with more acute health conditions for the
EQ-5D-Y-5L than the EQ-5D-Y-3L as evident with the
reporting of the Shannon J’ index [7, 14, 15]. As such the
reporting of ceiling (11111) and floor (33333/55555) were
very low (<6%) across the EQ-5D-Y-5L and EQ-5D-Y-3L
with no significant differences between versions. At an
individual dimension level there was however a decrease
in reporting of no problems on the EQ-5D-Y-5L. As
anticipated, this was most notable for the dimension of
mobility (36% relative reduction) with most children
experiencing management for lower limb orthopaedic
conditions. Similarly high relative reduction in report-
ing of most severe problems in having Pain or Discomfort
(63%) and feeling Worried, Sad or Unhappy (71%) was
observed. Surprisingly the reporting of most severe prob-
lems in Mobility increased for the EQ-5D-Y-5L compared
to the EQ-5D-Y-3L and could possibly be due to the more
definitive wording of ‘cannot’ on the EQ-5D-Y-5L com-
pared to ‘a lot’ on the EQ-5D-Y-3L. This was similarly
observed with the high redistribution of scores across
the other five levels with many respondents moving
from ‘some problems’ to ‘cannot’ for dimensions of doing
Usual Activities and Mobility.

Although it is unclear why respondents gave incon-
sistent responses for the dimension of Usual Activities it
may be attributed to consideration of different examples
given for this dimension, these may have further been
influenced by answering the PedsQL between the EQ-
5D-Y-5L and EQ-5D-Y-3L. Moving from ‘some problem’
on the EQ-5D-Y-3L to ‘no problems’ on the EQ-5D-Y-5L
for dimensions of feeling Worried, Sad or Unhappy and
Looking After Myself is not as clear but may be due to an
order effect with answering the EQ-5D-Y-3L after the
EQ-5D-Y-5L, PedsQL and SRH. The reduction in ceil-
ing effect was not significant in moving from the EQ-
5D-Y-3L to the EQ-5D-Y-5L the increased use of levels
on the EQ-5D-Y-5L improved its discriminatory power
with increased complexity (as suggested by the incon-
sistent responses). Furthermore, moving from level 3 (a
lot) on the EQ-5D-Y-3L to level 5 (cannot), rather than
the semantically equivalent level 4, on the EQ-5D-Y-5L
indicates that the new level “cannot” on the EQ-5D-Y-5L
is needed. This difference in wording of the most severe
level between the EQ-5D-Y-3L and EQ-5D-Y-5L further
poses a challenge for the interpretation of inconsistency
as the level 3 on the EQ-5D-Y-3L semantically maps to
level 3, 4 or 5 on the EQ-5D-Y-5L. On assessment of the
adult versions mapping from level 3 on the EQ-5D-3L
would be inconsistent if mapped to level 3 on the EQ-
5D-5L, this would increase the inconsistencies between
the two youth versions.

The discriminatory power of the EQ-5D-Y-5L showed
a large improvement with the expanded levels of the
EQ-5D-Y-5L compared to the EQ-5D-Y-3L (average
H’'=0.267). This was larger than the average difference
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reported by Verstraete et al. [7] in those receiving acute/
chronic medical care and the general population (average
H’'=0.094) or by Wong et al. [14, 15] for those with idi-
opathic scoliosis (average H'=0.024). The evenness of the
distribution of responses on the EQ-5D-Y-5L was retained
with a low difference in index scores (J' = —0.008).

Marson et al. [16] recommended that EQ-5D-Y or the
PedsQL be used to measure quality of life in children with
fractures, the latter due to its performance in children
with cancer. The results of this study however show that
there is only low to moderate correlation between EQ-
5D-Y-3L and EQ-5D-Y-5L dimension scores and similar
PedsQL items. The physical health items showed associa-
tion as expected given the impact of orthopaedic inter-
vention (mostly lower limb) on mobility. However, the
correlations in the emotion, social and school sub-scales
was poor despite reporting problems with both doing
Usual Activities and feeling Worried, Sad and Unhappy
on the EQ-5D-Y-3L and EQ-5D-Y-5L. This could be
attributed to the fact that the recall period of “Today’ on
the EQ-5D-Y-3L and EQ-5D-Y-5L is more appropriate
for those receiving acute medical management than the
longer recall period of the PedsQL [41]. This could fur-
ther indicate the complementary item structure of the
EQ-5D-Y-3L/EQ-5D-Y-5L and PedsQL.

Although the absolute difference in reporting of prob-
lems across dimensions is not able to discriminate
between the magnitude and/or direction of change in
the EQ-5D-Y-5L and EQ-5D-Y-3L dimensions it gives an
indication of change for comparison between the meas-
ures. As such the EQ-5D-Y-5L and EQ-5D-Y-3L had
similar performance of change over time with increase
in reporting of no problems and decrease in report of
problems across time periods, most notably for the long-
est time period of 0-48 h. The EQ-5D-Y-5L generally
showed greater change than the EQ-5D-Y-3L across all
dimensions. As anticipated with acute surgical or medi-
cal intervention the greatest change in problems was
seen on the EQ-5D-Y-5L and EQ-5D-Y-3L for dimen-
sion of Mobility, [38]. This change was supported with a
paired difference of the LSS across time periods which
similarly showed greater differences between 0-24 h and
0-48 h. The difference was significant and large for those
who had improved SRH between 0-24 h and 0-48 h.
Despite reporting no change in SRH there was a signifi-
cant, medium improvement in LSS for the EQ-5D-Y-5L
and EQ-5D-Y-3L for those with unchanged SRH. This
could be due to the fact that the SRH question used was
not sensitive enough to change in health state or that
the LSS overestimated this improvement for the group
who reported unchanged SRH. As anticipated no signifi-
cant change was detected for those with worsened self-
reported health.
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When comparing those with unchanged and improved
SRH those with improved health showed a significantly
better health state on the EQ-5D-Y-5L and EQ-5D-Y-
3L LSS between 0 and 24 h. It was expected that those
who reported worse SRH score would have a higher LSS
(worse health state) than those who had a SRH show-
ing improvement [15]. Counterintuitively those with
improved SRH had a slightly higher LSS (worse SRH)
than those with worsened SRH on the EQ-5D-Y-5L and
EQ-5D-Y-3L at all three time points. This could be that
the SRH was not sensitive to interpret the change over
time and/or that the health of the children fluctuated too
much during the acute period [42].

Study limitations

The assessment of feasibility of the EQ-5D-Y-3L and EQ-
5D-Y-5L was limited to missing responses and no data
was collected on completion time, qualitative assessment
or participant preferences. Furthermore, the generalis-
ability of the responsiveness results is limited as data is
not collected before and after intervention [43] but rather
over time in an acute facility. The heterogeneity of the
orthopaedic group, including non-elective management
did not allow for pre- and post- intervention data collec-
tion. The responses may have been influenced by recall
bias with either the best, worst or average health state
selected for the specified time period [44]. This could
further have impacted on the responsiveness results if
the recall was not consistently considered across repeat
measures. Furthermore, a recalibration response shift
may have further biased the results where the respond-
ent’s point of view has changed [44].

Conclusion

The English version of the EQ-5D-Y-5L is a valid and
responsive extension of the EQ-5D-Y-3L for children/
adolescents receiving acute orthopaedic intervention.
The expanded levels reduce the ceiling effect and floor
effect on the EQ-5D-Y-3L, most notably ceiling effect
was reduced, although not significantly, for dimensions
of Mobility and floor effect in dimensions of having Pain
or Discomfort and feeling Worried, Sad or Unhappy. The
relative informativity of report across the dimensions
has increased on the EQ-5D-Y-5L compared to the EQ-
5D-Y-3L with retention of the evenness of reporting. The
concurrent validity of the EQ-5D-Y-5L was comparable
to the EQ-5D-Y-3L. The EQ-5D-Y-5L generally showed
greater change than the EQ-5D-Y-3L across all dimen-
sions with the greatest change observed for 0-48 h.
Responsiveness was comparable across the EQ-5D-Y-3L
and EQ-5D-Y-5L for those with improved SRH. Greater
sensitivity to change may be observed on comparison
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of utility weights, once preference-based value sets are
available for the EQ-5D-Y-5L.

Abbreviations

LAM: Looking after myself; MOB: Mobility; P/D: Having pain or discomfort; Ped-
sQL: Pediatric Quality of Life Inventory; SRH: Self-Rated Health; UA: Doing usual
activities; WSU: Feeling worried, sad or unhappy.

Acknowledgements
None.

Authors’ contributions

JV contributed towards the funding application, proposal development,
conception and design of the study, ethical submission, data collection, data
analysis and final write up. SDP and ZM contributed towards the conception
and final write up of the research. DS contributed towards the proposal devel-
opment, conception and design of the study, ethical submission, data collec-
tion and final write up. All authors read and approved the final manuscript.

Funding
EuroQol Research Foundation Project EQ20180730.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent for publication

Ethics approval was obtained from the University of Cape Town, Faculty of
Health Sciences, Human Research Ethics Committee (HREC 154_2019). No
identifying information has been included in this manuscript. All participants
consented to the publication of the analysed data.

Competing interests

JVand DS are members of the EuroQol Research Foundation. This did not
influence the reporting of the research study. The views expressed by the
authors in the publication do not necessarily reflect the views of the EuroQol
Group.

Author details

1Department of Paediatrics and Child Health, Division of Pulmonology, Cape
Town, South Africa. 2Department of Paediatrics and Child Health, Orthopaedic
Surgery, Cape Town, South Africa. *Division of Physiotherapy, Maitland Cottage
Hospital, Cape Town, South Africa. *Faculty of Health and Rehabilitation Sci-
ences, Division of Physiotherapy, Cape Town, South Africa.

Received: 11 December 2021 Accepted: 8 February 2022
Published online: 17 February 2022

References

1. Kreimeier S, Greiner W. EQ-5D-Y as a health-related quality of life instru-
ment for children and adolescents: the instrument 's characteristics,
development, current use, and challenges of developing its value set.
Value Health. 2019;22(1):31-7.

2. Wille N, Badia X, Bonsel G, Burstrém K, Cavrini G, Devlin N, Egmar AC,
Greiner W, Gusi N, Herdman M, Jelsma J, Kind P, Scalone L, Ravens-
Sieberer U. Development of the EQ-5D-Y: a child-friendly version of the
EQ-5D. Qual Life Res. 2010;19(6):875-86.

3. Prevolnik Rupel V, Ogorevc M, Greiner W, Kreimeier S, Ludwig K,
Ramos-Goni JM. EQ-5D-Y value set for Slovenia. Pharmacoeconomics.
2021,39(4):463-71.

4. ShiroiwaT, Ikeda S, Noto S, Fukuda T, Stolk E. Valuation survey of EQ-5D-Y
based on the international common protocol: development of a value
set in Japan. Med Decis Mak. 2021;41(5):597-606.

20.

21.

22.
23.

24.

25.

26.

27.

28.

Page 13 of 14

EuroQol Research Foundation. EQ-5D-Y User Guide. EuroQol Research
Foundation 2020. 2020;(September):1-20.

Kreimeier S, Astrom M, Burstrom K, Egmar AC, Gusi N, Herdman M, Kind
P, Perez MA, Wolfgang S. EQ-5D-Y-5L : developing a revised EQ-5D-Y with
increased response categories. Qual Life Res. 2019,28:1951-61.
Verstraete J, Amien R, Scott D. Comparing Measurement Properties of the
English EQ-5D-Y Three-Level Version with the Five-Level Version in South
Africa. Preprints 2022, 2022010285. https://doi.org/10.20944/preprints2
02201.0285.v1

Fitriana TS, Purba FD, Rahmatika R, Muhaimin R, Sari NM, Bonsel G, Stolk
E, Busschbach JJV. Comparing measurement properties of EQ-5D-Y-

3L and EQ-5D-Y-5L in paediatric patients. Health Qual Life Outcomes.
2021;19:1-12.

Pérez-Sousa MA, Olivares PR, Ramirez-Vélez R, Gusi N. Comparison of the
psychometric properties of the EQ-5D-3L-Y and EQ-5D-5L-Y instruments
in Spanish children and adolescents. Value Health. 2021;24:1799-806.

. Zhou W, Shen A, Yang Z, Wang P, Wu B, Herdman M, Luo N. Patient-

caregiver agreement and test-retest reliability of the EQ-5D-Y-3L and
EQ-5D-Y-5L in paediatric patients with haematological malignancies. Eur
JHealth Econ. 2021;22:1103-13.

. PeiW, Yue S, Zhi-Hao Y, Ruo-Yu Z, Bin W, Nan L. Testing measurement

properties of two EQ-5D youth versions and KIDSCREEN-10 in China. Eur J
Health Econ. 2021;22:1083-93.

. Krig S, Astrém M, Kulane A, Burstrém K. Acceptability of the health-

related quality of life instrument EQ-5D-Y-5L among patients in child
and adolescent psychiatric inpatient care. Acta Paediatr Int J Paediatr.
2021;110(3):899-906.

. Astrom M, Astrom M, Astrém M, Krig S, Ryding S, Cleland N, Cleland N,

Rolfson O, Rolfson O, Burstrom K, Burstrém K, Burstrom K. EQ-5D-Y-5L
as a patient-reported outcome measure in psychiatric inpatient care
for children and adolescents—a cross-sectional study. Health Qual Life
Qutcomes. 2020;18(1):1-14.

. Wong CKH, Cheung PWH, Luo N, Cheung JPY. A head-to-head compari-

son of five-level (EQ-5D-5L-Y) and three-level EQ-5D-Y questionnaires in
paediatric patients. Eur J Health Econ. 2019;20(5):647-56.

. Wong CKH, Cheung PWH, Luo N, Lin J, Cheung JPY. Responsiveness of

EQ-5D Youth version 5-level (EQ-5D-5L-Y) and 3-level (EQ-5D-3L-Y) in
patients with idiopathic scoliosis. Spine. 2019;44(21):1507-14.

. Marson BA, Craxford S, Deshmukh SR, Grindlay JC, Manning BJ, Ollivere

BJ. Quality of patient-reported outcomes used for quality of life, physical
function, and functional capacity in trials of childhood fractures. Bone
Joint J. 2020;102-B(12):1599-607.

. Mughal MA, Dix-Peek S, Hoffman EB. The epidemiology of femur shaft

fractures in children. SA Orthop J. 2013;12(4):23-7.

. White C, Dix-Peek S, van Huyssteen AL, Hoffman EB. Late-onset Blount's

disease. SA Orthop J. 2012;11(2):29-35.

. Edwards TA, Prescott RJ, Stebbins J, Wright J, Theologis T. What is the func-

tional mobility and quality of life in patients with cerebral palsy following
single-event multilevel surgery? J Children’s Orthop. 2020;14(2):139-44.
Horn A, Dix-Peek S, Mears S, Hoffman EB. The orthopaedic management
of myelomeningocele. S Afr Med J. 2014;104(4):314.

Willimon SC, Johnson MM, Herzog MM, Busch MT. Time to return to
school after 10 common orthopaedic surgeries among children and
adolescents. J Pediatr Orthop. 2019;39(6):322-7.

EuroQol Research Foundation. EQ-5D-Y User Guide v2.0. Rotterdam; 2020.
Devlin NJ, Shah KK, Feng Y, Mulhern B, van Hout B. Valuing health-

related quality of life: An EQ-5D-5L value set for England. Health Econ.
2018;27(1):7-22.

Lamers L, McDonnell J, Stalmeier PF, Krabbe PF, Busschbach JJ. The Dutch
tariff: results and arguments for an effective design for national EQ-5D
valuation studies. Health Econ. 2006;15:1121-32.

Parkin D, Rice N, Devlin N. Statistical analysis of EQ-5D profiles: does the
use of value sets bias inference? Med Decis Mak Int J Soc Med Decis Mak.
2010;30(5):556-65.

Varni JW. Scaling and scoring of the pediatric quality of life inventory.
Mapi Research Trust; 2014. p. 1-130. http://www.pedsql.org/PedsQL-Scori
ng.pdf

Boyle SE, Jones GLWS. Quality of life, physical activity, weight status and
diet in adolescent school children. Qual Life Res. 2010;19(7):943-54.
Pardo-Guijarro MJ, Woll B, Moya-Martinez P, Martinez-Andrés M, Cortés-
Ramirez EE, Martinez-Vizcaino V. Validity and reliability of the Spanish


https://doi.org/10.20944/preprints202201.0285.v1
https://doi.org/10.20944/preprints202201.0285.v1
http://www.pedsql.org/PedsQL-Scoring.pdf
http://www.pedsql.org/PedsQL-Scoring.pdf

Verstraete et al. Health and Quality of Life Outcomes (2022) 20:28

sign language version of the KIDSCREEN-27 health-related quality of
life questionnaire for use in deaf children and adolescents. Gac Sanit.
2013,27(4):318-24.

29. Varni JW, Burwinkle TM, Seid M, Skarr D. The PedsQL 4.0 as a pediatric
population health measure: feasibility, reliability, and validity. Ambul
Pediatr. 2003;3(6):329-41.

30. Idler EL, Benyamini Y. Self-rated health and mortality: a review of twenty-
seven community studies. J Health Soc Behav. 1997;38(1):21-37.

31. Ravens-sieberer U, Wille N, Badia X, Bonsel G, Burstrom K, Cavrini G, Devlin
N, Egmar A, Gusi N, Herdman M, Jelsma J, Kind P, Olivares P, Scalone L,
Greiner W. Feasibility, reliability, and validity of the EQ-5D-Y: results from a
multinational study. Qual Life Res. 2010;19:887-97.

32. World Medical Association. World Medical Association Declaration of

Helsinki. Ethical principles for medical research involving human subjects.

J Am Med Assoc. 2013;310(29):2191-4.

33. Janssen MF, Birnie E, Haagsma JA, Bonsel GJ. Comparing the stand-
ard EQ-5D three-level system with a five-level version. Value Health.
2008;11(2):275-84.

34, Pickard AS, De LMC, Kohlmann T, Cella D, Pickard AS, De LMC, Kohlmann
T, Cella D, Rosenbloom S. Psychometric comparison of the standard
EQ-5D to a 5 level version in cancer patients linked references are avail-
able on JSTOR for this article: psychom 5 level version in cancer patients.
Med Care. 2007;45(3):259-63.

35. Bas Janssen MF, Birnie E, Bonsel GJ. Evaluating the discriminatory power
of EQ-5D, HUI2 and HUI3 in a US general population survey using
Shannon’s indices. Qual Life Res Int J Qual Life Asp Treat Care Rehabil.
2007;16(5):895-904.

36. Cohen S, Percival A. Prolonged peritoneal dialysis in patients awaiting
renal transplantation. BMJ. 1968;1:409-13.

37. Abmal L, Rovers M, Van Der Wees PJ. Appraising convergent validity of
patient-reported outcome measures in systematic reviews: constructing
hypotheses and interpreting outcomes. BMC Res Notes. 2016;9(1):1-5.

38. Souza |, Pereira C, Monteiro A. Assessment of quality of life using the EQ-
5D-3L instrument for hospitalized patients with femoral fracture in Brazil.
Health Qual Life Outcomes. 2018;16(194):1-9.

39. HoiH,Tsang L, King C, Wong H, Wing P, Cheung H, Lau CS. Responsive-
ness of the EuroQol 5-Dimension ( EQ-5D ) questionnaire in patients
with spondyloarthritis. Musculoskelet Disord. 2021;4:1-14.

40. Conner-Spady BL, Marshall DA, Bohm E, Dunbar MJ, Noseworthy TW.
Comparing the validity and responsiveness of the EQ-5D-5L to the
Oxford hip and knee scores and SF-12 in osteoarthritis patients 1 year
following total joint replacement. Qual Life Res. 2018,27(5):1311-22.

41. Stull DE, Leidy NK, Parasuraman B, Chassany O. Optimal recall periods for
patient-reported outcomes: challenges and potential solutions. Curr Med
Res Opin. 2009;25(4):929-42.

42. Meacock R. Methods for the economic evaluation of changes to the
organisation and delivery of health services: principal challenges and
recommendations. Health Econ Policy Law. 2019;14(1):119-34.

43. Rowen D, Keetharuth AD, Poku E, Wong R, Pennington B, Wailoo A. A
review of the psychometric performance of selected child and adoles-
cent preference-based measures used to produce utilities for child and
adolescent health. Value Health. 2021;24(3):443-60.

44, Blome C, Augustin M. Measuring change in quality of life: Bias in prospec-
tive and retrospective evaluation. Value Health. 2015;18(1):110-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Measurement properties and responsiveness of the EQ-5D-Y-5L compared to the EQ-5D-Y-3L in children and adolescents receiving acute orthopaedic care
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and participants
	Instruments
	EQ-5D-Y
	Pediatric Quality of Life Inventory (PedsQL) 
	Self-Rated Health (SRH) 



	Procedure
	Data management and analysis
	General performance and feasibility
	Redistribution properties of the EQ-5D-Y-3L to the EQ-5D-Y-5L
	Discriminatory power
	Concurrent validity
	Responsiveness

	Results
	Feasibility
	Redistribution properties of the EQ-5D-Y-3L to the EQ-5D-Y-5L
	Discriminatory power
	Concurrent validity
	Responsiveness

	Discussion
	Study limitations

	Conclusion
	Acknowledgements
	References


