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a b s t r a c t

Background: The knowledge base on health-related quality of life (HRQoL) in adults with cerebral palsy
(CP) is small and inconsistent.
Objective: The aim was to study HRQoL in adults with CP stratified on demographic and disability-
specific factors using both experience- and hypothetical-based value-sets.
Methods: Cross-sectional study based on registry data from the Swedish follow-up program CPUP. The
EQ-5D-3L (5 domains; self-care, usual activities, mobility, pain/discomfort, anxiety/depression) was used
to measure HRQoL. The Swedish experience-based and the United Kingdom hypothetical-based value-
sets were used to calculate the quality-adjusted life-years (QALY), and associations to demographic and
disability-specific factors were studied in univariate and multivariate analyses.
Results: The sample consisted of 408 adults with CP (189 women, 219 men), 18e73 years (mean age¼ 27,
SD¼ 10). Approximately half reported no problems on self-care, usual activities, anxiety/depression, and
some problems on mobility and pain/discomfort. Using the value-set based on experienced health states
resulted in substantially higher HRQoL scores (0.77) compared to the hypothetical-based values (0.54)
(when the health state is described to someone not personally experiencing it). Level of functioning and
pain were strongly related to HRQoL, with gross motor functioning being a dominating factor. Sex and
CP-subtype were not associated with HRQoL in the multivariate analysis.
Conclusions: HRQoL was found to be high in this Swedish population of adults with CP although severe
pain and reduced functioning was associated with lower HRQoL. The choice of value-set have strong
influence on the HRQoL estimations, especially for lower levels of functioning.
© 2019 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Cerebral palsy (CP) is caused by non-progressive brain lesions
that occur in utero or early on in life.1 Musculoskeletal problems
such as hip dislocations, scoliosis, contractures, and joint de-
formities are hallmark sequelae of CP and negatively affect motor
abilities.2,3 Gross motor function is differentially affected and there
is also great variability in terms of cognition, communication abil-
ities, and fine motor skills in this population.

CP has traditionally been considered a childhood condition. In
spite of the pediatric tradition from both a clinical and research
perspective, it has been suggested thatmost individuals with CP are
adults.4 It is known that physical deterioration occurs early on in
r Inc. This is an open access article
adults with CP,5 yet it is not well-established if, or how, this affects
more subjective domains such as quality of life (QoL) and mental
health. Although QoL and the related construct health-related QoL
(HRQoL) are commonly used, many different definitions exist.6 QoL
is generally broader and more holistic in scope while HRQoL hones
in more on the aspects of life that are directly influenced by health
conditions or treatments.7 HRQoL also includes elements of phys-
ical and mental functioning and the individual's appraisal of their
effect on daily life and social functioning.8 HRQoL is oftentimes
measured as quality-adjusted life-years (QALY), which combine the
utility of a health state with the time spent in the health state.
Traditionally, hypothetical value-sets based on the preferences of
individuals in a general population (e.g. UK) have been used to
assign a utility value to different health state, but recently an
experience-based value-set based on preferences of the individuals
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who are in the health state was developed for Sweden.9

The literature on HRQoL in adults with CP is small but emerging.
Dutch researchers found that adults with CP had substantially
lower HRQoL related to physical functioning compared to the
general population but not related to mental health.10 Contrarily an
Australian study on ambulant adults with CP found no difference on
physical HRQoL but lower scores on the mental health compo-
nent.11 A Canadian study reported substantially lower overall
HRQoL compared to the general population using the Health Utility
Index instrument.12 Australian researchers have concluded that
self-reporting adults with CP had lower QoL scores in the domains
of physical health, psychological well-being, and role function,
compared to the general population. However, psychological well-
being was not associated with level of functioning.13 While it is
known that pain and fatigue are highly prevalent in this pop-
ulation,14e17 how pain relates to HRQoL is not clear. Norwegian
researchers reported that while number of pain sites correlated
with the physical component, only aweak correlationwas found for
the mental component of HRQoL and pain.17 The aims of this study
were therefore twofold: (1) to study the overall HRQoL in adults
with CP stratified on demographic and disability-specific factors,
and (2) to compare the HRQoL-scores using experience-based and
the more commonly used hypothetical-based value-sets.

Methods

Procedure and participants

This was a cross-sectional study based on data from the Swedish
national quality registry and secondary prevention follow-up pro-
gram for individuals with CP called Cerebral Palsy Follow-Up Pro-
gram (CPUP; see www.cpup.se/).18 CPUP is multidisciplinary and
involves professionals from specialties such as orthopedic surgery,
pediatric neurology, hand surgery, occupational therapy, and
physical therapy.18 More than 95% of all children and adolescents
with a diagnosis of CP are enrolled and systematically followed in
CPUP. Recruitment of adults with CP began in 2009 with the pri-
mary goal to offer a continuous follow-up program throughout life
for adults initially enrolled as children. However, adults who have
never participated in CPUP are gradually starting to partake, and
the majority of the adults currently enrolled in CPUP were not
followed in CPUP as children. The follow-up assessment schedule is
based on age and the level of gross motor function according to the
gross motor function classification system (GMFCS; see below).
Adults in GMFCS I are examined every third year starting from age
18 years, those in GMFCS II every other year, and adults in GMFCS
III-V annually.18 Adults who participate in CPUP consent to research
based on data collected in the registry.

Data from the most recent CPUP examinations of adults re-
ported into the registry until 20 October 2017 were used. At the
time of this study, 1,300 adults with CP had been enrolled in CPUP.
However, self-reported outcome measures such as the HRQoL-
instrument EQ-5D is only reported every second or third year by
the adults in CPUP, and only by those able to understand the
questions. Consequently, EQ-5D information was only available for
446 participants, which thus constitutes the study sample. This
study has been approved by Regional Ethical Review Board in Lund
(dnr: 2016/198).

Measures

Sex and age (30 years of age and older vs. younger) were
dichotomized. The subtypes of CP developed by the Surveillance of
Cerebral Palsy in Europe were used; spastic (bilateral or unilateral),
dyskinetic, ataxic, and non-classified or mixed.19 Three empirically
derived classification systems were used to function. Gross motor
function was measured using the GMFCS Expanded & Revised
Version (here referred to as GMFCS), which replaced the original
GMFCS system in 2007 and expanded the age range to also include
12- to 18-year-olds.20 Distinctions among the five mutually exclu-
sive levels are based on everyday functional performance, use of
assistive technology, including hand-held mobility devices or
wheeled mobility, and, to some extent, the quality of movement.
Level V indicates the gross motor function that is the most severely
affected. The GMFCS has been shown to have good psychometric
properties21 and can reliably be used in adults with CP.22

Manual ability was measured using the Manual Ability Classi-
fication System (MACS). The underlying construct of MACS is to
classify how children handle objects in daily life. The structure of
MACS is similar to that of the GMFCS, with a higher level indicating
that the manual function is more severely affected. Good to excel-
lent psychometric properties have been reported23 and the MACS
has also been reported to be a feasible approach tomeasuremanual
performance in young adults.24

Finally, the more recent Communication Function Classification
System (CFCS) was developed to provide a classification system
similar to the GMFCS and the MACS but on communication. Given
that communication involves interplay between individuals, a
distinction has been made between communicating with unfa-
miliar and familiar partners. Research is still ongoing on the psy-
chometrics of the system; yet test-retest and interrater reliabilities
among professionals have been good.25 The GMFCS, MACS, and
CFCS were classified by the local physical and occupational thera-
pists at the CPUP assessments.

The EuroQol 5-Dimension 3-Level (EQ-5D-3L) was used to
measure HRQoL. The EQ-5D-3L is a brief and easily administered
generic self-report measure of HRQoL used worldwide.26 It com-
prises five attributes: mobility, self-care, usual activities, pain/
discomfort and anxiety/depression at three levels: no problems,
some problems, and extreme problems, thus defining 243 possible
health states. The utility value associated with each health state is
calculated using the recently developed Swedish value-set (also
known as “tariff”) and values vary between 0 (a health state
equivalent of being dead) and 1 (being in perfect health).9 QALY is
calculated by combining the utility of and the time in the health
state, where, for example, one QALY is equivalent with living one
year in perfect health or two years with a utility weight of 50% (for
more information on how the value-sets are derived and how the
utility scores are calculated we refer the interested reader to Dolan
et al.27 and Burstr€om et al.9). As our data only include one EQ-5D-3L
data point per participant, we will assume that this corresponds to
the HRQoL for the full year. The Swedish value-set is experience-
based, meaning that it is derived based on the preferences of the
individuals who are actually in the health state. Traditionally,
hypothetical-based value-sets have been used which means that
the value-sets are based on preferences of individuals in a general
population to whom the health states have been described.9 These
different approaches are expected to result in different HRQoL es-
timations and in order to investigate the differences for adults with
CP, and to facilitate comparisons with previous studies, we present
the results from both the Swedish experience-based value-set and
the UK hypothetical-based value-set.27

Statistical analysis

In the initial univariate analysis, c2-tests were used for com-
parison between categorical variables, Wald-test for comparison
between continuous and categorical variables with 2 levels, and
one-way Anova for categorical variables with three or more levels.
In the one-way Anova, Bartlett's test of equal variance was used to

http://www.cpup.se/


Table 1
Distribution of demographic and disability-specific characteristics
of adults with cerebral palsy, study sample.

n (%)

Age 27 (10)a

Sex
Women 199 (45)
Men 235 (53)
Missing 12 (3)

CP-subtype
Spastic bilateral 230 (52)
Spastic unilateral 110 (25)
Dyskinetic 41 (9)
Ataxic 19 (4)
Non-classified & mixed 12 (3)
Missing 0 (0)

Gross motor function
GMFCS I 132 (30)
GMFCS II 121 (27)
GMFCS III 81 (18)
GMFCS IV 66 (15)
GMFCS V 34 (8)
Missing 12 (3)

Manual ability
MACS I 159 (36)
MACS II 135 (30)
MACS III 70 (16)
MACS IV 43 (10)
MACS V 20 (4)
Missing 19 (4)

Communication function
CFCS I 241 (54)
CFCS II 66 (15)
CFCS III 22 (5)
CFCS IV 13 (3)
CFCS V 9 (2)
Missing 95 (21)

Pain
No pain 135 (30)
Mild pain 84 (19)
Moderate pain 89 (20)
Severe pain 100 (22)
Missing 38 (9)

Health care region
Northern 20 (4)
Uppsala-€Orebro 62 (14)
Stockholm 62 (14)
South-eastern 34 (8)
Western 52 (12)
Southern 195 (44)
Missing 21 (5)

a Mean age and standard deviation within parenthesis.
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test the assumption of homogeneous variance. We also conducted
multiple comparisons tests between all categories when running
one-way Anovas. Due to the risk of falsely rejecting the equality of
mean hypotheses (at a higher level than 0.05%), the Sidak adjust-
ment to control for multiple testing was used.28 Multivariate
analysis was conducted using Ordinary Least Square (OLS) re-
gressions. Significance was considered at 0.05% level and all ana-
lyses were run in Stata 15.29

Results

The total study sample of 446 individuals was relatively young
with a mean age of 27 years, although with an age range of 18e73
years (Table 1). All 21 Swedish health care regions were repre-
sented, however a disproportional large number of participants
lived in the southern health care region of Sweden, where CPUP
was originally initiated (44% of the sample vs. 18% of the popula-
tion). The most common subtypes were spastic bilateral CP and
spastic unilateral CP. The majority of registered adults with CP was
reported to have high functioning in terms of gross motor function,
manual ability, and communication. However, 70% reported expe-
riencing pain.

Complete information on the EQ-5D-3L questionnaire, which
allows calculation of the HRQoL, were available for 408 participants
(91%). The health profiles of the sample are shown in Appendix 1.
Table 2 shows the responses to the individual items in the EQ-5D-
3L questionnaire, in total and stratified by GMFCS level. Around half
of the participants reported no problems with regard to self-care
(53%), usual activities (48%) and anxiety/depression (47%), and
some problems with regard to mobility (54%) and pain/discomfort
(52%). Around 10e20% reported severe problems for each dimen-
sion, most notably self-care. There were significant differences
across the GMFCS levels for all dimensions; with a clear trend to-
wards more problems with increasing GMFCS levels (i.e., more
severely affected gross motor function). Note that, although still
clearly statistically significant, the distribution of problems were
more homogeneous across GMFCS levels for pain/discomfort
compared to the other dimensions, and that participants in GMFCS
level II compared to level III appeared to have more problems with
anxiety/depression.

The HRQoL for the whole sample of adults with CP, and for the
different subgroups, are presented in Table 3. The full sample has a
HRQoL score of 0.77 meaning that, on average, the sample has 0.77
QALY per year, assuming that they remain in the current health
state for that period. HRQoL was significantly higher among men
(0.78) compared to women (0.75), although the actual difference
was relatively small, and among participants below 30 years of age
(0.79) compared to older (0.71). Significant differences in HRQoL
were also noted between different subtypes of CP, where those
with the spastic unilateral subtype had significantly higher HRQoL
(0.84) compared to those with spastic bilateral (0.73) and dyski-
netic (0.72) subtypes. Experiencing severe painwas associated with
significantly lower HRQoL (0.69) compared to no (0.79), mild (0.81),
and moderate pain (0.77). There were no significant differences
between no, mild, and moderate pain.

Subgroups with less affected gross motor functioning (lower
GMFCS) scored higher on HRQoL (Table 3). All pairwise compari-
sons between GMFCS levels were statistically significant except
level IV compared to level V. The same significant relationship was
found for manual ability except between MACS levels III and IV.
Subgroups with more advanced communication skills were also
significantly related to higher HRQoL, where CFCS level I had
significantly higher HRQoL compared to all other levels, and level II
compared to level III. No other statistically significant differences
were present in the pairwise comparison of CFCS levels.
Table 3 also shows the difference in HRQoL between the
Swedish experience- and the UK hypothetical-based value-sets.
The latter resulted in substantially lower HRQoL scores and larger
differences between demographic and disability-specific factors.
The differences between value-sets were more pronounced for
subgroups with more severe disability. For example, participants at
GMFCS level V had a HRQoL-score of 0.04 using the hypothetical-
based value-set, a score that is close to the equivalence of death.
The corresponding HRQoL-score using the experience-based value-
set was 0.58, i.e. 58% of full health. The trend within variables was
the same between value-sets, with lower functioning being asso-
ciated with lower HRQoL.

In the multivariate regressions, variables were added step-wise
(Table 4). As the outcome variable had a set range between 0 and 1,
a coefficient larger than j0.1j was considered a large effect for cat-
egorical independent variables. Not surprisingly, GMFCS levels
were significantly associated with HRQoL in all models, showing
the largest association. Adding additional variables reduced the size
of the association although it remained strongly associated. Sex and



Table 2
Responses to the individual EQ-5D-3L dimensions, in total and stratified by gross motor functiona.

All adults (n¼ 408) n (%) GMFCS I (n¼ 130) n (%) GMFCS II (n¼ 1 20) n (%) GMFCS III (n¼ 76) n (%) GMFCS IV (n¼ 52) n (%) GMFCS V (n¼ 30) n (%)

Mobility
No problems 135 (33) 101 (78) 27 (23) 5 (7) 2 (4) 0 (0)
Some problems 219 (54) 29 (22) 92 (77) 68 (89) 26 (50) 4 (13)
Severe problems 54 (13) 0 (0) 1 (1) 3 (4) 24 (46) 26 (87)

Self-care
No problems 215 (53) 117 (90) 77 (64) 19 (25) 2 (4) 0 (0)
Some problems 119 (29) 13 (10) 38 (32) 46 (61) 19 (37) 3 (10)
Severe problems 74 (18) 0 (0) 5 (4) 11 (14) 31 (60) 27 (90)

Usual Activities
No problems 197 (48) 105 (81) 56 (47) 17 (22) 13 (25) 6 (20)
Some problems 170 (42) 22 (17) 60 (50) 53 (70) 30 (58) 5 (17)
Severe problems 41 (10) 3 (2) 4 (3) 6 (8) 9 (17) 19 (63)

Pain/Discomfort
No problems 160 (39) 70 (54) 37 (31) 25 (33) 19 (37) 9 (30)
Some problems 211 (52) 58 (45) 70 (58) 41 (54) 28 (54) 14 (47)
Severe problems 37 (9) 2 (2) 13 (11) 10 (13) 5 (10) 7 (23)

Anxiety/Depression
No problems 191 (47) 76 (58) 47 (39) 37 (49) 19 (37) 12 (40)
Some problems 182 (45) 50 (38) 62 (52) 34 (45) 24 (46) 12 (40)
Severe problems 35 (9) 4 (3) 11 (9) 5 (7) 9 (17) 6 (20)

a Significant differences (Pearson Chi2) over GMFCS score at the 5% level in all five dimensions. GMFCS Gross Motor Function Classification System; MACS Manual Ability
Classification System; CFCS Communication Function Classification System.
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CP-subtype were not found to be associated with HRQoL (the latter
not shown), and other measures of function were only weakly
associated when simultaneously controlling for GMFCS.
Table 3
Health-related quality-of-life scores for adults with cerebral palsy in total and in demog

N Swedish experien

Mean (SD)

Complete sample 408 0.77 (0.15)
Age
<30 299 0.79 (0.15)
>¼30 109 0.71 (0.13)

Sex
Women 189 0.75 (0.15)
Men 219 0.78 (0.14)

CP-Subtype
Spastic bilateral 209 0.73 (0.13)
Spastic unilateral 110 0.84 (0.13)
Dyskinetic 40 0.72 (0.16)
Ataxic 17 0.79 (0.10)
Unclassified & mixed 11 0.73 (0.13)

Gross motor function
GMFCS I 130 0.89 (0.10)
GMFCS II 120 0.77 (0.12)
GMFCS III 76 0.72 (0.10)
GMFCS IV 52 0.64 (0.12)
GMFCS V 30 0.58 (0.12)

Manual ability
MACS I 154 0.84 (0.12)
MACS II 132 0.78 (0.13)
MACS III 60 0.68 (0.13)
MACS IV 38 0.66 (0.13)
MACS V 17 0.55 (0.14)

Communication function
CFCS I 230 0.80 (0.13)
CFCS II 62 0.73 (0.13)
CFCS III 15 0.60 (0.16)
CFCS IV 12 0.65 (0.17)
CFCS V 9 0.59 (0.12)

Pain
No pain 131 0.79 (0.14)
Mild pain 78 0.81 (0.13)
Moderate pain 79 0.77 (0.13)
Severe pain 95 0.69 (0.14)

a Wald test for categorical variables with 2 levels and one-way anova for categorical v
related quality of life at the 5% level.

b Does not pass Barlett's test of equal variance. GMFCS Gross Motor Function Classifi
Function Classification System.
Experiencing severe pain, however, was substantially negatively
associated with HRQoL also in the multivariate analysis. The
explanatory power of the models increased with additional
raphic and disability-specific subgroupsa.

ce-based HRQoL United Kingdom hypothetical-based HRQoL

Mean (SD)

0.54 (0.33)

0.58 (0.33)
0.43 (0.30)

0.51 (0.32)
0.56 (0.33)

0.46 (0.32)
0.72 (0.26)
0.41 (0.34)
0.64 (0.24)b

0.48 (0.28)

0.80 (0.18)b

0.58 (0.26)
0.48 (0.25)
0.17 (0.21)
0.04 (0.08)

0.70 (0.25)b

0.60 (0.28)
0.36 (0.31)
0.23 (0.25)
0.05 (0.10)

0.63 (0.30)
0.48 (0.31)
0.23 (0.31)
0.29 (0.31)
0.11 (0.20)

0.61 (0.33)
0.65 (0.28)
0.52 (0.31)
0.39 (0.29)

ariables with three or more levels. Bold indicate significant association with health-

cation System; MACS Manual Ability Classification System; CFCS Communication
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independent variables although the sample size was considerably
reduced due to missing data. Using the same sample in Model 1 as
in Model 3 did not change the results except for an increased co-
efficient of GMFCS level V from �0.30 to �0.31.

Discussion

This is one of the first studies to report on health-related quality
of life for adults with cerebral palsy using the EQ-5D-3L instrument,
while also comparing hypothetical- and experience-based value-
sets. To have a disability such as CP, that per definition affects
mobility will generally result in lower scores on HRQoL measures
that include items of self-care and mobility. However, many in this
Swedish population reported no problems with mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression. This
might partly be explained by the Swedish health care system,
where assistive devices such as power wheelchairs are prescribed
free of charge to individuals who need them, and personal assis-
tance to increase independent living and participation is the norm.
More likely, it may be explained by the fact that only individuals
able to self-report were included, which correlates strongly with
higher function (GMFCS I-III). Those individuals, clearly, would
experience less problems with, for example, mobility. Overall,
HRQoL was found to be high using the experience-based value-set
(0.77) and substantially lower using the hypothetical-based value-
set (0.54). As expected, level of functioning (gross motor function),
was the strongest predictor of HRQoL of the variables included in
the study. However, the presence of secondary conditions, such as
pain, were also strongly related to lower HRQoL.

To the best of our knowledge, no studies on adults with CP using
EQ-5D-3L to measure HRQoL are available in the literature. A
Table 4
Multivariate Ordinary Least Square regression of demographic and disability-specific fac

Model 1

Sex
Woman
Man 0.01 [-0.01 to 0.03]

Age
<30
>¼ 30 �0.04*** [-0.06 to �0.01]

Gross motor function
GMFCS I
GMFCS II �0.11*** [-0.14 to �0.09]
GMFCS III �0.15*** [-0.18 to �0.12]
GMFCS IV �0.23*** [-0.26 to �0.19]
GMFCS V �0.30*** [-0.35 to �0.26]

Pain
No pain
Mild pain
Moderate pain
Severe pain

Manual ability
MACS I
MACS II
MACS III
MACS IV
MACS V

Communication function
CFCS I
CFCS II
CFCS III
CFCS IV
CFCS V

Constant 0.88*** [0.86 to 0.91]
Adjusted R2 0.45
n 408

95% confidence interval within brackets. Significance indicated at * 10%, ** 5%, *** 1%. GM
System; CFCS Communication Function Classification System.
Canadian study on young adults with CP showed much lower
HRQoL scores, as measured by the Health Utility Index, compared
to the current study, which could partly be explained by differences
in sample composition (e.g., age, GMFCS). However, stratified on
GMFCS level in childhood, the HRQoL in the Canadian sample
resembled the results of the current study using the UK
hypothetical-based value-set, although still somewhat lower. In
line with the current study, a negative association between GMFCS
and HRQoL was reported, whereas no effect of sex was noted.12

Similar results were also noted in the Netherlands on the physical
component of the SF-36 score.10 An Australian study on young
adults with CP also noted a strong negative association between
GMFCS level and QoL in the physical health dimension (YAQOL),
while, contrary to the current study, a negative association with
male sex was found. Functional independence was associated with
both physical and psychological QoL.13

Pain has previously been shown to be negatively associatedwith
HRQoL (SF-36) among adults with CP in a Norwegian sample. In a
follow-up study, Opheim et al. found that pain intensity was
correlated with the physical component of HRQoL (SF-36).17

Noteworthy in the current study is that the negative association
between pain and HRQoL remains even after controlling for func-
tional ability. Pain is, in many cases, modifiable which means that
reduction of pain in this population is expected to translate into
higher HRQoL.

In the univariate analysis, women reported significantly worse
HRQoL than men. However, this sex difference in HRQoL dis-
appeared in the multivariate regression when controlling for
disability-specific factors. This indicates that women in the sample
are worse off in terms of function and pain compared to men. The
negative association with age shown both in the subgroup- and
tors on Swedish experience-based health-related quality of life.

Model 2 Model 3

0.00 [-0.02 to 0.02] 0.00 [-0.03 to 0.02]

�0.02* [-0.05 to 0.00] �0.03** [-0.06 to 0.00]

�0.10*** [-0.13 to �0.07] �0.08*** [-0.12 to �0.05]
�0.14*** [-0.17 to �0.11] �0.11*** [-0.14 to �0.07]
�0.22*** [-0.25 to �0.18] �0.18*** [-0.22 to �0.13]
�0.30*** [-0.34 to �0.26] �0.21*** [-0.29 to �0.13]

0.00 [-0.03 to 0.03] 0.00 [-0.03 to 0.03]
�0.02 [-0.05 to 0.01] �0.04** [-0.07 to 0.00]
�0.08*** [-0.11 to �0.05] �0.09*** [-0.12 to �0.06]

�0.01 [-0.04 to 0.01]
�0.06*** [-0.10 to �0.02]
�0.03 [-0.09 to 0.03]
�0.04 [-0.14 to 0.05]

�0.03* [-0.06 to 0.00]
�0.08** [-0.14 to �0.02]
�0.08** [-0.15 to �0.01]
�0.09* [-0.17 to 0.00]

0.90*** [0.88 to 0.93] 0.92*** [0.89 to 0.96]
0.49 0.51
383 320

FCS Gross Motor Function Classification System; MACS Manual Ability Classification
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multivariate analysis was expected as age has been shown to be
negatively associated with HRQoL.30 It is possible that a decline in
HRQoL occurs earlier in individuals with CP than in their counter-
parts who do not have CP. This could be related to the often
observed reduction in mobility in young adulthood11 potentially
connected to physical deterioration due to general wear-and-tear,
and possibly the transition from pediatric to adult health care.5

Furthermore, pain has been found to increase with age in this
population.31 It follows that the reported HRQoL scores for a sample
is dependent on the age structure. The sample in the current study
had a mean age of 27 years and falls in the middle of previous
studies in terms of age distribution. The studies from Norway and
the Netherlands had higher mean ages,5,10,17 while the studies from
Australia and Canada focused on young adults in their twenties.12,13

This should be considered when comparing the results.
The current study used the EQ-5D-3L instrument to measure

HRQoL. Although concerns regarding the use of this instrument for
individuals with CP have been formulated,32 feasibility and
discriminative validities of the very similar child- and youth version
(EQ-5D-Y) have been supported in a Swedish sample of children
with disabilities (aged 7e17 years), including CP.33 We employed
the Swedish value-set to determine the utility of the health states
defined by the EQ-5D instrument, which is based on the prefer-
ences of individuals who are in the particular health state (expe-
rience-based). In the alternative approach, the hypothetical-based
value-set, the utility values are based on the preferences of in-
dividuals in the general population to whom the health states have
been described. In other words, they have to try to imagine what
life would be like living with reduced functioning, or the presence
of secondary conditions, such as pain or anxiety. Although there are
arguments in favor of experience-based preferences,9 and indeed
recommended in Sweden,34 most existing value-sets are
hypothetical-based. Experience- and hypothetical-based values
tend to produce different results with higher HRQoL for the same
health state with experience-based values, especially for more se-
vere health states.35e37 This was also shown in the current study,
where HRQoL measured with the Swedish value-set was consis-
tently higher then when measured with the UK value-set and the
difference increased with decreasing function and pain. The
Swedish experience-based value-set has been shown to be more
accurate in the Swedish setting compared to the UK value-set.38

The importance of considering what type of value-set has been
used when interpreting results should not be underestimated.
Using an experience-based value-set would likely give higher pri-
ority in a decision-making context to life-prolonging interventions
while using hypothetical-based values would result in higher pri-
ority to HRQoL-enhancing interventions.35 The implications could
be substantial for individuals with disabilities. Policy decisions on,
for example, allocation of governmental disability benefits would
possibly differ between experience- or hypothetical-based value-
sets. Clearly, what life would be like living with a disability seems
very different from the standpoint of a person in general good
health with no disability or disease, compared to those born with a
life-long disability such as CP, who may not ever have been able to
walk and always required assistance with activities of daily living.
To let the opinions of those with little experience set the standard
for what constitutes HRQoL for those with disability is problematic.
Indeed, even individuals very close to those living with disabilities
tend to rate their HRQoL too low.13,39 To let someone else report on
presumed or expected outcomes can have dramatic consequences,
as evidenced in its most extreme form by the former Groningen
protocol, inwhich case physicians’ opinions on the level of suffering
clinically stable neonates were presumed to be experiencing (or
would in the future) were pivotal in life or death decisions.40

However, caution is warranted also when interpreting self-
reported HRQoL because a “normalization” process might occur
over time as a means of coping, and poor modifiable circumstances
that could indeed be improved, might simply be considered
“normal”.

The sample used in the current study is a convenience sample
in that it includes adults who have registered participation in the
Swedish Cerebral Palsy Follow-Up Program. Consisting of over 400
participants, this is the largest sample used to study HRQoL among
adults with CP, to the authors' knowledge. However, we cannot test
the sample's representativeness of the full population of adults
with CP, and cannot discount the possibility that the study sample
is faring better or worse than the total adult population with CP.
The decision not to use proxy-reports in CPUP resulted in in-
dividuals at higher GMFCS levels being more likely to be excluded.
However, even though there is a smaller proportion of adults at
GMFCS IV-V (20%) in this study, the distribution is similar to the
prevalence previously reported for children (22%41 and 26%42).
Adults in need of assistance or alternative communication were
included as long as they could understand the questions and be the
ones rating the answers. However, the generalizability of the re-
sults is reduced for people with severe cognitive disabilities and
might pertain more to those individuals at GMFCS levels I-III,
which is a limitation. However, in the context of this study,
including proxy-reports was deemed problematic as having
someone else report on HRQoL is also expected to introduce bias.
More information on HRQoL in adults with CP unable to commu-
nicate is needed in the future.

The three empirically derived instruments used to measure
gross motor-, manual abilities-, and communication functions were
originally developed for children and, although widely accepted for
use in adults, caution in interpretation is warranted. Finally, the EQ-
5D-3L is expected to capture various aspects of disability in the
dimensions of the instrument. This means that the coefficients of
these variables, as well as pain, in multivariable regressions should
be interpreted with caution as these will capture the pre-defined
values of the applied value-set. However, the reported HRQoL-
scores for different subgroups based on function or pain are good
measures of the HRQoL individuals in these groups are expected to
experience.

The HRQoL-scores for disability-specific subgroups presented in
the current paper are expected to be generalizable to adults with CP
living in Sweden and possibly to adults with CP living elsewhere,
although less so in subgroups with severe cognitive disabilities. The
relatively high HRQoL should be considered in light of the fact that
many receive assistance, assistive devices, and other societal sup-
port. What life and HRQoL would be like without assistance and
societal support might be a different matter altogether. General-
izing the results to other contexts requires therefore a comparison
of existing social security and safety-nets for people with disabil-
ities. The results should not be misinterpreted that the adults
included scored relatively high on HRQoL and therefore do not
need their services. On the contrary, it is likely that the continua-
tion of assistance and societal support is needed to maintain the
HRQoL.
Conclusions

We presented HRQoL-scores for adults with CP based on de-
mographic and disability-specific subgroups. HRQoL calculated
with an experience-based value-set was consistently higher than
with a hypothetical-based value-set. Althoughmany adults with CP
in Sweden experience relatively high HRQoL, groups with severe
pain and reduced functioning in terms of GMFCS, MACS, and CFCS
have substantially lower HRQoL.
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