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This paper describes the application of a multi-attribute, preference-linked health status and health-
related quality of life measurement system—the Health Utilities Index (developed in Canada)—to a
group of subjects in the U.K. Children who had survived tumours of the central nervous system
(n=30, age 6-16 years) formed the study group. Respondents (children, parents, physicians and phy-
siotherapists) found the activity (completion of a 15-item questionnaire) to be acceptable and not
burdensome (it was accomplished easily by all children > 10 years of age). Instrumental reliability was
established by acceptable intra- and interobserver agreement and construct validity was supported by
strong similarities between the results obtained in this study and those reported from a similar group
of children in Canada. The greatest burden of morbidity was reported for the attributes of emotion
and cognition (each affected in >50% of the children). Pain was surprisingly prevalent (affected in
approximately one-third of children). The finding of a large number of unique health states empha-
sises the complex morbidity burden experienced by these children who self-reported poorer overall
health (as reflected in utility scores) than did the proxy respondents. The information obtained from
this study is readily interpretable and clinically useful. The results of this study also illustrate that
extreme caution must be exercised in undertaking linguistic modifications to established instruments
for, in this instance, these resulted in a loss of the ability to detect the most severe emotional mor-
bidity and reduced the comparability of results between studies. With this provision, the Health Uti-
lities Index is evidently applicable in the U.K. and the original version has been recommended for use
in brain tumour studies by the U.K. CCSG (the U.K. Children’s Cancer Study Group). © 1999
Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
ASSESSMENT OF health-related quality of life (HRQL) is an
important outcome measure in clinical trials [1,2]. Determi-
nation of the overall morbidity burden of survival provides
information for selecting among treatment options, for eco-
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nomic analyses and for describing prognosis [3,4]. The
importance of HRQL assessment is recognised increasingly
and many of the major sponsors of clinical trials insist that it
be considered for inclusion in new protocols [5, 6].

Rigorous scientific determination of the validity, reliability,
responsiveness and appropriateness of application of HRQL
measures is mandatory if the benefits of measurement are to
be obtained. Incorrect application may lead to inappropriate
conclusions being made regarding therapeutic options and
trial outcomes [7]. Despite the burgeoning number of
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publications relating to HRQL, few clinical studies specify
what is being measured [8]. This reflects in part the com-
plexity of, and lack of consensus regarding, the definition of
HRQL. The World Health Organization Quality of Life
Group’s definition of quality of life emphasises a broad con-
ceptual approach [9]. A more recent definition, from an
American Cancer Society Workshop on quality of life in
childhood cancer, is as follows: ‘Quality of life is multi—
dimensional. It includes, but is not limited to, the social,
physical and emotional functioning of the child and adoles-
cent and, when indicated, his/her family. Measurement of
quality of life must be from the perspective of the child, ado-
lescent and family, and it must be sensitive to the changes
that occur through development’ [10].

For this study, our definition of HRQL was constrained to
include only those factors intrinsic to patients—a ‘within the
skin’ approach (the extent to which one’s health status per-
mits one to engage in the activities one chooses) [11]. Many
established measures of HRQL in adults cannot be used with
children due to the issues of growth (an increase in size),
development (the acquisition of new skills) and the depen-
dence on others [12]. Childhood illness often manifests itself
as abnormal physical, emotional or intellectual development
rather than as specific clinical symptoms or signs [13].
Therefore, a useful definition of a child’s health is ‘the ability
to participate fully in developmentally appropriate activities,
and requires physical, psychological and social energy’
[11,14].

The Health Utilities Index (HUI) is a family of generic
multi-attribute health status and HRQL measurement sys-
tems developed at McMaster University in Canada [15].
They have been applied to a wide variety of childhood popu-
lations including extremely low birthweight infants, survivors
of paediatric intensive care and children with cancer [16-18].
HUI health status assessment data are linked to multi—attri-
bute utility functions to calculate preference scores of HRQL
for individual health states [19].

The primary objective of this study was to assess the
applicability of the HUI to the measurement of health status
in survivors of childhood cancer in the U.K. For this purpose
the HUI was applied to a cohort of childhood survivors of
central nervous system tumours in a neuro-oncology unit in
the U.K. similar to that studied by Barr and colleagues in
Canada and described in a companion paper [20]. Applic-
ability was assessed in terms of acceptability, respondent
burden, reliability, responsiveness, validity, usefulness and
interpretability.

The secondary objective was to determine the impact of
wording modifications made to the established questionnaire.
For this purpose, a mapping exercise was performed to con-
vert Nottingham response options to those of the original
HUI2 and HUI3 health status classification schemes. Two
questions (numbers 7 and 14) of the original HUI 15-item
questionnaire were modified by the Nottingham group. The
Nottingham version, in which the two questions addressing
emotional function are identical, was used in this and other
studies [21-23].

PATIENTS AND METHODS
Subjects
All children who met the following inclusion criteria were
considered eligible for this study: (1) had been treated at the
Queen’s Medical Centre, Nottingham for a primary tumour
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of the central nervous system; (2) were off-treatment for at
least 1 year, (3) were over 5 years of age; and (4) attended the
local neuro-oncology follow-up clinic.

Questionnaire

A modified version of the original 15-item HUI ques-
tionnaire was used. Each question has four to six response
options. To determine the appropriate mapping between the
revised options and the HUI attribute levels, 40 paediatric
and adult physiotherapists, working at the Queen’s Medical
Centre in Nottingham, were sent a questionnaire asking them
to draw lines joining equivalent descriptors of emotional level
between the Nottingham response options and the original
version of the two questions. The original version response
options correspond exactly to the definitions of HUI2 and
HUI3 attribute levels of emotional function. The Notting-
ham and original responses were presented adjacent to each
other below the stem question, which is identical in both
versions. The mapping results were returned anonymously in
provided FREEPOST envelopes. The results of this exercise
provided HUI2 and HUI3 levels of emotional function for
responses to the Nottingham questionnaire. Responses to the
other 13 questions were converted to health state vectors in
the HUI2 and HUI3 formats by an established algorithm
[24]. Single—attribute and global utility scores were calculated
using the HUI2 utility function [19, 25].

Health status assessment survey

The questionnaire was completed by all parents, and
(independently) by patients aged 10 years or more, in the
clinic waiting room prior to being seen by their clinician.
Patients, aged 5-9 years inclusive, completed the same ques-
tionnaire with the help of a play specialist. These subjects
were felt to have inadequate comprehension skills to com-
plete the questionnaire independently. The play specialist
was known to all of the children and she acted as an emo-
tionally uninvolved, yet informed facilitator. Following the
routine clinic review, one of the physicians (z=3) and the
paediatric physiotherapist each completed identical ques-
tionnaires independently.

Analyses

The categorical paired responses to the two identical ques-
tions about emotion (questions 7 and 14, as modified by the
Nottingham group, were worded identically) were analysed
by per cent agreement and the kappa statistic, a chance cor-
rected measure of association [26], to assess intrarater agree-
ment. The corresponding single-attribute utility scores were
analysed by intraclass correlation coefficients (ICC) [27] also
to assess intrarater agreement. Interobserver agreement about
functional levels for each HUI2 and HUI3 attribute was
assessed by per cent agreement and the kappa statistic. Sin-
gle-attribute and global health status utility scores are con-
tinuous measures and the interobserver agreement of these
scores was assessed using ICC.

Assessments of face validity and of construct validity were
undertaken. The results reported by Barr and colleagues [20]
were compared with those from Nottingham using differ-
ences in frequencies of attribute levels, the chi-square test
with Yates correction where appropriate, and Fisher’s exact
test.

The reader is referred to the companion paper by Barr and
colleagues [20] for details of methods used in both studies,
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such as the HUI scoring systems and the guidelines used for
the interpretation of statistics on observer agreement.

RESULTS

30 subjects were identified as being eligible: 10 male and
20 female patients. The subjects’ ages at diagnosis ranged
from 1 to 13 years, mean 6.4 years. The subjects’ ages at
assessment ranged from 6 to 16 years, mean 10.5 years. The
time from diagnosis to assessment ranged from 1 to 10 years,
mean 4.1 years. The tumour types were astrocytoma/glioma
(n=15), primitive neuro—ectodermal tumour/medullo-
blastoma (n=5), ependymoma (z=4) and others (n=06). All
subjects had undergone at least one neurosurgical procedure,
11 (37%) received radiotherapy and 10 (33%) received che-
motherapy. The characteristics of the patient sample are
similar to those reported in the accompanying paper by Barr
and colleagues [20].

All parents and 28 children (93%) completed ques-
tionnaires. 9 children were aged between 5 and 9 years
inclusive. 7 of them completed questionnaires with the play
specialist. Questionnaires were not administered to 2 children
because the play specialist was unavailable to see them.
Questionnaires were answered by the physiotherapist on all
cases (100%), whilst on 27 (90%) patients questionnaires
were filled in by the physicians. Four questionnaires were not
completed correctly by parents, allowing 26 to be used for the
generation of utility scores. The questionnaire from 1 child
was not completed correctly, allowing 27 to be analysed for
utility scores. Two physiotherapist and four physician ques-
tionnaires were not complete. Two types of problems with
completion were identified. Those from the physicians and
the physiotherapist were due to more than one page being
turned over at once, resulting in unanswered questions. The
others (n=5) occurred when parent or child respondents
assigned more than one response per question.

Morbidiry

The results of the substudy to determine the appropriate
HUI2 and HUI3 emotional attribute levels from modified
questionnaire responses demonstrated that there was very
good consensus among physiotherapists about the mapping
required (data not shown). The physiotherapist was desig-
nated as the primary assessor as all study subjects were eval-
uated by this individual.

The proportions of children without morbidity or with
morbidity in one or more attributes are listed in Table 1.
Twenty—one per cent of survivors had no morbidity described
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by the HUI2 with the same proportion falling into this group
according to the HUI3. These percentages are very similar to
the results from the Hamilton cohort [20]. The severity of
functional deficits is illustrated in Table 2 . As predicted by
clinical experience, the attributes affected most frequently
were emotion and cognition. A greater proportion
(P=0.019) of the Nottingham cohort was reported to have
morbidity in the attribute of emotion than in a similar cohort
reported by Barr and colleagues [20]. Differences in the fre-
quency distributions of levels 1 and 2 for emotion may be due
entirely to rewording of the questionnaires related to this
attribute. The severity of cognitive morbidity is especially
notable, although the proportion of the Nottingham cohort
affected is smaller than in Hamilton, perhaps reflecting a
smaller proportion exposed to radiotherapy in the Notting-
ham patients. The other statistically significant differences
between the cohorts were in HUI2 self-care (2 =0.014) and
HUI3 dexterity (?=0.027). In both of these complementary
studies pain was surprisingly prevalent.

A comparison of children who received radiotherapy with
those who did not has not been performed as only 11 children
were exposed to this therapeutic modality. A breakdown of
cases by site of radiotherapy and status of disease provided
cells which were either empty or contained very small
numbers.

Summary statistics of HUI2 and HUI3 HRQL utility
scores, derived from information on health status provided by
the various types of assessors, are shown in Table 3. Mean
HUI2 scores ranged from a minimum of 0.78 (based on child
reports) to a maximum of 0.89 (based on physician reports).
The corresponding range of HUI3 scores was 0.66 to 0.83.

Reliability

The results for analyses of intrarater agreement (test-retest
reliability) for levels of emotional function are provided in
Table 4. There were moderate to high levels of agreement, of
both categorical (i.e. attribute levels) and interval scale vari-
ables (i.e. single-attribute utility scores), for all types of
assessors. Inter-rater agreement for single-attribute utility
scores is displayed in Table 5 and for global utility scores in
Table 6 . In general, the patterns of agreement between types
of raters for attribute levels were similar to those reported by
Barr and colleagues [20], except for assessments of pain in
which there was lower agreement between child and physi-
cian assessments than was obtained in Canada. ICCs indicate
‘fair’ or better agreement between types of raters, except for
that between the physician and the children.

Table 1. Proportion (%) of children by number of attributes affected™

HUI2

Number of attributest 0 1 2 3 4 5 6

Proportion 21% 11% 21% 29% 18% 0% 0%

A (H-N) —-3% +18% +6% —-19% —11% +7% +2%

HUI3

Number of attributes 0 1 2 3 4 5 6 7 8
Proportion] 21% 18% 18% 29% 11% 0% 4% 0% 0%
A (H-N) +1% -3% +2% —2% - 9% +7% +1% +2% 0%

*Defined as the Health Utilities Index (HUI) level > 1 (other than normal). {Missing for one individual. {Sum equals 101% due to rounding.

A (H—N) = Difference in results between Hamilton and Nottingham.
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Table 2. Frequency distributions of attribute levels. Proportions (%) of children
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HUI2

Level Sensation (%) Mobility (%) Emotion* (%)  Cognition (%) Self-care (%) Pain (%)

1 76 79 43 48 69 66

A (H-N) —~15 1 30 14 16 7

2 10 10 54 48 17 31

A H-N) 7 0 -30 8 —-10 -7

3 14 10 3 3 14 3

A (H-N) 3 -8 ~1 4 —14 ~1

4 0 0 0 0 0 0

A (H-N) 0 0 5 2 7 0

5 NA 0 NA NA NA 0

A (H-N) 0 0

HUI3

Level Vision (%) Hearing (%) Speech (%) Ambulation (%) Dexterity (%) Emotion (%) Cognition (%) Pain (%)
1 76 97 90 79 86 43 48 72
A H-N) -8 1 -5 1 —20 30 —14 —4

2 17 0 3 10 3 54 10 17
A H-N) 0 0 9 0 19 -30 0 10

3 0 0 7 7 0 3 17 10
A H-N) 2 0 -7 -7 7 -1 -7 -5

4 0 0 0 3 7 0 21 0
A H-N) 2 2 0 -1 -5 0 16 0

5 7 3 0 0 3 NA 3 0
A H-N) 0 -3 2 2 -3 4 0

6 0 0 NA 0 0 NA 0 NA
A (H-N) 2 0 5 2 2

*Missing for one individual. NA not applicable. A (H— N) = Difference in results between Hamilton and Nottingham.

DISCUSSION

Quantification of the overall morbidity burden of survival
from central nervous system tumours in childhood has been
performed using a multi-attribute utility approach to health
status measurement. The applicability of a North American
instrument to a U.K. population has been examined.

High completion rates demonstrate the acceptability and
low respondent burden of the questionnaire to respondents in
the U.K. Errors in completion suggest that clarification of
instructions may be beneficial, questionnaires should be
checked immediately upon return and errors corrected before
respondents are given leave. No respondents objected to the
questionnaire and prompt completion did not delay the rou-

Table 3. Utiliry scores for global health status assessments by type
of rater

n Mean S.D. Median Minimum Maximum

HU12
Physiotherapist 28 0.85 0.13 0.88 0.56 1.00
Parents 26 0.82 0.18 0.86 0.25 1.00
Physicians 23 0.89 0.11 0.90 0.65 1.00
Children 25 0.78 0.18 0.80 0.36 1.00
HU13
Physiotherapist 28 0.76 0.24 0.80 0.01 1.00
Parents 27 0.72 0.29 0.80 0.24 1.00
Physicians 24 0.83 0.17 0.86 0.57 1.00
Children 26 0.66 0.28 0.68 0.19 1.00

S.D., standard deviation.

tine out-patient clinic schedule. Good test-retest reliability
has been reported previously for the 15-item questionnaire in
the U.K. [22] and was confirmed in the present study. Inter-
rater agreement is shown now to be acceptable for both
single-attribute measures and global utility scores. These
findings are in accord with other observations on the sound
psychometric properties of the HUI [15]. Further evidence in
support of the face validity and construct validity of this sys-
tem comes from the results of the present study.

The use of a multi-attribute health status assessment sys-
tem has confirmed that survivors of central nervous system
tumours experience difficulties in multiple domains. The
findings that 50% of patients had cognitive difficulties, at

Table 4. Intrarater agreement (test—retest reliabilivy) of the Health
Unlities Index (HUIL) levels of emotion

Attribute level data Utility score data

No. of
paired Per cent Kappa Mean
respondents agreement statistic* difference ICC
Physiotherapist 29 76 0.58 0.024 0.73
Parents 30 90 0.84 0.001 0.87
Physicians 26 89 0.79 0.019 0.88
Children 28 68 0.54 0.023 0.62

*Cichetti and quadratic weights were applied and provided similar
results. As in the accompanying paper of Barr and colleagues [20],
only the quadratic weighted results are displayed. ICC intraclass
correlation coefficient (value >0.5 is indicative of a high level of
agreement).
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Table 5. Measures of agreement in assessments of morbidiry on HUI2 single attributes by pairs of raters
Attribute

Rater pair n Sensation Mobility Emotion Cognition Self-care Pain

Physio versus parents 25 PA 85 76 64 83 75 76
K 0.62 0.44 NS 0.66 0.47 0.52

Physio versus children 25 PA 67 73 69 85 78 58
K 0.32 NS 0.37 0.70 0.43 NS

Physio versus physicians 21 PA 88 84 44 62 88 62
K 0.68 0.61 NS NS 0.69 NS

Parents versus physicians 20 PA 87 92 69 65 79 65
K 0.68 0.84 NS NS 0.56 0.34

Children versus physicians 19 PA 70 90 50 46 91 52
K 0.38 0.77 NS NS 0.78 NS

Children versus parents 24 PA 77 88 67 67 77 81
K 0.54 0.72 0.37 NS 0.47 0.62

n number of paired assessments; Physio, physiotherapist; K, Kappa statistic (for interpretation, see [20]); PA per cent agreement; NS not

significantly different from 0.00.

least an equivalent proportion experienced emotional pro-
blems and over 20% had impaired mobility are not unex-
pected. These figures are in keeping with detailed single
dimension morbidity studies of survivors of childhood central
nervous system tumours [28,29]. Additionally, use of the
HUI identified that approximately 30% of children were
perceived to experience pain which is not a commonly
reported form of morbidity in survivors of central nervous
system tumours [30]. These observations address the useful-
ness of this generic and comprehensive approach to health
status measurement.

As to interpretability, comparison of the present findings
can be made with the results of measurement of health status
and HRQL by the HUI in the general population [31], in a
retrospective study of survivors of extremely low birthweight
(mean HUI2 score =0.82) and a control group (mean HUI2
score =0.95) at age 8 years [16], and in children who
experienced head injuries [32]. It is interesting to note that
the HUI2 mean score reported for extremely low birthweight
survivors is the same as the mean score of patients in this
study based on parental assessments. The results obtained in
this study reveal marked similarities with the morbidity iden-
tified in a similar population of children in Canada (Table 7).
The burden of cognitive impairment is particularly striking
and supports a wealth of information from neuropsychologi-
cal studies in other children [33].

Greater emotional morbidity has been reported in this
study, compared with that reported by Barr and colleagues
[20] for a similar group of subjects in Canada. However, the

Table 6. Inter-rater agreement of HUI2 (utility) scores for global
health-related quality of life

Rater pair n ICC
Physio versus parents 25 0.75
Physio versus children 25  0.40
Physio versus physicians 23 0.66
Parents versus physicians 20 0.53
Children versus physicians 19 0.15
Children versus parents 24 057

n, number of paired assessments; ICC, Intraclass correlation coeffi-
cient (ICC >0.5 is indicative of a strong correlation (high level of
agreement)); Physio, physiotherapist.

differences are confined entirely to frequency distributions of
levels 1 and 2, and this effect is considered most likely due to
the linguistic modification, rather than an actual difference in
emotional status.

The results of the mapping exercise are not recommended
for use in other studies in which the Nottingham-modified
questionnaire has been used, because the exercise was com-
pleted by a sample of physiotherapists who were not well
acquainted with the conceptual foundation of the HUI and
may not generalise to other groups of assessors. Furthermore,
the results of the mapping exercise demonstrate that level 5 in
the emotional attributes in both HUI2 and HUI3 is not
available if these linguistic modifications are used. The
response option describing the lowest level of emotion was
not selected in this study nor in our previous work on survi-
vors of childhood central nervous system tumours [23].
Nevertheless, this level of emotional morbidity has been
identified in other studies using the HUI, such as those fol-
lowing extremely low birthweight neonates through child-
hood into adolescence [16, 34]. This study demonstrates that
extreme caution is required even if minor changes in the
wording of questionnaires are made as the weighting and
interpretation of items may be altered significantly. Such
modifications are thus inadvisable.

Table 7. Similarities in health status berween patients in Canada

and the U.K.
Hamilton Nottingham
[20] (current study)

Prevalence of no morbidity

HUI2 18% 21%

HUI3 22% 21%
No. of unique health states

HUI2 22/41 19/30

(0.54/patient) (0.63/patient)
HUI3 29/41 21/30

(0.71/patient) (0.70/patient)

Prevalence of cognitive morbidity

HUI2 66% 52%

HUI3 66% 52%
Prevalence of pain

HUI2 27% 34%

HUI3 32% 28%
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A paediatric physiotherapist was designated as the primary
assessor for this report. The point estimate of the ICC for
agreement between the responses of the physiotherapist and
the parents is identical to that of the nurse and the parents
reported by Barr and colleagues [20]. The physiotherapist’s
scores had a similar level of agreement with those of the
physicians compared with those reported for the nurse
and physicians in the study by Barr and colleagues [20].
There is a hint that the nurse agreed more with the informa-
tion provided by the children than did the physiotherapist
with the children in this study, but this difference was not
statistically significant. The low scores obtained from reports
provided by the children themselves, in the U.K. study, may
explain this finding and the lower correlation between
children’s scores and those derived from the reports of the
physicians.

Agreement between types of respondents in this paper and
the accompanying paper by Barr and colleagues [20] is, typi-
cally, only fair to moderate. We are not surprised by this
result and we note that there is no generally accepted gold-
standard perspective for assessing health status and HRQL.
For the purpose of these studies we identified ‘primary’
assessors, but this should not be interpreted as meaning that
we endorse the particular viewpoints of physiotherapists and
nurses more than the viewpoints of others. In general, we
recommend that assessments provided by all types of asses-
sors be respected and used appropriately.

This pilot study has demonstrated the applicability of the
HUI to a population of childhood survivors of central ner-
vous system tumours in the U.K., and that the wording of the
original HUI questionnaire should be retained. These results,
in conjunction with the growing literature regarding the
measurement properties of the HUI system, have led to the
recommendation that the HUI be included as part of the
clinical follow-up in all United Kingdom Children’s Cancer
Study Group central nervous system trials [22,23].
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