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AIM To determine if walking ability and presence of intellectual disability and epilepsy
change from childhood to 50 years of age in individuals with cerebral palsy (CP), and if such
changes are related to age, sex, or CP subtype.

METHOD This was a population-based follow-up study of 142 adults born from 1959 to 1978
(82 males, 60 females; mean age 48y 4mo, range 37-58y; 44% unilateral, 35% bilateral, 17%

dyskinetic, and 4% ataxic CP) listed in the CP register of western Sweden. We compared
childhood data with a follow-up assessment in 2016.

RESULTS At follow-up, walking ability had changed significantly (p<0.001). The proportion of
participants walking without aids had decreased from 71% to 62%, and wheelchair
ambulation increased from 18% to 25%. Walking ability was related to subtype (p=0.001), but
not to age, sex, pain, fatigue, or body mass index. The proportion classified as having
intellectual disability had increased from 16% to 22% (p=0.039) and the proportion with
epilepsy from 9% to 18% (p=0.015). Of those with childhood epilepsy, 46% were seizure-free

without medication.

INTERPRETATION Walking ability and the presence of intellectual disability and epilepsy had
changed significantly since childhood. Life-long access to specialized health care is warranted
for re-evaluation of impairments, treatment, and assistance.

Cerebral palsy (CP) is a lifelong motor disorder, ‘.. .often
accompanied by disturbances of sensation, perception, cog-
nition, communication, and behaviour, by epilepsy, and by
secondary musculoskeletal problems’.! It is commonly clas-
sified into spastic, dyskinetic, or ataxic subtypes, depending
on the dominant neurological signs.” The severity of
impairment and capability of physical and social indepen-
dence vary considerably between individuals, and the risk
of secondary health problems and mortality vary accord-
ingly.”*

Although children with severe impairments have an
increased risk of early mortality, almost all children with
CP reach adulthood, and today approximately 75% of indi-
viduals with CP are adults.” Nevertheless, CP is still in
many ways considered a childhood condition and special-
ized health care for individuals with CP is rarely available
for adults.®

Many parents of children with CP request prognostic
information about functioning and participation in adult-
hood.” Because of the considerable individual variations in
CP, such a prognosis requires tailoring to the impairment
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severity profile of the particular child, and the natural his-
tory of each impairment has to be known.

Information on the prevalence of impairments in chil-
dren with CP is available through the many population-
based CP registers around the world,” and the longitu-
dinal development of specific impairments have been
studied in children and young adults.*” However, most
CP registers have not been active long enough to
include older adults. Systematic reviews of impairments
in adults with CP rely on fewer and smaller studies
with large variations™'® and little is known about the
longitudinal development of specific impairments in
adulthood.

Walking ability, intellectual ability, and epilepsy are
important aspects of the impairment profile of an individ-
ual with CP, as they are associated with both participation
and survival.>'"'? A decline in walking ability has been
reported in 33% to 82% of adults with CP in cross-sec-
tional studies’ and this decline has been associated with
CP subtype, pain, fatigue, and reduced balance."’ Studies
following up walking ability from childhood rarely extend
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further than the age of 30 years and follow-up studies of
walking ability in adults are rare.

Intellectual disability has been reported in 34% to 64%
of children with CP”'* and in 21% to 54% of adults with
CP.">!' We have found no study describing how well
assessments of children with CP predict their intellectual
capability in adulthood. Epilepsy has been reported in
17% to 29% of children with CP’ and in 22% to 42% of
adults with CP.">'® With the exception of one study of 49
adults showing no change in the prevalence of epilepsy
over 14 years,'” the longitudinal development of epilepsy
in adults with CP seems not to have been studied.

The CP register of western Sweden was started in the
1950s and is one of the longest-running population-based
CP registers worldwide.'® This register provides a unique
opportunity to conduct a population-based study of very
long-term outcomes.

The first aim of this study was to determine if walking
ability, presence of intellectual disability, and epilepsy
change from childhood to adulthood in individuals with
CP. A second aim was to examine whether any such
changes are related to age, sex, or CP subtype, and if walk-
ing ability in adulthood is related to pain, fatigue, or body
mass index (BMI).

METHOD

The present study was a long-term, follow-up study, com-
paring childhood CP data with a follow-up assessment
conducted in adults aged 37 to 58 years. The study was
part of a more extensive project surveying health and par-
ticipation in adults with CP. All participants or their legal
guardians gave informed consent. The study was approved
by the Regional Ethical Review board in Gothenburg.

Participants

The focus of the current study was the five oldest cohorts
in the CP register of western Sweden, adults born from
1959 to 1978 (n=723). The register is population-based
and continuously registers all children born in Sweden
with CP residing in western Sweden (Vistra Gotaland and
Halland counties) at age 4 to 8 years.'® Data are entered
in the register at one time point for each child, and no fol-
low-up data are added thereafter. Data from the register
are published regularly, describing changes in prevalence
and causes of CP.'®

In 2016, all participants in the CP register born between
1959 and 1978 and still residing in the county of Vistra
Gotaland, were identified through the Swedish Population
Register and invited to a follow-up assessment consisting
of an interview, a clinical examination, and questionnaires.
Invitations were sent out by mail, followed by a telephone
call and a second letter. The follow-up assessments were
conducted from 2016 to 2019.

Data on living arrangements, education and employ-
ment, and medical issues such as seizures, pain, and medi-
cation, were gathered through interview. Walking ability
was assessed, height and weight were measured, and BMI
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What this paper adds

® Changes in impairments in individuals with cerebral palsy (CP) over time are
related to CP subtype.

® After 50 years, walking ability in CP may have deteriorated or improved.

* Intellectual disability in CP may not always be detected in early childhood
assessments.

* Epilepsy in CP may develop after childhood or may be outgrown.

calculated. The Fatigue Severity Scale,'” a questionnaire
with nine items on a 7-point Likert scale, with higher
scores indicating more severe fatigue, was administered.
The childhood data from the CP register, describing walk-
ing ability and the presence of intellectual disability and
epilepsy were compared to the data from the follow-up
assessment in adulthood and analysed for associations with
CP subtype, age, or sex. Walking ability in adulthood was

also analysed for associations with pain, fatigue, or BMI.

Definitions

CP subtype was classified according to the Surveillance of
Cerebral Palsy in Europe as unilateral spastic, bilateral
spastic, dyskinetic, or ataxic.”

The classification of walking ability was based on self-re-
ported, everyday performance. Walking impairment was
originally defined in the register as mild (walking without
aids), moderate (walking with aids), or severe (wheelchair
ambulation). Translated to the Gross Motor Function
Classification System (GMFCS), mild is GMFCS levels I
or II, moderate is level ITI, and severe is levels IV or V.2°

Intellectual disability was defined in the register as hav-
ing an estimated or measured IQ <70. At follow-up, adults
were classified as having intellectual disability if they
claimed to have an intellectual disability, had attended a
special school, resided at a group home, or were in shel-
tered employment designed for people with intellectual
disability. In Sweden, all individuals with an IQ <70 are
offered placements in special schools, sheltered employ-
ment, and group homes, designed for individuals with
intellectual disability. All these services are free of charge
and very few who are entitled to them opt out completely.
We, therefore, consider the use of any of these services a
good proxy of IQ <70.

Epilepsy was defined both in the register and at follow-
up, as having antiepileptic treatment or recurring epileptic
seizures. Presence of pain was defined as experiencing any
pain, either constant or recurring, mild or severe.

Statistical analysis

Descriptive statistics summarized patients’ characteristics
and non-parametric methods were used for comparisons
between groups. The participants were compared to those
lost to follow-up with the ¥’ test for independence.
Changes over time were analysed with McNemar’s test for
nominal data (intellectual disability and epilepsy) and the
Sign test for ordinal data (walking ability). When analysing
associations between impairments and age, the participants
were divided into five age-groups according to the birth
cohorts in the register. However, the mean age of



participants was calculated using the age of each partici-
pant at their follow-up. The y° goodness-of-fit test was
used to analyse the proportion of participants with declin-
ing walking ability and the proportion of new cases of
intellectual disability or epilepsy, related to CP subtype.
The distribution of walking ability related to age, sex, CP
subtype, and pain were analysed with the %’ test for inde-
pendence, or Fisher’s exact test when observations were
few. The distribution of walking ability in relation to fati-
gue and BMI was analysed with the Kruskal-Wallis test.
The significance level was set at a two-tailed p-value of
<0.05. Statistical analyses were conducted using IBM SPSS
statistics 25 software (IBM Corp., Armonk, NY, USA).

RESULTS

Of the 417 adults with CP invited to the study, 142 (34%)
chose to participate (Fig. S1, online supporting informa-
tion). The mean age of participants at follow-up was
48 years 4 months (range 37-58y). Childhood registration
had occurred at between 4 and 8 years of age. CP subtype
assessed in childhood was spastic unilateral (44%), spastic
bilateral (35%), dyskinetic (17%), and ataxic (4%). There
was no significant difference between the participants and
those lost to follow-up regarding sex, age, or walking
impairment. However, there was a difference in CP sub-
type, intellectual disability, and epilepsy (Table 1).

At follow-up in adulthood, walking ability had changed
significantly (p=0.001). The proportion of participants walk-
ing without aids had decreased from 71% to 62%, those
walking with aids increased from 11% to 13%, and those
using wheelchair ambulation had increased from 18% to
25% (Fig. 1). On an individual level, both decline and
improvement was noted. In 22 (19%) of the 117 participants
who walked with or without aids in childhood, walking abil-
ity had declined (Fig. 2). The proportion of participants
showing walking decline was related to CP subtype

(p=0.013), ranging from 45% in dyskinetic CP to 8% in uni-
lateral CP. Simultaneously, four (10%) of the 40 participants
who walked with aids or used wheelchair ambulation in
childhood, showed improved walking ability (Fig. 2).

Walking ability in adulthood was associated with CP
subtype (p<0.001), but not with age (p=0.602), sex
(p=0.465), pain (p=0.820), fatigue (p=0.274), or BMI
(p=0.143; Table S1, online supporting information).

In adulthood, the proportion of participants classified as
having intellectual disability had increased from 16% to
22% (p=0.039; Fig. 1). Ten more participants were classi-
fied as having intellectual disability and two no longer met
the criteria for intellectual disability. The proportion of
new cases differed between CP subtypes (p=0.042). The
presence of intellectual disability in adulthood was related
to CP subtype (p<0.001), being most common in dyskinetic
and ataxic CP, but not related to age (p=0.265) or sex
(p=0.109).

The presence of epilepsy had increased from 9% to 18%
(p=0.015; Fig. 1). Nineteen participants had developed epi-
lepsy while six (46%) of the 13 participants with epilepsy
in childhood no longer fulfilled the criteria. The propor-
tion of new cases differed between CP subtypes (p=0.039),
with a majority of new cases of epilepsy occurring in uni-
lateral CP. The presence of epilepsy in adulthood was
related to CP subtype (p=0.024), but not to age (p=0.746)
or sex (p=0.665).

DISCUSSION

The present study was a follow-up assessment of individu-
als who were entered in a population-based CP register as
children, 38 to 58 years ago. The main findings were that
the decrease in walking ability was less than expected and
that the presence of intellectual disability and epilepsy had
increased. Further, some individuals showed improved
walking ability or complete remission of epilepsy.

Table 1: Characteristics of participants and those lost to follow-up

Childhood vs
Adulthood, Childhood vs Childhood, childhood lost to Childhood lost to
n (%) adulthood, p n (%) follow-up, p follow-up, n (%)
Total 142 (100) 142 (100) 275 (100)
Sex
Female 60 (42) 60 (42) 0.898° 118 (43)
Male 82 (58) 82 (58) 157 (57)
CP subtype
Spastic unilateral 62 (44) 62 (44) 0.001% 101 (37)
Spastic bilateral 50 (35) 50 (35) 132 (48)
Dyskinetic 24 (17) 24 (17) 19 (7)
Ataxic 6 (4) 6 (4) 23 (8)
Walking impairment
Mild (GMFCS level I-11) 88 (62) 0.001° 102 (71) 0.126° 186 (68)
Moderate (GMFCS level IlI) 18 (13) 15 (11) 35 (13)
Severe (GMFCS level IV-V) 36 (25) 25 (18) 45 (16)
Unknown 0 0 9 (3)
Intellectual disability 31(22) 0.039¢ 23 (16) 0.004° 80 (29)
Epilepsy 26 (18) 0.015¢ 13 (9) 0.006° 54 (19)

Significant difference, p<0.05, two-tailed. ? Pearson'’s y? test. P Fisher’s exact test. ¢ Sign test. © McNemar's Test. CP, cerebral palsy;

GMFCS, Gross Motor Function Classification System.
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Figure 1: Changes in impairment from childhood to adulthood. *Significant change (p<0.05). ID, intellectual disability.

At follow-up, walking ability had decreased for 19% of
participants. This decrease in walking ability was counter-
acted by a healthy survivor effect, where the prevalence of
a disease decreases over time because those who have the
disease die. An earlier study of the same age groups in the
CP register showed worse survival among participants who
used wheelchair ambulation in childhood.!* As a result,
even though walking ability decreased for 19% of the par-
ticipants, the distribution of walking impairment in surviv-
ing adults is very similar to the original distribution in the
whole cohort of children with CP born 1959 to 1978."*

Previous studies of adults with CP reported a decrease
in walking ability in 33% to 82% of similar aged individu-
als.” To a large extent, this difference could be due to our
study being population-based instead of hospital- or ser-
vice-based and, therefore, including adults who had not
had reason to access healthcare. Another important expla-
nation could be that there is a difference between a subjec-

tive decrease in walking ability and a shift in GMFCS
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level. In our study, walking ability was assessed with the
GMFCS. Earlier studies have often been cross-sectional
and reported on a subjective decrease in walking ability.
Such a subjective decrease in walking ability might very
well be troublesome for the individual, but may not affect
their GMFCS level. In addition, adults choose their
method of ambulation more than children. There are
adults whose parents pushed them to walk, but as soon as
they were old enough to decide for themselves, they chose
wheelchair ambulation, thus shifting from GMFCS level
IIT to IV without deteriorating in gross motor function.
Moreover, there are adults who do not want to use walking
aids, avoid taking more than a few steps indoors because
walking more would cause pain or frequent falls, but who
manage independent community ambulation by driving a
car. These individuals stay in GMFCS level II even though
they would have been classified in GMFCS level III or IV
if they chose to use walking aids or a wheelchair. There-
fore for these individuals, their GMFCS level does not
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Figure 2: Individual changes in walking ability from childhood to adulthood.

necessarily give an accurate reflection of their walking
ability.

Decreased walking ability has been associated with age,
pain, and fatigue,'**! and recent research has discussed
associated risk factors such as a sedentary lifestyle and obe-
sity.”? However, in our study sample, older age, the pres-
ence of pain, a higher level of fatigue, or obesity were not
more common among participants with more severe walk-
ing impairments. This part of our study, however, was
cross-sectional. There is still a possibility that pain or fati-
gue could cause participants to start using walking aids or
wheelchair ambulation. If the use of assistive devices then
alleviated the pain or fatigue, no difference between groups
would have been detected.

It is important to mention that we also found individuals
with improved walking ability, which is in line with previ-
ous studies."*' However, they were too few and too dis-
parate to allow for an analysis of the causes of their
improvement.

At follow-up, there were 10 new cases of intellectual dis-
ability. There are several possible explanations for these
new cases. First, the intellectual development of a young
child with a normal IQ for their age might not always con-
tinue as expected. Second, a mild intellectual disability
might not always become apparent and, therefore, not be
assessed or diagnosed until older school age or adulthood.
There are still adults with CP who have never been tested
for intellectual disability. Among those who did not finish
school and never attained an employment or independent
living, there may be some who, if tested, would be diag-
nosed with intellectual disability. Third, access to better
communication devices might have contributed to a more
correct evaluation later in life. Consequently, testing only

in early childhood might underestimate the presence of
intellectual disability in adults. Offering renewed testing at
older school age and in adulthood, as is recommended in
emerging practice guidelines,”> could help ensure that
these individuals receive the support they need.

According to our literature review, this study was the
first follow-up of epilepsy in individuals with CP, spanning
both childhood and adulthood. At follow-up, the number
of participants with epilepsy had doubled and the majority
of new cases were among individuals with unilateral CP.
Some of these new cases may have occurred in childhood,
after inclusion in the register, since onset of epilepsy has
been shown to occur a little later in children with unilat-
eral compared to bilateral CP.” But more importantly, at
follow-up almost half of the participants with epilepsy in
childhood had discontinued their medication and were sei-
zure-free. This is in accordance with a previous study of
children with epilepsy and CP,** and indicates that at least
some of the adults with CP who are seizure-free on medi-
cation could benefit from an attempt to taper their medica-
tion.

CP subtype has been shown to be associated with sur-
vival.> According to our results, CP subtype is also associ-
ated with the development of impairments in those who
survive into their 40s and 50s, making CP subtype a factor
to consider in the prognosis for a child with CP.

Limitations

As was often the case before the introduction of the
GMFCS,*! our CP register classified walking ability into
three categories, placing GMFCS levels I and II in the
same category. A shift from GMFCS level I to level II
would, therefore, go undetected. On the other hand, shifts

Fifty-year Follow-up of CP Ulrica Jonsson et al. 5



between GMFCS levels I and II have been reported to go
both ways, with as many as 43% of adults in GMFCS level
IT shifting to GMFCS level 1."> We, therefore, believe that
the three levels used in the register provide a good classifi-
cation of walking ability.

Much effort and adaptations were made to facilitate par-
ticipation of adults with intellectual disability in the study,
but adults with intellectual disability, and as a consequence
also adults with epilepsy, were underrepresented in our
sample compared to those lost to follow-up. Still, the pres-
ence of intellectual disability and epilepsy in adulthood was
similar to that of an earlier study of the same age group.'’
In other respects such as age, sex, CP subtype, and mobil-
ity, the participants were representative of the population
invited to follow-up.

The participants in our study were seen at two time
points. In order to study longitudinal changes in more
detail, repeated assessments would have been desirable. In
the future, with increasing coverage of adults, the Swedish
national quality register (CPUP)*’> might be able to pro-
vide such data.

CONCLUSION

Knowledge about the natural history of different impair-
ments in CP throughout the lifespan is vital both to indi-
viduals with CP and to health care services, in order to be
able to prioritize interventions today and prevent complica-
tions in the future. This study was conducted in Sweden
and the results may be relevant for other high-income
countries with similar health care systems.

Our results indicate that walking ability, the presence of
epilepsy, and whether an individual is classified as having
intellectual disability or not can change over time, confirm-
ing that CP is not a static condition. Further studies are

needed to examine how other aspects of CP, such as asso-
ciated health conditions and the possibility for participa-
tion and autonomy, change throughout the lifespan. Life-
long access to specialized health care for re-evaluation of
functioning, treatments, assistance, and assistive devices is
warranted.
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